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ABSTRACT

A product developnent systen for developing a nutritionally-balanced
snack product for urban school-age Thais ras designed. Systenatic
quantitative nethods and techniques rere planned and used in the rnajor
steps of the product deveropnent process. Five prototype nodels for
the najor product developnent activity steps evolverl during the
research. These includetl a nodel for formulation developnent, a nodel
for process developnent, a nodel for sensory anarysis development, a
nodel for product evaluation, and the overall nodel for systenatic
nutritional product developnent (l{el nodel).

A fruit and nut snack bar was designed and then a connercial process
developed to produce a product that was acceptable to the chilcl
consuners in Bangkok schools. Thai snack foods were classified
scientifically and then three types -- Thai cookie, Thai pastry, and

"rice-crisp" -- rere itlentified as the nost suitable for nutritional
snacks for school children. The selection of appropriate ingredients,
nethod of cooking and snack-type ras based on a consumer survey with
school children fron 7-18 years o1d in Bangkok. product ideas trere
generated by braiastorning and a literature review, and then rere
systenatically gcreened and evaluatecl using the collected statistical
data and also preclicted infornation on the aspects of finance,
teehnologyr narket and consuner. The "idear product profile,' ras
deternined fron the children's attituiles and behaviour tonards snack
foods.

The effective and reliable nethod developed for the fornulaticin systen
conprised the najor steps of "best-estinate" erperinentation,
erperinental trials, linear progranrning erperinents, acceptability
tests and final adjustnent of the fornula. Selection of suitable
fornulae ras based on acceptability tests rith a laboratory taste panel
using a profiling technique.

For process developnent, a Plackett and Burnan erperinental 6esign was

used for screening the process variables and factorial erperinentation
for optinieing the process. Steprise Regression aira Iates' analysis
nethods were conparecl in the analysis of the results. The latter was

considered nore suitabLe for this project because it ras easy to use,
needed less tine and noney, and ras effective.
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A ratio profile test developed at llassey Uaiversity Yas uged ln the

developnent of product profiles through the rhole eyeten to develop the

product. This technique ras fountl effective in tlistinguishing the

difference of the sanples fron the "ideaI" protluct. A profile test

using linear scaling was found suitabte for a panel rith sone level of

traiaing, while that using category ecaling for a panel rith lorer
capabilities for sensory juclgrnent. Four types of taste panels used

during the aensory analysis developnent process rere laboratory panelt

special panel, consumer panel and ConsuB€r s[rv€f,. The sanple nunbers

of the panels rere 5, 5, tO and '1094 respectively. In general' the

laboratory panel couLd preclict the reactions of the consumer panel and

the consumer srurvey in evaluating the product subjectively' and the

special panel coultl tlifferentiate the characteristics of the

internediate products desirecl by the nert process.

An evaluation systen used in this study conprised nutritional quality

test, nicrobiological test, and storage test. Accelerated Shelf-Life

Test using a factorial design ras found an effective nethod for a

storage test, while the Arrhenius Relationship lilotlel was used for
product shelf-life prediction. The nost suitable factorial matrix ras

found to be "?0, 90f RH; 25, 55, 45 C". These contlitions of storage

could be usetl for optinisation of storage condition, by lates' analysis

of the product quality at each otorage tine, and for estination of

shelf-tife, bX linear plotting technique of the product quality during

the rhole tine of storage.

This project is rorth continuing for connercialization by the private

sector, aatl the tlesigned prototype nodels are recomnended fqr use in

the systenatic PD process to develop nutritional snack protlucts.
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CHAPTER 1

INTRODUCTION

AND GENERAL LITERATURE REVIEW

Bangkok, the capltal of Thalland, with lts 5.33 nilllon inhabitants ln
1981 on the area of 11565 square kllometres has the hlghesb population

density ln the country. With over half of the countryfs urban

population and a population size nore than forty times that of Chieng

Mai, the next largest clty, Bangkok provldes one of the most strlking
examples of urban primacy ln the world (Arnold and Cochrane, 1980). In
1980, the average population growth rate of Bangkok was 3.9tr, whereas

that of the whole kingdom was 2.31 (Working Group on Population

Projectlons, 1981). With fhis growth rate' the population in Bangkok

would be 7.0 million people in 1990.

the rapid increase in Bangkokrs populatlon has exacerbabed a whole

range of social and economic problems ln the capltal cityr where

privabe wealth and public poverty neet ln one place and where the large
najority are non-food producers and depend on the market for thelr food

supply. One of , the major problems justifiable for sertous concern is
that ln relation to nutrition.

Although many sbudies show that, conpared with the rural populatlon,

the torm dweller has nore varied food lncludlng frult and vegetables,

has a higher consumption of animal proteln, and has less seasonal

lnfluence on his diet (den Hartog, 1981), a FAO analysls of a nunber of
food consumptlon surveys showed that the average per capita intake of
calorles was lower ln the urban areas (FAO, 1973). The relatlve lndex

for the household per caplta lncome of Bangkok (141.2) was hlgher than

those of other rural-urban locatlons (59.1 for Northeast, 69.5 for
North, 80.2 for South, and 100.0 for Central). But the poverty llne'
whlch ls derlved fron the cost of a mlninun nutritlonal dlet and a

mlnlmum level of expendlture for other baslc needsr of the urban

dweller ls higher than that of the rural dweller (Tne Uorld Bank'

1980a). In 1976, poverty lines ln Ttralland were 1r980 Bahts (U.S.

$99) for rural dwellers and 2'960 Bahts (U.S. $148) for urban

dwelIers.
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Although the percentage of the urban population below the poverty llne
(161) ls less than that of the rural (351r, the urban people'

especlally those ln Bangkok, cannot grow thelr obtn food. Contrary to
the sltuatlon ln rural areas, all foods have to be bought. T?te supply

of local tradltlonal commodlttes ls often lnadequate and there ls not

always sufflclent tiure for lengthy food preparatlon. 0n the other hand

the supply of non-traditional foods, whlch are both more attractive and

more highly prlced, ls abundant ln Bangkok. T?ris can cause problems

for those Bangkok people who depend on nediun and low cash lncomes for
nutrition.

1.1 MALNUTRITION AND EATING PATTERNS IN BANGKOK

The study on early protein-calorie malnutrition ln slum areas of
Bangkok Munleipality showed the early and persistent growth retardation
ln all groups of chlldren studied: Bang Pa-fn (rural), Bangkok middle

class, and J Bangkok slum districts (Khanjanasthltt and tfray, 1975).

AIso, the study on nutritional status anong school chlldren, aged

between 6 and 17 years in Bang Khen area (Chandrapanonda et a1., 1969),

which is 15 kilometres north of Bangkok, showed the lncidence of
cllnlcal signs of malnutrlflon. Although the chlldren were larger and

heavier than thosg measured ln previous Thalland surveys, there ltas

biochenical and clinlcal evldence of deflclencies of riboflavln,
thlamlne and vitamin A, and anaemia. Since most of the populatlon ln
Bang Khen earn a llvlng as labourers, skilled craftsmen and clerical
workers ln Bangkok (Chandrapanonda et al., 1969), those school children

could be regarded as belng from lower uriddle and low class familles.
Although the studles were conducbed only ln part of Bangkokr lt can be

presumed that malnutrltlon is widespread throughout thls city, where

approxlmately 901 of lts people are categorlzed as mlddle and low

lncome classes. Therefore lt has been concluded that there ls a

necesslty for a nutrltlon lnterventlon programne for school chlldren ln

the Bangkok area.

Ttre problems of malnutrltlon ln Thailand are not simple, the causes are

many and varled (NSEDB, 1982)r but undoubtedly' food habits are ln
general one aspect of the nutrltlonal problem (Todhunter' 1973). A

number of reports on Thal food hablts and dletary patterns are

avallable (de Young, 1958; Insor, 1963; Natlonal Statlstlcal offlce,
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1964; Thonpson , 1967i Chu, t968; Janlekha ' 1968; l.loore , 1974i

Calavan, 1976i Offlce of the Prime Hlnlster, 1979r. Some reclpe books

provlde food patterns for dlfferent reglons, and weekly nenus as well.
Sclenblfic lnvestlgatlons were conducted on Ttral food hablts and

dietary patterns by a nunber of nutrltlonlsts (Suvarnaklch' 1950;

Chandrapanonda, 1955; van Eekelen, 'l95Ti Hauck, et aI., 1958; Hauck

and Hanks, 1959i Hauck and Sudsaneh, 1959i Partlcipants of First
Statlstical-Trainlng Program, 1973i RaJaLasllpln and Temcharoen, 1976i

Institute of Nutritlon, 1978i Chong, 19791 Ngarmsak and Earle, 1982),

but none are speciflc to urban school-age thais.

fitese studies showed that rlce, whlch supplled about 80 percent of the
dally calorie lntake and more than half of the protein, lras bhe basis

of almost all neals, at every income level. SmaLl amounts of fish,
meat, egg, vegetables and fruit lrere supplemented in the form of nwlth

rice (GAB KAO)n dishes. One or more of these dishes was included in
each meal. Fruits were seldom included ln meals, but were eaten as

snacks, principally by children. MiIk was seldom given to chlldren
after weaning. The estimated average nutrient lntakes were in general

lower than the required allowance, particularl.y in protein, fat,
certain mlnerals and vltamlns. Taboos, food processing and

comrnunication were responslble for nutritional deflclency dlseases (van

Eekelen, 1957). Children were discouraged from eating large amounts of
nwlth ricen. fri: is one of the taboos worth noblng here. The lack of
nutrltional balance in sources of calories and protein intake was

another cause of malnutrition diseases.

In its basic form, the thai neal was slnllar for all classes and all
parts of the country (Blanchard, 1958) and eatlng hablts varled only
sltghtly between urban and rural areas (Anderson, 1975). In the urban

areas there was a tendency to eab llttle but often, especlally anong

the lower classes. Llke the rural resldence, the urban household

devoted about 50 percent of the total household expendlture to food.

ApproxlmateLy 25/ of the money spenb on food ln the urban area lras

spent on gnacks (Natlonal Statistlcal Office, 1969 and 1 976).

Even though the general eatlng patbern for the Thais ls three neals a

day, wlth all meals of equal lmportance and simllar structure, one of
the meals, usually breakfast, ls always sklpped by sone of the urban

school-age Thals for varlous reasons (from self observatlon). In

addltlon, the only snack break tlne avallable durlng the week day at
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school ls the tlme w?ren the classes are over ln the evening. Long

Journeys to and fron home, whlch ls the way of llfe ln the urban areat

together wlth the long school day, lengthen nbetween nealrr tlme fron 3

to 4 hours for average T?rals to 5 to 8 hours for urban school-age

Ttrais, partlcularly ln the Bangkok area. As a result of these

problems, trbetween mealfr consumption of food could play an lnportant

role in the dietary pattern of many urban school-age Thais. Slnce

eating at nid-nornlng or afternoon break wouLd lncrease the lnbake of
energy by children (Bresard and Chabert, 1968), snacks could be used to
lnprove the nutritional sbabus of school-age Thais. For this type of
nutritional interventlon, special emphasis should be given to snack

type items purchased fron vendors in schools, local grocery stores,
small sweet shops r oF other possible food outlets used by school-age

Thais.

1.2 DEVELOPMENT OF NUTRITIONAL PRODUCTS

To lnsure the population a balanced diet, it ls suggested (Hansen et

al., 1979> that fortification of snack foods with a broad speebrum of
nutrients should be considered. Untll the public can be better
prepared to evaLuate nutritional values, a nore extensive enrichment or

fortification programme of snack foods ls needed. Howeverr since
protein-calorie nalnutrltion ls most widespread among Thai chlldren,
special interest should be glven to protein and fat sources. No

investigation has been conducted on the ideal nutrient intakes from

snacks for school-age Thals. The applicatlon of 20 percent of total
energy requiremenb was used ln developing That home-made snacks

(Intarampan et al.' 1981). General studies (Post and de l{ijn, 1969;

Harju, 1981; l{estln, 1981) showed that snacks with 10-20 percent of
total energy reguirement seem to be practical.

Although the development of nutritlonal producbs to help solve the

nutrltlon problem has been recognised as a necesslty by the Thal

Covernnent ln the last two or three decades, lt was only 15 years ago

that the Institute of Food Research and Product Development (IFRPD) in
cooperation wlth the Publlc Health Mlnistry succeeded ln formulatlng

the high protein low cost foods to be used for supplementation to the

dieb of the target group. T?re above project was part of the Food and

Nutrltlon Pollcy and has been ln the National Social and Economlc

Development Plans. Howeverr, the pollcy changed and the project was



abandoned before the goal of combatlng nalnutrltlon was fulfilled.

T?re main nutrltlonal deflclency dlseases whlch stllI exlsb are

protein-calorie malnutrition, dlseases of vltamlns Ar 81r and 82

deficiencles, slmple goltre, lron deficlency anaemta' and gaII bladder

stones, with bhe proteln-calorie nalnutrltion having the most

prevalence and severity (NESDB, 1982). In solving these problems'

IFRPD started wlth the Proteln Food Development Project (Bhumlratana

and Nondasuta, 1969i Bhumiratana, 1975). Foods produced lncluded:
Kaset cookies, Kaset blscuits, Kaset noodles, Kaset protein, soya mllk,
and infant food. Food products still curently produced are those used

for food supplementary progranmes, i.e. Kaset soya nllk, Kaset infant
food, and other high-protein low-cost products which include: Kaset

protein, full fat soya flour, protein cookies (KANOM PING KASET),

puffed baby food (KROB KROB KASET), Kaset noodles (Bhumiratana, 1978),

soya protein sauce (Personal communication, 1983).

Greab effort has been put
process, quality control

developing products -- formulatlon,
and reporting bhe results of

on

investigations, whereas few consumer and narketing studles have been

conducted. One market feasiblllty study on protein food supplement

(neat analog) was carried out in the Northeast of fitailand r with

several recommendations on product, price, place and promotlon of the

product (Bhumirptana and Co-workers, 1981 ). Although some

lnvestigations on the development, acceptabilityr and analyses of
nutritional food products lrere conducted by other research workers

(Siegel et aI., 1975i Siegel et a1., 1976)' none has been found to
include an lnvestigabion of consumer and marketing prospects.

Normally, the IFRPD developed products are dlstrlbuted through two nain

channels. Ttre greater part of the products is supplied to groups or
programlles - day care centres and school lunch programmes - ln
collaboratlon with other government organlsatlons or private groups.

The nlnor part of the products ls lntroduced to the general public
through a llmited nunber of disbrlbutors. Llmltatlon of productlon,

distributlon, advertislng, results ln a blocking of the IFRPD products

to the general populatlon (Bhumiratana, 1978). According to the same

report, lmproper marketing systems and distrlbutlon of food ln Thalland

cause unreasonable prlces of foods bo general consuners and result in
nutrltlonal gaps.



1.3 HARKETI}IG OF NUTRITIONAL SNACK PRODUCTS

For connerclal success, a developed proteln-rtch product has to be

deslred on lts own nerlts; be priced at a flgure that people can and

will pay; have advanbage over lbs conpetltors ln quallty' prlce' or

nutrltlon; have an ldentlflable' attractlve packaglng and

presentation; and be easlly avallable where people wlII expect to buy

1t (Hauron, 1975). A clear urarketing concepb and advertlslng strategy
needed to be assoclated with this narketing strategy. For the

advertlsing strategy, local demonstrations, radio and press

advertlsing, door-to-door sample distrlbution were suggested. Ttle

strategy for lntroducing a nutrltionally developed snack food should

lnclude careful collection of information relatlng to foods already
avallable and accepfable to lhe population. Since introducing new

foods into a comnunity lnvolves najor changes ln abtltude and

behavlour, traditional food, of a taste and appearance knom to be

acceptable to the target population, might be posslbly nore suitable as

a carrier of supplements. This would minimize a new taste, sme1l,

colour, or texture that is forelgn to the reclplent, and would make the

lnnovation of the nutritionally developed snack more ltkely to be

accepted.

To ensure a positive attitude towards a new product as suggested by

Robson, 1976, an understanding of current food behaviour of the target
population as weII as the ablltty to predlct or determlne publlc

reaction to the developed food ls requlred. It might be posslble that
studylng past experiences of consuners and their attitudes and

behavlour towards snack foods and gelected traditlonal snacks would

help ldentify speclflc factors and circunstances that have facllitated
or notlvated changes ln food behavlour. In this tf?Vr exlsting foods

and food habits of bhe T?rals would be utillzed to their best advantage

ln the lntroductlon of a nutrltlonally developed product. However, the

developed food for an lnterventlon programmer as suggested by Robson,

1976 nust not only be acceptable ln taste, colour, and texture' but it
must also be stable, economtcally and aesthetically.

Unfortunately, even though there are a wlde varlety of Thal snack foods

in the market place, they are mostly nade by hand on a trlal and error
basis ln the home or on a gmall sca1e. firls results in short storage

Ilfe, high prlce, distrlbutlon lnconvenlence and low narket share. A

certaln level of food processing technology and narketing ls needed
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flrstly to lmprove the productst nutrltlonal value and storage

stabillty so that they are easy to store, dlstrlbute and narket' and

secondly to reduce the costs.

It has been suggested (Edwardson, 1974i Anderson, 1975i Chlttaporn'
1977) that through the proper use of lndlgenous food raw naterlals and

wlth sultable supplementatlon, acceptable food products of hlgh

nutritive value wlth low cost could be deslgned. fb would be posslblet
wlth the appllcation of a quantitatlve procedure, to design fornulated
snack foods used as nutrltional supplements for urban school-age Thals.

fn partlcular, typical baked or roasted products nade from locaL ralr

materlals, would have a long storage life potential, and should be

readily accepted by the consumers.

For the people at subsistence Level ln the urban sluns, with no

possibility of growlng crops, lt was suggested (Mauron,- 1975) tnat
supplenentary food nust be given away or, better still, sold at a very
cheap prlce by government agencies through welfare centres and

lnstitutlonal feeding. However, past studies of IFRPD which seemed to
follow this nethod showed that the exlstlng supplementary foods are

distributed on a relatlvely smalJ. scale and seem to be unsuccessful

commercially. For the time being, the surest way for a product to be a

success, as suggested by Mauron (975), ls for lt be offered on the

narket and become accepted and bought by the consumer. In other words,

the decldtng factbr for a nutritionally developed product !o succeed

wlII be the narketlng approach. The rapidLy increasing sales of the
amino acid fortifled broth cube ln Nigerla was given as an example of
what an appropriate narketlng strategy can do.

Even though ln fhalland, there is a naJorlty group of low lncome people

there ls also a nore or less expandlng mlddle class, and a small upper

class. The lower lncone segments have some llnlted cash avallable
above nere subslstence. In fhalland as ln nost developlng countrles,
lt ls malnly urban connunities that have cash for buying processed

foods, and a reallstlc food processing programme should have the urban

popuLation as lts inittal target (Sai, 1975). Iherefore, lt would be

posslble thab by proper adaptaflon of the food industry classic market

approach, the fornulated nutrltional supplenents could reach some

segnents of the target school-age fhals and become accepted and bought

by them. fn this caser'a snack food seemed to be a sultable product as

a nutrltlonal supplement because of the large anount of money spent on



snack foods and the frequent snacklng habits of the urban people.

1.4 LITERATURE NEVIEW ON THAI SNACK FOODS

1.4.1 fntroductlon

For a guaranteed success ln the lntroduction of any nutrltlonally
developed product, varl.ous aspects of exlsting foods of the target
population should be utillzed to their best advantage. For thls study,

a large number of Thai snack foods were invesflgated to flnd a suitable
one to develop. From a prelimlnary study on fhai snack foods, lt was

found that recipes and descriptions of the maklng of Thai snacks were

not ln a scientifically-organized form, and many more were not written
down. It ts the purpose of this section to present in usable form the

baslc technical informatlon on Thai snack foods historical
baekground, classification, quality and acceptance; basic ingredients,
fornulae, processes, and equipment.

Since there can be no common undersbanding of food language without a

resolution of terms, definition andlor explanatlon of Thal terms under

appropriate categories was unavoidable. English names, given to all
Thai foods descrlbed, are based on either the methods of preparing and

cooking the snack food or the forms of the finished products, depending

on their suitabiiity for describlng the product. firai names are given

ln Phonetics (Appendix 1.1 ).

1.4.2 Eatlng of Snacks ln ftrailand

Excludlng rice, the staple food, the thai diet is classified lnto 5

categories: nwlth rlcerr dlshes or savoury dishes (GAB KAO), desserts
(AHHAHN ttAHN and KANOM), frults and vegetables, drlnks (excludlng

alcoholic drlnks), and snacks (AHHAHN I|ANG or KONG GIN LEN). T?re

Oxford Engllsh Dictlonary characterlzed a snack as a light or
lncldental repast or a nere bite or morsel of food as contrasted with a

regular meal, and to be eaten between meals. Snack ls regarded, by the

thais, as food eaten outslde a neal time. This lncludes ila biterr or na

sipn, of any food category, between neal tlmes. AIso, lt includes
certain foods not classlfied under the above classesr €.8. chewlng

betel nut and chewlng fernented tea leaves w?rlch could be regarded as

foods for pleasure or for fun, as opposed to foods for survlval.
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1.4.2.1 Hlstorlcal Background 0f Ttral Snacks. The thals have had

snacks as a part of the dally dlet slnce anclent tlnes. fhls ls
supported by the verses' composed by Klng Rama II (1809 1824),

concernlng varletles of snacks gruel or boiled rlce (KAO TOM) 
'

taploca puddtng (SAKOO), steamed fluted rlce flour tartlet (KANOM

JEEB), frled dried-cooked-rice (KAO TANG), steamed coconut nllk rlce
wlth green papaya salad (KAO l{AN SOM TAM), which are still popular

among the nodern T?rals (Dlvision of Llterature and Hlstoryr Department

of Flne Arts, 1982). Organoleptic propertles, such as colour, flavourt
texture, and tenperature, for those snacks were described ln these

verses, from which one can learn thelr ldeal characterlstlcs. Among

the typlcal rice-snacks, rice in cold water (KAO CHAH) and fermented

steamed-rice (KAO MAHG) were regarded respectively as popular trnonk

offerlngtr food and as traditlonal snacks for the water festival (l{AN

SONGGRAHN).

'1.4.2.2 Thai Snacks In Four Reglons. As in nost other countries,

the dietary pattern varles slightty in different regions of Thalland

depending on factors such as geographical location, economlc status,
customs, bellefs. T?re two latter, practlsed for generations, play an

important role in the ildor and ndonttff in the diet and resulf in
speclfic food habits, Even though snacks, like other Thai food

categories, vary only sllght}y for the Thais in different reglons, the

traditlonal or ntypicalr ones do differr especially those which are

regarded as food for Local festivals.

Generally, the sensory characteristics of foods ln each region also

apply bo lts regional snacks as we1l. Northern food ls nllder than

that enJoyed ln other reglons. [ortheastern food is mostly sourt

salty, and chtlll hot. T?re Southern Thals prefer foods that are

splcy-hotter, saltier, and sourer when compared wlth foods of the other

regions. Central firai food ls generally rather saltyr hotr and nlld
sweet. As for Bangkok, dlet patterns vary. Thls results fron the fact
that lt conslsts not only of actual Bangkok dwellers' but also

[€]r-coo€Fs fron other parts of the country and from other parts of the

world as well.

1.4.2.3 The Confused Classiflcation Of T?rai Mealsr Snacks'

Desserts and Sweets. A conslderable number of cook books provlde

reclpes for T?ral food (Ruegsasarn, 1954; Ruegsasarn' 1957i Pranakorn

Tal Vocatlonal College, 1974i Jarupan ' 1976i Pinsuvana, 1976i
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Krlttkara and Anranand, 19771, Suban, 1977; Salpanya Assoclatlon'

1978i Suban, 1978i Suban, 1979i Salpanya Assoclatlon' 1980;

Kachacheewa, 1981; Saowapa Vocatlonal College, 1981; Anonymous' 1982i

Varied Food Book Progranme, 1982; Na Songkh1a, 1982; Suban t 1982ai

Subanr 1982b; and Xoonsal, 1982). Food items are classlfled nostly
under headlines such as savoury food or rrwlth rlcerr dlshes, snack or

one-plale dishes, and desserts or sweets. Hors droeuvre ls categorised
separately from snacks by some authors. None of those cook books

define thelr standard of criterlon for classlfication. Some food ls
Iisbed under different categories by different authors or by the same

author in dlfferent issues. Ttre reason for this confused

classification might be because no clear disflnctlon ls nade between

snacks and meals nor between snacks and desserts and sweets. Also, the

change ln the way of life of the nodern Thais resuLts in a blurred

lmage of meal patterns. The Ttrals have cooked/uncooked food items that
could be considered elther as a meal or a snack, e.g. sblr-fried rice
or noodles, and some items that could be considered either as a snack

or a dessert e.g. steamed glutinous rice with various toppings - sweet

or savoury (KAO NEAW GRA TONG). Undoubtedly, the Thais do have food

iterns considered as only snacksr €.8. various types of thin sheet

rolls (POH PEA), steamed fluted tartlets (KANOM JEEB) ' steamed folded

tarttets (KAO GREAB PAHG MO), balls of steamed taploca pearls (SAK00

SAI MOO), shredded coconut and prawns ln egg sheets (KANOM BUENG IUON) 
'

fermented rlce sausage (SAI GROG KAO), Thai barbecue (M00 SATE)r sauted

rice flour square (KANOM HUO PAG GAHD), chicken nixture in frled tarts
(GRA TONC TONG), and crlspy rice sheets with a pork side-dish (KAO TANG

NAH TANG). Fruits are normally taken, fresh or preserved, as snacks by

the Thals, especially those of a young age.

Interestingly, the Thals use the word nKANOMfr as a noun especially to

distinguish a snack, dessertr oP sweet from a neal. The New Model

Thal-Engllsh Dlctlonary by So Sethputra descrlbed nKANOMr as sweets or

sweetmeats; but, as well as hls exanples of desserts and sweet snackst

hls llst lncluded savoury snacks and hors dtoeuvres under savoury type

exanples.

A llst of selected Ttral snacks and KANOM wlth phonetics and Engllsh

deflned terms were collected and are shown ln Appendix 2.lM.
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1.4.3 Classlflcatlon of Thal Snack Foods

In general, Thal snack foods can be classlfled ln different ways

dependlng on the basls one uses 1.e. snack-typer main lngredientt
organoleptic property, nethod of cooking, nethod of sboraget

held-in-hand convenience, source, and typlcal or traditional basls
(Appendix 1.2). Ttre basis bo be chosen depends on the purpose or the
goal of onefs study.

For thls project, a Thai snack with industrial-potentlal was required;
thus, snack classlfication was done on the basls of nethod of cooking.

firis nethod designates not only the shelf-llfe of bhe product but the

equipmenb to be used as well. Using the principal mediun of heat

transfer for cooking as the basis, firai snacks were classified under 4

groups of cooking processes: dry-heat process, molst-heat process,

heating-ln-fat process, and drying.

1.4.3.1 Dry-Heat Processed Snacks (excluding fat cooklng). Snacks

classifled under lhis category include those cooked by baking,
roasting, broiling, baking by direct transference of heat, dry-puffing,
and extrusion cooking. Among these, roastlng and baking (including

baking by direct transference of heat) were the most frequently used

for Thai snacks which have long shelf-ttfe potential. Roasbed

rice-and-nut square and peanut glass are two examples of Thai roasted

snacks. Cassava cookies (KANOM PING), baked stuffed buns (KANOM PEAH),

rlce crisps (KAO TANG), and crispy rolls (TONG HUON) are good examples

of baked snacks.

1.4.3.2 Molst-Heat Processed Snacks. Tttough methods under bhis

category are many, only hot stlrrlng, deep-syrup cookingr and

deep-syrup soaklng wl11 give long shelf-life products because of their
water-reductlon characteristlcs. Frults that are hot-stlrred '
deep-syrup cooked, or deep-syrup soaked could keep for months at the

room temperatures of Thalland. Apart from frults, beans and roots are

also often prepared using these processes although the storage life of
the products ls shorter.

1.4.3.3 Heating-In-Fat Processed Snacks. Many Thai snacks, such as

frult and peanub fritters, are cooked by uslng olls' but none is found

to last long wlthout rancidity problems. firerefore, less attentlon was

put on this process.
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1.4.3.4 Drled Snacks. Slnce drylng 1s one of the typlcal nethods

of preservatlon ln Thalland, a great variety of drled snacks can be

found ln the narket. Among frults, drled banana ls consldered the most

popular by firals of atl ages and ln all reglons. Frult that ls drled

ls not only used as a snack by itself but ls wldely used as an

ingredient ln other snacks as well. T?re use of mechanical dehydration

methods at the present tlme lmproves the quality of the Thal drled
snack products. This has resulted in a greater lnterest by the snack

food lndustry.

These methods of processing were used to classify the Thal snack

foods (Appendix 1.3).

1.4.4 Thai Snack Quality and Acceptance

From the aspect of product development work, food accepbability and

preference depend on consuner sensory responses; Therefore, lhe
sensory qualities commonly identified by the consumer are considered of
lmportance. T?re Ttrais, like people of other nations, follow their
ancestors in food acceptance. Thai snack food qualitles have long been

characferlzed. The verses composed by King Rama II as previously

mentioned proved this sfatement.

T?reoretically, sepsory qualities of food are those characteristics of
foods and materials as they are perceived by bhe senses of sight'
smell, taste, touch, and hearlng. These senses are used for evaluating

food at the time of eating. For all Thals, the sensory atbributes,
appearance, texture and flavour, are recognlzed as important. For

example, the average Thai accepts the roasted nut that is browny cream

in colour, crlspy ln texbure, and pure-nutty in flavour; and he

accepts deep-syrup cooked banana bhat is red, chewyr and fruity-sweet.

Although nany lnstrunents, nowadaysr can be used for measurlng some of
the Thal snack food characterlstlcs, the results obtalned from some of
these might not correlate with the food characteristics as recognized

by the Ttrai consuners. Even more, some of these lnstruments night not

measure the same properties as the sensory evaluatlon. As a resultt
sensory tests are the only btay that the lnvestlgator can get a

meaningful evaluatlon of Thai snack food characterlstlcs as a whole.

I?rerefore, analysls of snack characteristlcs to ldenfify the sensory

parameters of a product 1s necessary for product development workr and
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so ls the use of proper and approprlate character notesr termlnology,

or descrlptive terns. fiie quallty factors for each class of Thai snack

foods were collected (Appendlx 2.51t), and a conslderable number of
character notes for appearance, texture, and flavour used by the Thals

can be found ln AppendLx 2.2M, whlle a chart of the sensory test method

adapted from methods of IS0 (1982) whlch could be used to quallfy Thai

food products ls shown ln Appendix 2.1M.

1.4.5 Baslc Ingredlents, FornuLae and Processes for Ihai Snack Foods

The basic ingredlents, formulae, processes and equipment for Thal snack

foods were studied and classified scientiflcally (Sinthavalal' 1984).

Thai snack food formulae, thelr processes or major rrmakingrr stepst

together with some of thelr quality factors were collected ln a forn
ready to be used as a guidance for product development work (Appendix

2.5M) .

1.5 THE POSSIBLE SNACK PRODUCTS FOR THIS PROJECT

fn thls projecb, in whlch the aim was to develop a long shelf llfe'
nutritlonal snack that could be produced conmercially in Thailand t
emphasis was put on the use of cereals, nuts and fruits ln the formulat

and the use of 'baking, roastingr puffing' deep-syrup cooking, and

hot-stirring in the process. Anong the posslble products based on

these cooking methods, firai cookier Thal pastry and rice-crisp might be

the most suitable because of thelr long shelf life and higher

acceptance characteristics, and also because the nutrlbive value

lnprovenents of these products could be done by formulation technlques.

T?ral cookle ts basically made of cassava flourr coconut creamr egg'

sugar and flavourlng lngredients; and Ttrai pastry is made of wheat

flour, Iard and sugar for lts body and a great variety of mlxes for its
fllting. Ttre baking nebhod of cooklng is used for these two types of
snack foods. Rlce-crisp is made of boiled rlce whlch ls later cooked

by the ndlrect transference of heatn nethod. The great varlety of
toppings makes lt variable ln lts nutritlonal values.
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1.6 THE NEED FOR A QUANTITATIVE SISTEMATIC }IODEL FOR SNACK PNODUCT

DEVELOPI.{ENT FOR URBAII SCHOOL-AGE THAIS

The development of nutrltlonal snack products could fol}ow the

systematlc process for new product development, or the PD process,

divided lnto 6 steps by Booz - Allan & Hamtrton rnc'(1980) as forlows:

exploratlon (or ldea generatlon), screening, analysls evaluation (or

business analysls), development (formulation & process), testlng
(storage, productlon, and consumer/market trlals) r and

conmerciallzatlon. Each of these steps ldentifles the activitles
perforned in brlnging nel, product ideas to the marketplacer and each

needs sultable methods and techniques to ensure success. Hethods and

techniqugs for each step of the PD process are many and variedr and can

be found in the llterature (Pessemler, 1966i tlatton, 1969i Earle'

1971i Pessemier and Root, 1973i Edwardson t 1974i Anderson, 1975i

Siegel et al.; 1975i Slegel et aI., 1976i Chittaporn' 1977i Carson

and Rickards, 1979i FTRC, 1979i Twiss' 1980; Anderson' 1981;

Ngarnsak, 1983; and Earle and Anderson' 1985).

For T?rai foods, methods and techniques successfully used included the

quantitatlve models proposed by Anderson (1975>' Chittaporn (1977), and

Ngarmsak (1983); each of which' ln
quantitative systematic techniques

stepwise mannerr aPPIied the

one or more of the PD step(s) of
a

1n

screening, development, and testlng. These are good examples to show

how nutritious and acceptable foods -- ralt materials' infant food' and

traditlonal regional meals - could be systenatically developed for
1?rai people and how thelr acceptability could be evaluated. Hotrever,

no lnvestigation was found on the development of Thal snack foodst

which could be considered as one of the main parts of their diett
especially for those school-age chlldren ln the urban area. It ls
belleved that a suitable nethod and technlque for developing

nutrltionally-balanced gnack products for urban school-age T?rals could

be designed uslng product development methods developed by other

workers. However, further study on some of the product development

methods and techniques, especlally those used durlng the development

steps of formulation and process development and those used for sensory

tesblng of the productsr was consldered necessary.
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1.7 AIMS OF THE PRESENT PROJECT

The alms of this proJect, thereforer were to deslgn a sultable method

and also the techniques for developlng a nutrltlonally-balanced snack

product for urban school-age T?rais, and to develop a commercial process

to produce a product that waa acceptable to the urban school-age Thais.

The nain objectives were!

(1) To study the attltudes and behaviour towards snack foods of
urban school-age thais.

(2) To study the screenlng methods for nutrltlonally-balanced
snack product development.

(3) To establlsh a systematic formulation and process development
method, along, -with lts statistical - techniques, for
nutrlbionally-balanced snack products.

(4) To establish a systemabic method for sensory profile testing
during product development and the stafistics associated wlth
lb.

(5) To study bhe methods for evaluation of a
nutrltlonally-balanced snack product.

(6) To desicn prototyoe models of the ma-ior acblvltv steps and ofthe ovErall sy3tem for a_ system6tic nutritional product
developnent process for Thailanil.
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CHAPTER 2

PROJECT HETHODS

2.1 INTRODUCTION

fn this systematic product development projectr whlch was based on the

use of the varlous methods and techniques of the PD steps (see Diagram

below), project methods were different in nature. For exampler the

methods and techniques used for the consumer studies followed the

social science discipline, whlle those used for process developnent

followed the dlscipline of engineering and those used for product

quallty testing followed that of food science. ftterefore, for ease of
reference, this chapter discusses the project methods ln generalr whlle

specific nethods and techniques for certain product development

activities are discussed ln the chapters associated wlth then.

However, emphasls ls put in this chapter on the test nethods used for
raw naterials, intermediate-naterlals and products because they ltere

used imnediately at the beginning of the formulation process.

CONSUMER STUDIES

SCREENING OF PRODUCT IDEAS

PROCESS DEVELOPMENT

FACTORY TRIAL

CONSIJI.IER SURVEY

TESTING PRODUCT

FINAL PRODUCT TESTING

INCLUDING STORAGE TESTS

Project Diagram
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2.2@

Two maJor types of consuner study methods used were the consuner

surveys, before and after the developnent step, and the consumer panel

tesb of the developed product at different phases of the formulatlon.

Methods and procedures for each of these studles are under the chapter

assoclated wlth them, i.€. the consumer surveys ln ChaPter 3 on

nAttltudes and Behavlour of Urban School-Age Thais towards Snack

Foodsn, and the consumer panel test ln Chapter 6 on nSensory Analysls

Development and Statistlcsr. Briefly, for the consumer surveyr the

lntervlewing method was used, llnear and category scaling htas used in
the questlonnaires, and statistical methods were used for data analysls
and interpretation. For the consumer panels, the optinum location
proflle technique was used.

2.3 FORMT'LATION AND PROCESS DEVELOPMENT METHODS

The formulation methods were malnly based on the optlmization

techniques, llnear programmlng for fornulation and factorial
experiments for process development. However, these techniques were

used in an interactive way with the product preparatlon trlaLs and bhe

sensory profile tests. T?tese methods are descrlbed ln detail in
Chapter 5 on nForgrulatlon and Process Development and Statisticsrr.

2.4 TEST HETHODS

2.4.1 Introductlon

The quallty evaluation ln thls project was conducted dlfferently in
varlous stages of the PD process depending on the ain of the partlcular
experlment. AIso, the quatlty evaluation conducted during phase 1 ln

New Zealand and phase 2 ln Thailand htas different ln sone cases

depending on the avallablllty of equlpment. Howeverr the tests used

were on a slmllar basls, though not exactly the same. For example' the

refractometer and oven drying molsbure content defernination were used

1n phase 2 to invesbigate the molsture avallable in the

aintermedlate/flnlshed 
product, ln place of the water activity (Aw)

' analyser used ln phase 1 which gave a more preclse value of the water

content avallable ln the Product.
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In thls project, the quallty of the raw materlals nas not lnvestlgated

chemlcally because of the unknown hlstory of the ralt materlals

obtalned. The low avallablllty of the local T?ral raw naterlals ln New

Zealand and bhe lack of labetllng or of speciflcation of those raw

materials ln Ttraitand limlted the scope of this lnvesttgatlon.
However, raw materlaLs ltere subJectlvely controlLed by uslng raw

materlals of the same type, maturity, freshness, and sources. For

their quality, they were assuned to be slmllar to what had been found

ln past studies. For example, nungbean lras assuned to have sinllar
chenlcal and physical properties to that of mungbean ln the market

studied by Narkrugsa (1983).

Intermediate materlals such as deep-syrup cooked banana (DSC-banana) r

banana-syrup (B-syrup), tboiled - hot stirred - evaporatedr mungbean

(BSE-mungbean), and tmixed-pressedt snack (MP-snack) were also

evaluated for their quallty objectively and subjectively. DSC-banana

was banana cooked in syrup for a certain period of time until a certain

temperature lras reached and the cooked banana was saturated with thick
syrup. B-syrup was the syrup left fron deep-syrup cooking of banana.

BSE-mungbean was mungbean which was boiled and then hot-stirred until a

dough could be formed and then was evaporated untll the noisture

content was at, a cerbain level. MP-sDack was the snack obtalned by

mixlng the prepared ingredients and pressing bhe nixture. Standard

tests were used wherever posslble for the lntermediate materialsr but

ln some cases some new tests had to be developed to sult the

circumstances.

Methods and procedures for quallty evaluatlon ln thls project were

divlded lnto 4 classeg based on the propertles belng tested. These

were nutritlonal quallty test, objective test (physical 
'

physico-chemlcal, and chemical), mlcrobiologlcal test and subjectlve

test.

2. 4. 2 Nutr ltionel_Ql:3$ty Tes!.

Table 2.1 shows the references for the methods and technlques used for
measurenents of the nutrltional quallby of the developed nutritional
product.
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Table 2.1: References for uethods and techniques for nutrltlonal
Deasurenents of developed nutrltfonal product.

Nutritlonal Attrlbutes References Remarks

Proxlnate Analysls
Moisture content
Fat

Protein
Ash
Carbohvdrate
Crude Fibre
Tota1 sollds

Vitamin Deternlnations
Ascorbic acid

Vitamin A

Anlno Acid Determlnations

Trvotophan
Thi'eonine
Isoleuclne
leugineLVSlne
M6thlonlne
Cvstine
Phenylalanine
Tyrosine
Val ine
Arqlnlne
HiSuidlne
Alanlne
Aspartic acid
Glubamic acld
GlycineProline ,

Serlne

Acld hydrolysls
(Ether- as eitracter)
KJeIdahI nethod

By difference

AOAC.
AOAC;

AoAC,
AOAC,

a6lc,

984
984

984
984

984

Roe and Krubher,
1942

Assoclation of
Vilamln Chemlsts,
1 966

AoAC, 1975 mod ifled

Hitachi Perkin-Elmer
Hodel KLA-38
Amino Acid Analyser

Chenlcal scoring, whlch was used as an evaluatlon technique for the

proteln quallty of the product, was done by using two nethods, and the
results from the two were compared and the llmltlng amlno acld
deternined. In the flrst method, the chemical score value was obtatned
by divlding the percentage of the most deflclent amlno acld, or ln
other words the llnttlng antno acld, by the percentage of bhe same

anlno acld ln the reference protein (FAO/wHo, 1973 as quoted by

Nutrltlon Divlslon' Department of Health, 1983). The value obtalned
was called the rAlE chemlcal. gcorer. In the second nethod, the actual
amount was used instead of the percentage for both the mosb deficient
antno acld and the same amino acid ln the reference profein, and the
value obtalned was called bhe tAlT chemlcal scorer.
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2.4.3 ObJectlve Tests

ObJectlve nethods, other than the nutrltlonal test nentioned abovet

used for the evaluatlon of the lntermedlate./finished product at various

stages of the present PD process could be classlfied lnto - physlcal 
'

physicochemlcal, and chemlcal testlngs. Table 2.2 ls the sunmary of
technlques and equipment used for qualtty testing objectlvely at najor
steps of development.

Welght. T?re welghts of the lntermediate and/or flnlshed products

were measured by an electrlc weighlng machlne or by an ordlnary spring

scale. Where specifiedr the weight loss was calculabed.

The Conpresslon & Extruslon Force. Normallyr the consumer

evaluates texture in DSC-bananas by finger-pressing and by conpressing

and chewing durlng masbication. Because of thls' compresston and

extrusion was the mode consldered bo be best used ln the objective
texture measurement of this product. The forces needed for compressing

and extruding the cooked and the uncooked bananas were neasured by

using INSTRON Model 1140. I\ro replicatlons $tere conducbed for each

sample.

The OTTATJA Texture l,leasuring Systen food cell wlth a wlre grld
insert was used because it lras belleved that 1t comblned the

deformatlon mechanisms wtrlch occur during nastlcatlon of the

DSC-banana. As the plunger pJ.ate was driven lnto the sample ln the

cubic cell, the product was compressed and eventually forced to extrude

through the wire grid underneath. The depth of penetratlon was preset

so that each test had the same nechanical paraneters. ftre plate then

could be extracted and fhe iested banana returned to bhe cell and a

repeat test performed slmulating a second chew. The test descrlption
and paraneters used are shown below-

: Type Instron Model 1140 with Obtawa Texture ileasurlng Systen
Food CeIl

Sampler DSC-banana 160

t

Flxture Plunger plate
g (approx. 6 cm thlck or 120 cc)

and rod attached to anvil adaptor

Drlve speed 40 nn/nln
Chart sbeed 200 nur./nin
Force rbnge 50 Kg (FuIl scale)

Calculatlon of weicht of sample:-
Chart length 6 ct (= depth'deslred)
Thus. sanple depth 6 cm
T?rus. samble volume 6 x 20 = 120 ccAt about 1.4 g/cc
T?tus, 120 cc wetghs 120 x 1.4 : 160
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160 grans of DSC-bananas, ln a cut-up fornr was placed ln the cell
for each test. The total travel of the plunger which was represented

by the dlstance of the tlnitlal conpresslonr and tconpresslon and

extruslonr on the chart ls a functlon of the sample stze and the preset

travel linlt. Ttre portion of this dlstance whlch ls used for lnltlal
compression and the force at the onset of extruslon ls a measure of
coheslveness and conpresslbillty of the sample. Ttre recovery of the

sanple can be lnvestlgated from the reductlon in travel between the

flrst and second test of the sane sample. The change in force between

successtve tests is a neasure of the chewlness of the product. These

values can be readlly conpared between alternate samples to determine

the optlnum values of the many processing varlables ln maklng such a

product.

Colour Measurement (CIE Trlstlmulus Value). Normally, the consuner

evaluates the colour ln DSC-bananas by its red intensity and

glosslness, and also the evenness of the colour in the whole product.

Because of thts, the descriptlon of a colour ln terms of luminancet

doninant wavelength, and purity in the C.I.E. System was chosen to be

used objectively.

In this experiment, the CIE Trlstlmulus Values (X'Y'Z) ltere

measured by the NEOTEC Colorlmeter, DU-COLOR llodel 22O. The test
descrlptions are shovtn below-

Ttre standard used for the ad.iustment of X. Y. Z values nas
Standard Plnk (Y = 47.8; X i 55.6; Z = 44.5).-

The adjustments were nade every 5-10 ninutes.

The sanple contalner used was a glass sample contalner (glass
wlndow)- wlth a netal rlng ln the middle.
The cover was of a plastlc type for the sample and of black
cloth for the llght source.

T?re samples were DS0-banana and B-syrup.

T?re weight of the sample was 25 g (wtrich rras approx. 1-2 cn
thlck).-

pH Value. The pH value of the DSC-banana and the B-syrup ln phase

1, lras neasured by using a pH-Meter, type PHM 28, RADIOMETER'

COPENHAGEN. For DSC-banana measurement, 10 g of distilled wafer was

added to 5 g of pulped banana, and the urlxture was stlrred well before

the neasurenent. Replications were made and the average lras taken.
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Molsture Content. In phase 1 of the process developnent ln N.2.1

the molsbure contents of lntermedlate and/or flnlshed product was

neasured by using Sauter I./R Toppan balance (August Sauter KG. EBINGEN

IIURTT). 10 g of sanples were used. In phase 2r the nolsture contents

rrere measured uslng a drylng oven. A lldded tln was drled at 105 C for
three hours and cooled for t hr ln a deslccator and then welghed.

Approxlnately 5 g of sample was weighed into the tin and then drled at

105 C for 3 hrs (with the lld opened) in the drying oven and cooled ln
a desiccator for one hour. The cooled sample was weighed and the

welght loss calculated. The drying process was repeated until no

weight loss was obtalned. Repllcations were done and the average data

was used. In optimlsing the process conditlons for BSE-nungbeanr the

molsture content of the BSE-urungbean was measured by using PROTIMETER

GRAIN MASTER III (Protimeter Ltd. Meter House' England).

Water Activlty Value. T?re water activity values of the

intermediabe andlor bhe finished products ltere measured r ln phase 1 ' by

uslng Aw-Value Analyzer Model 5803 G.Lufft GmbH & Co. HaIf an

unwrapped bar was placed in the meter which had previously been

standardized with saturated bariun chloride solution. The meter was

allowed to equilibrate over a period of three hours and then the water

activlby was read directly.

Percent Soluble Sollds. fite percentage of soluble solids of the

intermedlabe product was measured using an ATAGO Abbe Refractometer New

Type No 301 for phase 1, and uslng a hand refractoneter for phase 2.

2.4.4 Microblological Tests

The stored-product and the factory samples were

mlcrobiologicatty by plating on plate count agar for a total plate
count and on acidifled potato dextrose for yeasts and noulds. T?te

samples were lncubated at 35 C for 2 days. An unopened sample was used

for mlcrobiologlcal testings. A 10 g sarnple lras transferred

aseptlcally lnto a stomacher bag wtth 90 ml of 0.1f peptone water whlch

was then mixed for approxlmately 10 seconds. Dilutlons of the sample

lrere prepared and ptated out on Plate Count Agar and lncubated at 35 C

for 2 days for the total plate count, and plated out on acldified
potato dextrose and lncubated at 30 C for 3-5 days for yeasts and

moulds.

tested
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For the prellnlnary experlment on DSC-banana ln phase 2r a sinple
technlque was used to obtaln lnformatlon on nlcroblologlcal
susceptibllity. A vlsual Judgment by counting the days taken for
vlslbte mould growth on the sample lras carrled out and the fmould

growth susceptiblllty scorest were obtained. T?rese scores deslgnated

the keepabtlity of the DSC-banana. Higher scores were preferred. TtIe

findings were used as a supplement to the flnal declslon on the process

development of DSC-banana.

2.4.5 Subjectlve Tests

Sensory properties of the intermediate product were assessed by a

special panel, and those of the finlshed product by laboratory panels

and consumer panels. T?rls is dlscussed ln Chapter 6 on Sensory

Analysis Development and Statistics.

In this study, where information, siurpJ-e or complex, was collected for
use as a guide to a selectlon of the approprlate methods for testing a

nutribional product for the interventlon programme in Thailand, sensory

properties of the in-process lntermediate product were also judged by

the operator and the author as weIl. Ttrls included fin-panr testt
t in-productr test, specific voluner colour score'
(convenlence) score, and tstlcking-to-mouldr score.

handling

In-Pan Tesf. During the hot-stirring processing of mungbean'

characteristics of cooked mungbean were bhoroughly subjectlvely and

objectively tested at selected stages and the results of both ltere

related. The subjective test was a visual inspection of the

characterlstlcs of the fin-pant product, and the objective test was a

molsture content measurement. The results of thls test were expected

to be of benefit ln the deslgnlng of process instruction procedures.

In-Product Test. l{here

obtalned from the process

optimizlng experlmentation t

of the flnlshed bar and the

tesbed.

posslble, sultable intermediate productst

experlnental trlals or from the process

lrere experimentally used ln the preparation
quallty was subjectively and objectively

Speclflc Volume. ilte specific volune of the BSE-mungbean was

neasured by measurlng the BSE-nungbean in a measurlng cup (237 ml) and

welghlng the measured BSE-nungbean. The speciflc volume vaLue ltas
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calculated by uslng the followtng expresslon: Sp.VoI. = Vol.per cup /
wt.per cup (of the BSE-mungbean sample). A speclflc volume value of 2

was consldered ldeal for BSE-mungbean to be used for the

nutrltlonally-balanced snack bar, whlle a value below 2 was eonsldered

lower ln quatlty because the BSE-nungbean was too dense' caused by too

long a cooking tlme or too short a cooking time. BSE-mungbean which

had been cooked for a short tine was too soggy whlle that wttich had

been cooked for a long tine was too dry. The latter BSE-mungbean would

turn out bo be so hard-gritty that lt could not be lnpregnated with the

syrup to be added at the later stage of the process.

Colour Score. For mungbean process experlmentationr the colour of
BSE-mungbean was vlsually lnspected and scored by the operator and the

author, then the colour scores were averaged. BSE-mungbean of a bright
yellow colour ltas scored higher than thaf of a dull yellow colour or

that of a greenlsh yellow. fiie three category scale used was 11 2' and

3. Scale 3 designated the bright yellow colour and scale 1 the dull
yellow colour.

Texture Score. For the nungbean process experinentation' the

texture of BSE-mungbean was subjectlvely inspected and scored by bhe

operator and the author, then the texture scores were averaged.

BSE-mungbean texture without grittiness but wlth flufflness insbead was

assigned a highep score. The three category scale used was 1' 2' and

3. Scale J designated a fluffy texture and scale 1 a gritty texture.

Handlinc Convenlence Test. For the mungbean process

experinentatlon, ease ln the hot-stlrring process durlng fhe

evaporatlon step was subJectively lnspected and scored by the operator

and the author, then lts scores were averaged. The three category

scale used was 1, 2, and 3. Scale J deslgnated the easlest in handllng

and scale 1 the hardest. For the MP-snack operation experlnentationt

the convenience ln handllng or nanlpulatlng the mlxture and the pressed

snack was also lnspected and the scores averaged. fite ten category

Sca1e Used was 1, 2, ..... and 10. Scale 10 deslgnated the eaSieSt

and scale 1 the hardest to handle.

tstlckinc-to-llouldr Score. For

experlmentation, the stlcklng-to-mould
judged by the operators and the author'

averaged. Higher scores were preferred

the l,lP-snack operation

of the ln-process product was

and the data obtained were

for a lack of stlcking-to-mould



property. T?re ten category scale used was lt
1O deslgnated Inot stlcklng-to-nouldr and

stlcklng-to-mould t .
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2, ...... and 10. Scale

scale 1 the tmogt



27

CHAPTER t

ATTITUDES AJ{D BEHAVIOUR OF I'RBAN SCHOOT-ACE THAIS

TOWARDS SNACK FOODS

'.1 
INTRODUCTION

The need for a systenatic process in the developnent of nutritional
products has been nentioned. To ensure a positive attitutte towards a
new productr an understanding of the current food behaviour of the
target population, as well as an ability to predict or deternine public
reaction to the developed food, has been proved a necessity. A careful
consideration of consuner needs cluring product developnent is known to
be an important factor in product success. Though a number of reports
on Thai footl habits and dietary patterns rere avaiLable, none were
found to be specific to urban school-age Thais and their snacking
pattern. The purpose of this survey research on consuner attitudes and
behaviour of urban school-age Thais ras to itlentify, before and after
the developnent phase of the nutritional product development process,
the attitudes and. behaviour torard.s snack foods in general and the
reactions to various aspects of the developed snack food.

,.2 IrtErHODs AND TECI{NrQUES rN O0NSIIIT{ER suRvEy RESEARCH

,.2.1 Definition And Classification

I{ith the concept of'consumer orientation'of modern qarketing,
narketing research deals nostly rith infornation about consumers.
Marketing research is ttefinect (zikmund, 1992) as "the systenatie and
objective process of gathering, recording, and analyzing data for aid
in naking narketing decisions". rn generar, narketing/consuner
research nethods can be classified into survey, observation,
erperinental, and historic nethods. consuner surveys can be done by
interviewing, fornally or infornalry, of the target samples.
Techniques that can be used for fornal interviering incrude
nail-questionnaire, telephone-interview, and . personal-intervier.
Detaits under each nethod and each technique can be found in a number
of articres (uoser, 1967; cor and Enis, 1g7t, Green and rul1, 1975;
and Ziknund, 1982).
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5.2.2 l{ethodg and rechniques uged ln consuner surveys on snacks

Though a great uumber of reports coulal be found on consuner surveys and
on the developnent of snack food.s, fer rere on the reactions of
consuners specifically to saack foods. Anong those fer, the enphasis
uas put on the acceptability of the product rather than the conbination
of acceptability and narketing aspects which is considered a nain part
of the product developnent process.

steer et aL. (lgsz), as quoted by Truswell and Darnton-Hirr (t9at ), in
their study oa the role of breakfast and of "betseen-mea1" foods in
adolescents' nutrient intake, is a good eranple of a snacking pattern
coDsumer survey. The dietary questionnaires of Richardson et al.
(tggt), in their survey research related to dental caries diet, were
based on a 24 hr-recall by groups of children. Trained field rorkers
were used in this survey. [usgrave et a1. (tgat ) designett "group
interviering" which was also based on a recalt nethocl for use in their
study on "Strategies for Measuring Adolescent Snacking Patterng". The
group interviews were held in clasgroons rith a display of food nodels
for assisting the visualization of anounts eaten. This ras considered.
a less erpensive nethod than individual interviering.

Gillespie (tgef) developed nethods for collecting data on enacking
patterns antl utilized those nethods to study the snacking behaviour of
a sanple of elenentary school students. The students yere interviewed
to deternine the frequency and tine of eating snack foods on a list,
both at hone and auay fron hone. Systenatic evaluation of snack
qualities ras based on their relative nutritionat nerits, Snackg
selected at hone rere found to be nutritionally better than those
selectetl away from hone.

In a Thai gnack etudy, supplenented traditional snacks rere developed
by sieger et ar.(1975, 1976) for use in feeding progrannes at child
Nutrition centres in Thailand. Their acceptability was tested by
feeding sanples to Thai children of different denographic
characteristics, and a conparison ras nade betreen their
acceptabilities. In 1982' a aurvey on the attitucles and beheviour of
Thai eoueuners torards a traditional rhai cobkie ras coaducted by
Sinthavalai. The survey covered all four regions of Thailand, and the
total sample of 760 people, with 5 types of different denographic
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characteristics, ras randonly chosen fron 12 provinces. The

nall-intervier technique vas successfully used, with 95/ of the liO
questionaaires returned; and the objectives of the survey on consuner
reactions to various aspects of the produet rere fulfilled.

,., UETHODS AND TECHNIQUES USED FOR THE PRESENT SURVEYS

7.5.1 Introduction

This gurvey research ras conducted in 2 stages -- before and after the
nutritional product was developecl. The first survey was on the
attitudes and behaviour of urban school-age Thais towards snack foods
in general and the preference for the three suggested products. The

product ideas obtainecl fron this survey rere used as the profile of the
product to be developed for use in the second survey. The latter ras
the consuner research to product-test the developed product. Though

the two rere similar in the basic nethod of interview-survey used, a

difference in techniques ras unavoidable because of the difference in
their objectives. Horever, conparisons were finally nade on selected
aspects of the finclings between the tro surveys.

1.3.2 The First Survey

t-7-2.1 Ains antl Objectives. The aims of the survey rere to study
the attitude and behaviour of urban school-age [hais torards snack
foods and to deternine their preferences for tlifferent snack foods.
The principal objectives of this stutty rere to eranine -

: The attitutles of school-age Thais torards snack foods ingeneral.

: The behaviour of school-age Thais torards snack foods ingeneral.

: The preferences for serected groups of snack food products.
: The characteristics of the preferred snack food products.
t T!9 tyges of school-+ge.Thais_who_are_expectetl to be the targetgroup for the products to be developed. -

,.1.2.2 Sanple. Jutlgnent sanpling ras used because of the
difficulty of obtaining randonly selected children. Six schools were
chosen, 5 public antl J private schools, in the Bangkok netropolitan
BfeB. Theee, whea nixed to cover the rhole ra.nge of grades, nade up 4

categories of schools (ratle 7.1). Three of these schoors, covering
both public and private types, were situatetl in one area, and another
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three in another area. The schoolg uere choeen to represent niddle
class fanilies. 40 children rere chosen from eachotte3orVrlO from each

grade ('t-7, 4-6, 7-9, and 10-12) ao that there rere in total 40

chiltlren of each age groupz 7-9 years, 10-12 years, 1r-15 years, 15-lB
years. The ten children, 5 nares and 5 fenales, in each gracle in each

school rere chosen by the teacher. This naale a total of 1 50 urbaa
school-age Thais, 80 males and 80 fenares. Tabre 7.i shons the
denographic characteristics of the sanples inclutling the nunber of
school children in the household.

Table J.1 : The 4enographic characteristics of the population sarnplein the first survey.

Number Percent

School attended:
Pub1ic:

SATIT KASET
SAIIISEN COTLECE

. & ANUBAHN SAI'{SENPrivate:
PANAPAN
SAIt[ITTICHOTE

& SAINT JOHN
TotaI

25.O
25'o

25.Q
25.O

100.o

50.0
50. o

100.o

25.O
25'O
25'6
24.4

100.0
below 15 years of age)

Sex:--r
Age:

Nunber of

ItIaIe
Fenale

7-9
10-12
11-15
16-18

(one pupil of gracle 10-12

school-children in household:

40
40

40
40

160

80
BO

160

40
40
41
79

150
YAS

45.O
41.1
17.7

100.0

72
56
22

150

1-2
,-45or nore

3.5.2.J Questioanaire. The questionnaire (Appenttix r.lU) consisted
of 74 questions rhich rere directed respotrse, nultichoice, check list,
ranking, and scaling types. The questions conceraed, rhat, rhere, and

hou often the respondents bought snack products and the freguency of
their snackings. The personal self-aalninistered nethod yas uged with
interviewer assietaace vhere necessary. Questionnaire testing ras
conducted 10 days before the survey by 20 pupils of Satit Kaset, 4 from
each grade-group, and 10 fron each sex. Alteration of the
questionnaire ras nad.e rhere necessary.

7.r.2.4 Survey D1ethod. Per:mission to intervier ras obtained from
each echoor in advance. sirteen students fron the ltarketiag
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Departnent, Kasetsart University, 'rere used as the lntervi.erers.
Survey nethod orientation for all the intervierers yes carried out tro
tlays before the survey date to avoid survey error. Ehe inportance of
connunieation ran e:plained to the intervierers, rho rere aLso

thoroughly trained in the use of the questionnaire forns.
The questionnaires rere distributed to the chilclren in the schools

antl then the intervierers erplained to the chiltlren hor the
questionnaires should be conpleted and gave the neanings of any terns
not understood by the chi.ldren. The interviewers hatl all been taught
to give the sane erplanation for each tern e.g. nutritional va1ue,

sensory quality. After the questionnaires rere filled in, they rere
checked by the interviewers.

3.3.2.1 Date. The survey ras conducted on three consecutive days

at the beginning of Decenber, 1982.

1.7.2.5 Data Processing. Before the processing of the data, the

questionnaires rere checked again by the author and ineorrect answers

were onitted. The prinary data obtained fron the consuner survey were

processed by conputer. The SPSS: Statistical Package for the Social
Sciences (Nie et al., 1975) ras used for the progranming. The detailecl
results are tabulated in Appendir 1.1.

3.t.2.7 Data AnaLysis and fnterpretation. Statistical nethods rere
used for a1l the data analyses and interpretation. I{here justifiable,
logical interpretation ras included for the purpose of the application
of the findings. Data ras analysed for its nagnitude' dispersion,
association antl causation; and the statistical significance of
difference ras tested rith the leveL of probability of 0.05.

t.t.t The Second Survey

A nutritionally-balanced snack bar ras developecl for urban school-age

Thais, rith chiltlren of age 10-12 years as the nain target narket

seguent. The product ras greet and pastry-like antl had banana as one

of the nain ingredients. Preparation of the product was conducted by

using a conbination nethotl of cooking -- roaeting, hot-etlrring, and

deep-eynrp cooking -- all of rhich rere previously coneidered to give a

long shelf-life product rith intlustrial-potential characteristic. The

product ras successfully accepted by the consuner panel rhich conprised

J5 puplls aged 7-1 5 years at SATIT KASET, a clenonstration school in
Bangkok. The product ras packed in a polypropylene filn packet in a

eize that can be priced belor 5 Bahts, rhen sold through snack stalls
at schools.



32

Before the introduction of the project to the Thai-snack induetry,
consuner research on the product acceptance antl on the market

feasibility ras necessary. Since chilclren rere founcl to be the nain

purchasers of the snacks rather than parents, only a sanple of echool

chiltlren ras interviewed. Variation in certain denographic

characteristics fron the previous survey was nacle for the purpose of
conparison of selected variables between the tro surveys.

t.7.r.1 Ains antl Objectives. The aim of the consumer regearch ras

to product test the developecl nutritionally-balanced snack bar in
various aspects. The principal objectives of this stutly rere firstly
to exanine the product attributes and finally to conpare the finclings
with those in the previous survey. The objectives rere to deternine

: The product scaling in terns of colour, slze, terture, and
flav-our

: The level of acceptance for the product.

: The types of school-age Thais rho are expected to be the target
bWerb- for the develofed product

: The chiltl-rillingness in buying the product.

: The price erpectations.
: The package size.
: The brand nane.

: Product value erpectecl by the consuner.

: Difficulties of the product.

t.t.t.2 Sanple. Judgenent sanpling used ras based on the . previous

survey sanpling nethod and on the objectives of the research. Four

categories of schools, rhich rere nixed to cover the whole range of
grade levels fron sir schools, yere chosen. One category, rhich
conprised two schools in Nonthaburi rhich could be considered as urban

like Bangkok, was not previoueely surveyed. The childrbn in this
category of school rere conaidereil to be fron the upper 1or to nicldle

economic status fanilies, rhile those of the other tro were considered

to be fron lorer nitlclle to lorer high econonic status fanilies (one

public and one private), and those of the last category rere considered

to be from upper lor to lorer high econonic status fanilies. 27O

chiltlren were chosen from each category of schools' 50 fron each grade

(pt-p5 ana Ul-l!r) so that there rere in total 90 chiltlren of each age

group: 7-9 years' 10-12 years, antl 1J-15 years. The thirty children,
15 nales antl 15 fenales, in each grade in each ecliool were chosen on a

voluntary besis by the teacher in each gracle. Although onLy 1080

school-age Thais rere required for this surveyr a total of 1O94
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chiltlren volunteered, 486 of rhich iere naleg antl 508 fenales. Table

J.2 shors the denographic characteristics of the sanple. To qualify
for the survey the children had to: be pupils in the levels of P1-P5

or t{1-U, (or in other rords, age level of ?-15 years); not nintl eating
peanuts and sesame seeds; be rilling to be interviesed on a voluntary

basis; and if possible, refrain fron snacking before the interviering.

Table 7.22 The.$enographic characteristics of the population sanple
in the s6cond survey.

Number Percent

School Attended

Previously Surveyed:

Pub1ic: SATIT KASET
SAIIISEN COITECE
& ANUBAHN SA"I,ISEN

Private: PANAPAN

Not Previously Surveyed:

Public: PMCHA 0OPRATAI,I
& BENJAIT{ARACHANUSORN

Sex
-11[aleFenale

Total

274
274

276

270

1094

486
508

1 094

25.O5
25.O5

25.20

24.70

1 00.00

44.40
55.60

1 00.00

A€ ,74
421
299

1094

10
10-12
12

14.20
78.50
27.1O

I 00.00

Notes: 1.

2.

5.

llore regpondents than erpected because ertra questiounaires
orovided-.
ilore fenales because all fenales in 2-level classes
in 2 echools.
The nunber of ebildren in each grade ranged fron 25O-50O
students tlepentling on schoolg. -

t.r.7.J Questionnaire. Discussion with a teacher coordinator at
SATIT KASET about the questions in the questionnaire ras undertaken

before the survey. The type and number of questions suitable for
children P1-P2 ras taken into consicleration. The questionnaire
(Appentlix ,.2M) consieted of 15 questione which rere directed response,

rnultichoice, and scaling types. The questions concerned the product

acceptability in various aspects. The personal self-adninistered
nethod ras conpletely used for the chiltlren 'in P7-lI7; rhile
assisted-self-aalninistered ras used for those in P'l -P2 (agect

approrinately ?-8 years). For the assisted-self-adninistered method,

the teacher erplained the procedure to the children and read the
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questions for the chiltlren oae question at a time. Questionnai4e

testing ras conducted before the survey performance by ten of the staff
and etudents of the Faculty of Agro-Industry. Alteration of the

questionnaire ras nade rhere necessarTr.

5.5.r.4 fnfornation Erpected to be Obtained. The folloring
infornation yas erpected to be obtained fron aII the children in the

sanple:
Product infornation: Opinions on product characteristics (5 point

scale for colour, size, terture, and flavour); Ievel of preference of
the snack bar (5 point scale); and suggestions for inprovement of the

product (open-ended probe type question).
lrlarketing infornation: Amount suitable for snacking at one tine;

drink type after snacking; expected price for one-bar and three-bar

packets; level of riltingness to buy the procluct; najor reasons for
buying rillingness (probed fully) i expected frequency of buying the

product; reasoas for not buying (probed fully); and suitability of
the proposed brand nane.

7.1.5.5 Survey l{ethod. A personal interview (tv
teacher-intervierer) and an erperinental nethod (Uy tasting the

product) were applietl in this consuner research. Personal contaets

rith selected teacher-interviewers yere previously made and the itleas

obtained fron the discussions rere applietl to inprove the procedural

instructions to be tlistributed to all teacher-intervierers. Agreenent

by the inrlividual schools to participate in the study ras obtained by

personal contact, and also by officiat corespondence (Appendix 7.wt).
The following rere the steps in col-lecting the infornation:

Sanple characteristics and sanple size definecl.

Acreenent bv intlividual school nade. and details on
objectivesr- date, and procedure distributed.
Draft questionnaire prepared, pre-tested, and altered.
Consumer test date confirned.
Procluct sanples. questionnaires. and intervier-proced.ure
instruction-s (Aip6ntlir J.4M) prepared.

Field rork nonitored:
- Questionnaires and product sanple ilistributed to teacher

ioortlinator. (rho actetl as a sulervisor for each
echool-area ).

- Reconmendation on distribution of product sanples and
questionnaires nade as follows:
Author

Teacher leveL supervisors

'Thank lou' letter distributetl.
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Questionnaires edited.
Data processed by conputer.

Data analysetl by SPSS progran.

Resu1t interpreted and gunmarized.

t.t.t.6 Date. The survey ras conclucted on 4th of Februaryr 1985

for all schools ercept for SATIT KASET rhich ras conducted on 1 I th of
February. Tine for interviering ras betreen 2:O0 and !:00 p.n.

7.5.1.7 The Product. The product sanples rere fron procluction ruas

in a situation sinulating a typical cottage Thai snack factory. One 44

gran bar of the product ras packed in a sealed 11.4 centimetres

polypropylene square pouch (O.t nn thick). A label ras inserted at the

top of the packet and the packet ras resealed. The descriptions on the

label inclutletl: POCHA, a nutritionally-balanced snack, Departnent of
Product Developnent, KU, and lilassey University, Ner Zealand'

7.7.7.8 Data Processing. Before the proeessing of the data' the

questionnaires were firstly checketl by the author; incorrect ansuers

rere onitted and the direct responses and verbatin connents were

tabulated (Appenttix 7.2). The prinary data obtained fron the consruner

survey ras processed by computer. The SPSS: Statistical Package for
the Social Sciences (nie et al., 1975) was used for the progranning.

The detailed results are tabulatecl in Appentlix 7.7,
7.t.t.9 Data Analysis and Interpretation. Statistical nethotls rere

used for all the data analyses and interpretation. There justifiable,
logical interpretation ras iacluded for the purpose of the application
of the fintlings. Data ras analysed for its nagnitude, dispersiont
association and causation; and the statistical signifieanee of
difference ras tested rith the l-evel of probabitity of O.O5.

'.4 
SNACK BIITING BEHAVIOUR AND ATTTTUDES IN CENERAT

t.4.1 Snack-Tnre Preference

It ras fountl that 7rf of the school-age Thaie gtudietl preferred sweet

snacks to savoury snacks (tatte ,.r). The test of difference showed

that this preference ras not affected by sex' ager or type of clrink

taken rith the snack. A1so, Table J.J shors that vegetables and fruits
(+gfr) rere the nost preferred group of snacksr'followetl by neats Qe/),
and cereal & flour snacks (16fi). Eggs and beans were significantly
Iess preferred. [hile fenales preferred vegetables and fruits nore
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than nales, nales tended to prefer bereal & flour snacks and, neats more

than fenales.

Table 3.5: Snack buylng behaviour and attitudes in generaL.

Percent

Snack type preferred (tt = t6O)

Sreet
SavourXr

Snack group nost preferred (N = I 60)

Veeetables & fruits
tledts
Cereals & flours
Eee"l'eans

Selected cereal snacks nost preferred (U = Zt )

Thai pastry lype 4QRice-crispy type 77
Thai cooki-e tvpe 17
(Responses onl] of those rho had eaten all types)

Frequency of snacking after school (N = 1 50)

Every day 5'l
Once- in b while 22

^Every tro .or three days 12
unee a weeK )Never 5

Person nornally buying snack (N = 150)

Iourself 4,
Oifieii-(parents etc. ) ?1Both 70

Criterion for enack buying choice (U = t5l)
Nutritive value 59
9.e'fsory quality 24
Price 9Availabilitv 5
Keepability- 2

Pocket noney per day in Bahts (N = 1 50)

5 or less
5-1 0

11-15
16-20
21 or nore

Money spent on snacks Ber day in Bahts (il = 150)

5 or less
5-1 0

11-15
16-20
21 or nore

1.4.2 Frequency of Snacking after School

It was found frorn the survey (faUte ,.t) that 51fi of the urban

school-age Thais snacked after school every ilay and 701 snacked every

day or everJr tro or three days. The age affected the frequency of the

7t
27

t6
15

6t

18
47
14
11
'14

28
40
'15
10

6
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anackiag. Childreu of 7-15 years of age ate snaeks nore frequently
than the 15-18 Jrear group; children of 10-12 years of age hacl the

highest percentage saacking every day (Flg.r.1). Therefore, the nain

target segpent for the products to be developed ras children of 10-12

years of age rith the minor segnents being the age groups of 7-9 and

1r-15 years.

Figure 3.1

FREQUENCY OF SNACKING AFTER SCI{OOL
BY AGE

toot
o.toe,

T
d

AG€
@ t-tb-.
tr l-ltbcr
E tt-E f-r
E L-l lb-t

FRIQT'T}ICY

1.4., Buying of Snacks

Table 5.5 ghors f}raf 451 of the urban school-age Thais nornally bought

their ora snacks, rhile 27fr bad, snacks bought only by others and ,Ofr

had snacke bought both by thenselves and by other people. Though the

test of difference shored that the person nornally buying the snack tlid
not reLate to age, there ras sone tendency that the chiltlren ttitl nore

self-buying as they grer older. the chiltl ras the nain purchaeer of
the euacks, uot the pareuto.

7.4.4 Criteria for Snack Buying Choice

The stuity on criteria for snack buying choice ehoved that 59fi of the

respondentg raaked the autritive value of the snack products as the

nost inportant attribute, rhile 24fi tanked the sensory quality. These

tro attributes rere ranked sigllficantly hlgher than price,

availability, and keepability. Horever, it Yas found that the
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school-age Thais of 15-18 years'of age rere less concerned rith the
nutritive quality of the snaeks but nore concerned rith the sensory

quality. InterestinSlXr nales seemed to be more concerned rith the

sensory quality of the snacks than fenales. Yhen the attributes rere
ranked fron 1 (rnost inportant) to 5 (least inportant), the mean value
of the ranks for each attribute coincidecl rith the result from the

criterion deternination on the basis of the nost inportant attribute
(taute 7.5 and. Figure ,.2).

t.4.5 The Use of Snack Food Outlets

Figure J.J shors that on weekdays, 70% of the children bought fron the

snack stall at school, 5ofi fron sreet shops, and onLy 38% through a
supermarket or co-op; while at weekends, 44, 44, and 4t% of the

children bought fron neighbourhood groceries, sreet shops, and

supernarkets or co-ops respectively. This fintling suggested that the

nost suitable snack food outlets for the urban school-age Thais would

be snack sta1Is at school, sreet shops, neighbourhood. groceries, and

supermarkets or co-ops.

7.4.6 Pocket ltoney and lloney Spent on Snack Foods

The ttaily pocket noney (for snacks only) ras found to be 5-10 Bahts for
the average urban school-age Thais stucliecl (tatte 7.7). It ras O-10

Bahts for school chilclren of 7-9 years of age, O-15 Bahts for 10-12

years old, and 5 to nore than 20 for 1J-18 years oltl. School-age Thais

at private schools tendeal to obtain nore pocket noney than those at
public schools ( O.OA level of significance). Although the average

urban school-age Thai obtained 5-15 Bahts for pocket noney a,day, rnost

of then spent 6-1O Bahts or less on gnacks. Hosever, the spending

clifferecl depencling on age.

7.4.7 ltotivation for Snack Food Buying

Television was found to play an inportant role in food aclvertising for
the urban school-age Thais (fie.7.4 ). The advertisenent and the snack

itself had an equal influence on the notivation for the buying of ner

snack products (fie.t.5). The notivation yas found to depend on the

anount of pocket money. The statigtical analysis shored that those

rith pocket noney of 5 bahts or less bought new snack products as the

result of an advertisement.
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,.5 GEI{ERAL BEHAVIOUR RETATED TO SNACKINC

1.5.1 Tines for Snacke and Dinner

Table 5.4 shors that the most popular snack tine for urban school-age

Thais during the seekend ras in the afteroooo. Horever, snacks rere

also consuned by nany subjects in the norning, afternoon ancl uight.
The nost common tine for snacks during reekdays ras after the classes

f,ere over, at about 7z7O g,m. or 4:r0 p.n. depending on the school.
Though the dinner tine for nost of them ras betreen 5 antl 7 p.n., the

younger tended to eat before 6 p.n. and the older after 7 p.n. This

resulted in a long "between neal" period in the afternoon.

Table 7.4'. Qeneral behaviour relatetl to snacking.

Percent

Snack tine on reekend (tt = 159)

Afternoon
lilorninp & Afternoon & Nieht
MorninE & Afternoon
l{orninE
Nisht -

Dinner tine (N = 150)

75
28
26

6
5

iL
25

55
24
11

7
2

5-7 p.n.
Befoie 5 p.n.
After T pln.

Drink type after snaeking (N = 150)

Uater
Carbonatetl drink
Fnrit juice
Health drink
Nothing

3.5.2 Drink Type after Snacking

Plain rater was the nost popular tlrink after snacking

carbonated tlrink second. The type of tlrink clid not

the type of snack eaten or the snack group preferred.

noney antl the anount of noney spent on snacks had no

type of clrink.

(ratte J.{), rith
depentl on either
Both the pocket

influence oa the



42

'.5 
PREFEREI{CE FOR EHE THREE SUCCESTED SNACK PRODUCTS

,.5.1 The llost Prefened Snack and the Buying llillingBess

0f the three seLected types of Thai snacks-- rice-crisp, cookie' and

pastry, the pastry type of snack ras the nost rell-knosn to the urban

school-age Thaig studied, and the rice-crisp type ras the least
rell-knorn (TaUte ,.5). Uhen the children rho had eaten all three
types of snacks were asked to rank the 7 selected types of snacks on

their preference basis, it ras found that the Thai pastry type (+Afi)

ras preferred to the rice-crisp type (tlfi), ancl the cookie type (17%)

ras the least preferred. Neither sex nor age group had an influence on

this preference. A conparison of the frequency of eating for these

three types of snacks shored that the pastry type ras eaten nore than

the Thal cooklc type, and the rtce-crlsp type ras the least eaten. The

nain reasons for the lesser consunption of each type of snack rere

'inconveiient to buy' and 'not palatable'. However, the nunber of
children in this category was too snall to be representative.

Table 5.5 shows that the erpected buying of the selected types of
snacks to be developed rere in the folloring order: pastry (66fr),

eookie (57il, and rice-crigp type (47%). The erpected noney for buying

ras 6-10 bahts per day for the average urban school-age Thais stutlied

and less for those of 7-9 years of age.

1.5.2 Preferred Attibutes of the Three Suggested Snacks

The stutly on the nain attributes for the three selected types of snacks

shored that different types of snacks hatl tlifferent 'inportant

attributes. The nost inportant attributes of the three types of snacks

in decreasing order rere as follors: fLavourr topping and terture
(erisplness) for the rice-crisp tyPe; flavour, terture
(ne1t-in-the-nouth) ancl arona for the cookie type; and stuffing,
flavour and terture for the pastry type (Tabte J.5). The ser and age

had no influence in this ranking of the nain attributes.
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Table 5.52 Pteference for the three suggested products.

Percent

Eating e4perience of selected typesffi
Thai pastry lypeThai -cookib type
Bice-crisp type
(ttut-tipte^chlrice a{Ioretl; and percentage based on
nunDer oI cnolees,,

l{ost preferred type of snack (U = 7t )

Thai pastry^ type
n].ce-cr]-sD lyDe
Thai cookie tlpe

Thq nost frequenffi
fhai pastTy lypeIna]. cooKle rype
|ice-crispy type
(Responses only of

91
7t
59

tfil
those rho had

ce-c11g

eaten all types)

roduct

46
77
17

79
37
24

47
14
79

57
14
29

Yes
No
Not sure

UillinenesF to Uoy a n.* nn.i eooti" t
-(Fr5cr)-

Tes
No
Not sure

Ui]lingnqsp to U"V . ner ttti pastry t.
-tFnscr)-

Yes
No
Not sure

66
9

25
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Tab1e 5.52, Preferred attributes of snacks'

Percent

fr#?"3: EBl3if""""l
Size & forn
CoIour

- Flavouri;ftffi (nelt-in-nouth)
Aroma
CoIour
Size & forn

45
to
20t

2

ti t attributes for Thai

Tvpe'of stuffing
Flivour
Texture

snacks

ever eaten the

58
25
12

5
5

44
t7
10

6tSize & form
Colour

Note: Responses only of those rho hatl
Palticular gnacl('

7.5., Expectetl Frequency of Buying the Product to be Developetl

The expected frequency of buying the products to be developed

the ,,moderate,, frequency (ratte 
'.il. 

Neither the nunber of

chiltlreninthehouseholtlnortheamountofpocketmoneynorthe
of noney erpectecl to be spent nor the frequency of intended

affected the willingness to buy those snacks'

Table 3.?: Buying of snack product to be developed'

ras at
school

amount

buying

Percent

exp{
=-15
e-?6
I -15
6-201or

1

1

2

2A
49
15

5t

B
54
28

ted for the to be devel

Hich fiequency
ltoilerate -frequencY
Irow frequencY

T.6.4ErpectedPackaFeandPriceoftheProducttobeDeveloped

It sas founcl tb,at 561 of the urban school-age Thais preferretl their
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snacks to be packetl in aluninun' foil or a plastlc bag in a pape.r

cartoa, and, 64fr preferred then to be packetl in the 1-5 baht package

slze (Table ,.8). Horever, this package aad price acceptabillty rere

found to depentt on the amouat of pocket money they had' Those Yith

nore pocket noney preferred aluminun foil or a plastic bag in a paper

carton, while those rith less pocket money preferred their snacks to be

packetl in a plain plastic bag. Those rith nore than 5 bahts pocket

money accepted the price per package in the range of 1-5 bahtst rhile

those with 5 bahts or less preferred it to be in the range of 1-t

bahts.

Table 1.8: Expecterl package ancl price of product to be developetl.

Percent

Most acceptable package (n = t0O)

Aluninun foil bag in PaPer carton
llastic bag in Paper carton
.vl.ast]-c DaA

Itfi$lf;"H"F;ii ge3dow tYPe

Acqeptable.price erpected in Bahts per package
' 1_3

4-6
7-9

10-12
t5 or nore(6""- in-c6irect answer)

74
22
21
16
7

t1,t
20
1t

7

7.7 ACCEPTABITITI OF THE DEVELOPED SNACK PRODUCT

,.'1.1 Opinions on Product Colour

It was found fron the survey (fatte ,.9) that the protluct colour ras

just right or slightly too intense for nost of the respondents (47fr and'

54fr rcspectively). Age and School significaatly affected the opinions

on protluct colour of the children. The colour seemed to be just right
for chilctren in both the <1O (587/ of chiltlren in this group) ancl 10-12

(+1fr) age-group, while it seeneal to be slightly too intense for those

in )12 age-gro,rp (4tfr). ltost of the children in PANAPAN' PRACHA-BANJA'

anct in sAIr[sEN (5efr, 45fi, an4 5ofr of the children in each school

respectively) thought that the colour of the protluct ras just right'
while nost of the chitctren in SATIT thought that it ras slightly too

intense. However, the colour nean score of 2.4 suggested that the

colour of the product tencleit to be very slightly intense.
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Table 7.9t Preference for the developed snack product.

Percent

Colour (u = togz)-T'o intense
Sliehtlv too intense
Just rilht
llightlf too pale
TOo pare

Size (N = 1O94)---Too lareeSlightlf. too large
JUSt r:.Anr
[lightlf- too sna].I
'r'oo gmatr

Terture (n = 1092)

-6'cohesive
S1iehtly too cohesive
Just richt
Slightlf. too crunbly
roo crunory

Ftavour (tt = 1095)---ffi'sweet
S_lightly. too sreet
.JUSt' f1AnlSliehtli too bland
Too-blahrl

Preference (N = 1091 )

-ilif-very 

nuch
Like
Neither like nor tlislike
Dislike
Dislike very nuch

14
t4
47

4
1

5
15
72

7
1

5
14
44
29

7

6
10
74
25
25

18
25

72
7

The Chi Sguare test provecl that the product preference and buying

rillingness of the chiltlren were significantly related to its colour.

Too lntense a colour seemed to lorer the preference of the children
and, in turn, their rillingness to buy. Therefore' the colour of the

product could be slightly lightenetl.

Colour was only nentioned as inportant by 3'fr of the children in the

first survey, but obviously rhen they actually saw the product in the

second survey, it becane important and affectecl their pretlicted buying.

1.7.2 Opinions on Produet Size

Most of the children interviered (lZf,) thought that the size of the

product was just right (fatte ,.9). Houever, this tlepended on age

group and school attended. 1976 of children ovgr 12 years of age and

27f, of thoee in SATIT thought that it ras slightly too Large. However,

the mean-score size of 2.8 suggested that the size of the product ras

just right. The Chi-Square test proved that the size of the bar diat
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not influence the price estinatetl by the chiltlren. Therefore the size
pretlicted fron the firgt survey uas correct.

7.7.r Opinions on Produet Terture

Terture hatl been an inportant attribute nentioned in the first survey.

Trenty nine percent of the ehilctren thought that the product ras

slightly too crunbly, 145 thoueht that it ras slightly too cohesive and

44fr of the chilclren thought that the texture of the product ras just
right (taute ,.9). This opinion on terture ras influenced by the ser

antl the age of the ehildren. 72% of fenale respondents thought that
the procluct was slightly too crurnbly; as tlitl 47fr of the chiltlren over
'12 years.

The Chi-Square test suggested that crunbliness seemed to Bore

negatively affect the procluct preference of the chiltlren than the

over-cohesiveness; and, this in tur:r, affectetl the buying willingness
of the chilttren. The terture meaa frcore of 7.2 proved that the snack

bar ras just very slightly crunbly.

7.'1.4 Opinions on Product Flavour

Most of the children thought that the snack bar ras just right in
gweetness (l+il, slightly too blantl (25fr) or too bland (25%)

respectively (Table 5.9). This oplnion ras siguificantly influenced by

age. 71fr of the chiltlren over 12 years of age thought that the snack

bar ras slightly too bland or too blantl. The flavour nean score of 7-5

also proved that the bar ras slightly too blantl; therefore, this
inferior characteristic of the product should be renedied'

0pinions on the flavour of the product affectetl its preference. The

Chi-square test result suggested that both higher and lower intensity
of sweetness of the product lorerecl the preference of the children. 0f
the children rho rould not buy the prottuct, 41 1 thought that the snack

bar ras too b1and, rhile 22fr of then thought that it ras too sweet. As

stated by the children in the first survey, flavour has an inportant
influence on the buying of the snack product.
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,.7., The Acceptability of the Protluct

44fr ot the chiltlren interviered liketl the procluct, shile ,t% neither
liked nor disliketl it. fhe preference Bean score of 2.7 euggestetl that
the children alid not nind the product. The leve1 of preference

depencled on sex, age, and school (fig.1.5 arb). Fenales and those aged

over 12 years seemed to prefer it less than those of the other groups.

Chiltlren in SATIT KASET and SAITISEN preferrecl the product less.

The preference for the product significantly influenced the price
estinated by the children. Those rho "liked" or "neither liketl nor
disliked" the product priced it higher than those rho tlitl not like it.
A1so, the product preference significantly influeneed the bu.ying

rillingness of the children. Most of the children rho liked the

product had a tendency to buy it and at a higher frequency, rhile those

who tlisliketl it clid not.

5.7.6 Erpeeted Arnount of Product for Snacking at One Tine

49fr of the chiltlren (Table 5.10) thought that they could eat only one

bar for snacking at one tine, while 42% tnought that they could eat as

many as 2 ot 7 bars. Ser, age, and school all significantly influenced
the anount eaten at a tine. Iilales seened to be able to eat more than

females. Chilctren agecl belor 12 years aatl children in PANAPAN and

PRACHA-BENJA seenecl to be able to eat nore than those over 12 years and

in the other two groups of schools. Preference seened to play an

important role in the amount eaten. Most of the eat-nore-children
likecl the product more than the eat-Less-children.

The Chi-Square test result suggesteil that chiltlren rho nornally drank

nothing, rater, or a health ilrink could eat more bars than those uho

nornally drank fruit juice or a carbonated drink. Also' the test
result suggested that the anount of the product eaten at a tine
significantly influenced the price the children estinated. Those of
the eat-nore-children seened to price the product lorer than those

eat-less-chilclren. Most of the children who uere rilling to buy the

product coulcl eat I bar (llfi), z bars (29fr), and J bars (25fr)

respectively, while most of those who rere not'sure of buying could eat

1 bar (51/) and 2 bars (27fr), and nost of those who rere not rilling to

trfy (gOl) could eat only I bar at a snacking timer The anount-eaten

nean score of 4.1 euggested that 2 bars seemed to be the average anount
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of product the children vould snack at a tine. Therefore, 1 or'2
geened to be a suitable nunber per packet.

The Chi-square test on buying frequency shored that 43fr of those rho

would buy the product at a high frequency could eat 7 bars, vhLLe 5996

of those of noderate-frequency coulcl eat 2-3 bars and 47fr of those of

lor-frequency could eat only 1 bar. This could be influenced by the

preference of the ehildren.

Tabte 7.102 Expected arnount eaten, price, and buying of developed
product.

Percent Responses

Expected anount eaten at a snacking tine (p = tOag)

1 bar
2 bars
J bars
4 bars
5 bars

Price for 1-bar packet (N = 1089)

)J Bahts
I Bahts
2 Bahts
1 Baht

<1 Baht

Price for J-bar packet (f = tOeg)

)6 Bahts
5 Bahts
5 Bahts
4 Bahts(4 Bahts

Buying willingness (tt = 1 091 )

Yes
Not sure
No

Buying frequency (N = 551 )

High frequency
Moilerate -frequency
Lrow frequency(nii"i"n"=.J--6t onry those rho will buy the product)

1.7.7 Expected Price per Packet

48f, of the children priced the product at 2 Bahts per 1-bar packet,

while 211 priced it at J Bahts and, 22% at 1 Baht (TaUre l.1O). The

najor reason for buying had a significant influence on this pricing

estination. 789[ of the children nho chose the 'peanut & sesane

preference' priced the procluct at 1-2 Bahts, while 77% of those who

chose the 'nutritional advantage', 72% tne 'Thai product favoured', and

49
26
16
4
5

6
21
48
22

1

12
29
28
17
18

52
74
14

11
61
26
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Bahts (Appendi.x71f, tne 'palatability of the produbt' priced

1.3).

77% af the buy-chj.ldren and 69% of the

l-bar packet at 2-i Bahts, ulnile 647.'

at 1-2 Bahts. The 1-bar packet price
the acceptable price for this group

1-bar paeket. (Score 2 is equivalent
tsahts for this questj.on. )

not-sure children priced the

of the not-buy children priced it
mean score of 2.9 suggested that
of children ras above 2 Bahts per

to ) Sahts rhile score ] is 2

Age and school shoyed significant influence on the children-s pricing.
Children over 12 years of age priced the bar lorer than the other age

groups" lhis eeened to be the effect of a louer preference in this
older group. As to the school influence, PANAPA$ and SAIIT chj-ldren

rho rere consj-dered to be f,rom higher econonic status fanilies priced

the product higher than those of the other tro groupe of schools.

Di-fferent oplnions appeared in the prlcing of the }'bar packet. Higher

responses were observed at 5 Eahts tza%) and 6 Bahts t29%). fiorever,

the 3-bar packet price mean ssore of 2.9 suggested that 5 Bahts vae

justi-fiab1e. (Seore 2 is equivalent to 6 Bahts *hile score ] is 5

Bahts for this question. )

3,7.8 Buyi.ng Wj.llingness

52% of the children interviered rere rilfing to buy *he product, vhile
34%, vere not sure (talte 3.10)' $ex, age, and school significantly
affected the buying eillingness of the children. A higher percentage

of nales than fesales indj-eated they nould nr:t br.ry the product. The

younger age children indicated 'sure to buy' nore than those of the

older age lrho responded nore often'not sure'and'not buy'.

3.7'9 Buying Fr-eqgency

63% of the buy-chlldren voul-d buy the product at a noderate frequency,

25]* at a low and 11/ at a high frequency (fabte 3.1A)' .Age had a

significan* effeet on tbe buying frequency, The buy-children of a

younger &ge had a tendency to buy nore oftgn than those of an older

age. Hovever, the buyi.ng-frequency nean score of 2,2 suggested that

the children could be expected to buy the product at a moderate

frequency.
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5.8 GA$ENAI tsEHAVIOUN AN} ATTITU)ES NELA?ED ?O THE DEVEI,OPSD SNACK

PRODUCl

3.8.1 Major Reason for Buying and Branding Suitability

619l ot the children rould buy the product because of its nutritional
advantage (talte 3.11). The reason depended on age and schoof (r':-e.r.t

a,b), llore children under 12 years rould buy because of nutritional
advantage. 'Thai product favoured' was the najor reason for many of

those of over 1 2 years.

S3% of the children j-nterviesed agreed on the brandi-ng proposed, while

109 dj"d noi agree and 27% vere 'don't knov' respondents. Tbe branding

opinion ras affected by sex, age, and the school the children attended.

More nales than f,ernales di,d not agree. Children of the older age did

not agree rnore than those of the younger age. Arnong the school-s

surveyed, SAfIT agreed the 1east.

0pinion on the branding of the product r*as related to the buying

rillingness of the children. Most of the buy-children (74fr) and of the

not-sure chiLdren {60%) agreed rrith the branding proposed, nhile most

of the reet rere 'don't knon' respondents.

t{ost of the children lrho would buy the trrroduct because of its
nutritional adyantage agreed witb the branding proposedr e$ di-d the

children nho nould buy it for the other najor reasons'

Table j.11:. Xajor reason for buying and branding suitability,

Percent Responses

Major reason for Suyiqg the product (I{

Nutritional advantage
Palatabilitv
Thai lroduci favoured
Peanut & eesame seed Prefsrence
Other reasons
(Responoes of only those rho i+i1l

Branding suitability 15 ' tO?0)

Suitable
Don't knon
I"lnsuitable

r/2\
= hhl l

/v/ J

1R
1lu,

1'\buy tne prooucr /

t-1 1

1n
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t.8.2 Drink Type after Snacking

A najority of the children interviewed (54fi) nornally drank uater after
snacking. Carbonated tlrink Yas nornally drunk by 20% of then. Health

drinks (lZ%) and fruit juice (ll%) rere nuch less popular. The drink

type after snacking ras affected by sex, age, and school (fie.J.8 arb).

Fenales drank more carbonated drink and fruit juiee than nales' while

nales drank rnore health ttrink than fenales. Children over 12 years

drank more carbonated drink and fruit juice than those under '12 years'

rhile those of the latter group drank rnore sater.

As to the influence of school on the drink type after snacking nore

children in PANAPAN and PRACHA-BENJA drank health drink and nore

children in PANAPAN and SAII'ISEN drank fruit juice (f'le. r.g a, b).

Personal observations during visiting those schools suggested that the

availability of drink type played an inportant role in this aspect. At

SATIT, though there are nany drink-vendors, only soybean nilk ras

available at one stall. There was no other health drink or fruit
juice. A11 the rest were carbonated drinks. At SAMSEN, fruit juice
vendors were available, and fruit juice ras nornally drunk by as nany

as 2596 of the children interviewed.

The Chi-Square test result proved that
children (+z%) were 'rater-drink'
nutritionally-balanced characteristics of
irnportant.

most of the willing-to-buy
children; therefore'

the produet were considered

,.9 SUMMARY AND RECOMI,IENDATIONS BASED ON SURVEY RESULTS

1.9.1 Sunnary and Reeonrnendations fron the First Survey

The findings fron the first survey portrayed the average attituile and

behaviour of the urban school-age Thais towards snack foods. Although

all age groups did eat snack foods and 51 f of then snacked every day,

the rnost inportant group for eating snack foods was the 10-12 years age

group.
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sueet enacks rere preferred over "..rooty 
gnacks; atrtl that of tlie

vegetabLe & fruit group ras the noet preferred. 0f the three cereal

snacks-- Thai pastry, [hai cookie, rice-crisp-- the Thai pastry was the

nost frequently eaten ancl the nost preferred; children rould be

expected to buy Thai pastry nore often in the future than the other tro

products. The nost inportant attributes in Thai pastry rere! type of

stuffing and flavour.

The chiltlren rere the nain purchasers of the snacks, not the parents.

68 fr of then spent less than 10 Bahts per day on snack foods' The mogt

inportant attribute for their snack buying choice was nutritive valuer

followed by sensorY qualitY'

Most snacks rere bought at the snack stall at school during reekdays

and at the neighbourhootl groceries at weekends. sreet shops'

supernarkets and cooperative shops were also inportant for snack

buying.

The children preferred the price of a snack product to be below 5 Bahts

perpackage.Thepackagingcouldbeanaluminumfoilbaginapaper
carton, a plastic bag in a paper carton, or a sinple plastic bag'

Television ras the nost inportant advertisiug nedia'

It is reconnendecl in the snack product developnent for urban school-age

Thais that:
The nain target segnent be children of 10'12 years of age.

Frontheconsumeracgeptabitity-point^of--view'asnackof
the Thai pastry Sroup uith .F .8l?et-type. vegetirble &.fruit
J'iiriiii u5*6i-iriSi,Iii;.-ila. tfiat-ii-ue licked. in a plastic bag
in a paper carto; i;-;"iize-ttra{-ean-UE-piiced below 5 Bahts.

fhe nain outlets be gaack stalls at schools, neighbourhood
ii:6"6ii6u;-fi;;i shops, supernarket and co-op shops'

Televisiou be used as the advertising nedia'

1.g.2 Sunnary and Reconmendations fron the Second Suffey

The developed Product
just right for size,
enough for flavour;
product.

sas gcaled as very slightly intense for colort

very slightly crunbly for terture, not quite gweet

and over all the children rather liked the

chitdren agett ?-1 2 years Likeil the product and uere nore willing to buy

the proiluct at a higher price and also at a higher frequency than the
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other children; thus, they rere expected to be the nain target br4yerd.

Most of the chiltlren in this group priced the product at 2 Bahtg for a

l-bar packet aad 5 Bahts for a J-bar packet. Since most of then

thought that they could eat I bar at a snacking tine, the product could

be packetl in a 1-bar size packet of 2 Bahts; or since the anount-eaten

nean score suggested that 2 bars ras the anouut eaten at a snacking

tine and since this protluct ras to be produced for the nutritional
purpose based on S of RDA, the product could be packed in a 2-bar size
packet of not more than 4 Bahts.

The najor reason for buying the product of over 6Qfi of the children ras

because of its nutritional advantage; thus, nutritionally-balanced
characteristics should be considered as nost inportant in the developed

product and as the nost inportant point to be used to aicl the

pronotional canpaign.

Most of the chiltlren agreect cith the brand nane of POCHA (neaning:

food suitable for consunption). This could be used as a faniiy name.

'A nutritionally-balanced snack bar' could be used to show brand

personality rhich rould communicate the functional value and add value

into the product.

It is reconmended in the snack production for urban school-age Thais

that:

The nain target segment be children of 7-12 yeats of age.

For an ideal acceptanpe, the prodgct could be eliehtly changed
in colou1 (tiehtbnea)r' textire (nore cohesive), dntt in ftavdur
(sYeeter).
The product could be packed in a 1-bar or 2-bar packet size,
pricbtl not more than 2 Bahts anct 4 Bahts respectively.
Nutritionallv-balanced characteristics be the nost inportant to
be coleidered; gnd nutritional advantage be useal to aid in
pronorronal. canpalgn.

'POCHA' could be uged as the fanily nane and 'Nutritionally-
Balanced Snack Bar' could be used tb shor brand personality.

,.1O CoUPAXISoN 0F THE FINDINCS 0F THE rhro SIIRVEYS

A conparison of selectecl fintlings of the tro surveys ras

snacking habits, preference for the product, btiying of the

reactions of schools previously surveyed and not surveyed,

aurvey methods. In this study, "conrnercial survey method" ras

as the nethocl nornal-ly used by connercial agencies through the

nade oa

product,

and on

tlefiued
private
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sectors ia uhich buttgets for Lntervierers antl fieltt supervisorg are'a

necessity, and "official survey nethod" as the nethod nornally used by

government agencies through public or private gectorg in rhich no

budget ras prepared for intervierers and fieltl supervisors.

Collaboration agreenent, fornally or infornally, is nacle in the latter
CBBe.

,.1O.'l Conparison of Snacking Habits

The conparison of the snacking habits (faUte 7.12) of the chilclren in
the first survey (n = 160) and in the second survey 1n = tOeg)

intlicatecl that the children rould buy the developed product at a

sinilar frequency in both surveys (frigh : moderate : Iow = 8 : 54 z

28 in the first survey and = 11 | 6t z 26 in the second survey). A

thorough exanination of this fintling indicated that the children of age

10-12 years, who were found to snack the nost frequently in the first
survey, iere rilling to buy the devetoped product at a higher frequency

in the second Burvey. This fintling suggested that the product sas

well-accepted anong the children of this group.

Yhen the 'price per packet' in the first ancl second survey uas

conpared, the price patterns in the tro surveys Yere found to be

sinilar (price (5 : )5 Bahts = 57 z 47 Ln the first survey' and 59 :

41 in the second survey). This suggested an acceptability by the

children. Horever, though nost of the chilclren nornally snackecl a! a

high frequency (i1fr), they woulcl buy the developed product at a

noderate frequency. This suggested a possible space for a high

frequency of buying of the developed product, if its itleal profile for
children ras reached.

Shen pocket noney and noney spent on snackg in one day in the first
survey uere examinetl in relation to the price for a packet in the

second aurvey, it ras found that though 82fr of the chitttren hatt 5 Bahts

or more to spend on snacks per ilay, tney (59f,) rere willing to buy the

developed product at a price around 5 Bahts.

The data on the drink type after snacking in the second survey (54fi)

confirned the fincling in the first survey' (56fi) that nost of the

children drank rater; and this seened to confirn a need for the

nutritionally-balanced characteristics of the snack product developed

because of the lack of a healthy driak to fill a snack nutritional gap.
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Water
56%

Carbonated
Drink 24%

,Fruit Juice
11%

Health Drink
7%

Nothing 2%

1st. Survey
(sangtot td6ffi size teo)

Water
54%

Carbonated
Drink 20%

Fruit Juice
11%

Health Drink
12%

Nothing 3%

2nd. Survey
(Bangkok r gs-sFEEEiE- size 1 o s4)

Figure 3.9; Graphical comparison of drinks after snacking
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5.10.2 Conparieon of Acceptability for the Product

The preference responaes in the first survey ras conpared rith the

liking responses in the second survey (taUte t.Ir). A conparison of

the past snack types preferred indicated that though the children tiketl

sweet (lZft) an6 fruit (lgil snacks, ouly 44fi liked the developed

protluct rhich ras a eweet-fruit type product. The inclueion of bean'

vhich ras preferretl by only 4/ of the children, into the product

suggestecl the possibility that bean night be responsible for this low

preference. Horever, rhen the neither-liked-nor-ctisliketl children rere

included in the data for conparison, the acceptability of the product

07fr) was sinilar to the first survey.

Trbl. 3.13: Corparisoa of prrforrncc for tho product.

corprrison Attribut.s Soloctrd Attlibut.
Crt.go ri.s

l.lrtiorsbip Bcte..!
Drtr ObtriD.d

SDrck typc prcforrod

tlort groforrod rolrct.d tyP. rnlckt

B.rcon of tlorrat artiDg' P.atrY
es n.tsol of Dot buYiag
tbr dovrlop.d Product

rvaat
fruit
braa

Prst ry

aot paleteblr

1gt
ffivoy

72
79
I

l6

a7

2ad
Frvry
t4
14
a4

a4

6

The proportio1 of the product-prefer chiLdren in the secbnd survey

(++/) ras sinilar to that in the first survey of pastry-Prefer children
(qS/). This fintling again suggested that the developed product ras

reII accepted by the children.

The lorest eating of paetry of 471 for 'not-palatable' reason in the

firgt survey yhen conpared rith 6fr (Appendir 3.2) of the

'not-palatable' children in the second aurvey suggested the suecessful

inprovenent of the developed snack fron the pastry product.

,.1O.J Conparieon of Buying the Product

The conparison of buyiag the product in the tro surveys suggested
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slightly negative change in the t""noo"" patterrn (taUte 7.14) uhetheb

consideration yas natle by usiag the data from 'all echoole surveyed' or

'echools in both surveys only'. The erception uas for 'najor reaston

for brlying' of rhich the result ues einilar in both aurveys (59 ana 5t

for 'a11 schools eurveyed' data, 62 and 51 for 'schools in both

surveys only' ilata). A thorough eranination of the detailed data

indicated that Ln both surveys children aged 15-18 years rere less

lnterested in the nutritional advantage of the product.

trbl. 3.14: CorParison of buYing tho groduct.

Corperisoa Attribut.s s.I.ct.d Attribut.
crt.go ri.s

lllrtioachip Botrooa
Drtr obtriDcd

lst
Survay

2nd
Survay

39
a1

32
34

61

53
11

All School: Survryod

Pric. for tr Prcl.tr

Buying uilliagaosa

ttrjor r.l8oD for buyiag

Buying froquoacY

schools ip Botb surv.Yr oaIY

Prica for r Prckatr

Euying uilliagaole

tirjor r.llon for buYing

luying tr.qu.ncy

<5
is
buy
Dot tura

autritionel rdvtntrg.

rodarrt.
bigh

<5
is
buy
Dot tura

Dutritionrl .dv.Dtrg.

rodo rrto
bigb

57
{3

45
3E

51

54
9

53
47

56
25

59

6l
c

50
50

67
25

52

70
6

rpprorir.t
drtr rt 1-6 arbtr.

AJ.though nore children priced the tlevelopetl product lorer after tasting

in the second aurvey (g Bahts t )5 Bahts = 5, t 47 Ln' the first
Burvey aud = 59 s 41 in the second aurvey for the 'all schools

surveyed' data; and - 50 : 50 antl 5? z 47 for the 'schools in both

suveya onlyr ilata), this slight pattern-change ues considered to be

caused partly by the unspecified anount per packet in the first eurv€/.

Taking this cauae into consideration, the pricing of the children ras

sinilar in both aurveya.

For buying rillingness'
to 74 for not-sure and

the not-sure and not-buy children increased (25

g to 14 for not-buy) and the br'1y-children
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tlecreased (55 to ,2) after the ileveloped protluct vas tasted. Theie

nore negatJ.ve responses rere found greater vhen the 'echoole in both

Burveys only' data ras investigated (buy : not-sure : not-buy = 67 t

25 t 8 in the first Eurvey aacl 45 z 78 z 16 in the second aurvey).

This proved that the developed product ras aot at the chiltlren's ideal
profile and further inprovenent seemed to be a necessity.

A slightly negative change ras found in the frequency of btrying the
products (notlerate aacl high: fron 75 to 73/). Horever, nore children
would bny at a high frequency (9fr tcon Sfr).

t.1O.4 Conparison of Reaction of Schools Previously Surveyecl and

![ot Surveyed

Consumer sanples in the second aurvey, uhether previously surveyed or

not, had a sinilar pattern of reaction touards the developed product

(faute 7'.15). The erception vas for their preference, price for a

1-bar packet, br.lying rillingness, and branding suitability. The

PRACHA-BENJA (PB) children, rho rere not previously surveyed, preferred
the procluct nore than PA.NAPAN-SATIT-SAIIISEN (p-S-S) children, who yere

previously surveyed (52fr conpared rith 4ll). This itifference ras found

to be less if tbe neither-likecl-nor-tlisliked children rere included
(gtl conparerl rith 75fr).

leblo 3.15: corptriroa of rrrctioa of rchoolr prrviourly rurvryrd rad aot rurvoyrd.

Corpariaoa Attribut.s Socloctod Attributo
crt.gori.!
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Drtr ObtriD.d
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Colour
si t.
tartur.
llrvour
Profo roaco

Arouat .rt.D rt I tir.

oriak typ. rttor rarcliag
Prico for l-brr prcl<rt

Pric. tor 3-brr p.ck.t

Buyiag rilllagnoer

t|rjor r.rson lor buylng
luyiag froquracy
!readiag ruitrbility

tJuat rigbt
tjuet right
tjurt right
tjurt right
t litr
taritbrr lilo

Dor dirlil.
I gioce
2 plocor

ertar

2 Srbts
1 lrht

6 lrbtr
5 lrbt!
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lutritionrl edvtatego
rodrreto
tuitrbl.
do!,t Laot

at
70
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a1
35

52
25

55
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2E
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61
6l
60
33

{5
77
a2
30
52
29

l1
26

t9

ts
36

28
26

59
22

61
62
72
l7
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For the 'price per l-bar packet', aithough most of the chiltlren in bott
groups priceil the l-bar packet at 2 Bahts, nore PB children (16/

conpared rith 181) pricetl lt at 1 Baht.

AIso, a more poeitive result ras found for PB chilclren on 'buying

rillingness' (59/ conpared rith 45fi tot buy responsei 91fr eonpared

rith 84fr rhen not-sure response Yas includetl), and on branding

suitability (lZfi cornpared rith 50S). The higher preference for the

developed product of the PB children seemed to be responsible for the

more positive attitude in their buying rillingness.

The PB children rere considered to be fron the upper lor to niddle

econonic status fanilies. The schools they attended are situated in
Nonthaburi which can be considered as urban like Bangkok. The clining

areas including the snack stalls tlid not have such good facilities or

provisions as in the P-S-S group of schools. A snaller choice of

snacks at schools night be partly responsible for the nore positive

responses. Therefore, this nould be inclucled in their acceptability
conparison judgenent.

1.10.5 Conparison of Survey Methods

Uhen the relative rating of the nethods was judgetl subjectively by the

author on seven najor criteria and rhen a conparison of the suitability
for use in a nutritional intervention project of the two survey nethods

ras made, the "officj.al" method ras found. to have a lorer cost and tine
and could be used rith a higher fterible perfornance than the

"conmercial" method (tatte t.16). This suggested the greater

suitability of the "official" nethod at this stage of the developnent

of a nutritional product for an intervention progrstnn€.
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trbl. 3.16: Corgrrilon of lurvry rotbodr.

corperiroa Attribut.! Lolrtioarhip !.te..D Drtr obtrin.d

lrt
Survay

2nd
Survay

++
+
+

++
+

++
++

Etf.cti v.D.! s
t.lirbility
n.rlirr
lloribility
Er!. of u!.
cort
lire

++
+
+
+

-:

(Subjoctiva ralrtiva cor;rerison tror b.ttar to ror!.. ++' +, -r --)

t.11 CONCLUSI0I{ AND REC0IIII,IENDATION

A consuner survey for an understanding of the current strack food

attitutles and behaviour of the school-age children in Bangkok Yas

systenatically organized. Product ideas rere obtained fron the survey,

as rere the product attributes to be used as the Profile for the

product to be developecl. The consuner test on the Product developed

fron the consumer survey findings, proved that the eystenatic technique

used itr the consuner survey ras effective for deternining the coagumer

aeeds in the product. The nutritionalLy-balanced snack bar rasr in
general, acceptable by nost of the children vith different denographic

characteristics in Bangkok antl lfonthaburi, though Binor changes in
aensory properties ras needed for an ideal aeceptance.

This study proved that the nain deterninant influencing children's
respoaaes oa buying-rillingness ras the 'image' of the product as it
ras 'nutritionally-balancedr, not because of the sensory quality. For

euccessful connercial narketing, lt ras euggested that this inage of

the product shoulal be enphasized in the pronotional canpaigp'

especially through televigion advertising, the nedia nost used by the

urban children.

The conlnrisou of selected attributes based on different denographic

characteristicg betreen the tro Eurveys proved that the developed

product ras accepteil not onLy by chiltlren previously surveyed but aleo
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by chilitren not previouely surveyed. Children of lorer economic statds

fanilies uho hatt a snaller choice of snacks seened to have higher

acceptability than those of higher economic status fanilies rho had a

greater choice of enacks. This convinced the procluct developers of the

inclusion of related data into the final interpretation of statistical
analysis for an accurate judgnent. The conparison stutly also suggested

that for a nutritional intervention project rith a linitetl butlget rhich
is nornally nonitored by the gover''nent, the application of an

'official' nethod of survey should be of priority, at least for the

Eurveys at the initial developnent stage.

This study recomrnends that one of the best rays to introduce a

nutritioaally-batanced gnack product was to firstly interview a sanple

of the target group in orcler to find out what they perceive as relevant

ancl inportant in choosing anong the options for the particular class of
product, and then to intervier then rith the developed product

presented to get their reactions on its various sensory and narketing

aspects. This ras considerred the preferred way especially for a large

scale nutritional product developneut plan because of the consumer

orientation characteristic of its nethodology.
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CHAPTER 4

PRODUCT SCREENIIIG AND EVALq4II9N

Product ldeas nere generated by bralnstorming and a llterature revlewt

and then were screened and evaluated by dlfferent methods and

techntques uslng the product ldeas obtained from the flrst consumer

survey as the deslred product proflle. The nutrltlon lntervention

sultabillty and the commerclal production capability were also used as

the basis for judging whether the product tdeas were acceptable' The

product ideas were screened using different screenlng techniques ln

sequence to obtain the most promising product concepts technlcallyt

financlally, and with the greatest narket potentlal. Comparisons of

selected sereening and evaluatlon methods and technlques were nade and

the best-one determined for use in screening nutrltlonal products which

would be commercially produced for a nutrition lntervention programme

ln Thalland.

4.1 INTRODUCTION

The selectlon of new products for lntroductlon to the market ls known

to be an exbremety dtfficult and rlsky decislon (Montgornery and Urban'

1969), and the rate of fatlure ls rather hlgh. This fallure rate

reflects the complexities and difficultl-es assoclated wlth new product

declslons. Therefore one of the most lmportant tasks ln the produtit

developnent systen ls the declsions made durlng product ldeas, screenlng

and project selection. Thls sbatement !s supported by the large number

of articles concerning selectlon and evaluatlon of products/proJects

(Pessemier, 1966i Klng, 1967i Montgomery and Urban' 1969; lfatton'

tg69; Desrosler and Desrosler , 197'-1; Earle ' 1971; Sklnner' 1972i

Hamllton, 1974; Blake, 1978; Hughes, 1980; and Twlss' 1980).

Systenratlcally, the process beglns wlth a search procedure deslSned to

generate a large number of nel, product ldeas, after which they are

screened to remove products that are not compa.tlble wlth the conpanyrs

goals or the new-product poIlcy. The new product proposals that pass

through thls screenlng step are then evaluated, in a stepwlse manner'

At each step ln the process, the product can be adopted (Go declslon)'



reJected (NO declslon), or lnvestlgated further

evaluatlon analysls ls contlnued untll elther a

If a GO declslon ls reached, the lnplenentatlon

ls begun.

(oN

GO

of

58

declslon) and thg

or NO exlt ls nade.

the new product PIan

A number of lnvestlgatlons were carrled out on nethods for the

screenlng and evaluation of the new products/proJects, subJectively and

objectively (Stlllson and Arnoff, 1957i Mottley and Newton, 1959i

0tMeara, 1961; Harrts, 1964; Dean and Nishry, 1965i Frelmer and

Slmon, 1967i Tol.l, t969i Watton, 1969i Pearson, 1971i Johnston'

1972i Souder, 1972; Pessemier and Root, 1973? Souder, 1973, Wind'

'lg73i Hamllton, 1gT4; Shocker and Srlnlvasan, 1974i Scheuble, ',1976;

Green et aI., 1981; and Naraslmhan and Sen, 1983). A great deal of

effort was put on replaclng subjectlve, often irrationalr management

intultion with objective, quantltatlve techniques whlch offer

rationality, conslstency, and an expllcit structure for decision maklng

that can. be effectively crlticised and improved. There have been

llteratty hundreds of schemes proposed for quantltattvely evaluating R

& D projects and seleetlng the best (Blake, 1978).

4.2 }IETHODS AND TECHNIQUES FOR SCREENING AND EVALUATION

In general, nethods for screening/evaluatlon can be classlfled under

qualltatlve and quantltatlve categorles, each of which ls sultable for

appllcatlon ln dlfferent screening/evaluatlon stages.

Screening/Evaluatlon methods and techniques can be dlvided accordlng to

phases through whlch a nelr product/proJect passes from lts lnceptlon to

lts final commerclalizatlon. Those various phases ln the product

development systen can be divlded ln a number of ways (Pessemiert

1966). However, for convenlence, three prlnclpal stages nere applled

as follows: 1 ) Screentng stage (carrled out ln the product search

phase); 2) Evaluatlon stage (carrled out ln the development phase);

and 3) Flnal evaluatlon stage (carrled out after the test-market

phase ) .

4.2.1 Screenlng

The screenlng alms at a coarse sleve effect rather than a flnal

comtltnent, and the lnformation ls largely conJectural. However,



69

experlence plays the most lnportant.part ln thts stage. If mlstakes

are made durlng thls stage, one of two undeslrable results occurS

(pessemier, 1966): potentlally successful products are reJectedr ol.

product ldeas whlch w111 not be eonmerclally successful are started

through a costly, tlne-consumlng process'

A large number of Screenlng nethods ltere presented by dlfferent

authors. Some of thern, though based on mlxed methodst were grouped and

are shown tn Table 4.1. Although the proposed crlterla for qualitatlve

screenlng by different authors were many and varled dependlng on

lndlvtdual cases, they were grouped (Twiss, 1980) under: Corporate

objectives, strategy, pollclesr and values; Marketing criteria;
Research development crlteria; Flnanclal crlteria; and Productlon

criteria.

In thls nutrltional project, though the mlxed methods of different

authors (OfMeara, 1961; Klng, 1967i Monbgomery and Urban' 1969;

Earle, 1g7'l; Hanilton, 1974; Carson and Rickards, 1979i and Twiss'

1980) were applled, the steps for screenlng followed nalnly the

suggestions of Earle Ug71) and Hamllton (1974). The method of Carson

and Rickards ( 1g7il was chosen for use in the comparison study because

of lts simpllcltY.

Earle Ug71) divtded the product evaluatlon lnto 2 maln steps: Decide

the lmportant factors related to the proJect; and Rate these factors

for each product and conpare products. It was suggested that three

techniques be used |n a stepwise nann€f -- sequential, checkllst, and

probablllty screenlng. AII of these technlques were to be used ln thls

project because of thelr effectiveness.

Hamllton(19?4)proposedthreecategorlesofscreenlnginorderof
lncreaslng cost. The characterlstlcs and Judgement for each category

could be tabulated as shown ln Tab1e 4.2. AI1 screening crlterla fall

lnto these three categorles. A crlterlon could be ln any category and

a partlcular crlterlon nay appear ln dlfferent forms at dlfferent

stages. The mlnimum value for Judgement was deflned as that necessary

for continued support (lnvestlgatlon) of the concept.
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Carson and Rlckards (1979> proposed.three fundamental questlsns - nslr!

relevant? actlonable? for the flrst screen. Ideas rhlch pass

through thls tcrude prlmary screenr are tfllteredr through a fselectlve

secondary screenr whlch ls comprlsed of key criterla and a slmple bench

trlal. The evaluatlon stage ls used as a flnal eltmlnator for ldeas

whlch could not be cleary categorlsed by the means Just descrlbed.

4.2.2 Analysls Evaluatlon

The analysls evaluatlon ls based on an analytical conslderatlon of the

factors ln the screening stage lncludlng demand, cost, and proflt.
Thls stage of the evaluatlon ls concerned with

economlc/flnancial/buslness parameters, such as competition analysis'

sales revenue, cost of the proJect, capltal cost of the proJectt

profit, contrlbutlon to overheads per annumr and probablllty of

success. Unfortunately, probabillty predlctlons still contain all the

Ilmltations of any human Judgrnent, and they vary from person to person,

from optimlst to pesslmlst (Pearson, 1971r. Also, it ls obvious that a

business enterprise ls too conplex and has too many elements

contributlng to proflb or loss to show an exact (or even approximate)

relation between a single factor and corporate profltabllity (Blake'

19?8). Therefore, lt ls suggesbed that economlc crtterla although they

are important determlnants, should not be used alone when selectlngt

justtfyingr oF evaluatlng R&D proJects.

ilany nethods and techniques for new product/proJect evaluation have

been suggested. However, no single method ls appllcable throughout the

entlre spectrum of the product developnent activlties (Blake, 1978).

AIso, different nethods seem to be sultable for dlfferent Fltuatlons
whlch depend on the goals of the conpanyr or ln other words the

companyrs product-pollcy. Sone of the nethods and technlques for new

product/proJect evaluatlon collected (Klng, 1967i Montgomery and

Urban, 1969; Earle, 1971i FTRCr 1979', and Lynch and Wllllamson'

1983) lnclude: Break-even polnt approach; Present-value product

evaluatlon; Return on lnvestment; Payback lndex; Long run proflt
margln; Rlsk analYsls.

Speclflc nethods lrere also presented by a number of authors. These

nethods lnclude profltablllty lndex (Souder, '1972\, expected value

naxlmlzatlon proJect selectlon nodel (Souder, 1973)' FAITH models

(Arnstrong and Shaplro, 1974), beneflt measurement nethod and proJect



selectlon and resource allocatlon'
However, only the nethods rhlch were

descrlbed ln detall ln the fol.Iowlng
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nodels (Baker and Freeland, 1975),.

used ln the present proJect are

paragraphs.

The econonlc feaslblllty of a new product can be determlned by rnet

cash flow profllen, a technlque representlng the predlcted new product

hlstory (FTRC, 1979). Informatlon required for a net cash flow proflle
lncludes: a project llfe cycle for the new product, an estlmate of
development costs, an estlmate of caplta} costs, an estlmate of total
costs over each year of the proJected llfe cycle, and an estlnate of
revenue over each year of the proiected ltfe cyc1e.

tNet present valuet a further development from tnet cash flow profllef
was the technlque chosen for evaluating the present conmercial

nutritlonal products because lt could determine the probabiltty of

successful proflts whlch was considered to be of the most lnterest to
the industry. Under this technlque, the ttine value of noneyt ls
considered. Net present value was defined (Earle, 1971 ) as rrthe

possible cash flows for the product fron development to the flnal
rdeathf of the product ln which all values are predlcted and discounted

to present valuesr. A product/proJect for which the dlscounted cash

lnflow exceeds the cash outflow ls considered to be sultable for
further study, and the probablllty of success of the product/proJect

can be determined, whereas that wtth the cash inflow less than the cash

outflow ls stopped.

Accordlng to Lynch and tlllllaurson (1983), rdlscounted cash flowt
technlques provide the nost rellable appratsals of alternative
lnvestnent proposals, and rnet present value lndexf which ls the
percentage relatlonshlp between present value of the cash lnflows
dlscounted at the deslred rate and the cost of the lnvestment offers
ready cornparablllty bebween proJects of unllke slze and dur6tlon.

4.2.3 Flna1 Evaluatlon

In general, when the product ldeas pass through the screenlng and

analysls evaluatlon stage, the formulatlon and process developnent wlll
be started, followed by the consumer andlor the narket test. These

lnvestlgatlons wlll provlde lnformatlon that can be used for flnal
evaluatlon before the declslon on product launchlng wlll be made.
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tBayeslan analyslsn ls the nethod most used to solve the optlnlzatlon

problem at thls stage. It provldes a useful operatlonal framework for

comparlng the value (for declslon purposes) and the cost of narket

tests. HaJor technlques under thls analysls method can be found ln the

llterature (Frank and Green, 1967i Earle ' 1971; and Kotler' 1971i

Green and Tull , 1975). Brlefly, evaluatlon by thls analysls |s based

on the probabilities asslgned to the outcome of the activltles. This

makes lt possible to determlne, for example, the overall probablllty of
success and the predicted net present value for the project.

Bayesian analysis could effectlvely be used for the determlnatlon of
probabllity of success ln the market plan and the product launch of the

present nutritlonat proJect lf lnformatlon from a test market was

collected. Unforlunately, test market actlvlty was out of the seope of

the Study Program, and so was thls analysls technique.

4.2.4 Selectlon of Screenl nd Evaluatlon thods for
Nutrltional Snack Products

A selection of screening and evaluatlon nethods suitable for a certain

product/project to suit lts clrcumstances was considered iustlflable.
For this nutrltional product development project, selectlon nas based

on cost, time, slmpllclty, and efflclency of the nethod. A three-step

method was designed for the present proJect. This method lncluded

sequentlal and checkllst screenlngs, and probablllty evaluation.

In the flrst stage of screenlng, a large number of the least promislng

generated product ldeas were reJected by the slmptest but nevertheless

efflclent nethod, wlth low cost both ln money and tlme. pequentlal

screenlng was chosen becauses lt ls slnple (wtth the 'PASS' and 'FAIL'

context); it ls cost and tlne savlng (wlth qualltatlve crlterla based

on past experience); and lt ls consldered effectlve (wlth crlterla
based on new-lnvestment guldellnes set forth by nanagenent).

In the second stage, a nore efflclent method ltas needed for

dlfferentlattng the renaining product tdeas. A prellmlnary estimatlon

mlght be carrled out by using avallable data and expertence' A

checkllst screening technlque was used because: .lt ls more efflclent
(wtth lts factors welghted); lt ls more reliable (wlth tts numerlcal

ratlng of the factors for each product and then comparlson of the

productsr total scores); and lt ls a less subJectlve approach.
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Intheflnalstage,thenostefflclentnethodlsneededto
dlfferentlate between the pronlstng product ldeas and to flnd the best

one(s). l'tore detall'ed quantltatlve tnformatton for thls

dlfferentlatlon and more analytlcal conslderatlon of the factors -
economlcrflnanclalrandbuslnessHereconslderednecessary'
probablllty evaluation was chosen because lts factor welghts are

further welghted by asslgnlng a probabllity score to each ratlng of

eachfactor.Becausetheprobabllltyapproachlsbasedonmore
detalled quantltative lnformatlon, lt nas belleved to glve a more

rellable numerl.cal total score for each product for comparison of the

product rating agalnst each other'

4.3 A STEP BEFORE SCREENING OF PRODUCT IDEAS FoR THE PRESENT

%
4.3.1 Introductlon

A consumer survey on 'Attitudes and Behavlour of Urban School-Age Thals

towards Snack Foods' Has conducted (Chapter 3) anong 160 chlldren ln

Bangkok.0fthreesuggestedproductgroups--Thalcookle,rlce-crlsp'
andThaipastry-thelastr'asthenostpreferredbythechildrenand
also the most promising for the development project' snack product

characterlstlcs obtalned from thls survey were used as the proflLe of

the product to be developed. These are shown below:

Proflle
PRODUCT

RAW I,IATERIALS

PROCESSING

PACKAGING

CONSUHER

I{ARKETING

DescrlPtions

Sweet snack that ls hlgh ln calorles '

and proteln
BaslcallY, fruits or vegetables

Process ln whlch thg d1ylng stage ts lnportant'
Enphasls ls Put on baklng.

Plastlc bag wlth/wlthout paper carton

School chlldren aged 7-15 ln Bangkok areas

:t"3:f;13t' "B3i*:n"3i 
gf, 0331its33" q![!Ei!i:'

ir:;i";:6mi"it*lg"tfii!."3$"t3il3":t8lie r
gnack.



75

4.3.2 l{ethods and Technlques for Idba Generatlon

The nethods for ldea generatlon can be classlfled lnto 2 naln

categorles: analytical and non-analytlcal. The flrst one ls a

quantitative method and needs fornal plannlng. Thls method lncludes

grld analysls, morphologlcal analysis, multldlmenslonal scallng'

technologlcal forecasting. The second one lncludes those nethods that
stlnulate thlnklng along unorthodox paths e.g. llterature studyt

bralnstormlng, consuner study. Technlques under these two nethods are

nany and varied, and a great nunber can be found ln the llterature
(Buzzell and Nounse, 1967i Klng, 1967i Diehl' 1969i Montgomery and

Urban, 1969; Earle, 1971; Desrosler and Desrosler, 1971i Reilly'
1971i Byrnes and Chesterton, 1973, Hussey, '1973i Pessemier and Root'

1973i tfllls et aI., 1973i Edwardson, 1974i Hamllton, 1974i

Kraushar, 1977i Douglas et al.r 1978i Mldglay' 1977i Carson and

Rickards, 19791' Osborn, 1979i Hughes, 1980; KotLer, 1980; and

Twiss, 1980). Two methods were used, ln thls projectr for generatlng

product ldeas -- Iiterature revlew and bralnstormlng.

4.3.3 Literature Revlew

Literature concernlng ingredients, fornulatlonr processr and equipment

for Thal snack foods was investlgated. Alsor snack products ln the

Thal market place were studied. AIl these were conbined wlth the past

experience of the author, and the product ldeas obtalned from this
method were dlvlded lnto 17 groups. The two maln parts of Thal snack

foods are: the outer layer parts, as the body of bhe productr whlch ls
usually a cereal base, and the frult and vegetable for lts fllllng.

4.3.4 Bralnstornlng

Bralnstormlng ls a conference technlque by whlch a group attempts to

flnd a solutlon for a speclflc problen by accumulattng all the tdeas

spontaneously contrlbuted by lts Dembers. Thls was conducted for 25

mlnutes anong 6 Ttrat graduate students and the author' wlth another

graduate student as a secretary at Massey Unlverslty. Four rules which

were followed durlng the appllcatlon of this method were: Crltlclsm
prohlblted;Free-wheellngwelcomed;Quantlty.wanted;andconblnatlon
and lmprovement of suggested ldeas sought. The subJect for the panel

was nsnacks for School Chlldren ln Bangkokn, and glven key words

lncludedr chlldren 7-15, snack, stuffed snack, stuffed wlth fruit and
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vegetable, peanut snacks, frult !n syrupr and drled frult. The 9.6

ldeas obtained were later rearranged, and those rhlch nere the sane

were combined whlle those whlch were not concerned wlth the subJect

were omltted.

4.3.5 Product Ideas Summary

Product ldeas obtalned frorn the llterature review and bralnstormlngt

whlch were relevant to the profite of the product to be developedr are

sunmarlzed on the next Page.

4.4 SEQUENTIAL SCREENING OF THAI SNACKS FOR THE NUTRITIONAL

PRODUCT DEVELOPMENT PROJECT

4.4.1 Selectlon of Sequential Screenlng Technioues

Theoretically, the infornatlon needed in sequentlal screenlng should

not be expenslve to develop but lt must be effectlve ln rejecting

concepts that are not good lnvestment proposals. Slnce technlquesr or

nore speclfically in this case, the type and number of criteria used

for the screening are related to cost and tlme neededr lt ltas

consldered that a comparison of technlques under the sequential method

should be made.

In this proJect, the screening methods of 0tHeara (1961), Earle (1971)'

and Hamllton (1974) were nodlfled and used for sequential screenlng of

the above product ldeas. The method of Carson and Rlckards (979) was

chosen for use ln the conparison study because of lts slnpllcity.
Another nethod constdered the slmplest of the three and also used for
conparlson lras the Judgement of ldeas agalnst the one most lnportant

crtterla of the product/proJect.

Thus, the lhree screenlng technlques, which nere conparedr were

different matnly !n type and number of crlterla. The best one for
nutrltlonal product development was determined. The preclslon of

technlques was tested by repeatlng the Judgement uslng different

Judgeso '
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PRODUCT IDEAS SUHHARY

Products fron Llterature Revlew

Product Groups for Body:

Baked souare
Baked stuffed bun
Frled stuffed-doueh-balls / stuffed pastry
Crlspy rolls or cilspy shells wlth/wlthout stufflng
Floui- cookie - cassbva & coconut cream, wheat & Iard
Peanut slass
Roasted-rlce-and-nut square
Purred products' 

FII:li"ili;s:3[:g,E[:3EF:3r prooucts
popped cereal products

Frult & Vegetable Products for Stuffing:
Glaced
Deeo-svruo soaked
Deeb-svrub cooked
Hotlstlrr-ed wlth/without leatherlng process
Frult fritter
Frult wlth condimented topplng

Products fron Bralnstormlng

Products fron frults & vegetables:

Dried frult
Hot-stirred (natural flavour)
Mild-flavour fruit product
Reformed hot-stlrretl frult product
Turnover-Ilke product with frult stufflng
Fruit candy
Crispy product wlth frult stuffing
Deep- svruo cooked frults
Deeb svrub soaked frults
Mushro6n froduct

Products from flour:
Cake, Chocolate cake
Cake-Ilke product
Blscults
Steamed cup cake or Steamed cup cake-Ilke product
Baked leavened oroduct
Tart-Iike orodubt
Hot-stirre-<l and long-form cut product
frytt product ln. thln flour .product-coatFlour broduct wlth bean prodlct sbufflng
Curry buff - Ilke ( = frled pastry)Flour Droduct wlth bean Droduct suut-r-lng
Curry buff - Ilke ( = frled pastry)
Turnirvbr wlth nlnced neat + soybebn mllk curd as stufflng
Turnover wlth frult & vegetabl6 stufflngTurnover wlth nlnced neaE + soy
Turnover with frglt & vegetabl6Turnover with frult & vegetabl6 stufflng
Turnover wlth drled coconut shreds and nlnced neat
Crlsoy frled flour product wlth corn flavourQrlqpy frled floUt' pqodgct^wlth corn flavourcrlsDv rrled rlour DroducE wlun corn rravour
Puffbit oroduct wtth'frult flavour
Puffed broduct wlth hot-stlrred frult stufflng
Puffed lrult pastry product ( = frult ln the Fpuffea lrult pastry product ( = frult ln the Fastry dough)
Crlspy rice nlxed itlth frult and other lngredlents

Products from nuts:
Frled nuts
Suqar coated nuts
Chdcolate coated nuts
Blte-slze nuts
Roasted nuts
Ground roasted nuts ln pressed form
Crlsoy nuts
Hot irtlrred oroducts coated wlth sesame
Peanut frlttbrs
Peanut brlttle
Pressed product wlth nut stufflng
Coconut product wlth sweet and creamy flavour
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4.4.2 Crlterla for Seouentlal Screeilng

Crlterla for the sequential screenlng were deflned uslng nalnly the

flndlngs fron the flrst consuner survey as a gulde. The product ldeas

were screened by sequentlal screenlng by the author uslng the proflle

of the product obtained fron the survey as the crlteria. Since thls

project almed at persuading the prlvate sectors - food factorles - to

produce nutritlous snack products for the urban school-age Thalsr those

crlterla generally lmportant for the companyrs pollcy and also those

lmportant for the Study Program, ltere lncluded. Table 4.3 shows

criterla factors for sequentlal screenlng -- thelr sources and a brlef
form of factor definltlon, whlle a detailed characteristlc definitlon

of each factor can be found ln Appendix 4.1M.

4.4.3 Experlnent on Comparlson of Selected Technioues and Judges

Under Sequential Screening Hethod

The sequential screenlng nethod was applied by qualitatively rating the

product ideas agalnst screenlng factors. For each ldeat the judgment

lras ceased where a nFAILn was met under a partlcular factort and the

ldea was rejected. Those that could trPASSn aII factors were retained

for further screening. The three technlques whlch were different in

type and number of criterla were carrled out as foLlows:

Technique 1 (T1 ): The ploducb ldeas were gua|ltatlvelv rated
5-qEm€-g6rT'iff-e s c r e 6 n i n g' i i E [ 6 i s fr en t i oa ii J' i n ii u !- l.. 3, u h d e r the
lFiiiI"ri6i iii"oetiiied-6Eaiici,eiistlc definitlon of the crlteria.
Technloue 2 $D: The product ldeas wgre qualitatlvelv rated
ffianentir6i,iiii6ns-tciiteiii]":lEt.-$3":{;"#[is?afia-iiict<iias. The questlotis were: neq! re
Ei:itiritl'in- trriJ 'case, -weie not def,lned. Tlrus' variatlon ln the
A;;I[' oF't[6rr-ir35ntnE-mlgnd,-6e ioislble dependlng- on the experlence
of'the judges. 

,

Technlque 3 (T3): The product ldeas were qualltativelv rated
ffiost--impoFtiiE-iri€'Eirioi-tnedioouct/proJ6g!..-In;E;;;;i. -'dirtEi:ia"I[ictr"fieil-Uo ul-con-tEered tn' screenlng- differs
fiIth' [fr8 -;i;;irfritiiicE'i lif-Ctri-tnorviouir project. For this"t".lf;:t
6f iviCena[ib-nu[itttonat product developn-ent' lt was. ?99YT'
#ie-iroi[--inioirEiir€--qitleiii--iis-ihe-cbnsgner acceptabilltv 9l-!!9
Eitliit,nisn-i:-if: Ii#*1ru:i;i:o]la':Hl Hii"*13fi;:t'"g3iiil't'E'6li"oiuEi6p"t-rit6 i-iioail3t-ih;[-6oura. [iovlae about 400 barortes
and 10 grans of proteln for a slngre snack).

Judgements uslng the 3 technlques nere nade by both one of the senior

Thal lecturers ln Food Technology (Food Microblology) and the author

for the purposes of repllcatlon and a comparlson of these results b'as

then carrled out.
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4.4.4 Results and Dlscusslon of the'Conoarlson of Selected

Seouentlal Screenlng Technlques and Judges

The results of the experlment on the conparlson between technlques and

Judges ls shown ln Tab1e 4.4. Accordlng to Judge 1, ten product ldeas

renalned after prellmlnary screenlng by the flrst two nethodsr whtle

slxteen ldeas survlved by the nrethod uslng only the one nost lnportant
crlterlon. According to Judge 2, nlne product ldeas renalned after
prellmlnary screenlng by the flrst method whlle eight ldeas survlved by

the second and ten by the thtrd method. The slxteen ldeas obtalned

from the latter method by Judge 1 lncluded the same ten ldeas from the

other two screenlng methods, while the ldeas from all methods by Judge

2 lncluded the same 8 ldeas. Comparlson between results from Judge 1

and Judge 2 showed that all methods by both Judges gave the same 8

product ideas. However, the second method gave 10 product ldeas

according to Judge 1 but only I ldeas according to Judge 2. Its
flexible.criterla was responsible for thls dlfference in result. It
could be assumed based on the above results that all methods neasure

the same things, but the third method, though taklng a shorter time and

easier to use, is less effective |n the screening capability.

Horeover, lt wlll take a more costly screenlng procedure to renove the

6 ldeas whlch do not match the technical capabllity eonstralnts.

It was found frour this experlment that the factorsr or ln other words

the characterlstlcs of the crlterla, play an lmportant role ln thls

screenlng conslderation. Although crlterla ln the flrst two nethods

seened to be different, the factors or characterlstlcs for Judgenent

were slmllar ln ureanlng. Since the crlterla ln the method of Carson

and Rlckard !s flexlble, they nlght be Judged dlfferently by , dlfferent
persons and ln dlfferent sltuatlons, though the result of conparlson

among Judges ln this experiment did not strongly support thls
statement. Thus, lt could be assumed that apart fron the screenlng

method, the cholce of the Judge ls of the nost lntportance. In generalt

the prellnlnary screenlng ls carrled out by one who knows well the

constralnts concerned - that means one who has experlence ln that type

of product/proJect.
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The declslon was, therefore, to select 10 ldeasr 8 of rhlch were rated

as nPASSn by both Judges but 2 of whlch were a nPASSn by Judge 1 only.

The reason for retalning the latter two product ldeasr ln splte of the
nPASSrf obtalned by only one Judge, was because of thelr strong

potentlal ln long storage shelf llfe, the nutrltlonal tmprovenent of

thelr stufflng, and ln the avallable technologlcal nodiflcatlon.

In concluslon, among the three technLques of sequenttal screenlng

methods studled, technlque 1, whlch comprlsed crlberla based malnly on

the product-proflle obtalned from the consumer survey and on the

obJectlves of the Study Progran, was consldered the most sultable for
the nutrltlonal product development. Though this lechnique took more

tlme and money than the other two, lt was effectlve and capable of

retalnlng the potentially successful product ideas whlle removlng the

potentlally commerclally unsuccessful ones provlded that it lras

monltored by an experienced judge.

The speclfictty of lts factors and lts number of factors ltas large

enough to cover the product proflle required by the consumer and thls
was responslble for its effectiveness. Overallr thts technlque was

considered as more cost- and tlme-savlng for the further product

evaLuatlon process, and also lt was belleved that lt would ensure the

consuner'acceptance of the product to be developed.

4.4.5 Product Ideas Selected

The product ideas selected for further screenlng were:

Turnover-tike product with frult stufflng
Crlspy product wlth frult stufflng
Frult product ln thln flour powder layers

Puffed pastry product wlth hot-stlrred frult sLufflng

Puffed fruit pastry product (frult ln pastry dough)

Baked square

Baked stuffed bun

Baked stuffed-pastry
Crlspy rolls wlthout stufflng
Crlspy rolls wlth stufflng
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4.5 CHeCrUtSr SCnggHtNC Or tHlt SNaCXS rOn rUtnttlOHll, pnOoUCt

DEVELOPI{ENT PROJECT

4.5.1 Introductlon

Checkllst screenlng, whlch ls a quantttatlve nunerlcal ratlng nethod'

was applied for screenlng the product ldeas remalning from the

sequentlal screening. The procedures of Earle (1971) and Twlss (1980)

were followed. Slncer 8s noted by Pessemler (1966)' prellnlnary

evaluatlon and economic analysis do overlap to a degree that make lt
impossible to ldentify where one ends and the other beglnsr the latter
part of thls screening, namely critlcal screening by a probabllity

technique, was moved under the evaluatlon to be comblned with the

economlc/business analysls evaluation.

4.5.2 Criterla for Checkllst Screenlng

Marketing and technlcal factors related to the producb/projectr whether

slmllar to or dlfferent fron those of sequenbial screenlngt were

generated. Those which were similar to each other were grouped, while

those less assoctated with the product/project were omltted. Twelve

narketlng and technlcal factors were selected, reordered and welghted

(Table 4.6) on their relatlve lnporbance to the objectlves of the

proJect so that the total welght was 100. The followlng were used for

the consideratlon of fhe relatlve lmportance to the project obJecttves

of the factors.

: Factors affecting tlre Study Programme, whlch ln turn' affect the
Natlonal Nutrltlon Programme.

: Factors affectlng the numbers of consuners. t!a9. could be- ;;;;ft4, ;;a--g[e- fiCquency and amount consumed of the product.

: Factors affectlng the companyrs goal of profltablllty.
: Factors affecting posslblllty of success, durlng and after

development stage.

The reasons for the relatlve lmportance of checkllst screenlng

factors are shown ln Appendlx 4.2Ma and the scores for ratlng each

factor ln Appendtx 4.2Mb.
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Table 4.5: Crlterla factors and welghts for checkllst screenlng.

Factors l{elght

Ease of enrtchnent
Estlnated amount consumed
Storage ltfe of the Product
Ease of dlstrlbution
[einess (or unlqueness)
Priclng and cusfomer acceptance
Conoetltlon
Technlcal development and productlon difflcultles
Possibitlty of firbure development of the product
Production capacltY
Development cost and time
il;bi;t--;f -piocesJlng equlpnent and other facllltles for R&D

11
11
10
10

9

E
7
7
7
6
5

Total welght 100

4.5.3 Procedures for Ctreckllst Screening

A rating sheet was prepared wlth the product ldeas ln the flrst column

and the 'welght-assigned factors ln the flrst row. Each factor ltas

given a total mark, then each product was given a mark according to the

information obtalned about the product. Then the marks for all the

factors were added to glve a total mark for the product. The product

ldeas then were ranked against each other, and the ideas wtth the

hlghest ranking chosen for a further evaluation process.

4.5.4 Results and Discusslon on Checklist Screening

The result of the checkllst screenlng ls shown ln Table 4.6. The

checkllst nethod of screening was found, ln thls studyr to be nore

effectlve than the sequentlal urethod for renovlng potentlally

unsuccesaful products and those products not related to the proJect

obJectlves, because of lts quantltatlvely deflned factors.

However, there ls a subjectlve Judgment on the welghtlng of the factor

ratlng of product ldeas, and therefore experlence, past or presentr of

the Judges ltas consldered necessary. Most lmportant for thls
subJectlve application seemed to be the unbiased attltude of the

Judges.
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4.5.5 Product Ideas Selected

The product ldeas selected for further probablllty screenlng w€t€-

:Frult oroduct ln thln flgur mlxture layers
(oowd-er or Pressed forq)

,ttlf;frtlHttnt"33lgnl"3ltsl3o"o o" baked ro nake rhe pasrry)
:Baked square

4.6 FACTS

4.6.1 Introductlon

slnce probabitity evaluatlon ls based nalnly on quantitatlve

lnformatlon, statlstlcs were collected and predictlons ltere made on

varlous aspects -- flnance, technology, market, and consuner. Data was

collected and predictions made on the factors to be used ln the

probabllity evaluatlon of Thal snacks for the nutrltional product

developmgnt project ln Sectlon 4.7. These lncluded the avallability

and eost of ral, materlals, the quallty/prtce relationshlpt

profitability, the expected competltive sltuatlon, the effect of

processlng on nutrlents, the ease of enrlchnent, equlpment necessaryt

and production capacity. These facts and figures were to be the base

for judgnent on the ratlng and scorlng of each factor and of each

product in the probablllty evaluatlon.

4.6.2Gene@ Conce for An sis

Evaluatlon of Thal Snaqkq

Since nore quantltatlve details were necessary for this stage of the

evaluatlon, preltnlnary product concepts were establlshed to facllltate
the estlrnatlon of each characteristic of the products to be developed.

In the generatlon of the prellmlnary product conceptsr the three

product tdeas renalnlng fron the checkllst screenlng were conblned wlth

the screened frult & vegetable products for stufflng which uere

surnnrarlzed from the Ltterature revlew, past experlencet and

brainstormlng. A sequential technlque wlth selected crlterta was used

for thls screenlng as shown ln Table 4.7.
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Table 4.7: Sequential screenlng for. frult & vegetable productg for
stufflng.

Products Crlterla Declslon

1234

Glaced frult & vegetable E
Deeo-svruo soaked-frult & vegetable P
Deeb-svrub cooked frult & veEetable P
Hotlstlrr'ed frult & vegetable P
Liathered frult - P
Drled frult P
Frutt frltter F
Frult wlth condlmented topPlng F

FPPPPPP
FPPP

P
P

P

l=
2=
J=
4=

Sultablllty as stufflng or as a nlxture part of the product
Cost & tlne for process
iviiraUifitv-of Equipment and facillties for process ln both

R & D and productlon stages.
Storage llfe

Fruit oroduct ln thin flour
coat oi thin layers of pressed
flour mixture. -

Puffed frult oastrv oroduct(frult ln the'dough br ln
the flour nlxture)
Baked sguare wlth stufflng

Then, product ldeas remaining from the checkllst screenlng and stuffing
ideas renalnlng from the separate sequential screenlng nere used as the

key words of ldeas for comblnatlon to forn brlef prelinlnary product

concepts for further probabitlty evaluatlon.

Product fdeas Stufflng fdeas

Deep syrup cooked frult
(bahana oi mango)

Hot-stlrred fruit
(banana or mango)

Drled frult
(banana or mango)

Nlne posslble pretimlnary product concepts were obtained from the

conblnatlon of product and stuffing ldeas as follows -

:Deep-syrup cooked frults ln thln layers of pressed
flour-mlxture.

:Hot-stlrred frults ln thln layers of pressed flour-mlxture.
:Drted-frults ln thln layers of pressed flour-nlxture.
:Puffed frult pastry product uslng deep-syrup cooked frults.
:Puffed frult pastry product uslng hot-stlrred frult.
:Puffed frult pastry product uslng drled frutts.
:Baked square wlth deep-syrup cooked frults as stufflng.
:Baked square wlth hot-stlrred fruits as stufflng.
:Baked square wlth drled frulbs as stufflng.
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4.6.3 Avallabllltv and Cost of Raw l{aterlals

ItwasthepurposeofthlsproJectthatlndtgenousra}'naterlalsbe
used as nuch as posstble ln the product' It ras belteved that

lndustrlal ut111zat10n of economlcal conmodlttes would be one solutlon

for a surplus of agrlcultural food products and, ln turn, result ln a

beneflt to the farner.

To faclrttate the Judgement at thrs step, only the naln baslc

lngredlentsforeachprel'imlnaryproductconceptwereexanlned;and
raw materlals nost feaslble for use ln the prellminary product concepts

lrere compared. Table 4.8 shows prellmlnary prodUct concept key words

for the feaslble maln baslc lngredlents and thelr percentage ratlos'

Thesepercentageratioswereadaptedtorrakeltposslbletohave5
percentofotherlngredientstobeaddedlaterfornutritionalor
functional purposes. Representatlve basic reclpes for each group of

the prelimlnary product concepts were glven (Appendix 4.3Ma) for the

studyof'thefeasibllityofnaklngtheproduct.Forexample'forthe
bakedsquareproductgroup'aThalpastryreclpewasuged.Thebaslc
reclpeforThalpastryafterroundlngofftheflguresandthe
percentage ratio of the reclpe for the prelinlnary product concepts of

the baked square product group were as follows:

Percent Ratlo of Reclpe for

l{heat flour
Lard & coconut cream
Frult
Sugar
l{atero[h;; lngredlents added later

TotaI

I
12
16
31
32

4
5

100

I
1?
'i6
31
33

7

100

Reclpe for Thai PastrY

tlheat flour
Lard
Mungbean
Sugar
Co61 water
Other lngredlents

Appendlx 4.3Mb Presents

materlals ln the Bangkok

uslng banana or nango ln

TotaI

Using past experlence for comparlson of the above two

constdered that the latter reclpe was feaslble from

polnt of vlew.

recipesr lt was

the preParatlon

the avallabiltty and prlce of those natn raw

market, and Appendlx 4.3Mc the reasons for

the reclPe.
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4.6.4 Quallty/Prlce Relatlonshlo

The prlce of the product was deternlned from the consuner survey' The

school-age respondents lndleated they would be wtlllng and expected to

pay 6 Bahts/package or below for acceptable produets developed' From

the consumer survey, the pocket money (for snacks only) per day was

found to be 6-10 Bahts for the average urban school-age Thals studied;

and those at publlc schools tended to obtaln less pocket noney than

those at prlvate schools. Thall.andrs money systen ls nade up of 25 and

50 stang coins, 1 and 5 Baht colns, 5, 10' 20 and 100 Baht notes.

Thus, the prlce per package of the amount that can provlde enough

nutrients for the school chlldren (/4 of the dally dietary

regulremen!) was Justiflably se! at 5 Bahts.

Assunlng 10 and

Ilst price of
overheadst the

would be'5 - 2

30 I wholesale and retail marglns respectlvely' the

theproductrwhlchincludedthefactorycostplus
distributlon cost, the marketing cost, and a profltt

= I Bahts.

nQualltyn, at this step, comprlsed only those qualitles that were

suggested by the respondents ln the consummer surveyr which lncluded

organoLeptlc, nutritlonal, packaglng, and dlstrlbutlng quallties. The

product should be a sweet snack of the frult pastry type' provlde

approxlmately 550 Calorles and 18 grans protein Q5l of the nutrlents

ln the dally dietary requirement of Thal school chlldren aged 10-12)'

packed ln a plastlc bag, and dlstrlbuted through snack stalls at

school, nelghbourhood grocerles, sweet shopsr supernarkets and co-op

shops.

The qualtties and prlces of the products on the Bangkok market were

studled and conpared wlth those of the products to be developed

(Appendix 4.4M). The products whlch would have a quallty close to that

expected by the consumer and that could be priced at or below 5 Bahts

were preferred.

4.6.5 ProfltabllltY

Profltablllty, !n thls proJect, was consldered to be the nost lnportant

factor because !t leads to lnvesfment or nonlnvesbment by a conpany'

It was determlned by an economic evaluatlon. Nlne prellmlnary product

concepts were dlscrlnlnated by a net cash flow proflle technlque
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suggested by Earle (1971). Thls tephnlque generates lnformatlon on the

flnanclal rate of return for each product concept, so that product

concepts wlth htgher rates of return rere scored hlgher because they

promlsed to be nore profltable.

For proflbablttty of the nine prellrnlnary product concepts' the

predlctlons and estlnatlons lrere nade on llfe cycle r narket potentlalt
costs, and revenue. The llfe cycle was proJected to be 8 years for all
products from personal knowledge of the Bangkok markets. The consumer

survey lndlcated that 66.31 of the chlldren would buy the productt

therefore the target narket ln Bangkok was estimated at 586'700 school

chlldren.

The consumer survey lndicated that the chiLdren would buy 24

packets/head/year but this was thought to be optimistic and the maxlmum

yearly sales potentials were set at 5, 5 and 6 million packets for
stuffed pressed flour mixture type (Group 1)' puffed frult-pastry type

(Group 2) and stuffed baked sguare type (Group 3) respectlvely. The

predicted growth to these maxlmum sales potentials ls shown ln the

product life cycles ln Figure 4.1. Because of the childrents
preferences ln the consumer survey lt was considered that the Group 1

products would grow more slow1y ln sales than the other products. The

retall prlce and the company prlce were set at 5 Bahts and 3 Bahts

respectively and the yearly total sales revenue throughout the product

Ilfe cycle deternined by multiplylng the predlcted sales potentlals by

3 Bahts.

The detalled estlnatlon of the product costs are shonn ln Appendix

4.51{b. Raw materlal costs were deternined for each group of products

and the same standard cost U.392 Bahts/200 g packet) was used for aII
other expenses. Thls gave total costs of 2.6646, 2.8570 and 2.8968

Bahts/200 g packet for Group 1 r Group 2 and Group 3 products

respectlvely.

The net revenue was determlned by subtractlng the total production

costs from the sales revenue as sholtn ln Appendlx 4.1. The capltal
lnvestnent lncluded the R & D costs, the flxed capltal costs and the

worklng capltal costs. The sane R & D costs were assumed for each

product, the flxed capltal lnvestments wer6 the costs of addltlonal
equlpment only; lt was assumed that there ras no need for bulldlngs.
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PRODUCI-LIFE CYCLE

FRODUC"'S
a 9ry,1_
r 98gr_.?........
O GROTP3

Figure 4.1: Life-cycles of 3 groups of preliminary product concepts
(see appendix 4.5Ma for details)

The worklng capital costs was taken es 15t of the flxed capltal costs'

The method of cost esttnation descrlbed by Peters and Tlmterhause

(1gg1) was u3ed. Detalls are shown ln Appendix 4.5Mb and sunmarlzed ln

Table4.9.TheR&Dcostsandtheflxedcspltalcostswereassunedto
bespentlnyear0,andtheworklngcapltalcostslnyearlasshownln
Appendlx4.2.Thecashflowsforalltheproductsareshownln
Appendlx 4.5Mc. The rcapltal return lndext values were determlned by

dlvldlng the total net revenue after tax by the capltal lnvestment

(Appendlx 4.5Hf).
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the net present values nere determlned by flrstly deternlnlng the

proflt after tax by subtractlng 50/ fron the net revenue and then

dlscounting both the capltal lnvestment and the proflt after tax

flrstly at 16l (see Appendix 4.2) and then dlscounbing the proflt after
tax at 221, 281, 34i and 40tr. Detalls for aII products are shom ln

Appendlx 4.5Md and 4.5Me.

The nine prellnlnary product concepts were then compared by uslng the

net present value profile technlque presented by Earle (1971). Also,
fnet present value lndex (NPV-Index)t lras calculated. tNet present

value lndexr or ln other words rprofitabtllty lndexr ls the percentage

relationshlp between the present value of the stream of future payments

at the deslred rate of return and the initlal lnvestment. The tearning

cash flowr or the ftotal net revenue after taxt, which ls the sun of
the net revenue after tax over nine years wlthout the application of
present value factor for discountlng, was also presented for
comparison.

A comparlson of proflt-ranking results from the differenb nethods ls
shown in Table 4.9, while the detailed results can be found ln
Appendlx4.5Hf. T?re NPV ln the table was calculated dlscountlng the

profit after tax at 401 and the capltal lnvestment at 16t.

Table 4.! shows how the nine prellninary product concepts lrere ranked

ln accordance with the comparatlve values shown beslde each ranked

value. In this study, where a budget constralnt was not set, the

ranklng conslderatlons were based natnly on the relatlve values; and

the followlng would be accepted from the ranklng point of vlew,
dependlng on the nethod used.

Total Net Revenue: S1 52 53 S7 SB 59

Capltal Return Indexs S3 31 S2 S9 56 S7

Net Present Value: 53 51 52 S6 S9 Sq

Net Present Value Index: 53 51 S2 S6 S9 34

s4 s5 s6

s4 s8 s5

s7 s8 s5

s7 s8 s5

Although the four methods used seened to give slmllar results in
proflt-ranklng, a closer look did suggest some dlfference which could

be used as an ldentlfler of the superiorlty of the nethod. The ttotal
net revenuef estlnated the productts total earnlng ln nlne years but
nelther the lnvestment cost nor the true value of money was lncLuded ln
the expresslon. The fcapltal return lndext dld glve an lndlcation of
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the return ln lnvestment but the true earnlng could not be obtalned

because of the excluslon of dtscountlng the money value of the yearly

earnlngs.

The fnet present value lndexr gave a sinllar ranklng pattern to the
tNPVf method because lt took lnto conslderatlon the lnvestnent needed

and the tlme value of money. Thls slnllarlty was valld for the ranklng

of the nlne product proposals whlch had slmllar Ilfe cycles 1n thls
project. However, the superlorlty of the NPV-lndex method did show ln
the comparablllty lt afforded between lnvestment proposals of dlfferent
magnltudes. For example, ?t a desired rate of return of 16!r 31

lnvestment costlng 1rOO5r726 Bahts showed a net present value (9 years)

1r448r241 Bahts; whlle 57 costlne 6661756 Bahts showed only 460'395

Bahts (Appendlx 4.5Me and 4.5Mf). The 51 proposal would be vlewed more

favourabLy, however, ln view of a net present value lndex of 144.0t as

compared wlth that of S7 of 69.0i. Under such clrcumstancesr lt was

conceivable that, tf there were enough smaller proposals havlng net

present value lndices hlgher than 69.0!, the one costlng 6661756 Bahts

wlth an lndex of 69.01 would be reJected. Thus, lf thls had been the

final Judgnent for this proJect, S? would have been reJected, while 36

(costlng 6101291 Bahts; NPV-Index 85.27) and 59 (costing 610'291

Bahts; NPV-Index 84.71) would have been accepted.

It could be concluded, based on thls comparlson resultr thatr for a

profitabtllty estlnatlon, NPV and NPV-Index nay be used because they

are based on dlscounted cash flows. Between the two methodsr NPV and

NPV-Index, the latter was preferred becauses lt offers ready

conparablllty between products/proJects of unllke slzes; lt ls based

on the dlscounted cash flow technlque whlch ls consldered the most

rellable appralsal of alternatlve products; the use of present value

tables nade thls technlque reasonably slmple to use. Thls result
supported the statenent of Lynch and ttllllanson (1983) on the

advantages of the use of the NPV-Index for evaluatlng proiect

proposals.



4.6.6 Expected Competitlon

The expected competltlon was subjectlvely iudged and based on product

and process as follows:

Sbuffed pressed flour nlxture product:

Slmllar typical firai products and processes availablet
but all ai-e snall-scale productions.

fuffed frult pastry product:

Stnilar products avallable and -industrlally. produced.. 
-

T?rough piocess ls somewhat differentr the characterlstic of
the finlshed product is sinilar
Stuffed baked square product:

Similar products and processes available.
Thouch all are small-'scale production' a great number of
factdries exist which shoulil be taken into account.

4.6.7 Effect of Processlng on Nutrlents

The degree of the destruction of lmportant nutrients was used as the

basls for judgment on the effect of processlng. Important nutrlents
needlng careful consideration in the nutritlonal snack for the urban

firai children are essential amino acids, ln particular lysine, and

vltamlns 81 and B,2. Other nutrients -- fats, vitamin C, and minerals

for exanple -- though also important, were not serlously consldered at
thls stage because fats and minerals are more stabler and vitamin C ls
not the cause of a nutrlent deficlency problem for Ttrai urban children.

To facilitate the nutrient retention judgment, the nutritlve values of
the foods used as the matn raw naterlals were collected (Appendtx

4.6Ma), and the relative stabllity of nutrlents under varlous

conditions of the process was lnvestlgated (Appendlx 4.6Mb). Five

keywords for the nutrltional evaluatlon at thls step were dehydratlont

hot-stirrlng, and baklng for the process, and proteinr vttamin 81 and

82 for the nutrients. A1so, to factlltate comparlsons of these

prellmlnary product concepts, the destructlon predicted to occur in

each product (stufflng and body of the snack) was subjectively

estimated and tabulated ln Appendix 4.6Mc.
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4.6.8 Ease of Enrlchnent

Since the prellmlnary product concepts were nade nostly from fruitst
flour, and sugar whlch are carbohydrates, lmprovlng the nutritlonal
value of the product ltas consldered a necesslty. Undoubtedlyt

optlmlsatlon of formuLation was considered the besf way and was the

first choiee. Enrichnent wlth chemlcal nutrients €.$. amino acid

conpounds, vitamlns, mlnerals, and fabs was another possible method to

be used for improvlng the nutritional value of I'hai snacks. The

existlng process chosen for the product should easily lncorporate the

enrichnent process.

The factors considered when comparing the products on the frease of
enrichmentrr factor were: the ease of optimising the formulation to
give the desired nutritional value; the types and amounts of nutrlents

needed to be added because of nutrient losses durlng processing; the

ease of adding nutrients during the processlng; bhe effects of added

nutrlents on the product quality. However, these were only

subjectively judged. For example, baked square product group had basic

ingredients wtrich could produce a nutritlonally balanced product on

optlmising the formulatlon. fitus, it was considered that this group of
products needed the leasb synthetlc nutrients added and also mighb

encounter the least difficulty ln adding nutrients. fitereforer 1t ltas

scored the highest. In comparlson, the lower nutritional values of the

basic ingredients of lhe pressed flour-mixture product group might

result ln many more types of nutrlents and in larger amounts for the

enrichment. I?tus, it was scored lower than the baked square product

group. Table 4.10 shows the results of the comparison of the produets

for ease of enrlchnent.
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t.bt. l.10: Eltir.t.d Judgttat o! tbo r.l!.-ol-.arlchroat' lrctor.

Prolirinrry product conc.Pts
lDricbaart Droca.r

Prot.in YitrriD! tiaorrlc l.t!

D..p lyruD cookod lruit itr thin +
leyorr of prortod tlour-rirtur.

Eot-ltirr.d fruits ia thia llyorl +
of proesod flour-rirturo

Driod-fruitg in thia leYrrr of +
prossrd flour-rirturr

Puffrd fruit PrstrY Product uliaE
d..p-!yrup cookod lruits

Puff.d fruit pestrY Product ueiag
bot-stirr.d fruits

Duffcd fruit pr3trY Product uring
dri rd-f ruit s

Erh.d .qu.r. rith dooP-3yruP ++
cookrd fruits rs stuffiag

Brk.d 3qurr. titb bot-rtirrld ++
fruitr es rtuffing

!rk.d .qurr. eith dri.d-fruit3 ++
rs rtuffiag

++

- - tlora colplor aDricba.at
+ - SilPI.r rarichrlnt
++ - Sirllort oarichroat by torlulrtioa coatrol

4.6.9 Equloment Necessary

Assuning that a cookle factory rould be used for the stuffed pressed

flour product, a wafer factory for the puffed pastry productt and a

blgeult factory for the stuffed baked square produet' the equlpment

extstlng, needing adaptatlon, and needlng acqulsltlonsr ts shown below.

Svnbol Deflnttlons
+ = equlpment exlstlng
I = equlpnent not exlstlng, but adaptatlon 13 posslble.

= equlpment not exlstlngr buylng ls necessary'
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Exlstins of

-

tsqulpmenE

Stuffed pressed flour oroduct: (Cookle factory)
Measurlng & welghlng equlpment
Hlxer
Deposltor
Piittte Dresser
Bakine bhamber
Cooklig assembly with cgntrol system(Kettle wlth agltator)
Dehvdrator

tf,ifigl"t equlpment (or llne)

Puffed frult-pastry product: (Wafer factory)
Measurlng & welghtng equiPment
Mlxer
Plates of hydraullc press

(MoIder-bht<er )
Cooking assembly with control system

(Kettle wlth agltator)
Dehydrator
Packaging equlpment
ChiIler

Stuffed baked square product: (Biscuit factory)
Measuri48 & weighing equipment
uougn nrxer
Depdsltor
Bakinc chamber
Coqkiig assembly with cgntrol system(KetEle with bgltator)
Dehydrator
Packaging equipment
ChlIIer

4.6. 10 Productlon Caoaclty

+
+
+t
:

+
+

+
+
+

+

+
+
+
+

+
+

For the evaluation of productlon capaclty, lb was assumed that the

output of food products of the type belng consldered was ltmlted by the

capaclty of the plant and factorles. In Judglng thls factor' lt was

assuned that
product would

an

be

exlsting process that was simllar or related to the

used. For exampler for the baked square productr the

baklng process ln a bakery factory nas assumed. Estimattons were made

of the target segment, productlon requlrement, and productlon capaclty

as shown below.

Tarcet seg,nent(66I of Bdnekok chlldren
aged 7-14)-

Tarcet + gtrong potentlal - 1.2 nilllon
(Chlldren aged-7114 + aged 5-6
and 15-19)-

Target +. strong potential
+ moderafe DoEenular
( glltii:tg"i"3olilu"l"3t9orBiu

- 0.6 mllIlon

: 1.8 nllllon

The market share was
nlxture products. 20 /
stuffed baked squareproducts nas tak€n as

estlmated at 25 /
for puffed frult pastry

28"*uoESir'"?33 8$"il;
l-l il (
W9'n-

for stuffed oressed flour
Droducts, aird 30 I for

t?t8/H35b6!r"!""ttfi3" ill



100 srans for ouffed tvpe product 
"nO 

,OO grams for
prod[ct; thus' the ebtlurbted consuutptlon for the
'150 grams.

100

stuffed paslry type
average product was

oroducts studted of 24
reQulrement of:Assunlnc, a freouencv of consumptlon of the

tlmes/hEad/year, reilulted ln the productlon

600.000 x 25/100 x 150 x 24
= 540,000,000 g./year
= 540 metrlc tons/year.

Small scale factory.
Cookie or biscuit llnes
Size of cookie factories
Production Capaclty

could be adapted for lt.
exlsting: Sirall, Hedlumr Large

No. Factory

Many
Averane
Very few

Very few

Many
Average
Few

Assuming that productlon wlt! take place over the whole.yeaf. because of
C[e-Juififus a'vaifiUifitv of the 'frults to be used' the need for
productlon capaclty is:

540/3oo(assuming 52 daYs for weekendst
13 days-for holidaYSr _ -t6us,'iorklng days- ='365 - 65 = 300 days)

1.8 metric tons/day, for target market

3.6 metrlc tons/day, for target + strong potential market

= 5.4 netrlc tons/day, f""r:e:F:8"-o:t:3tl"lotentlaI +

The total production capaclty of each product was estlmated by the slze
of factory- observed ln the Bangkok area.

1. Stuffed pressed flour mixbure product:

SnaII aDDrox. (1 metrlc tons
Medium -aborox. 1-10 netric tons
Large appi'ox. ) 10 metric tons

2. Puffed fruit pastry product:

Home-nade tvpe product
tlafer llnes- -could be adapted for lt.
Size of wafer factory ln- Bangkok: Medium

Productlon caoaclty
Medturn approx. 1-10 netrlc tons

3. Stuffed baked square Product:
Comoared to mungbean-stuffed.pastry (KANOM PEAH)
Small-scale facf,orles (ManY)
Blscult llne could be adapted for lt.
Size of blscult factorlesi Medlum and large

Productlon caoacltY

Small scale approx. ( 1 netrlc ton
Medium scale bbprox. 1-10 metrlc tons
Large scale apiri'ox. ) 10 netrlc tons

The comparlson of the three prellmlnary product concept groups' based

on the ibove esttmatlons, proved that the baked square product Sroup

would be ranked first for the rleast problems for productlonn point of

vlew, because the avallable factorles whlch. could be adapted for use

were of a large slze and nunerous enough for the estinated productlon

requlrement per day. The pressed-flour-mlxture type was consldered the

second best becauge there were very few large factorles. The



puffed-frult-pastry type was ranked

were so few. lloreoverr nost of the

product was on a home-made scale.
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Iast because the factorles for use

present productlon of puffed pastry

4.7 ANALYSIS EVALUATION BY PROBABILITY TECHNIQUE OF THAI SNACKS

FOR NUTRITIONAL PRODUCT DEVELOPHENT PROJECT

4.7.1 Introductlon

The probability technique for analysis evaluation of product ldeas ls
based nainly on quantltatively detailed information' especlally that of
a statlstlcal and forecastlng type, on flnancial, technicalr narkett

and consumer aspects. For forecasting informatlon' predlctlons were

considered necessary. In this project, the procedures suggested by

O'Meara (1961), Klng (967), and Earle (971) were used as a gulde.

4.'1.2 Crlterla for Analysis Evaluatlon

In selecting crlteria for the probabllity evaluation of the Thai snack

preltminary product concepts, lt was assumed that profitablllty and

market growth potentlal were the most lmportant crlterla that would

lnterest the companles ln lnvestlng ln this nutrltious snack product

(as ls the goal of this project). Therefore, these nain crlteria were

taken tnto conslderatlon more seriously and quantltatlvely in order to
help make the GO, NO, or 0N declslon as valid as posstble. In dotng

thls, these two maln crlterla were divlded lnto factors to make them

easier for preli.mlnary analyses and nake them clearer for vlsualization
(Table 4.11 ).

Slnce these 9 preltninary product concepts were very close ln
structure, use, and acceptablltty (fron the prevlous screenlng) 3

technlcal crlterla were set to help wlth thelr dlscrlmlnatlon. Factors

for the technlcal criterta, whleh were Justlflably reconsldered more

deeply at thls stage, were those concerned wlth the nutrltive value of
the products and the productlon capacity feasible for a factory of
nlddle or large stze. Thus, the overall factors btere subJectlvely

welghted (Table 4.11) accordlng to thelr relative lmportance to the

obJectlves of the proJect so that the total welght was 100.
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Table 4.11: Factors and welghts for probablllty evaluatlon.

Factors for Probablltty Evaluatlon Factor lfetght

Those concerned wlth profltablllty and narket
growth potential:

Avallabllltv and cost of raw naterlals
Quallty/pr16e relatlonshlP
ProfltbblIltY
Expected comiretltlve sltuatlon

Those concerned wlth technlcal feaslblllty related to
product nutrltional value and productlon capacltys

Effect of processing on nutrlents
Ease of eniichment
Eouipment necessarY
Prodirction capacity

10
10
30

5

10
20

5
10

100

4.7.3 Procedures for Analysis Evaluatlon

The nine' preliminary product concepts ltere scored by uslng a

probablllty evaluatlon technlque ln order that only product concepbs

with scores above an acceptable potnt were worthwhlle for bench work or

Iaboratory development of the product. At thls stager detailed data

for each preliminary product concept H€F€ r€-€xamined more deeply and

more quantltativetyr so that the dlfferences ln the benefits of the

product concepts could be dlscrlmtnated.

Five levels, namely very good, good, averager poorr and very poort ltere

used and the rates of 10, 8, 6, 4, and 2 were asslgned for these levels

respectlvely. Factor descrlptlons ltere deflned for each rate (Appendlx

4.3), based on facts and flgures whlch were thoroughly lnvestlgated for

thls Judgment. For example, for the profltablllby factort a ratlng of

10 was descrlbed as the llPV-lndex whlch ltas nore than 100t' whlle the

NPV-lndex whlch ltas between 8Ot 100t was rated at 8. For the

productlon capaclty, the number of netrlc tons of products that could

be produced per day were used. And the percentage destructlon of

lmportant nutrlents was applled for the effect of processlng on the

nutrients of the Product.

After the factors were welghted and

probabtllty that each prellmlnary product

the levels of fit ltas assessed. Thls

based but a subJective Judgment sttll had

was nultlplled by the value of the leve1

the level.s descrlbed' the

concept *ould reach any of
assessmenb was quantltatlvelY

to be nade. The probabllltY

of flt and sumned uP' and the
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expected value of the product concept for that factor was obtalnei.
Thls, when multlplled by lts factor welght, would glve the factor
ratlng, after whlch an overall ratlng for each product would be

obtalned by the additlon of all the assessed factor ratlngs. An

example of thts asseasment on dried-frult ln thin layers of pressed

flour mlxture ls shown ln Table 4.12) whlle the probabillty assessment

for the nine prellminary product concepts can be seen ln Appendix 4.7M.

4.7.4 Results and Discussion on Analysis Evaluatlon

The sunmary results of the evaluatlon by the probabillty technlque are

shown ln Table 4.13. Probablllty evaluatlon, because of the more

detalled quantltative lnfornation on flnancial, technical, marketingt

and consumer aspects, was found to be the most effectlve
screening/evaluatlon method used for this nutritlonal product

development project. The time and budget neeessary for this
effectiveness lras consldered worthwhile. However, care was taken ln
the conparison lnvestigation among product ldeas because subjectlve
judgment was still ln use.

A rGood guessn based on the availabl.e past statistlcal data was

used for accuracy of the decision.

4.7.5 Product Ideas Selected

The three product ideas selected were!

Drled-frults ln thin layers of pressed flour mlxture
Baked square wlth dried- frults bs stuffing
Deep-syiup cooked frults ln thln layers of pressed flour
mixture

4.8 DISCUSSION ON A SCREENING SYSTEI.I FOR NUTRITIONAL SNACK

PRODUCTS

Thls study proved that systematlc screenlng and evaluatlon of the

generated nutrltlonal product ldeas ln a stepwise manner, from low-cost

to hlgh-cost methods and technlques namely from sequentlal and

checkllst screenlngs to probablllty evaluatton, was effective. It
could, ln a stepwlse nanner, dlfferentlate flrstly.the promislng from

the unpromlslng product ldeas, secondly th6 more promislng from the

less promlslng ones, and flnally the best among the more pronlslng

ones. The effectlveness of thls three-step method was found to depend

partly on careful selectlon, deflnltlon, and welghtlng of factors.
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ProJect alms, consuner product p"offf"", and experlence and unblased

attltudes of the Judges played an lnportant role tn thls declslon. The

quantltatlvely detalled lnfornatlon Has responslble malnly for the

efflclency of the technlgues.

Thus, among the three technlques used, probablllty evaluatlon ltas the

nost effectlve; and checklist ras nore effectlve than sequentlal

screenlng. However, lt ls suggested that all these technlques ln a

stepwlse manner should be used for a systematlc screenlng/evaluatton of
a nutrltlonal product for an lnterventlon programme, because by this
method a rellable resuLt would be obbained wtth less cost and tlne
needed.

Crlterla factors, which ltere generated based on project objectives
(StuOy Program goal), consumer product proflle (consumer survey

result), and a company's generaL goal (profitabilltyr technical &

flnanclal capability, and marketing potentlal)r were found to be

capable of differentiatlng the product ldeas. However, for an accurate

compartson of those ideas, care was needed to subdivlde the main

crlterla lnto factors for fhe sequential screening technique, and for
the welghting of these factors ln the checkllst screenlng and

probablllty evaluatlon technlques.

In the clrcumstances of thls project, emphasis was put on consurner

acceptabttlty ln the first sequentlal screenlng; technlcal' marketlng'

flnanclal and consumer posslbllltles in the checkllst screening; and

nalnly on profltabltlty, marketlng, technlcal & productlon capabllltles
ln the probablllty evaluatlon.

It was found that the appllcatlon of those factors was sultable for
thls nutrltional product development proJect because product tdeas

whlch were not potentlally accepted by the consumer ltere reJected wlth

the least cost and tlme ln the seguentlal screenlng stepr whlle those

not technlcally possible were reJected ln the checkllst screenlng.

Profitablllty and technlcal feasibillty effecbively differentlated the

best ldeas. Horeover, the appllcatlon of five scale categorles for the

level of flt ln the probablllty evaluatlon suggesbed tha! it nas a

practlcal nunber of ratlng categorles for 'an accurate Judgment. A

smaller number than flve was consldered as so tlght that lt could not

dlfferentlate the products effectlvely, whlle a larger number than flve
was too loose so that lt could lead to uncertainty on the judgment.
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Although some of those factors ln each step could be conblned e.g.

'sweet snack' and 'pastry type snack' ln the sequentlal screenlng

technlque, and 'effect of processlng on nutrlents' and 'ease of

enrlchnent' ln the probabtllty evaluatlon technlquer lt nas not

suggested because of the posslblltty of the change ln factor weight and

of the mlsunderstandlng ln thls wlde range of deflnltlon. Generally, a

factor wlth a llmlted deflnltlon could be more accurately consldered

than that with a wide range of deflnltlon.

Therefore, this study suggested that for the selecbion of nutritional
products to be developed for an lnterventlon programmer a three-step

method of screenlng/evaluation was preferable. The appllcatlon of thls
method was to start wlth a sequentlal screening technlque to remove the

potentially unacceptabte product Ldeas. Then, the quantitative

checkllst technique nas applled to remove the technically imposslble

product ldeas. Flnally, the detalled quantitative probablllty

technlque was applled to retain the most promlslng ldeas. The

selectl.on of sultable criterla and factors was emphasized tn accordance

wlth the aim of each screening/evaluation stepr that ls consumer

acceptablllty tn the sequential screenlng, technlcal capablllty ln the

checkllst screening, and profltablllty and technlcal capablllty ln the

probabillty evaluatlon. However, variatlons from thls suggestlon are

posslble depending on the circumstances of each project.

4.9 FINAL PRODUCTS SELECTED

Fron thls study on product screening and evaluatlonr three product

ldeas were selected as flnal products to be used for fornulatlon and

process development. These lncluded: drled-frults ln thln layers of
pressed flour mixture, baked square wlth dried-frults as stufflng and

deep-syrup cooked frults ln thln layers of pressed flour nlxture.
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CHAPTER 5

FORMULATION AND PROCESS DEVELOPMENT AND STATISTICS

5.1 INTRODUCTION

The development of formulatlon and process ls consldered an lmportant

step ln the PD process. In contrast to the product/proJect screenlngt

it is known to be of a technlcal nature. Systematic nethods and

planned techniques are needed for satlsfactory results ln nlnimum tlme

and at a mininum cost.

After the critical probability evaLuation of the generated ideas, the

product concepts renalnlng are defined, and the probotype products are

developed. Some product concepts might be rejected because they are

not technlcally posslble. AIso, lf the prototype product ls
unacceptabte to the consumer, re-defining the product concept might be

necessary and re-developlng the prototype product ls unavoldable. If
the product ls acceptable to the consuner, Lt is further deflned for
pilot plant devel-opnent,. After pllot plant development the final
product ls obtalned. In the same nanner' unacceptabillty of the

product at the pilot plant development step wlll result in a need for
an lmprovement of produet characterlsbics and a re-development of the

process ag well.

In general, the prototype product for consuner testing can usually be

processed ln one or two ways. Thls results ln an overlapping of the

formulatlon and the process improvenent. Howeverr generally,

systematlc and planned expertnental deslgn technlques for process

developnent w111 be started only after the formulatlon ls consldered

acceptable.

As prevlously mentloned, the development of nutritlonal products to

help solve nutrltlon problems ln Thalland started nany years agor but

lt was not long ago that the formulation of hlgh proteln low cost foods

to be used for supplementatlon to the dlet of the target group ltas

successful. And Just recently an agreement between IFRPD and a private

company has been nade for the mass productlon of KASET baby food in a

fully connerclal venture (personal conmunlcatlon). Thls delay ln



conmerclallsatlon ls belleved to be duer ln partr to
expllclt nodels for nutrltlonal food fornulatlon

development approprlate to the lndustrlal appllcatlon ln
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the lack of
and process

Thalland.

The purpose of thls study ltas to design a development model for
formulatlng and processlng nutrltlonally-balanced snacks for urban

school-age Thals. The three product ldeas selecbed ln the prevlous

chapter were used as the basls; systematlc methods and planned

techniques, and also approprlate statlstlcal technlgues were developed

for the nodel. The deslgned nodel treated nutrltional food formulatlon

and process development as an optlmlzatlon problem; the solution was

approached through the appltcatlon of llnear progranming technlque for
the formulatlon and of factorlal experimental deslgn technlque for the

process. The systematic fornuLatlon and process development of the

nutrltionally-balanced snack for urban school-age Thals was conducted

malnly following the steps of the PD process described by Earle (1971)

and Sidel and Stone (1983) as shown ln the naster diagram ln Flgure

5.1. Modiflcatlons were made where necessary to make lt sultable for
the speclflc clrcumstances of thls proJect. Brlefly' the naln steps

lncluded - objectlve settlng, development plannlng, testlng and

vaLidatton, and narketlng research.

Obiectlves of
Formulatloi/Process Developnent

Development PIan:
:Sel-ectlon of Optimlzatlon Hethod;
Preoare/Inltiate Test PIan

:Selbctlon of Formula/Process & R.M.
Prepare/Screen Test Products

Testlnc and Validatlon:
:Optfmlzatlon Testlns
:Pieoare/Screen Optlnized Products
:Test Optlnlzed Pioducts

Harketlns Research:
:Standird Harketlng Research Test

Flgure 5.1: Haster Dlagran for Systematlc-
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5.2

5.2.1 Introductlon

Though a nunber of reports could be found on the fornulatlon and on the

processlng of snack food products, none lras on an expllclt model for
forsrulating and processlng of snack product to be used for nutrltlon
lnterventlon progranmes ln Thalland. The followlng discusslon ls on

methods and technlques for fornulatlon and process developnent, on

quality testing of the developed productsr and on statlstlcal analysls,
considered applicable to the development of Thal-snack products.

5.2.2 llethods and Techniques for Formulatlon and Process

Developnent

A number of methods and technlques for food formulation and process

development can be found in the llterature (Peryam, 1959; Smith, 1959i

Stowe and Mayert 1966i Kissell,1967i Inglett et al., 1969i Hare'

1971; Walsh et al., 1971i Cavins et aI., 1972i Stark et al.' 1975i

Anderson, 1975; Calavan, 1976i Carsrel, 1976i Hsu et aI.' 1977a; Hsu

et al., 1977bi Box et aI., 1978i Chtttaporn' 1977i Nlcklln, 1979i

Wadsworth et al.1 1979i Anderson' 1981; Bender et al., 1982; Evans,

1982i Flshken, 1983; Schutz, 1983; Gacula and Slngh' 1984;

Ngarnsak, 1983; and Earle and Anderson, 1985). Among these' the

nethods and technlques proposed by Anderson (975r, Calavan (1976),

Chittaporn (1977), and Ngarnsak (1983) were the most quantltative used

ln the development of Thal food products for one or more of the

followlng steps: selection of materlals, formulatlon developnentt

process developnent, In thelr studlesr the llnear progralmlng

technlque was effectlvely used for the selectlon of raw naterlals and

for the developnent of Thal food formulatlons' and factorlal
experlments lrere used for the development of the process.

Ltnear progranmlng was descrlbed by Nlcklln (1979) as a nathematical

technique used to determlne the optlmun allocatlon of a llnited supply

of resources, subJect to certaln constralntsr to elther maxlmtse or

minlnlse a speclfled objectlve. In food fornulatlon problems' the

resources are nornally food raw matertals, the.condtralnts are based on

the functlonal propertles of the flnal product or nutrltlonal or

composltlonal requlrements, and the objectlve ls usually cost

mlnlmtsatlon.
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A factorlal experlnent was descrlbed by Llpson and Sheth (1973) as an

experlnent whlch extracts lnformatlon on several deslgn factors more

efflclently than can be done by a tradltlonal test. The tradltlonal
test ls the classlcal approach of keeplng everythlng constant except

one varlble whose effects on the output varlables are lnvestigated.

The maln objectlve of a factorlal experiment ls to determine the effect
of varlous factors (lndependent variables) on some characterlstlcs of a

product (dependenb varlables). Accordlng to Chatfleld U975), nthe

overall objective of a factorlal experinent may be to get a general

picture of how the response varlable ls affected by changes in the

different factors or to find the overall conblnatlon of factor levels
which gives a naxlmum (or mlnimum) value of the response varlable.n

Accordlng to Box et al.(1978), to perform a general factorlal deslgn,

an lnvestlgator selects a fixed nunber of nlevelstr (or nverslonstr) for
each of a number of varlables (factors) and then runs experiments wlth

all possible conblnations. Two of the reasons for the lmportance of
factorlal design nentloned by them are:

: Thev reouire relativelv few runs per factor studied; and
althoucli they are unable to exploi'e fully a wide reglon ln a
fictor'space-. they can indicate najor trends- and so determlne a
promisln! diiectiirn for further experlmentatlon.

: The lnterpretatlon of the observatlons produced by the deslgns
can proc-eed largely by uslng comnon sense and elementary
arlthiretic.

For lndustrlallzed Thai snack products ln the past' the formulatlon and

process developnent were carrled out on the basis of trlal and error.
In the fornuLatton, the raw naterlals were selected and then one

lngredlent at a tlne was varled in each experiment. Products prepared

by uslng dlfferent quantltles of lngredlents were subJected to a taste
panel test for conparlson, and the formula of the most aeceptabLe

product was chosen as the developed formula (Siegel et al.1975, 1976;

and IFRPD, 1970-1982). For the processing developnent' each lnput

variable was studled one level at a tlme; and a panel test was

conducted to compare the samples of products from the dlfferent
treatnents. Currently, nore quantltatlve nethods are belng applled to

formulatlon and process developnent. The work of Anderson' Calavan'

Chlttaporn and Ngarmsak prevlously mentloned supports thls statement.

5.2.3 Hethods and Technlques for Quallty Testlhg

euallty tests for foods can be grouped lnto subJectlve and obJectlve
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nethods, each of whlch can be categorlzed lnto dlfferent technlqueS.

Though a great nunber of reports could be found on methods and

technlques for these tests, few were on thetr appllcatlon to developed

lndustrlallzed snack foods ln Thalland. Anong the avallab1e arttcles'
the work of Kramer and Twlgg (1970' 1973) seemed to be the most useful

to consult because lt provldes methods and techniques for quallty tests
ln a well-organized form. The studles of Siegel et aI.(1975) t Slegel

et al.(1976), and IFRPD (1970-1982) applied those methods and

technlques to the development of Thai snack foods. fn thelr studiesr a

hedonic scale technlque was used to rate the rdeveloped-productn

acceptabllity.

For the obJective testing of lndustrialized Thai snack foods' the

enphasis was on the application of chemical analysis, especlally of
molsture content and nutrittve values, and of nlcrobiological analysls

of the product. No reports were found on either the appllcation of
physlcal'nethods and techniques or on the correlation of the results
from different methods. None of the past work was on the optimlzation
of the product quaLity.

5.2.4 UetnoOs and Techniq

Statistical analysls nethods and technlques used for the data from the

formulatlon & process development and quallty testlng were many and

varied depending on the lndivldual cases, and these were normally

presented wtth systematic experlnental nethods and technlques.

References under 5.2.2 are appllcable here also. Few studles have been

carrled out on the development of Thal snack foodsr and there were

seldon statlstical methods assoclated wlth them. The statlstlcal
nethods and technlques nost used were the T-test and ANOV to test the

quallty differences between/anong sanples of different
forurulatlons/processes. Nothlng was found on the comparlson of nethods

ln order that the nost sultable could be used ln the snack food

development nodel.

5.2.5 Sunnary and Concluslon

Past studles on Thal snack product developnent' weri rare. Anong the

few studies, the enphasls was on lnprovlng the nethods and technlques

assoclated wlth Thal snack product processlng so as to keep abreast

wlth modern technology. However, there ls a need for the design of a
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Dodel system lncludlng the nethods and technlques for formulatlon &
process developnent, quallty testlng, and statlstlcal analysls that can

readlly be used for Thal snack product development. A posslble way to

do thls seemed to be by the appllcatlon of the avallable nethods and

techniques whlch were used successfully wlth other categories of Thal

food or wlth foods ln other countrles. Modlflcatlon of these methods

and techniques mlght be necessary to make them sult the clrcunstances

of thls project.

5.3 AN APPROACH TO FORMULATION DEVELOPHENT

5.3.1 fntroduction

As prevlously mentloned, past formulation of nutrltlonal snack products

for nutrltton lnterventlon progranmes ln Thalland was made on a trlal
and error basis. In this study, a systematic quantltative fornulatlon

model for nutrltional snack products was designed (see Figure 8.1).

This model $tas used in the formulatlon developrnent of a

nutrltlonally-balanced snack product for urban school-age Thals. The

following dlscusslon lllustrates how an approach was nade' step by

step, on the appllcatlon of the deslgned model to develop the screened

product ideas lnto an acceptable product ln the shortest tlme. In thls
study, the fornulatlon stager oF ln other wordsr the product deslgn

step, was conducted uslng, firstlYr ?h emplrical approach, and thenr a

planned stepwise experlmentatlon ln whlch critlcal evaluatlon was nade

baslcally on the four maln lnteracting factors - economlcsr consumer

acceptablllty, formulatlon, and process. The maln systenatic steps

fol.lowed the steps ln the master dlagram ln Flgure 5.1. Brlefly' the

steps were obJecttve settlng, data preparatlonr fornula

optlnlzatlon, technlcal and acceptablllty testing.

In the developmen! of the prototype product, the "it" of the

fornulatlon were set ln accordance wlth the deflned product concept

based on the prevlous consuner survey (Sectlon 3.9.1). The alms w€F€-

: To lnvestlgate the effects of dlfferent raw materlals on produqt- cnaiacteiiS[iis-iiia-[6-serect, i-nu[,iitto4a11y suita!]e tormula
gl[t-;oniO- gfve a product of acceptable tilxture' flavour' and
appearance.

: To fornulate a nutrltlonally balanced snack'ryhlch- ai liaCt 251 of all the- 4utrients 'rqqulred
c[rroien ageii 10-12 years from the followlng
materlals.

would orovldedally by Thalbasic raw
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Haln Incredlents:-Fro[ii vheat and/or Slutlnous rice
Suqar: whlte and/or browngitina: GLOUY NAMIIA or GLOUY HOM-ilfi-:--peinuts and/or whlte sesane seeds

Posslble Ingredlents:' -liiii,;8iB??t;t*lig,'*t;:itiil"tfi 
r"S":BIH:, ""FiF;',[!oSe"nt",

an[i:urowninE -genti, antloxiciants)

The molsture content of the f1111r-t8 qhgqld be approxlnately 30-35t
(or water actlvlty approxlmatery o.Uu)'

5.3.2 The Flrst Deflned Product Concept Based on the Consuner

Survey Results and the ProJect Objectlves

The prellminary product concept was firstly deflned as shown ln Table

5.1. Most of these concept descrlptions were based on the results of

the previous consuner survey. The storage llfe of the productt which

was deflned as 3 months or longer at the amblent temperatures and

huniditles of Bangkok, was included. Also the product was classified

under frintermedlate noisture foodn with Aw value below 0.8. The

product had to comply with the regulatlons under the Thai Food Act

1979.

Table 5.1: The flrst defined product concept.

NAME

SNACK TYPE

CHARACTERISTICS

STORAGE LIFE

SAFETY

IIUTRITIVE VALUE

LEGAL RESTRICTION

NUTRITIONALLY-BALANCED FRUIT AND NUT BAR

S}TEET TIPE OF PASTRY-LIKE PRODUCT

STIEET. NUTTY, AND BANANA FLAVOUR
RED SCATTERED IN BROWN
CRUNCHY AND GRITTY
BAR FORM

3 MONTHS OR LONGER AT AMBIENT TEMPERATURES
Ixo HUUTOITIES OF BANGKOK

INTERMEDIATE HOISTURE FOOD
Aw BELOI{ 0.8

NUTRITIONALLY-BALANCED wlth
2S/ br 13t) of RDA for Thal Chlldren
ai6o'16-12' jrears, ln the.size that can be
eaten as a snack at one Elne

UNDER THE THAI FOOD ACT 1979

5. 3. 3 nBest-Estlmaten Experlnentatlon

After the deflnltlon of the flrst defined product concept' the

prototype product developnent was started. A nBest-estimaten

technlque, or ln other words, a nmock upr trlal ltas necessary for the

lnttlal formulatlon and nln-housen evaluatlon was practlsed' The

flndlngs from thls technlque were applled ln the detalllng of the flrst
deflned product concept to obtaln the second deflned product concept'
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Three products ln thls trlal tnctuOea: deep-syrup cooked frults fn

thln layers of pressed flour mlxture, drled frults ln thln layers of
pressed flour nlxture, and baked square wlth drled frults as stufflng.
All of these products were consldered as pastry-llke products. The

nbest-estlnaten trlals ltere conducted ln two phases: the study on

frult preparation to be used ln the stufflng, and the study on whole

product preparatlon.

5.3.3.1 Phase 1: The Study on Fruit Preparatlon. From the

econonlc and feaslbillty study ln prevlous chapters, lt was declded

that the naln part of the stufflng shoul.d be bananas. In phase 1' the
nbest-estimatetr trlals on bananas to be used as stufflng were conducted

in two dlfferent ltayss drying, deep-syrup cooking. Different
condltions - presence and absence of food additives -- tr€t'€ tried to

ftnd the most suitable lray of preparablon. Food additives used

lncluded: vinegar GI ln water) for antl-brownlng purposesr potasslum

uretabisulphlte (0.4t tn water) for antl-brownlng purposesr and calclum

chloride'(0.3t in water) for flrnlng property purposes. In brlef' for
deep-syrup cooked banana, a red colour developed durlng the final stage

of cooking. Thls could be due partly to the brownlng reactlons and

partly to the change of banana pignent durlng the heat-cooking process.

Calclum chloride helped to develop chewlness ln the deep-syrup cooked

banana, However, ln the drled banana, calclum chlorlde seened to have

a less chewy effect. Vinegar helped to prevent brownlng reacttons in
the bananas.

Since banana (GLOUY KAI varlety) ts nornally eaten wlth GRAYASAHT'

the popular traditlonal Thai snack, lt would be sultable to use the

lngredients ln GRAYASAHT as a part of the lngredlents ln the product to

be developed. GRAYASAHT ls a square product nade from roasted rlce and

nuts. Its lngredlents are roasted puffed rtcer roasted flattbned young

rlce, roasted whlte sesame seeds, roasted peanutsr paln sugar' coconut

crean, and glucose-syrup.

5.3.3.2 Phase 2: The Study on l{hole Product Preparatlon. In phase

2, tuo types of products were nade: the baked square type and the

pressed flour mlxture type. In thls experlmentr the enphasls was on

the study of the stuffing, whlle the outslde layer of the product nas

kept slmllar to the baslc reclpe prevlously mentloned (Appendtx 4.3Ma)

tn whlch wheat flour was used as the naln ingredlent for the baked

square type and glutlnous rlce flour was used ior the pressed flour
nlxture type. Dlfferent stuffings used for the conparlson study are

shom below.



Baked square Type::ffistlrred uungbean (as the orlgtnal
reclpe ln the prevlous chaptei).

: Stufled wlth dbep-svrup cobked banana.
I Stuffed rlth deeb-syrub cooked banana and roasted nuts.
: Stuffed wlth drled banana.
: Stuffed nlth drled banana and roasted nuts.
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product,

(g*:ii3r,'3li8l

nuts.

Pressed flour nlxture
nlxture of lngreciiencs

roasted sesane, bolled fatby tlssue of plg, frled
Stuffed wlth d6ep-syrup cooked banana.
Stuffed with deeb-svrub cooked banana and roasted
Stuffed wlth drlbd ban-ana.
Stuffed wlth drled banana and roasted nuts.

The nBest-estlmaten technique was applled at thls step when

conslderlng the lngredlent ratlo, and an nln-housetr evaluatlon of the

products was practlsed by one Thal graduate student at Massey and the

author. It was found from this nbest-estlmatetr experlnentatlon work

that-
: It was posslble to use dried or deep-syrup cooked banana as the

naln lngredlent of the stufflng for baked square and pressed flour
mlxture type products.

: Roasted nuts (peanuts and segane seeds) could be added to the

banana stuffing lngredients for processing purposes- easier to handle

the stuffing; nutrltlonal purposes- high protein and energy; and

acceptabllity purposes- readiLy-mixed form of the tradltional snacks

that are nornally eaten together.
: The raw naterlals to be used would be better ln the

ready-to-urix form.

Deep-syrup cooked banana (DSC-banana) seemed to be nore sultable than

drled banana. The reaso[s tf€f€-
: It Eave a nlce g,lossy red colour after being cooked. Thls would

be tore attractfve firr chlldren than the dUIl brownish yellow
obtalned fron the drylng process.

: It took a shorter tlme than the drylng processt whlch could
result ln a lower cost.

: It had a hleh concentratlon of sugar and that was beneflclal
from the prEservatlon polnt of vlew.

It had less tannln and astrlngent flavour than the dried banana.

The flavour of sweet DSC-banana blends better wlth roasted nuts
than that of drled bananas.

For the oressed roasted flour layers, the stlcklness of the
deep-syrilp cooked bananas can make the product flrmer or in
othbr irorils, can make the product stlck together.

5.3.4 The Second Deflned Product Concept after an Appllcatlon of
the Flndlngs from the tBest-Estinaten Experlilents

The second deflned product concept after an appllcatlon of the above

flndlngs ls shonn ln Table 5.2, and ln detall ln Appendlx 5.lM.
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5.3.5 An Enplrlcal Approach to Apprbprlate Methods of Ingredlent
Preparatlon

A set of experlnental trlals lrere carrled out to check whether the

baslc nethods for lngredlent preparatlon and the baslc formula screened

fron the llterabure search and from past experlence would be

approprlate for the development. Ingredients of both the outer layer
and the stuffing and of both types of products lrere lncluded ln these
experlmental trlals. Selected proeesses trled lncluded: roastlng of
glutlnous-rlce flour, sesame seeds, and peanuts; drylng and deep-syrup

cooklng of banana; preparatlons of a flour nixture type product, a

pasbry type product, and also thelr fllllngs. A summary of the results
of all these experimental trlals ls shown in Table 5.3. Detalled

results can be found ln Appendix 5.2M.

5.3.6 An nmpiricaf &proa
Prgduct Layers (Outside/Inslde Ratlo)

Experlnental trlals were conducted to find an approprlate comblnation

of lngredients to form a layered snack product. Slnee the nlxture of
the fllling, whether from drled or deep-syrup cooked banana, was set

constant ln structure, the trials were done in groups of product -
flour mixture type and baked square type - both of whlch used the

deep-syrup cooked banana nixture as the filltng. The outer layer and

the stuffing used ln thls experiment were fron those selected from the

experinental trlals ln sectlon 5.3.5. Summary results of this
experlnent are shown ln Table 5.4.

5.3.7 Dlscussion and Concluslon

In thls study, prellnlnary experlmentatlons based on nbest-estlnaten

technlque could lead the developnent process to the step of a

systenatlc fornulatlon development ln a short tlne. Ingredients chosen

and methods of lngredlent preparatlon and product layer conblnatlon

based on thls technlque were found to be approprlate. At thls step of
the fornulatlon development, the product concept lras also belng

developed based on the results of nbest-esflmaten experlments. Thls

was found usefuL ln deslgnlng the lnput constralnts and bounds for
Llnear Programnlng (LP). In conclusionr . nbest-estlmaten

experlnentatlon ls necessary for effectlve'formulation developnent

because lt lndlcates a posslble short route dlrectlon for systenatic

formulatlon by LP.
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Table 5.4: Sunnary result of experlhent on apprgprlate conblnatlon of.
product layers (Outslde/Inslde ratlo).

IRatlo Investlgated(outside : lnsIde) Brlef Result

Pressed Flour-Hixture Type

529515r85
25275
35265
45t55

Baked Square Type

15 : 85

25275
3526545255

Laverinc possible
LayerlnE bossible but wlth dlfflculty
Laverini bosslble wlth desirable propLaverinE bosslble wlth desirable probortion
t"l3:ttf;rirosslble but flour urlxtuie layers

'"Iiiitfi'
erlni bosslble bu
oo thtbk
gf ltrg lnposslble,
rllr'ng rayer.

flour mlxture covered

Layerlnc oosslble but with some difflculty in
handlinl and outside laver too thln

Laverlns 6ossible with deilirable proportlon
Laverlni bosslble wlth desirable brobortlon
La!'erlnE fossible but wlth thlck 6ut3ide layers

5.4 THE FORMULATION OF NUTRITIONALLY-BALANCED SNACK BY LINEAR

PROGRAMMING TECHNIQUE

5.4.1 Introductlon

After the nore speclflc product concept was defined and an approprlate

combinatlon of the stufflng lngredlents and of the product layers were

lnvestlgated, a systematlc screenlng of formulae ltas applled uslng

Ilnear progranmlng (SCICONIC LINEAR PROGRAI{I,IING' Sclcon Computer

Servlces Llmlted, 1981 ) as the optinlzatlon technlque. Important

factors lrere consldered and then lncorporated ln the llnear
programrlng. The llnear progrannlng model set up and used by Ngarnsak

(1983) was used ftrstly to select comblnatlons of nlne food raw

naterlals wlth the llmlts ln 5.4.2.2i and secondly the 'obJectlve

functlon was set to maxinlse calories.

It was found that ln the lnltlal nodel, there were too nany constralnts
and sone of the nutrlent constralnts were too tlght and were not met.

AdJustnents were made and the relaxed nutrlent constraint model was

studled. Selected feaslble-solutlon formulae ltere then

organoleptlcally tested and the nore acceptable formulae wlth hlgher

nutrltlve values were further developed by LP. In dolng thlsr an

additlon of other food raw naterlals was made ,to 'the matrlx. Alsot

adJustments nere made on the turlnlnum-maxlmumt anount of lngredients ln

order to keep the total of food raw naterlal constant at 1.00 (or

1O0t). The addltlon of other lngredlents was based on the nutrlents
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requtred for the product, the avallablllty and cost of the raw

naterlals, and thelr compabablllty wlth the exlstlng ran naterlals.
For exanple, mungbean, whlch was added at e later part of the

developnent, was consldered Justlflable because lt provlded the hlgh

proteln requlred for the product; lt was an economlc crop of Thallandt

thus lt was availabl.e and was not too expenslve; and lt could blend

well ln flavour wlth DSC-banana, roasted nuts, and coconut mllk.

At the final stage of the fornulation experlments, the full constralnt

model was applled, and the obJective functlon was set to mlnimlse cost.

5.4.2 Factors Concerned

The followlng factors were consldered lmportant ln the Ilnear
progranming, and are summarlzed as shown ln Table 5.5.

Table 5.5: Important factors Consldered for LP.

CONSUMER

ACCEPTABILITY

INPUT FOR LP

COI{SUMPTION QUANTITY

NUTRIENT REQUIREMENT

CHILDREN AGED 7-15 IEARS (target 10-12)

TYPE AND CHANACTERISTICS OF SNACK

NUTRITIVE VALUES AND COST OF RAW MATERIALS

BELotf 160 e FOR 25t RDA
BELOW 90 g-FOR 13t RDA

NUTR ITIONALLY-BALANCED
Type and level as requlred RDA.

5.4.2.1 Consuner Acceptablllty. Accordlng to the consuner surveyt

the snack to be deveLoped would be of a sweet-fruit-pastry type. A

study of the consuner survey and also of the llterature revlew resulted

ln the selectlon of frults (especially banana), nuts (especlally

peanuts and sesane seeds), bean (especlally nungbean)r and sugarr as

the lngredients to be used. These lngredlents took prlortty in the

selectlon because they pronised long storage llfe potential and also

pronlsed hlgh acceptablllty.
5.4.2.2 l{utrltive Value and Cost of Raw }laterlals ln LP Input. The

selection of raw materlals for the LP lnput was prtnclpally based on

thelr nutrltlve values and cost. Those wlth nutrltlve values

approprlate to the nutrltlonal constralnts of the product at a low cost

had prlorlty. The nlnlmum (lower llmits) and naxlmum (upper llntts)
for each of the lngredlents were flrstly sbt (shown below) based on

nbest-estlmaten experlnentatlon, fornulatlon of slmllar productst

estlnated cost of raw materials, sel.ected nutrlents of the raw
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based onnaterlals, and also,
Ilterature gearch and

Ingredients

Banana
Coconut nllk
Wheat flour
Soybean o11
Peanuts
Glutlnous rlce
tfhite sesame seeds
Brown sufar
Whlte suEar

the technlcal' posslblllty
past experlence.

Lower Llnlt

37.50
0.56

13.00
7.50
0.56
0.56
0.28
0.73
0.00

67.50
3.75

15.50
10.00
3.75
3.75
1.88
4. gg
3.75

For exanple, for banana, Iower and upper llnlts were set at 37.50t and

67.501 respectlvely. This was ln accordance with the result of the
nbest-estimaten experiment (see Table 5.3). For coconut miLkr the

llmlts were 0.56tr and 3.75tr. These llmlts were based not only on the

formulablon of GRAYASAHT, a similar product to the stufflng of the

present product, but they were also based on the cost of the coconut

mllk whlch was expensive. Emphasls ltas put on the center-fllllng
lngredients, the part of the product whlch is to be lnnovatlve. This

was to be ln accordance wlth the result of consumer survey that the

stuffing was considered the most important attribute of the pastry-type

product.

5.4.2.3 Consunption Quanttty and t{utrient Requlrenent. For

consunption, the quantlty deslrable was that lb should not be too large

a quantity to be consuned at a tine for an adequate lntake of
nutrients. And lt should not be too snall a quantity that the

consuners would feel that they had not eaten enough snack and that the

product was too expenslve wlth the result that.they night refuse to buy

lt. Thus, tt was consldered, based on past experiencer that a sultable
consumptlon quantlty was 160 grans for 251 RDA and 90 grams for 131

RDA. Thls quantlty was to be assessed for its consumptlon sultablllty
when the product preparatlon based on LP formulatlon nas conducted.

Before the nutrient requlrenenb constraints lrere put ln the llnear
programlng nodel, tnportant conslderattons rere made as follows:

T'he snack oroduct was to be nutritlonally balanced. The reason
was that this pioduct would serve as supplementary food to help
solve the pioblen of malnutrltlon. - Thus, lt should be
self-suooortlirr. that ls. lt should be able to provlde the nutrlents
reoulreil'bv thd'chlldren-ln a guaranteed quantity. Thls lras to
av<itd lnad6ouate nutrients for-the consuners who nlssed a neal or a
oartlcular food hlsh ln certaln nutrlents on that partlcular day.
fhe oroducts should be formulated ln such'a nay that they meet qII
itre hutrtent requirenents for 251 of RDA for 5 B-ht packet- and for
13t of RDA for 3 gatrt packet.

The nutrients requlred and thelr levels were based on 100 grans
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of the Droduct. There were 26' nutrlents and 1 ratlo nutrlent
relatlohship. Incluslon of these nutrLents and the ratlo wqs nade
because of 'thelr essentlal role for growth and - physlologlgal

l:i3:lS5iot"rlhfi"riltiftr"iTo *Elfi3ii9, if;5i ro33 1" 
hilB 

1" "F:i;
ina ft iras consldered necessary to 1n61ude lt. The proteln calorle
to totat calorle ratlo was to eirsure an adequate quantlty of-proteln
lntake. For nlnerals and vltamlns, lnclujlon *as enphasl-zed on
those whose lack causes nutrltlonal problems ln Thalland. Ilowevert
lnclusion was also made for those irutrlents the lack of whlch
gslgellg"linif;B""ntg[ill88?t rBi"o]i'"r.?'otft!,rB"ii BilotBrl" itlB12i l{iacin; Pantothenic acids; Vitanln C; Folate.

An uooer llmtt of dietarv flbre was included as the product
would con'sist of banana, se3ame seeds, and peanuts' whlch aie hlgh
in fibre. An excesslve- quantlty of- fibrb constimed nay cause
nutritlonal failure. The f0 essential amino aclds were lncluded to
slve a standard for the protein quallty. Nutrlent requlrenents and
Ehe level of each nutiient arri shown in Table 5.6.- ilinlmum amlno
acld requirenents were set at 80t of lhe FAO/}|HO (1973) pattern.

5.4.3 Data Collectlon

5.4.3.1 The Composltlon and Cost of Raw Materials. 26 nutrients
and the costs of food raw naterials and chemlcal nutrienbs used ln the

developnent of the batanced snack bar were collected. These were taken

from the.works of Anderson (975r, Chittaporn (977), and Ngarmsak

(1983). Those unavailable ln the mentloned gources, were fron nFood

composition Table For use rn East Aslatr (FAO' 1972). The cost of raw

materials were taken from slnthavalai, 1984' and, where unavallabre'

the costs of simllar ralr materlals were used. Cost adjustment based on

the prlce index was made where costs from earlier years were used.

The list of food raw naterlals lrere arranged ln alphabetical

order. The nutrlent composltlon and cost data were divlded lnto 5

parts as follows: Cost; Energyr Proxlnate Analysis

Vitamins; Essentlal Amino Aclds; and Protein Calorie to

Ratlo. The nutrlent compositlon and cost of each of the

are given per 100 grams of edible portlon ln Appendlx 5.1.

5.4.3.2 The Consumptlon Quantlty. The quantlty of snack to be met

by llnear progranmlng for the total quanti.ty of food raw materlal was

set at 1.00 (or 1O0t). The actual quantity of snack consumed by a

child ab a tlme was estlmated by using the welght of one ple.ce of
slnllar Thai pastry product nornally eaten at a tlme by Thai chtldren.

It was found that the welght Has approxinately 150-180 grans' thus 160

g was taken.

5.4.4 Llnear Progrannlng Model

5.4.4.1 Initlal Model. The tlnear programrlng.nodel was set up to

and lllnerals;
Total Calorle
raw naterials

select a comblnatlon of food raw

set flrstly to maxlmise calorles;
naterlals. The objectlve functlon was

and flnally to nlnlmlse cost. There
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nere 28 sets of constralnts to be n'et; one welght constralnt, one iost
constralnt, twenty-flve nutrlent constratntsr and one nutrlent
lnterrelatlonshlp constralnt. For convenlence ln sortlng out

approprtate ways to formula solutlon, the anlno acld and the

tnterrelatlonshlp constralnts were lgnored at this lnltlal stage of the

LP experlment. However, thelr values obtalned fron the llnear
programnlng were calculated nanually and the results were observed. No

upper limlt lras set for all vltanlns slnce thelr values were not so

high that they would have detrlmental effects to the body. Flrstly'
-nlne food raw naterlals ltere used. Laterr io additlon of other

lngredients was made based on the nutrlents required for the productt

avallabillty and cost of raw materlals, and thelr conpatabillty with
the exlsting raw materials.

The model was set as follows:

Marlmize:

SubJect to:

and:

n
I cixl

j=1

n
r aiixi I ui

j=L

xilo

i = 112r....28

j = 112r....9

cJ

xj
Alj
bi

Calorles of raw naterlal J

Quantlty of raw materlal J selected

Level of nutrlent I ln food j
Requlrenent leve1 of nutrlent I

5.4.4.2 Relaxed Nutrient Constralnt Model. It was found that ln

the lnltlal model, there were too nany constralnts and some of the

nutrlent constralnts were too tlght and were not net. AdJustments nere

made as below and a feaslble solutlon was obtalned.

Proteln: A proteln anount of 5 grams rras too low and the

ratlo of ?CITC of 0.13 could not be net (nanually calculated). Thus'

the anount of 6 grams was set as the lower llnit.
Calorles: A calorie level of 387 was too htgh to be obtalned

from a }lmlted quantlty of snack. The adjustnent made was based on the
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anount that nould nake the ratlo of- the protein calorle to the total
calorle equal 0.07. Slnce the new constralnt for proteln Has 6.0 grams

or 24 Calorles, thus, the total calorles should be 24/0.07 or 343.

Fat: There was no upper llmlt on fat, so that the

formulatlon of naxlmlzed calorles could be net. Thls open upper llmlt
would not have detrlnental effects slnce normal Thal food ls low ln fat
and the fat lntake could be consldered on the dally basls.

PC/TCz The ratlo of proteln calorles to total calorles of 0.13

could not be net. Generally, thls value ls obtalned by the addltion of
a cerbaln amount of calorles to the recommended mlnlmum proteln

calorles to ensure lts quallty. To solve this PC|TC lnfeaslblllty
probJ.em, ratlo values fron dlfferent sources of recommendatlon were

compared to those obtained by the calculatlon from the mlnlmum amount

of lntake proteln and calorle recommended by the same sources (Table

5.7). To relax thls constralnt, lt was declded to use the ratlo value

reconmended by McNutt and Mcilutt (1978) whlch was 0.07 or that which

couLd be obtalned when the dally proteln lntake was 50 grams. Or ln
other words, the ratlo value was sllghtly higher than that calculated

based on the basic protein recommended.

Table 5.7: Proteln-Energy Interrelatlonshlp.

Source of lnformatlon PC/TC
recom.l

PC/TC
calc. ll

Passuore et.al. 1974.futrltton Dlvlrlon. 1970.
Yelyagcvl end Co--rorlterE, 1977.
llcllutt and llcilutt , 1978. rrr
Anderson, 1975.

$F3[il:tng"ll33a"" 
"roped

0.13

0.13
0.07-0.10
0.13
0.13
0.13

0.05
0.06
0.06

0.017
0.05
0.04-0. 05

)PC|TC recom. = PC|TC reconotended$ PC/TC calc. = PC|TC calculated from the reconnended anount of
orotetn and calorlesrr1509 proteln/day

5.4.4.3 The Flnal Constralnt Hodel. At the flnal stage of
experlmentatlon, the flnal constralnt model was applled. In the flnal
constraint model, the amlno acld and the lnterrelatlonship constralntst

and the processlng and storage loss allowance of nutrlents nere

lnctuded ln the LP. AIso, an allowance was dade for costs of raw

naterlaLs. An assumptlon lras made on the posslble devaluatlon of

future noney by the tlne of the productlon of the developed product.

The devaluatlon of noney would result ln nore noney being spent on raw
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naterlals. Thls allowance value 'was deflned ln thls study as nthe

devatuatlon allowance of noneyn and lt would result ln an lncrease ln
the costs of raw materlals.

At thls flnal stage, the obJectlve functlon of LP ltas set to

nlntnise cost. A comparlson of LP constralnts at dlfferent steps of

fornulatlon developnent ls shown ln Table 5.8. This resulted ln an

lnfeaslble solutlon, as the requlrenent of vltanln B2r vltamin At

vitanin C, and folic aclds could not be met. This was renedled by the

addition of synthetlc vltaurlns lnto the lngredlent data.

Table 5.8: Comparison of prlor and final eonstraints for LP.

Cost & Nutrlents per 100 g Constralnts
t. ].nal

I LOSS
Allowancer

Cost (Baht)
Enercy (Calories)
Protdin, digesbed (g)
Fat (e)

Ell[i,l*i*r
lhosplorgs (mg)
rron (mg)
Vltanin A (ru)

1.08 5.00 1.033u3:88 1:?8 3u2:T*?

8.60
1 . gg-4. 69 1 .88-4.69156-288 1.50 158-292
156.25 1.50 158.59- 2.19 1.50 2.22
625.00 2o.oo 75o.og0.20 40.00 0.28

o.2o 37.50 0.28
2.66 37.5O 3.660.22 20.00 0.260.39 5.oo o.{17.03 50.00 10.55

54.69 50.00 82.04
0.94 25.00 1. !832.00 5.oo 33.0056.00 5.00 58.8044.00 20.00 52.80) 2.50 )

) 48.00 ) 49.20
))) 28.00 5.00 ) 29.40

32.00 10.00 35.20-8.00 7.50 8.6040.00 5.00 42.00
0.07 0.07,

Vltamin 81 (mg)
Vitamin 82 (mg)
Nlacln (mg)
Vltamin 86 (mc)
Vltamin 812 (iiq)
Vltasrin C (mg) -
Folic aclds (ud)
Panbothenic acfds (m
Isoleuclne (nglg PRO
Leuclne
Lyslne
Phenylalanine
Tyrosine
Cystlne
l,lethlonlne
Threonlne

il:I1130n"""
PC/TC

flr

rNutrtent loss alloltance was averaged from maxfunun cooklng
Iosses ln Harrls, 1975; and 5I deialuatlon of money was
assumed for cost.

5.4.5 Llnear Progrannlng Input and Output

5.4.5.1 Llnear Progrannlng Input. Input data for llnear
programnlng ltere arranged lnto flve sectlons: ROllS' COLUMNS' RHS'

RANGE, and BOUNDS accordlng to the SCICONIC/VM procedure (Sclcon

Computer Servlces Llmtted' 1981) under the PRIME computer system as

shown ln Table 5.9. An exanple of the LP INPUT Olil fffe can be found

ln Appendll !.lMa.
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Table 5.9: Arrangenent of LP Input.

ROT'S

COLUI.INS

RHS

RANGE

BOUNDS

COST AND 28 NUTRITIONAL CONSTRAINTS

FOOD NAW HATERIALS AND THEIR COMPOSITIONS
AND LEVELS

REQUIREMENT LEVELS OF CONSTRAINTS

REQUIREMENT RANGE OF CONSTRAINTS

QUANTITY ALLOI{ANCES FOR FOOD RAI{ ilATERIALS
TO BE SELECTED

5.4.5.2 Llnear Progranmlng Output. The llnear progranning output

was composed of the solution feasibtlltyr levels i.e. the upper and

lower bounds of the constralnts, the actlvities or the value of the

variables ln the solutlon, and the reclpe. An example of the LP 0UTPUT

file can be found in Appendlx 5.3Mb.

5.4.6 The Solutlon and the Selectlon of the Best Formulae

Foi Further Developsrent

The selected solutlons from dlfferent
experlments were compared and are shown

relaxed, and flnal constralnts were also

conparlson purposes.

A prevlous comparlson between baked square and flour nixture type

products, both of whlch have deep-syrup cooked banana as the main part

of the centre-fllllng, suggested that the flour nlxture type was

superlor nutritlonally and organoleptically. Although the flour
nlxture type was chosen because of lts htgher nutritive valuer lts
unacceptable flour flavour needed to be lmproved. At this stage,

prepared mungbean (sklnned, soakedr bolled, and roasted) was used in
place of flour ln the flour-fondant mlxture. In the appllcatlon of
nungbean ln the formula, fornulated products were prepared ln two ways

- a thtck fllllng between nungbean-fondant layers (rpastry typet) and

a frult-nut-bean nlx (rnlx typet) - both of whlch were htgh ln
nutrltlonal (Tab1e 5.10) and organoleptic quallty (Table 5.11). The

reason that the tnlx typer was lncluded ln the experinent ln addltlon
to the rpastry typet (or fondant layer type) was because the latter
gave dlfflculty ln preparatlon. lfhen the nungbean products of the two

types were compared, the frult-nut-bean mlx type was preferred because

lt was superlor nutrltlonally and organoleptlcally. Thus' lt was

selected as the suttable formula for further development.

sets of formulae by LP

ln Table 5.10. Initial,
provlded for convenlence of



128

tllLE 5.lO: llELDerED tOLltllOXS ll(lt DlllEBEltl 8El€ O? ?OilUrtl tU L.P. ItPlnlIEr'l8

'' 
IECIPES

lngradi.nt. E!k.d gqu.r. tyF (Bg, Presrd Elosr-lli,rtuac lYF (p?il)

18l. l82t E83i Pml0 Pl||2. Ptt3.

llh.rt flour
Corrtra flour
fhit. augar

8oybcln oilt
nat.r 1

Sanrna

DroYr augar

Lt.r 2

llungb..n
Lt.r 3

fhltc t.aare racall
D.anutr

Glutinoua ricc
Prryrkin

Coconut nilk
ClucoaG aysup 1

B..f liv.r pord.r
ChicLn liver poud.r

Vit.qin air
S|(iEd lunEb.an

@conut craar
Ro.tt.d allE d oungbaan

Glucorc tyrug 2

noart.d uhitc aara-
saada

Stinaad soaat d tranuta
Lco8bic rcid
Bibotl.vin
Vltlrtn A

Folic .ctd

o.1300

o.019?

o.o?50

o.6750

o.oa8t

o.oo28

o.qr56
o.o375

o.0056

o.oa98

o.m25
o.0068

o.o2ro

o.or9t
o.3?50

o.0833

0.0292

0.1250

o.oaao

o.1923

o.o512

:

o.o?@

o.otq)
o.o2m
0.3@o

o.0656

o.02la
o.o?50

0.0225

o.20q)
o:t*

o.o3q)
o.oo?5

o.oo30

0.m10
o.ooooo2

oLr".

0.0?m
0.2000

o.oaaa

o.0156

0.2(m
o.1900

o.o?oo

o.laoo

o.o?oo

o.2000

O.O.lal

o.ol56
o.2(x)o

o.0600

o.o6q)
o.0550

0.2032

o. t61a

o.mooa2

o.oqDot
o.ooool2
o.oooool

o.20q)
o.oaaa

o.ol55

o.0600

o.2500

o.o5q)

0.1998

o.reol
o.@q)39

o.oo@01

o.ooool2

o.mool

Notct lot.l tonrl. s.ight - lg.
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@nrtrrint! Lutricntt Obt.inedIeight, Cost,
llutrient 3 t Bsl ts2lni ti. I neIrx.d aE3 PFIIl PFTI2 PFTI3

Tei ght

Cost (8.ht8,
Energy (g.lories)

Dig.ated protein (g)

Fat (g)

Fibre (9)

cllciurn (rg)
Phosphorous (Dg)

Iron (n|9)

Vitanin A (IU)

vrtanin Bf (09)

vrtanin 82 (Dg)

Ni.ein (n9)

Vitanin 86 (n9)

vitlnin Bf2 t{? )

Vitrmrn C (ilg)

Folic acid (\9)
Pantothenic acid (ng)

Iaoleucine (!€/9
Digested Protein)

L€ucine

Lysi ne

Phenylahnine )
)

Tyroain€ )

CyEtine ,
)

||ethionine )

Threonine

Tryptophane

valine
FClrci

1.OO

1.08

387. OO

5.OO

8.60-15.O.1

l.at8- a.69

156-288

156.OO

2.19
525.OO

o.20

o.20

2.66

o.22

o.39
?. 03

54.69

o.94

32. O0

56.OO

44.OO

a8. oo

28.OO

32.OO

8.OO

{o.oo
o. l3

l.oo
t.08

3a3.00

5.OO

8.60

1.88-i|.69

156-288

156.O0

2.t9
625.OO

o.20

o.20

2.66

o.22

o.39
7.03

54.59

0.94

32.O0

?6-oo

'14.0O

48.00

28.0()

32.00

8.OO

{o.oo
0.13

l.oo
1. 03

350.OO

5. {5
8.60

1.88-,1.69

L59-292

159,OO

2.22
750.OO

o.28

o.2a

3.66

o.25

o. al
1o.55

82. 04

!.18

33.6

58.80

52.80

49.20

29.40

35.20

8.60

a2.oo

o.o?

1.q)
o.59

2r0.oo

2.OO

8.5{
l.?5

2L.49

41.65

o.99

365.O0

0.05

o.17
o.79

o.30

o.00

8.17

l,l. Oo

o.45

39.OO

73.O0

33.00

?E.00

35.OO

33.00

33.OO

a6.00

0.03

1.00

0.57
302.OO

6.0()

15.o4

t.2a
r83.52

201.94

3.94

221.68

o.30

o. l7
2.44

0.4?

o.o0

5.32

12.70

o.98

{4.O0

73. O0

3?.00

8{.O0

36.00

41.00

l6.oo
52.00

0.08

1.OO

o.85

350. O0

tl.l8
21.5t
1.69

207. OO

284. OO

4. 53

?50.oo

o. a9

o.28

4.74

o.52

0. rll

10.55

82.00

1.34

55. O0

94. OO

62.00

t2frrr.oo
41)

13)
,36.OO

23)

4?.00

Itl. (X)

65.OO

o.13

l.@
o.a?

360.O0

ll.6l
22.2d

4.59

205.@
290.OO

{. 53

?50.oo

o.52

o.28

5. O?

o.52

o.41

1o.55

a2.oo

1.38

55.OO

93.OO

62.OO

?r 
I rrz.oo

4r)
13)

) 36.OO
231

46.OO

l'l.OO

65.OO

o.13

r.oo l.oo
0.9? 0.8?

351.OO 3{4.OO

8.4{ 10.{9
2r.86 22.7A

{.31 a.72

186.52 l93.OO

23{.85 270.OO

!.96 a.l7
?55.OO l3s.OO

0.39 0.4'l
0.28 0.14

1.26 4.41

0.t9 0.48

o.74 0.o0

to6.24 6.05

94.28 L5.12

r.33 r.29

5'l.OO

9{.OO

53.O0

54.00

93.O0

5E.00

rrr.oo ?llru.oo

'!3 )

14)
41.00 ) 37.OO

23t

a?.@ a6.oo

l?.oo 15.oo

65.00 65.00

0.r0 0.12

oBsl

BS2 -

DS3 '

PFIII

Pt.lt2

PFI{3

tnitirt fornula of baked aquare typ€ product, thlt i., thc rb.3ic recjlE' b.sa foroul. developed by the addition
of bamna. ftia for!|uh glve no Batisf.ctory r.ault nutritionllly lnd orglnolepticallyt thu3, it rae &opped.

Fornula develognd frdn BSI rith the oi.sion of rlcG, but inste.d. tbe aaldition of rungbern and the incrGase of
te:!re leeda, lnd Fanuts. t'hough nutritive vllrE! of tlre product ea! auch ilpoved, the organolggtic ProFrty
u.s not !t ! desirable level. Also, lt degraded ln . .lprt Friod of the. Thu6, it uas dropped.

ForDula further-developed fro 8S2 rith nutri.nt! tdded. lttough the Foduct frqt this fornula v.s inProved in
nutritional proFrty, lt. renaory quality ra3 airil.r to BS2. Itus, it ra! droPped.

Initisl fornulr of preaeed flour-aixture tyIF product, th.t ia' the rb!3ic reclpe' bgae fortn9la developed by the
use of oungbarn in plrce of glutinou! rice flour. lbougtt tbi. fonula gave th. Product of high level of org.no-
l.gtic qu.lity. thc nutritioml qultity uas not !t ! d3.ir!bl€ high l.vel. tbus, it u!8 dtoPPed-
(Pa.try ryF lnd |{ix tyf)e)

ForDul! develolnd frdt PFUI yith the ule of unakiDncd lsgbean. 'rbough it gave a nutritious and chealEr ProducL,
it ras not lcceptable. Thus, it ual dro;6nd. (itr tyIE)

Foraula develolnd frdt pFt{l uith nutrientr addcd. ttrough .de itProv.Dnt Y!3 necded for ideal 8enaory
quality, the pioduct frol thit foruula had a htgh nutritioml quality .t r d.tirablc level. ttlu6, thia forrula
uas choaGn for fulther atudy. (fix 

"yF)

- Protein cllori.Bnotal csloriss
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,rrrBLE 5.I1: CO|PANIS(II OF sELECTED AfINIBT}TES OF PRODT'CTiS PRO,i SELDCIIED I'P FORI{T'IAE

Producta
Attributea

BS1 Bs2 and Bs3

PFil1 PFU1
(P.Btry ryF) (llix TYPe)

PFII2
(}{ix rype)

PFI{3
(uir TyF)

Organoleltic Attributea
For|n

Colour

Textu!e

Filling-centre
Platry

Pastry layer:
creany brotrr

Filling:
Creany brorrl
scltteted in
grrpliah red

PaEtry layers
Tough not
tender

Filling:
Too cruDchy,
and 4rre
crunchy after
atorage

sseet illell uith
cararl rrooa!

Pastry layer:
bland

Fil ling:
treet
too sligbtly
nutty flavour
Strong banana
tlavour

Far frcrn concept
orgrnoleptica lIy

Fl I I ing-ccotre
t)!stry

Paatry lryer!
golden broul

Filling:
llix of !ed,
green. and
creany brorrt

Paatry layer:
Crrnbly

Fi I I ing:
Gritty anal
crunrbly,
Bean glanules
turn hard rft€r
atora9e

Seeet s!€ll eith Nutty lnd
clrarel ar6a luget trooa

Pastry layer! Just-right
bland, no tseet atrong
b€any flrvour nutty

Filling-centre Fira nix-
Irstry Product

ortside:
golden yellor

Inaide:
tlix of creany
brown and red

Partry lryer: Firn nix-Il8te,
Fitar but Cheurble. .nd
llightly dry juicY

Filling layer: tlithstand to
Crunbly the bite
Hot juicy

Nutty lndl
aueet ardra

JuBt-r1ght
aueet rtrong
nutty

Flrn nix- FirD lix-
product product

Nutty rnd llutty anat

aueet rr(rra as€et aldta

JuBt right Just right
sseet atrong !reet atrong
nutty nutty

Vsry slightly Very Blightly
banana flarorr banana flavour

Creany brosr 'tloat- uix of caeany
and bright obviouelY- brosn rnd
ycllov acatterad seenr green bright yollow
in purplieh red and creany rith Ie88

white and djstinguished
least- purplish red
obviouEly
Seen I

purpli6h red

l,lore cruDly, Crmbly,
not juicy, not juicY,
nore dry.

Ard|a

Ffavour

Filling:
lreet, nutty,
alightly
banana
flavour

l€ae close to
concePt organo-
l€ptically

o.7?8

Very .lightly fl.vour
banana flavour

Strong s€11- tfell-cooked be.n Very .trong Slightly yeIl-
cookeal bean flavour uell-coohed cooked bean
flavour Slightly banana bean fl.avour flavour

Overall

As.

Lla cloac to llost close to lloat far frq$ Cloae to corrcept
conc€pt orgatro- concept organo- co$cept orgatro-
lcptically leptic.Ily leptically

o.776 o.?93 O:861 o.790

'Aw of DSC-banlm uaed - O.182t Au of prelrred nungboan ua.d - 0.933
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In developlng fornulae by LP, there Has no guarantee that the selected

raw naterlals lrould comblne successfully or would nake an acceptable

snack product; thus, durlng LP experlmentatlons, product preparatlon

trlals based on the nbest formulan by LP were conducted and the product

was lnformally organoleptically assessed by one Thai graduate student

at Massey and the author. A formula technlcally unsultable or a

formula not acceptable organoleptlcally were dropped. However, the

result of thls preparatlon experiment would determine the next LP

fornulation. Therefore, Ilnear progrannlng was used in an lnteractlve
way with the preparatlon trlals and the product acceptablJ.ity test.

5.4.8 The Adjustment of the Raw Materlal Input Data for Recipe

Designlng Purposes

Food raw. materials were lnput lnto the data in the raw stater but for
practical purposes, prepared ingredients would be used ln the recipe

for product preparation. Thls needed some calculatlon based on the

results from product preparatlon experlnentatlon. In the later part of
the formulatlon experinentation, for nlxing convenlencer all the lnput

raw materlal data were converted lnto the forn that could be directly
used in mixlng. Calculatlons were done, for exanple the moisture loss

of sesane seeds durlng roastlng was 4 t, thus converted nutrients of
roasted sesame seeds was obtalned by multlplying the nutrlent values of
unroasted sesame seeds by the factor of 100/96. Tab1e 5.12 shows the
rbest formular selected for further developnent. A converted recipe

for nixlng purposes ls also lncluded, whlle remarks are glven on how

the converslon was nade.

5.4.9 Acceptablllty Test of the Selected Fornulated Products

The acceptablllty test of the LP fornulated product was carrled out by

6 graduate Thal students at Massey, three of whon had already

partlclpated ln the bralnstormlng panel. Four of the panellsts were

females, and two were males. A proflle analysls on the ratlo basls

developed at the Food Technology Research Centrer Massey Unlversltyt

New Zealand (FTRC, 1982) was the nethod used. , The'panel procedure' the

proflle analysls, and the results are detalled ln Chapter 6 on nSensory

Analysls Development and Statlsttcsn. In briefr the panel were asked

to asslgn the ldeal and the sample scores on a 10 cm llnes for each
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(see Sectlon 6.3.i.2). The product ratlo proflle

ls shown nunrerlcally ln Table 5.13.

trblo5.l2:Soloctodtorrulro!orturtb.rdevclogrrnt.

sensory attrlbute
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Table 5.132 Product ratlo proflle from the lst acceptabtltty test'

Attrlbutes Product Ratlo Proflle
ffi

Odour:
Sweet arona
ilutty aroma

Texture:
Soft - Hard
CiumblY - Coheslve
Grltty
Dry -- JutcY

Flavour:
tfuttv flavour
Sesame flavour
fiildn iieet - SharP sweet
Frult flavour
l,lungbean flavour

AcceptabllltY score:

Colourr:

Slzerr:

0.9
1.0

0.2
0.4

0.7
o.2
0.4
0.3

0.4
0.4
0.1
1.5
0.7

0.1

1.1
0.6
1.4
1.1

1.0
0.9
0.9
1.0
1.3

o.7

Creamy brown scattered ln
dark brown accePted.

Iiu'!fi [iig: !5.;-3,"Tn13[1'
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It was found that the product was too crtrmbly (ratlo nean 0.6) and

grltty (ratio nean 1.4); and that the product was just acceptable for
this panel (ratlo mean 0.7). Ttre ANOV analysls on selected attrlbutes
of ldeal and sanple scores proved that only the product crr'mbllness of
the two were signlflcantly different (F-ratlo calculated = 12.51i F.01

(1, 10) = 10.04). T?re correlatlon sbudy on the attributes (see Chapter

6 Table 6.lc) suggested that fruit flavour correlated with crtmbllness

both of wtrlch had a trend of dependency on product acceptability.

Slnce fruit flavour lras supposed to be a characterlstic of this product

and since fruit flavour statlstically correlated adversely wlth

crumbllness whlch had a trend to lower the acceptability of the product

(see Chapter 6), an increase of fruit (flavour) seemed to be one of the

justiflable ways to decrease crumbliness and increase acceptability.

I'lrerefore, it was considered that the LP developed formula should be

adjusted so that the produc! crumbliness mlght be decreased (or

cohesiveness increased) and the fruit ingredient might be lncreased.

5.4.1Q Flnal Adjusturent of LP Developed Formula and Deternlnatlon

of Food Additlve Leve1s

5.4.10.'l Introduction. Cohesiveness of the product ltas to be

lncreased. T?ris urlght be done bY -
3 Increasing existing lngredients that were high ln cohesiveness

cooked banana andproperties i.e. glucose syruP, dee-als6 the syrup used for-banana.P!'eP?rF
oroperties i.e. glucose syrupr deep-syrup cooKeq oanana arrq
iiiS-tne syrup-useii for banaira lieparation; and at bhe same
time aecreisihg lngredienbs with high crurirbliness property i.e.
sesame seeds aild PeEnut grlts.

: Addinq an acent that has a good coheslve-blnding property 9.9.
Gum adacia -(Gum arabic)' Locust bean gum' Carrageenanr Carboxy
Methyl Cellulose (CMC), oi a nlxture of these agenbs.

5.4.10.2 Selectlon of Adiustment Heans. Conmerclal frult & nut

snacks lrere surveyed and an observation was nade on the relatlon of the

thlckenlng/blnding lngredlents to the texture properbles of the

products (Appendix 5.411). In brlef, pllable and/or chewable

characteristics of the producb seened to be obtalned by the use of
glucose and/or sugar and/or honey or frults, especially those hlgh ln
pectin. Flour seened to be added for lts blndlng property in one

product.

Tests were then conducted on selected thlckenlng./binding

ingredients from the survey and on other selected bindlng agents from a

llterabure search. Firstly they Lrere tested for their thickenlng

property, and then they were tested for thelr abtlity to bind the

materlals ln the product. These lngredlents lncluded gum arabict

carageenan, cassava flour, and glucose syrup ln dlfferent amounts. The
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results of thls test can be found ln Appendlx 5'5M' Grucose and

cassava produced the nost suitable thickness. Howeverr when cassava

flour was added into the reclpe at the rate of 2ir problems were found

as follows -
: Additlonal water needed for gelatinizatlo4 prgcess.. Il{tls. .m18}.lt

result ln the lncrease of waLer actlvity in the product l{hlch ls
difftcult to control.

: Once lt relted. it was hard to mix with obher liquid added- ii[if .. :_-[iiirig- b-fore the gelatinlzation procesS was not
iuiEiiiaure oecause susai Fetards gelatlirization' .lhip
fetiFaaEion fs--dne b thE facb that susaF takes the water which
ls needed for the gelatinlzation process.

: fts stickiness was of a moist type. Tttis resultedr during
nixing and pressing, ln problems of pan and mould stlcking. Atl{
noreover, it did -not iltay firm fuhen pressed, but ra€her it
spread out to some extent after unmoulding.

: After beins left in a plasblc bag for a few days ' thq sample
containlng cassava flbur turneil out to be firn not sticky and
easily cut.

llre product from the formula using glucose syrup only was not sticky
after noulding; but rather lt formed a firm product ln whlch the

lngredlents were coheslve but not sticky when held in the fingers.
firerefore, glucose or other sugar syrups lrere considered the nost

suitable binding agents.

Ttre declslon based on these flndings ltas that the amount of

glucose syrup ln the product recipe was to be lncreased. It was

decided that a combined neans should be used so that a change ln

quality coutd be shared by bhe existing atbributes and thus the change

in each attrlbute'would not be obvlous.

5.4.10.3 neformulation of Nutrltl ln

reformulabion of the nutritionally-balanced snack productr lt was

declded that -
: Glucose syrup be lncreased by not nore than 100t of the

origlnal.
: Syrup from deep-syrup-cogking process be added in the raqgg 

-91
rit"t;58 Flsfi 5'Eifl'3i o3!i:;ffip:!3"ntt"t5*3fi!1ifi 

iE[3 
3g"iilEy:

Ttra-[sa-oi- lhfs-ivFup had loui ailvantages: avoldance gf process
iliitaue oroblem: 'a ttecrease.ln the lfi of - thg product; aq
lnciease-ln frutt flavour (wttich ls the naln character bype of
[iie oioauct.and also the weak polnt of the product !n the p?ngl
tes!); and-an inprovement ln the colour lntenslty (as wanted by
the panel).

Bounds for the reformulatlon of the snack product was slmllar to whaf

had been done ln the forner experlment except for those lngredients

concerned wlth the bindlng property of the product. Formulae chosen

for the preparation experlmentation, whlch were to be selected later
for the taste panel retest, are shown ln Table 5.14.
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Table 5.14: Fornulae chosen for preparatlon experlnentatlon.

1r 6rr

Preoared
Prebared
Prebared
Pre[lared
Coconut
Glucose syrup
Banana SyruP

E5"r rBahrs)
Bi;:9t"5'Fl3ilif;) r,r

mungbean
Danana
sesame seeds
peanuts

mltt<

'rZ 3Z 7Z 3Z20 20 13.3 2018 t l.r ,'l*., ,l:t
5 8 10 10

3.745
8:8fu 8:883 8:86' 8:[t'
3f?.0 3u8., 3f8.s tul.,

25
26
20
14

r6
5

8:W'
3T8. 

u

25
26
20
14

rd
5

9olt?
3T8. 

u

r Former formula from former panel test experimentation.rrSimllar to formula 5, but 0.04 cc of coconut essence were added.

5.4.10.4 Selectlon of Formula for the Taste Panel Retest. Formula

1, 2, 5, and 6 (from Table 5.14) were chosen for the taste panel

retesb. Fornula 1 which was the original formula from the flrst panel

test was lncluded to check the perfonnance and/or consistency of the

panellsts and also for use as the measurement of the characteristic
change (better or worse) of the product. Formula 5 was chosen since lt
gave the highest calorle value (370 catorles), lowest water activity
value (0.748), and was also easier to prepare (Iess pan and nould

stlckiness). Formula 6, which was slmllar to Formula 5 except that it
contained innitatlon coconut essence, was ineluded to see whether the

coconut flavour was needed ln thts product. One of the formulae having

coconut milk *""' stltl retalned for the experinent. In thls case,

Formula 2 was chosen, because lts water activity was near the

constralnt (0.803; constraint S 0.80) and also lt had the lowest cost

(0.85 Bahts).
Formula 3 was rejected because lts Aw was too high (0.821).

Formula 4 was also reJected, even though lts Aw was acceptable (0.792),

because lts fornula was very simllar to Formulae 5 and 6r while lts
nutrltlve values were qulte dlfferent (Calorles 360' Protein 9.8;
compared to Calorles 370, Proteln 10.4). 2.6 g of coconut utllk could

be prepared by addlng 1.3 g water to 1.3 I of coconut cream. Huch

effort was needed for the preparatlon of bhls small amount of coconut

cream, while the cost for this formula was hlgher than formula 1 (.86

Bahts vs .85 Bahts).

5.4.10.5 Preparation of Samples for the Panel Retest. Samples of
Fornula 1 product from the former panel test were used as Formula 1

(Fl) for thls experlnent. Ttris had been stored for two weeks at room
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tenperature and one week ln a refrlgerator. T?te sample was reformed

lnto the same nould-shape as the other newly-prepared sanples (round

shape of about 6 cm dlaneter, 2 - 2.5 cm thlck; approxlnately 90 g).

Olher samples were freshly prepared the day before the paneL test using

the prevlous formuLa 2, 5 and 6 and were regarded as formula 2 (F2) 
'

fornula 3 (F3) and fornula 4 (F4) respectively ln this panel retest

experlnent. Only half of the round plece sample (approximately 45 g)

lras served for evaluation. At thls stage of sampl.e preparatlon' the Aw

values of lngredients and of the product samples Ltere reexanined. Ttle

result is sho$tn below.

Ingred lents/Samples Water Activity Value

Preoared mungbean 0.933
Prebared banEna 9.71-
Prebared sesame seeds <0.40r (-0.35)
Prebared peanuts 0.453
Coconut milkglxisi'"$iru' 8:[6t
Initatioir cbconut essence

Sample: Formula 1 (F1) 0.972**
Samble: Formula 2 |F2) 0.831
Sambte: Formula 3 (F3) 0.769
Samlle: Fornula 4 (F4) 0.749
r Aw lower than 0.4 which is the lowest scale for the Aw-value

analyser used.*r Formlrla 1: Aw value of the prevlous freshly prepared sample
= 0.865

5.4.10.6 Method and Procedure for fhe Taste Panel Rebest.

baste panel forn from the first panel test was adapted by including

mean ideal scores from the former test on each attrlbube llne (see

Chapter 6). Ttre panel were asked to evaluate for all attrlbutes of the

4 samples agalnst the ideal scores. Three dlglt numbers were used for
coding the sanples. The panel procedure was simllar to the former

panel test except that 4 samples, of 45 g eachr were evaluated against

the flxed ldeal scores and the questlons on colour and slze were

excluded. The nethod of profile analysls used in the former panel test
was also applled to this test experlment.

5.4.10.7 Results of the Flnal Adiustment of the LP Developed

Formula. Detalled resulbs of the flnal adJusbment of the LP developed

formulae are shown ln Chapter 6. In brlef' the four samples etere

slurllar ln most sensory attrlbutes. The exceptlon was for the tcrunbly

- cohesiver, rmungbean flavourt, tsoft hardr, and tsweet aromar

characterlstlcs, ln wtrich only Formula 1 (F1 ) was slgnlflcantly
dlfferent from the others; whlle Fornulae 2, 3, 4 (F2' F3' F4) were

nob signlficantly dlfferent from each other (Table 5.15). In general'

fire

bhe
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Fornula 1 (F1 ) was lnferlor ln the four sensory characterlstics

nentloned to the other three formulae, whlch were slnllar ln sensory

quallty; thus, lt ltas dropped. Slnce Fornula 2 GZ) had a slnilar
Inungbean flavourt, rsoft - hardt, and rsweet aronat characterlstlcs to

Formula 1 (Fl)r lt was algo dropped. Formula 4 (F4) was later dropped

because lt gave a sltghtly over strong nutty aroma and flavour (Ratlo

t1€?D = 1.2 and 1.1, whlle ratlo mean of Formula 3 (F3)r wlth no coconut

essence addedr = 1.0 for both aroma and flavour). Thereforer Formula 3

(F3) was selected for process developnenb. The ratio proflle of the

product fron Formula 3 (F3) ls shown ln Table 5.16.

TABLE 5.15: MEANS AND LEI,|ELS OP SIGNIFICANCE FOR SENSORY ATTRIBUTES

oF PRoDUetS FRou FoRI.{ULAE 1,2,3 AND 4

Attributes Fl l,lean F2 ltean F3 l,lean F4 ltean Level of
Significance

Sweet arqna
Nutty aroNnat

soft-ilard
Crllrlbly-Cohes ive
Gritty
Dry-Juicy

Nutty ardna
Sesame flavour
uellow-Sharp sweet
Fruit flavour
l,lungbean flavour

Acceptability acores

o.52"
1. 02

o.uof
o.34o
1. 38
o.69

o.88
o.62
o.?fl
1.02
r.2oo

o.35"

o. z8"b
o.89

o.ar3b
o. z3o
1. 13
0.94

0.93
0. ?9
0.99
0. ?1
1.oo"o

o. ztb

o.88"b
0.99

r.rr3b
o.9?o
1. 19
o.91

1.04
1. O?

o.99
o.82.
0.66o

o. zeb

t.tlb
1. 19

r. rzP
l.o5o
I .61
o.88

1.06
o.20
1. 02
o.88.
o.56o

o. zgb

95r
D. S.

95r
99s
n. s.
n. s.

n. s.
n.s.
n.s.
n. s.
99r

991

Fl, F2, F3, F4 - Pornula 1, For!|ula 2, Fomula 3, Fornula 'l
ileans having different superscript are significantly different according

to Duncanrs nultiple range test, that i5 'ar is not slgnj'ficantly
different fron rabr but is significantly different from rb'.

n.6. - not significantly different-.

Table 5.16 : Ratlo profile of product selected for process development.

Attrlbutes Ratlo l{ean s. D.

Odour:
Sweet aroma
Nutty arona

Texture:
Soft - Hard
Crumbly - Coheslve
Gritty
Dry - Julcy

Flavour:
Nutty flavour
Sesane flavour
Mellow sweet - Sharp sweeb
Fruit flavour
Hungbean flavour

Acceptablllty score

0.9
1.0

0.4
o.2

1.1
1.0
1.2
0.9

1.0
1.1
1.0
0.8
0.7

0.8

0.2
0.1
0.1
0.1

o.2
0.?
o.2
0.5
0.3

0.1
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5.4.10.8 LP Developed Fornula 'Selected for Process Developnent.

The adJusted fornula selected for process developnent ls shom belor;
and a conparlson between the propertles of thls fornula and the

constralnts ls shown ln Table 5.17.

LP FORMULA

BEAN, bolled &
roasted

SYRUP, gJ.ucose

SIRUP, banana

BANANA
SUGAR, brown
}TATER

SESAME, roasted

PEANUT, roasted &
skinned

ASCORBIC ACID
RIBOFLAVIN
VITAMIN A
FOLIC ACID

RECIPE FOR MIXING PURPOSE

I
PREPARED MUNGBEAN 25.00
(soaked, bolled and roasted)

GLUCOSE SYRUP IO.OO

BANANA STRUP 5.OO

I
25.0000

1 0.0000

5.0000

20.0000
4.4400
1 .5600

20.0000

13.994't

0.0045
0.0001
0.001 2
0.0001

)
) DEEP-SYRUP COOKED BANANA
)

ROASTED }'HITE SESAME SEEDS

SKINNED ROASTED PEANUTS

ASCORBIC ACID
RIBOFLAVIN
VITAMIN A
FOLIC ACID

26. 00

20. 00

14. 00

0.0045
0.0001
0.001 2
0.0001

Table 5.172 A comparison between properties of selected formula
and cbnstraints.

Cost/Nutrlents Constralnts

Cost (Bahts)
Enersy (Calories)
Protein, digested (g)

Fi8"5'l.r
Calclum- (ng)
Phosplorgs (ng)
Iron (n8,
Vltamin-A (ru)
Vltaurln 81 (me)
Vltanln 82 (mi)
Nlacln (ms)
Vltaurin 86 (ng)
Vltanln gt2 (us)
Vitamin C (me')
Follc Actds (ue)
Pantothentc AcIds (mg)
Isoleuclne (ng/ g dlgested
Leuclne
Lyslne

Phenylalanlne )Tyro3lne )

Cystlne )H6thlonlne )

Threonlne
Tryptophanevarl.ne
PC/TC

1 .03
369

6.45
8.60
1.gg -

158 - 292
158.59

2.22
750

0.28
0.29
3.66
0.26
0.41

10.55
82.00

1.19
34
59
53

49

0. g7
370

1 0.40
19.53
4.59

209.22
268. 80

4. 61
750

0.46
0.29
4.30
0.50
0.41

10.55
82.00

1.26
56
94
63

112

4.69

proteln)

37

47
14
66
0.10

29

35
9

42
0.08
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5.4.11 Dlscusslon and Concluslon

Llnear progrannlng was found useful for the formulatlon of a hlgh

calorle-low cost snack product wlth the necessary nutrlent
requlrements, cost llnltatlon, and of an adequate amount. It was found

from thls study that although the formulatlon and process developnent

dld overlapr a systematlc and planned experimental deslgn technique for
process developnent ltas started only after the fornulatlon was

considered acceptable.

In this study, a proflle test on the ratio basls ltas found to be

effectlve for testlng the productrs acceptablllty because it could

identify the weak polnts of the product from the ideal. The ANOV and

Correlation analyses brere found necessary for selecting the weak polnt

which needed remedylng. In this case, the selected product needed an

adjustment in order to get rid of the crumbllness of the product. fn
making the adjustment, a combined change of ingredients was used in
order that there would only be a small change of quality ln the

existlng product attrlbutes and any change would not be obvious.

In concLusion, a formulatlon systen for nutrltlonal product development

was set, and was applied in the deveJ.opnent of a nutrltlonally-balanced
snack product for urban school-age Thals. The effective and rellable
method developed in thls study lras as follows. Flrstly' start with the
rbest-estinatet experimentatlon to define the detalled product concept.

Secondly, conduct experlnental trlals to find the approprlate methods

of lngredient preparatlon, and to flnd thelr appropriate comblnation.

Thlrdly, formulate the products by LP technlques to get the optlurlzed
products. Select suitable fornulae/fornuLa and prepare the product(s).
Conduct acceptablltty test wlth laboratory trained panel by using
proflle test technlque. Fourthly, make adjusturent(s) r where necessaryt

and use LP technlque to refornulate, untll an acceptable formula ls
obtained.

Thls was considered an effectlve formulation system because: it could

give the optinum feaslble formula ln a short tlme; lt gave a

satlsfactory result, or ln other words, lt gave an acceptable formula

oganoleptically and lb gave reliable results. However, this
effectlveness could be reached only lf lt was used lnteracttvely wlth

careful experlmental trlals and wlth the proflle test technique for
acceptablllty testlng,
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5.5 AN APPNOACH TO PROCESS DEVELOPMENT

5.5.1 Introductlon

Food process devel.opnent can be deflned as an actlvlty whlch results ln
the obtalnlng of the data and experlence necessary to deslgn' buildt
and operate plants for productlon of foods for sale at a proflt.
Although the overall actlvlty nay lnclude a wlde range of dlfferent
actlvltles, from kitchen-scale food preparatlon to the productlon of
food for market evaluatlon, thls part of the study was llnited to the

pilot-plant development,

In general, the atm of the process development ls to deslgn an optimal

system comprised of lndlvidual processlng steps arranged ln an ordered

sequence to convert glven raw materials lnto a specified product.

Process development can be classlfled under 2 categories:. the

developnent of a new process for an old product, and the development of
a nelr process for a new product. fn thls project, the objective of the

process developnent was to flnd the condltlons under whlch a cheap and

nutrltlous snack formulatlon could be produced as an acceptable and

profltable product. This could be regarded as the developnent of a new

process for a new product. However, lt was the purpose of thls project

that adaptatlon frour an existing process and adjustment fron the

traditlonal product would be nade where posslble.

In thls part of the study, a systematlc quantltaflve process model was

deslgned for the nutritlonal snack product formulated ln 5.4. The

followlng dlscusslon ls to lllustrate how an approach was nader step by

step, on the applicatlon of the deslgned model to process the selected

formulated product as an acceptable product by the shortest route. The

naln systenatlc steps used had slmllar prlnclples to what ltas applled

for fornulatlon development (Figure 5.1). These lncluded - obJectlve

setting, plannlng and data preparatlon, testlng and valldatlon' and

marketing research.

The process for the nutrltlonally-balanced snack was deslgned uslngt

firstly, experlnental trlals on the processes fron a llterature search

and past experlence, and flnallyr uslng a planned stepwise

experlnentatlon ln whtch crltlcal evaluatlon was made baslcally on the

4 naln lnteractlng factors econonlcs, consuner acceptabllltyt
formulatlon, and process. Screenlng for lmportant process varlables
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was carrled out, rhere posslble, and then the process was optlnlzed.

Durlng the step of optlmlzlng the process, experlnental preparatlons of
the product from the flnal llnear programrlng formula using the

optlnlzed process rere done and the result obtalned was used for a

process sultabtllty judgenent.

In developing the process, constralnts were set that: the proceas

should use equlpment exlsting |n biscult or snack factorles ln
Thailand; the process should produce nlnlmal wastage; and the process

should be capable of produclng a product to the requlred standard and

of conslstent quallty. The aims of the process developnent were -

: To design the progess for a nutritlonally-baLanced snack for
urban school-age Thals.

To study factors lnfluenclng DSC-banana (deep-syrup cooked
banana).- BSE-mungbean ( rbolleil hot sblrred evaporated t

mungbein), and HF-snack (tmixed-pressedr snack).

To test the process in a Thal snack factory.
To select nethods and techniques of experimental design'
statistlcal analysis, and sensory te_sting suitable for
nutritionally-balanced snack process development.

5.5.2 Llterature Revlew on Raw Materials and Processes

5.5.2.1 Raw Materlals. Artlcles on banana (NAMlfA variety) r

nungbean, peanuts, and white sesame seeds, grown in the Thallandr cirl

be found ln Thal llterature, but nostly fron the agriculture point of
view. For banana, Chomchalao et aI.(1967) found that both the

percentage of soluble solids and sweetness of bananas lncreased wlth

tlme after harvestlng. However, the percentage of soluble sollds ltas

constant at 26/ after 16 days of storage. Bananas were also found to
have a dlfferent rate of respiratlon, the average of whlch was 1.64

g/day. Although the denstty of bananas vras found to decrease

gradually, the decrease was extrene after 12 days of storage.

Chaltragoolsap (1982), ln her study on chllllng danage ln bananas

(lncludlng NAHWA), found that bananas stored at low tenperatures were

flrner than those rlpened wlthout being subJected to low temperature

storage. There was much varlatlon of flrmness among the dlfferent
temperatures. Total solubLe solids of rlpened NAMIIA bananas lrere

substantially hlgher than those of nature green bananas of the same

varlety for every storage temperature.

Personal communicabton wlth banana groners sdggested that NAMIIA

bananas, harvested at the fully nature stager ?F€ sweeter than those

harvested too green. Also, NAMI{A from dlfferent geographical sources

are dlfferent ln colour, sweetnessr and flrmness.
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The varletles and avallablllty of nungbean ltere lnvestlgated by

the Deparment of Agrlcultural Extenslon (1983) and Srlnlves (1984).

Anong all the Thal artlcles avallable, the study of llarkrugsa (1983)

seemed to be nost dlrectly appllcable to the selectlon of nungbean for
product development work. The chenical and physlcal propertles of 20

varietles of mungbean grolrn ln Thalland were studled for thelr most

suitable uses. Although OOTONG 1, whlch ls a varlety belng pronoted by

the Hlnistry of Agriculture, had a higher proteln content than mungbean

avallab1e ln the narket (21.68/ for OOTONG 1 conpared to 18.231 for
mungbean ln the market), lts availability in the market was low. Thls

might be a weak polnt of the narketlng systen ln Thalland in that the

food commodities are not labe1led and varletles are not specifled.
Varleties of peanuts grown ln Thalland can be found ln Varanyoowat

(1982). Of alt the varieties available, Valencla and Spanlsh Varleties

are popular for roasting. Examples of these are TAINAN 9 and LAMPANG.

The recomnended storage condltion for peanuts ls at temperatures below

5 C and 701 relative hunldlty.
Two types of sesame seeds - whlte and black, have been grown ln

Thailand for a long tlme (Gaweeta, 1984). rlocal racef varlety ls the

most popular for growlng. Lighter-coloured sesame seeds were found to
have a hlgher fat content than the black oneso

5.5.2.2 Process. A deep-syrup cooklng process has been used ln the

preparatlon of frults (peel or pulp), roots, and egg-yolk for a long

tlme for Thal snacks for the purpose of varying the product flavour and

preserving the product (Slnthavalal' 1979r. Brlefly' for frults' they

are cooked ln syrup, the lnltial concentratlon of whlch depends malnly

on the naturlty and texture of the raw materlals. Durlng cooking,

whlle the concentratlon of the syrup ls lncreaslng' the watei' ln the

frults decreases due to lts replacement by syrup ln an osnosls process.

The flnal concentration of syrup used deslgnates the storage llfe and

sensory characterlstics of the product. However, the process ls
llmlted ln lts apptlcatlon for the snack productlon at the vendorlng

level.
For the preparatlon of an lntermedlate-product (whlch ls

tDSC-banana-ltket) of a new banana product, Palmer (1979) proposed the

use of tOsmo-Vac Processr. In this process, the pulp of fully-rlpe
banana was cut lnto 6 nrn thlck sllces. The sllceli were submerged 1n a

67-70 Brlx sugar syrup for 8 to 10 hours to renove about 5Ol of the

water by osmosls. The osmo-drled sllces were subjected to further
steps - renoving fron syrup, dralnlng excess syrupr vacuum drylngt
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pufflng, coollng - and a puffed, pbrous product was obtalned.

A hot-stlrrlng process has also been used for a long ttne ln the

preparatlon of frults, roots, and cereals/flours for Thal snacks.

Brlefly, for the hot-stlrrlng of nungbean, the mungbean ls cookedr at a

nedlun heat, ln pl.enty of llquld (nornally, a syrup and coconut nllk
mlxture) untll the starch granules firstly gelatlnlze and later burst.

Then the excess water ls further evaporated by low heat hot-stlrrrlng
(Slnthavalal, 1979). However, the hot-stlrred mungbean obtalned has a

Ilnited shelf-llfe perlod; and also, thls process ls llmlted ln lts
appllcatlon to vendorlng and home-factory levels.

5.5.3 Outllnlng of Process and Raw Materials for the Developnental

Experimentation

Unit processes of the nutritionally-balanced snack process were firstly
ldentlfied and the processes nere described (Appendix 5.2a) for the

deep-syrup cooklng of bananasr boiling and roastlng of nungbeans'

roastlng of peanuts and sesame seeds, and preparatlon of coconut mllk.
Four process trials lrere experlnentally carried out ln order to find
suitable methods for development, uslng the descrlbed processes as a

guide, as follows:

A trial on the DSC-banana process uslng a
A trial on the nut-roastlng process uslng
A trtal on the mix-mould operatlon uslng
A trlal on the nix-nould operabion uslng
roller, and TASTI moulder.

stean Jacketed pan.
an oven.

an electrlc nlncer.
a KENWOOD, bakery

The summary result of the above trials ts shown ln Table 5.18 and the

detalled result ln Appendlx 5.6M.

5.5.4 Screenlng of Process alternatlves

Slnce the lndivldual processlng steps, lncludlng the steps of nlxlng
and mouldlng operatlons ln thls project, would affect the optlmal

system deslgned for the product, lt ltas dectded that process

alternatlves should be studled at thts stage. The method of the
rConblnatlon Approachn suggested by Earle U971) was used ln generating

process alternatlves systematlcally. Alternative methods for achleving

the key operatlona nere listed, and then compared on the basls of thelr
potentlal for lnprovtng the process.
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After the obvlously tllogical alternatlves had been ellnlnated, the

remalnlng optlons were evaluated uslng a sequentlal screenlng

technlque. The screenlng crlterla lncluded: technlcal feaslbll.lty,
econonlc feaslbltlty, and avallablllty of necessary equlpnent. For

Judgment convenlence, the sltuatlon of snack food factorles ln Thalland

was used as the basls of the crlterla.

Assumptlons lrere nade that the foltowlng facllltles would be avallable

ln snack food factorles (or baking factories) ln Bangkok: Platform

wetghlng nachlnes, bollers, stean Jacketed pansr contlnuous tunnel

ovens, coollng system connected to the contlnuous ovenr and

forur-flll-seal packaging machlnes. The avallabillty
drylng pan or movable agitator and gyratory slfters were

of
in

an agitated
doubb.

The process alternatlves for the lndlvldual processes

nutritlonally-balanced snack bars ls shown ln Appendlx 5.7M. As

exanpJ.er'bhe process alternatlves for hot-stirred nungbean ls shown

Flgure 5.2.

of
an

in

Processlng
Task

Sortlnq:-Manual
l,lechanical: Vibratory screens
Hechanlcal: Gyratory slfters
Hechanical: Alr seParator

tfashlns:-l,lanual: ln bucket

Method

ul(3)
(4)

Cookinn:-Bolllng ln stean jacketed PanBolllng ln pan over flre
Steamlnc
Cooklng-under pressure

Evaporatlng:- Jacketed evaooratlng Dan
Jacketed evaboratinE ban wlth agitator
Oven: batch tYPe
Oven: contlnuous type
Cooklng pan wlth agltator aPPlled

Storlnc:-Roon tenoerature
Chiller '
l{lthout storlng

In iacketed pan to be cooked ln
Conf,lnuous llne after sorting llne

(1)
Q)
(3)

(1)
(2)

ta]

Flnish

Flgure 5.2: Process Alternatlves for Hot-Stlrqed Mungbean.

5.5.5 Selected Key Operatlons

ul
tll
(1)
(2)
(3)

Of the flve processes, three were chosen for further study whlle the
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other two, for whlch the prepared lngredlents were readlly avallabli,
were dropped. The key operatlons of each process chosen for detalled

study were as follows -
Deeo-svrup cooklng of bananas

:'Thb s'electlon-of bananas at the rlght naturlty or rlpeness slage
: The correct lnltlat temperature of the syrup for banana cooklng.
: The use of the rlght tybe of gug,ar for syrup naklng.

Bolllne and roasttng of mungbeans
: The bolIlng of the nungbeans.
: The evaporatlng of the-cooked mungbeans.

The nlx-mould-cut operatlon of the product
: The nlxlng of the lngredients. -

: The nouldlng of the mlxed lngredients.
: The cuttlng of the moulded product.

5.5.6 Actual Unlt Operatlons Used in Pilot Plant Experiments

Although the processes and the operatlons camled out ln phase 1 and

phase 2, durlng the process development stager were theoretically
sturllar, some differences were unavoldable because of the dlfferent raw

naterlalg and equipment used. Therefore, where a difference was found'

processes and operations ln phase 1 and phase 2 are discussed in
lsolation.

5.5.6.1 DSC-Banana Process. In phase 1r the stean jacketed pan

used for the DSC-banana process experlment was a pllot plant model wlth

a one-tnch steam valve to control the steam pressure (2.11 x 10'Kg/n\.
The sugar and water was bolled untll the desired tenperature vas

reached after whlch the peeled whole banana was added. It should be

noted that the bolllng pattern (or the rate of temperature lncrease)

could not be strlctLy controlled. However, thls was roughly controlled

by using the steam valve to naintain the boillng pattern at a rolling
boll. The undesirable foam was spooned out. At bhe later part of the

cooklng, a perforated round plate ltas applled to keep the banana

subnerged ln the boillng syrup.

In phase 2, the round botton stalnless steel pan used for the

deep-syrup cooklng process was a pllot plant model for Thal snack

cooklng, and was 53.8 cm dlameter at the top and 17.0 cm deep. The pan

was heated dlrectly by a gas stove. The gas stove used had 2 round

burner hoLe sets wlth dlaneters of 8.5 cn and 17.5 cm. The burners

were controlled by a knob attached to a gas cyllnder. Half of the

water requlred ln the reclpe was bolled and the peeled bananas were

added. After half an hour of bolllng, the other half of the water nas

added, and after the nlxture returned to the boll, the sugar was added.

Bolling was contlnued for another perlod of tlme dependlng on the

experlnent deslgned. The bananas were kept under the bolllng syrup
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nhUe cooklng by a technlque of controlllng the bubbllng of the cookdd

syrup. The DSC-banana process ls shom ln Appendlx 5.2b.

5.5.6.2 BSE-Mungbean Process. Prlor to phase 1r a steam Jacketed
pan was used for the bolllng and evaporatlon of the nungbean. The

soaked nungbean was bolled until the seeds burst and most of the water

had evaporated. The steam preesure was lowered from tlne to tlne to
avoid loss through over-foamlng. The bolled mungbean ltas then spread

on to a baklng pan and was roasted ln an air oven. Half way through

the roastlng tlne, the mungbean was turned over to achieve an even

dryness. Unfortunately, thls lras consldered an unsultable method

because of the large loss through stlcklng-to-pan and because hard

lumps whlch occurred durlng the roastlng stage would be of a great

disadvantage to the mlxing of the flnal product. Lower temperatures

could be used for roastlng but the much longer tine required made this
unsultable.

In phase 1, a hot-stirring process for mungbean was experimentally
tried ln'a siean-heated stlrring pan (C & H Varlable Drlve, Australlan
No D2Y/1123, HP 1/4, Fast 405, Slow 67) whlch lras normally used for
Ilqutd products. This pan was chosen for use because no transfer of
cooklng contalner was needed in splte of the 3-stage nature of the

hot-stirring process, nanely, bolllng, hot-stlrrlng, and evaporattng.
Measured mungbean and water were flrstly bolled (Steam control - 1 KPa

x 100; Variable drlve No 0; Tlme: depending on the experiment

deslgned), then hot-stirred and evaporated (Stean control - 1 KPa x

100; Varlable drlve No 1; Tlme: depending on the experlment

designed).

In phase 2, a nechanlcal hot-stirring machlne (Flgure 5.3), whlch

was developed at the Department of Product Developnent, Kasetsart
Unlversity, Bangkok, was used. The stlrrer was rotated by a notor.
The 3 speeds 1 (slow) r 2 (fast) r and 4 (back turn) -- lrere

controlled by a gear and these could be turned on or off by a swltch.
Gas was used to heat the nungbean. A gas stove had 4 rounds of flane
hole sets, 2 of whlch could be controlLed by the sane valver and

another 2 by another valve. There lras an accelerator for gas flow at
the head of the gas cyllnder.

A stalnless steel round bottomed pan Dras 53.8 cn diameter at the

top and 17.0 cm deep. A brass round bottomed pan of the sane stze was

also avallable. The stalnless steel stlrrer was 'ln a double-paddle

form so that lt could stlr and slreep the mungbean frorn the botton and

the slde of the pan. The stirrer was attached to a floatlng axle so

that lt could be llfted up or lowered down as destred by a controlled
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!'igure 5.3: tulechani cal Hot-

Qf i rr i nr: F'.nrr i nmopl

Figure 5.4: I.lechanical Pressing

and CuLting EquipmenL



wheel. The stlrrer ras held loosely so that when one

double paddle touched the bottom of the pan' the other

paddle would be ralsed upr and vtce versa.

Slnce thls nechantcal hot-stlrrlng equlpnent ltas prevlously

developed for a fluld (thlck or thln) product whlle the final
hot-stirred nungbean deslred was a semi-drled product, an adaptatlon of
equipnen! and/or processlng steps was found to be necessary. In this
case, nanual evaporatlon ltas applied ln the final stage.

For all process experinents on mungbean, the BSE-nungbean process

used comprlsed of 3 stades -- boillng' hot-stlrring, and evaporating.

Although the nechanical hot-stirrlng machine could be used for all 3

sbages of the process, the evaporablng stage was done on another gas

stove. This was to save tlme for the experlnentr that lsr whlle

evaporating, another batch could be started on the bolltng and

hot-stirring stages.

5.5.6.3 MP-Snack Operatlon. In phase 1 of the experimental trial
on the 'MP-snack operatlon, dlfferent nlxlng and presslng and/or

noulding machlnes were used. These lncluded: a KENWOOD mixer (Kenwood

Manufacturing Conpany Ltd., England), two rlbbon horizonbal mixer

(developed by the Food Technology Department, Massey Universlty, N.Z.)1

a Bakery roller, a TASTI mould (Tastl Snack Food Factory' Auckland'

N.Z. ), a heavy duty vertlcaL K type nixer (spibttng-shield adapted by

the Sanltarlum Health Food Factory, Palmerston North' N.Z.)r a Z-arm

mixer (spitting-shield adapted by the Sanitarlum Health Food Factory'

Palmerston llorth, N.Z.), a nanual noulder (ordinary cookle moulder), a

nanual presser and cutter (adapted fron a baklng pan wlth a rectangular

segmented cutter provided), an extruder (adapted from Hincer Bauknecht

type AL 2-1 by Food Technology Department, llassey Unlverslty, N.Z.)1

and a tlID bar-formlng nachine (Australla). Anong these, th" Z-arm

mlxer and the NID bar-fornlng nachlne were used for the crltical
experlmental trlal ln phase 1. Detalled descrlptlons of two of these

nachlnes are shown ln Appendlx 5.3.
In phase 2 of the experlnent on the HP-snack operatlonr because of

the delay ln the developed press-cut equlpment' nixlng and presslng

experiments to optlurlse the operatlon condltions were conducted uslng

KENI{OOD (UAJOR MODELS; Kenwood Hanufacturlng Conpany Ltd.' England)

for nlxlng, and uslng CARVER Hydraullc Equlpnent (FRED S. CARVER, l{is.
53051) for presslng. However, the optlmlsed'"oniltions obtalned were

proved related to the condltlons applled ln the developed press-cut

equlpment.

The lngredlents were mlxed at speed 1 at the start for
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approxlnately half a nlnute and then speed 3 for a perlod of tlde
accordlng to the experlment deslgned. For presslng' 10 I of the

nlxture was placed ln a cyllnder nould and then pressed down by the

CARVER plunger fltted wtth the cyllnder mould. The presslng force used

was controlled by the gauge attached to the equlpurent. After presslngt

the noulded product was punched out and kept for quallty tests.

For the MP-Snack operatlon, nechanlcal presslng & cuttlng
equlpnent (Figure 5.4) for an lntermedlate noisture food was developed

by the Departnent of Product Development, Kasetsart Unlverslty. Thls

was adapted from a hand screw squeezlng nachlne comnonly used for the

preparatlon of coconut crean fron shredded coconut neat, flour cake

fron ground tubers or grains, and bean-residue cake fron ground bean.

The main parts of the equipment included: two square brass plates as

product contalners (35.6 * 35.6 centimetres); an lron frame of 30.5 x

30.5 x 2.22 centlmetres that could contaln 1 - 1.1 Kg of product to be

pressed it a tlme; a pressing lron p1ate, attached to the end of the

screw press the slze of whlch could flt into the iron framer held

stralght by an iron flat rod, so that the plate could be noved stralght
down into the frane below; a segmented brass cutter which could cut

the pressed product lnto twenty-four bars 10.2 x 3.8 centlnetre size.
The nix-product was placed onto the brass plate ln the frane and

manually spread. A wooden roller was applled for a better arrangement

of the nlxture. The spread mixture was then pressed untll the deslred

thlckness was obtained. Then, after the brass cutter was placed lnto
the frame, the pressed product was cut, by the use of the hand screl,

press on the cutter, and the product bars were obtalned.

At a later stage ln the HP-Snack Bar experinent' for labour-saving
1n wlndlng the hand serew press onto the coheslve mixture of the snack

product, a hydraullc jack was attached between the screw and the press

plate. The Jack was ln use only after the plate ltas manually wound

down and touched the spread product. Thls nade lt posslble for thts
machlne to be operated by one worker lnstead of two.

5.5.7 Identiflcatlon of Input and Output Varlables

In deslgning the experlnents, flrstly' lnportant lnput and output

varlables were ldentlfled and levels of lnput varlables studied were

set (Table 5.19). Though sone output varlables could not be

lnvestlgated ln certaln phases of the process experlnentation because
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of the unavallablllty of equlpnent, sultable output varlables were use'd

as substltutes. For example, the water actlvlty value of the product

was not neasured ln phase 2 of the experlnent ln Thalland; lnstead'

the percentage of soluble sollds and the molsture content were

determlned. Though these were not absolutely related to the water

actlvlty value, they could portray certaln qualltles of the

product/lnternedlate product. Also, ln phase 2r modlflcatlon was made

ln the selectlon of input and output varlables for the nungbean process

to nake lt sult the cl.rcunstance. For example ln the optinlzatlon
process for mungbeans, the hot-stlr tlne and evaporatlon tlme were not

controlled, but instead, they grere consldered as response varlables to
be studied, whlle their end-polnts lrere controlled by the welght of the
product.

5.5.8 Hethods and Technlques for Process Developnent

5.5.8.1 Introductlon. Systematic and planned techniques for
process tlevelopment were used in order to obtaln detailed and lnclusive
lnformatlon at a low cost. Experlnental deslgns and technlques chosen

for use were based on thelr relatlve ease ln processing and analysist
and their effectiveness in glvlng reliable results. The systenatic

approach to the experlmental design ln the process developnent for thls
project followed the steps suggested by Anderson (1981) as follows:
problem deflnltlon, setting obJectlves, experlmental plannlngt

executlon, analysls of results, drawlng conclusionsr and then tactlonr,

or ln this case, appllcatlon in the productlon step.

It should be noted here that because of the constralnts of the

Study Program, the process developnent of thls proJect was divided lnto
two phases: phase 1 conducted ln New Zeal.and, and phase 2 ln Thalland.

There were sone dlfflcultles in the acqulsltlon of certaln'speclfled
raw material and equlpment at phase 1 of the process developmentr and

substitutlons were made on the banana variety (NAMHA varlety
substltuted by GLUOY HQM varlety), hot-stlrrlng equipnent (pan wlth

stlrrer for paste-type product substltuted by pan wlth stlrrer for
Ilquld product), and presslng nachlne (press-cut machlne substltuted by

noulder of dlfferent types).

5.5.8.2 Hethods and Technlques Used. Table 5.20 shows a summary of
methods and techniques used for process developmentr methods used for
statlstlcal analysls, and nethods and technlquis used for quallty
tests. More than one nethod was applled for each lten for the purposeg

of comparlson.



153

Table 5.202 Sunnary of nethods and technlques used ln the process
development stage.

Process/Operatlon ilethods./Technlques

DSC-Banana Process

Phase 1:
Experlnental deslgn
Stitlstlcal analYsls
Quallty test

Phase 2:
Exoerlnental deslenStbtistical analySls
Quallty test

BSE-Hungbean Process

Phase 1:
Experinental deslgnStbtistical analy-ls
Quallty test

Phase 2:
Experlnental design

Statistical analysls

Quality test
MP-Snack Operatlon

Phase 1:
Experimental deslgnStatistical analysls
Quality test

Phase 2:
Experinental deslgn
Statistlcal analysis
Quallty test

FuII factorlal (Z\ vfi.)n a centre polnt
Steowise regressloh. Yatesr
Senbory tesE, Objec€lve test (9exture, colour'
pHr I SSr Awr Holsture content)
FuIl factorlal (22) wtttr a-centre polnt
Stepwise recresslon. Iatesr
In-broduct Eest, Sensory test' Objectlve test(f SS), Visual storage test

Experlmental trlal
Objective test (Aw' Hoisture contentt
In-product test)
Plackett and Burm4n Screening Experinent'
FulI factorlal (2') wlth a centre point
Plackett and Burman analYslst
Stepwlse regression. Yatesr
In-irroduct f,est, Moisture content

Experlmental trial
Sensory Test (product profile)
0bjectlve test- (Aw, l'loisture contentt
Telture)
Full factorlal. (22) vttn a centre polnt
Steowise regressloh. Iatesr
Senirory tesE (produ6t proflle)
Ob.iectlve test- (Holstuie content)
lluf,ritlonal test (Proxlmate analysis'
EAA pattern. Selected vltanlns)
Stor'ase Tes€ (ASLTT;
7 conilltlons, 2 packages)

r Accelerated Shelf Llfe Test

5.5.8.3 Experimental Designs. In thls study, tPlackett ahd BUrmanl

(Stowe and Mayer, 1966) and fFactorlal Experlmentr were the

experimental deslgns chosen for use. The former was for the purpose of
screenlng lnput varlables whlle the latter ltas for optlnlzlng the

process condltlons.
Factorlal Experlment. A full r2 level, 2 factort factorlal

experiment was applled. AlI comblnatlons of bhe lnput varlables were

run at both the low and htgh levels. In each experlment' a centre

point of the low and hlgh levels was also lncluded for the purpose of

regresslon analysis. Therefore, the total number df runs vere 2? + 1 =

5 runs (Tabl.e 5.21>. The presence of a lower case letter !n the

lndlcates that the corresponding varlable was at the

that run whlle another lras at the low level. For
treatnent code

htgh level for
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example, ln run 2 the treatrent coie ls raf lndlcatlng that varlable'A

was at the hlgh level and B at the low level.

Table 5.212 Factorlal experlment for a 2 factorr 2 level experlatent.

Run Treatment
Code

Varlable A Varlable B

low
trlghrolf
hlgh

r For the purpose of regression analysls, the run of the niddle polnt
was also- lnVesllgated 1.e. 1/2 a) 1/2 b.

After each run, the output variables were neasured. Systenatic

errors, whlch couLd occur due to sone lnherent pattern ln the

experinentaL deslgn, were reduced by randomizatlon of the experlnental

conditions. Random errors, whlch could occur due to some uncontrolled

variablei ln the system were reduced by carefully and precisely settlng
and controlling the lnput varlables. tfhere possible and justlfiable'
repticatlon Lras carried out for the estlnation of the experimental

errors.
Plackett and Burman. The Plackett and Burman experlmental deslgn

was used nalnly for screenlng a nunber of varlables ln the BSE-utungbean

process experlnent. This deslgn, prlnclpallyr can screen N-1 variables

in N experlnents, and the lnportant varlables can be lsolated. In thls
experlnent, a matrix of 12 runs of 7 varlabLes was applied accordlng to

the natrix provlded by Stowe and Hayer (1966), the flrst row of which

lncluded: + +-*f*---+-, where+signlfled the high leve} of
the varlable and - the low level. The renalnder of the design matrlx

nas generated by shlftlng the flrst row one space to the left N-2

tlnes, nhere N equalled the nunber of experlnents. A row of nlnus

slgns 1.e. low levels was added to the last row of the natrlx. For

the Plackett and Burnan Experlmental Deslgn, dumny runs were lncluded

for experlnental error lnvestlgation.
5.5.8.4 The Statlstlcal Analyses. Statlsblcal analyses used ln the

process developnent stage ln thls project were varled dependlng on the

nature of the lndlvidual experlment deslgned. More than one nethod was

used on the same process/operatlon experlnent for the purpose of a

comparlson study.
Stepwlse Multtple Regresslon. All the data from factorial

experlment were subJected to stepwlse multlple regresslon analysls as

an approach to process condltlon optlnlsatlon. By uslng thls

1

2

a

Iow (-)
low (-)
illEil tlllll

1

a
b

ab
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technlque, the relatlonshlp between each dependent varlable and the

independent varlables could be lnvestlgated (Gunst and Hason' 1980).

The slgnlflcance of the coefflclents for each of the terns ln the

nrathematlcal equatlons (e.g. Y = % + \Xr + bzXz + blZ\X2)
deslgnated whlch of the lndependent varlables had a slgnlflcant effect

on the dependent varlables.
Stepwlse nultlple regresslons lrere conducted uslng a standard

computer program (MINITAB for phase 1, SPSS for phase 2). In this
analysis, the lndependent varlables that contributed nost to the

predlction of a dependent varlable were selected flrst. New variables

were added to the regresslon equatlon ln order of thelr contrlbutlon to
the predictlon of the dependent varlables' provldlng that they

contrlbuted at a 951 level of signiflcance. Thls level of signlflcance

was practlsed ln both addtng and removlng the varlables fron the

equatlon. From this analysls, the multlple correl-atlon coefflcients
(R) obtained were squared, and the percentages of the variance obtained

we"" ,"ed to conslder whether the next stage of developlng the

optlmlzation model ltas appropriate.
Yatesr Analysls. The results of all factorlal experlments $rere

also subjected to Yatest analysls which could be calculated qulckly and

simply by hand. Thls was done ln order to conpare its effectlveness

wlth that of the stepwlse multlple regression analysls whlch ltas tine
consumlng, nore complex and more expenslve. The Yatesr analysis

procedure for a two-factor experlnent fol.Iowed Box et a].(19?8) or

Anderson (1981).

The slgniflcance of effects were tested by relating their levels

to the experlnental error whtch was based on a t-test (Andersonr 1981).

The experlmental errors were calculated fron repeat runs of the same

treatnent. The standard errors were calculated fron the varlance of
results. lfhere no repllcatlons of runa were conductedr the effect
slgnlflcances were roughly estlnated by conparlng the effects. Those

wlth effect values around 10 or nore tlmes dlfferent than the otherst

nere consldered to have trends of slgnlflcance.
PLackett and Burman. The results from the Plackett and Burman

experlnents were analysed by calculatlng the effect of each lnput

variable, and also a dumny vartable, by subtractlng the average result
at the low level of thaf varlable fron thab at.the high level. The

calculated durmy varlables were used to test the slgnlflcance of the

real effects. The dumry varlable effect values were pooled' and the

pooled estlnate of the standard error wffLtalned by uslng the

following expresslon: S.E.(effects) = ,fI(gl-a ; where E = dummy
n



156

€ffects, and n = nunber of dumy effects. By uslng thls standard errdr

obtained, the real effects were subJected to a t-test to see lf they

were non-zero through the appllcatlon of the followlng expresslons t =

effect/S.8.(effect). The t values calculated were conpared to the

table value of whlch the number of degrees of freedom was egual to the

number of dunny effects maklng up the error term. A tQt level of

slgnlficance was applled to reduce the rlsk of overlooklng an important

factor.
5.5.8.5 The Quallty Tests. After each run of the expertnentt

neasuretnents were objectively and subJectlvely taken on one or more of
the following quallties: Physical quallty: welghb' speciflc volune'

conpression & extruslon force, colour (CIE trtstlmulus values), in-pan

test; ChemlcaL quality: moisture content; Physlco-chemical quality:
percentage of soluble solids, pH value, water actlvlty value; Sensory

quality: sensory property scores by tasting the product (colour'

texture, flavour, acceptablllty), vlslble sensory property scores by

observatlon during the preparation stage (handling scorest

sttck-to-nould scores); and Mlcroblologlcal quallty: days taken for
vislble nould growth by observatlon. Details of quallty test procedure

can be found ln Chapter 7 under nProduct Evaluatlon and Statlstlcsn.

5.5.9 Process Developnent Experlmentatlon

Systematlc expertments for the developnent of selected unlt processes

under a nutrltlonally-balanced snack bar process ltere conducted.

Ftrstly the problen for each process ltas deflned; then' the objective

for the experlment was set (Table 5.22). The experiments were

conducted on the three processes as follows: DSC-banana Processt

BSE+nungbean process, and HP-snack bar operatlon. The result of each

experiment determlned the dlrectlon for the next experlment.

There were three factorlal experlments ln the development of the

DSC-banana process.

Experlnent 1:

Tenperature of svrupt 102 C, 104 C' 106
Perbentage of solldb ln banana. 17.51t

Experlmenb 2:

Percentage of sollds ln banana: 15.01,
Sugar ty[e: whlter raw

c
20.21, 23,

17.51'
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Experlnent 3:
Percentage of sollds ln banana: 231, 2611 291
Cooklng tlne: 21 2.5t 3 h

For development of the HSE nungbean process, a Plackett and Burman

experlment was used to screen the process varlables of water/mungbean

ratlo, bolllng ttne, hot stlrrlng tlne, hot stlrrlng speed' evaporatlng

tlne, batch slze, type of pan. The varlables were tested at the levels

detalled ln Table 5.19. This ltas Experlnent 4 ln the process

development and was followed by a factorlal experlnent to optlnlse the

condttions.

Experlment 5:

fi313!.i1"3;""3i 
tr$? 

uu F.p.,.

glth the optimlslng of the DSC-banana process and the HSE-utungbean

process, the MP-snack preparatlon was studled. A factorlal experiment

was used,

Experlment 6:

Mixlng tlme: 1, 4' 7 nin
Fieislng force:' 1000, 3000, 5000 1bs,/0.5 sq ln

5.5.10 Results of Process Developnent Experimentation

In thls sectlon, the results of analysis by the latest and by the

plackett and Burman nethods are shown and lnterpreted. Those obtalned

from the Stepwlse Regresslon Analysls are shown ln Sectlon 5.10 under

the headlng of Comparison of }lethods. A sunnary of the results of
process developnent experlmentatlon ls shown ln Table 5.23a-fi whlle

the detalled results are ln Appendlx 5.4a-f.
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SABLE 5.23a: SUUT|,I|RY OF RESULTS OF PnOCESS DEVETOPTTIENT Et(pERIlrElraATrON (PDE SUIO|AnY RESTLTS) ON DSC BANANAS, ErP. 1.

ExFrin€nt
rnd

Input Variables
olltput

variablea
l{€an

Effect
output

v.riable3
||ean

Effect
Output

Varilblea
llean

Effect

Exp. I
DSC-Banana

Initial temErature
of syrup (ioz-roeoc)

I SS of HOM-Banana
(17.5-23)

I Dsc-banana
obtained

tofSSof
Dsc-banana/Eyrup

pfl of Dsc-banana

I of B-syrup
left

Aw of DSC-
banana

ptl of B-syrup

Ratio-nean:
Red

y-value:
DSC-banana

x-va1ue:
B-syrup

33.90
-0.30

-12.20( r )
- o.30

77. 50
0.00
1.00( r )
o.oo

4 .84
0.00

-o.05
0. o7

53. 'l0O
o.800

15.600( r )
1.000

o.840
o.033( r )
o.055( r )
o.012

4.830
o.000

-o.030
o.0?o

o.700
-o.400( r )

-o.400( r )
-o.200

o.323
o.00s
o.005
o.005

o.253
o.01s
o.02 5( r )
o.01 5

I LoaE through
foam

AH of B-syrup

Force for
lat chew

Ratio-nean:
chesy

x-value:
DSC-banana

6.500
2.700(l)

-o.300
o.oo0

o. ?98
-o.oo5
o.o24(r)
o.026( r )

8.900
-o.100
o. oo0
t.100(r)

0.900
o,ooo

-o.400( r )
o.200

o.275
o.010
o.04(.1
o.oo0

Force for 2nd chew 6.40
o.50
1.?0(l)
1.00

Ratio-mean: O.80
Banana flavour 0.10

o.50(r)
0. t0

y-va lue: o.310
0.000
0.000
0.000

NCtfE 3

Four fj'gures in rMean Effect' column of each outpt, variable show the effects of run (1), a, b, and ab resp€ctivery. For
examPle, for I Dsc-banana obtained, [Ean effect for .run (1)r = 33.9, rrun ar = -0.3, .ru br - -:r2.2la), and rrun abr = _O.j
symbol (r) over 'rs br designates that its nean effect has trend of significance (significantly different by examination
not statistics because no replication and no standald error was done for atatj-stical p:rpose), or j.n other words t ss of
banana used has trend to cause negative effect on g Dsc-banana obtalned. rhe higher is the t ss of banana used, the rower
is the t Dsc-banam obtained. i{here no slmbol was applied, the effect sas not found. rn thj"6 caGe, nej-ther initial
temtErature of syrup not interaction of temperature and t SS has effect on t Dsc-banana obtaineal.

TABLE 5.23b: PDE SUI'::IARY RESULTS oN DSC-BINANA, EXP. 2.

ExtrEri.nent
and

Input vari.ables
Output

vari-abI6 t-ratio Output
Variables t-ratio Output

variables t-rati o

EXP 2

DSC-Banana

I SS of Hol,l-Banana
( 15.0-1?.5)

Sugar type
(ehite-raw)

t Dsc-banana 14.98
obtained -1.66"'

1.7!. r

0. 29

t B-syrup left

As of
B-syrup

Rat.io-mean:
chewy

X-value:
DSC-banana

Au of
DSC-banana

Ratio-m€an:
Red

Y-value:
DSC-banana

X-value:
B-ayrup

2L.75
o.?0(r)

-2,03 ( r )
0. 08

5.27
1.33(r)
1.60( r )

-o.6?

34. OO

0.30
-1.50( r )
o.30

12.40
2.5a( r )
o.33
0.08

5.01
o.98
1. 55
0.30

41 .25
o.65

-o.80
-o.0?

2.45
-o.29
2.2914 )

-o.25

20.95
-0.55

1.90( r )
-o.65

37. 40
1.80(r)

-o.80
o.30

t SS of 148.81
DSC-banana,/syrup 1.44( r )

o.00
' o.95

pH of 19.84
Dsc-banana/syrup O.Oa

_2.44(r 
)

-0.08

Rat.io-lean 4.25
Banana-flavour 0.31

2.19(r)
o.50

Y-value 3

B-syrup

(]) has trend of significantly different;
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tAaLE 5.23cr PDE auflAnt nESULIS OX DsC-B ltlilA. BP. I

ErInriEnt
atld

Input Vari.ble a

Output
v.rlabl.l

lban Eff.ct
.or

t-ntlo
. oirtt)trt
v.rl!bl€.

||.n lfflct
or

t-rrtlo
OutI[t

Y.rlablcs
lLln Effect

.Or
t-ratio

E
':Ji!'

I

a!(P 3 j
DSC-Banana

Coking tire
(2-3 hrs,

t SS of ilAil|{A-baEna
123-291

tleight of 331.2
Dgc-Baunr -O.3

5.grr
22.5..

I SS of DSC- lO2.O
danana .t Oay I O.O

l6.0ro
a.0r

t SS of B-8yrup 150.5
tt Day I

t SS of DSC-
banana left in
ayrup at D.y 1

I SS of B-ayrup
left in fridge
at Day 1

llc-acorea of
DSC-banana

A!@ acorea of
DsC-b.nam

Accept acorea
of DSC-
baBna

T.ight of
l-3yruD

I SS of Dac-
B.mna !t Day 5

I SS of B-.yrup
.t Day 5

t SS of DSC-
banana left ln
atrrup at Dry 5

I SS of B-3yrup
left in frldg€
.t D.y 15

lG-smrea of
DEC-banaE left
in 3yrup

9.0r.
5.00r
1.O

lll.o
9.O.r

ll .o.o
l.o

49.2
3.O.
o.3
l.o

lo.5
9. Ooo
5. Oo.
5.0. t

16. {
14. 3.r
12. 3r o

-8d..
l6. at

a. o.
13.6..
12.0.r

Fl.vour acor€r of 8.2
Dsc-banam 5.lro

6.1rr
8.9..

I Ss of DgC- lO?.5
B.mna at Day O 3.O.

17. or.
5.0r.

r SS of B-Byrup 160.0
rt Dry O O.O

o.o
o.0

I SS of Dsc-blmna 108.0
left ln syrup .t 2.O
D.y 0 18.0r.

l. or
r SS of B-8yrup 160.0
Ieft i.n fri.atge O.O
!t Dry O O.0

. o.0
I SS of Dsc-b.nana 9?.5
lsft in fridge at 15.O..
Dry 15 9.Or.

5. O..
Colour acore3 of 9.7
Dsc-banana 2.O

l1- ?o '
4 .5r.

texture Ecorea of 19.4
Dsc-banana 9.6..

-1.2
l{ ' 

tt"

159.4
-50.0..
-56.3rr
10.0.r

toa.o
16.o..
16.0..
4.0.

53.8
o.5
{.5r'
1.5

118.0
22.Orr
12.0..
2.0

?o.3
1.5

-o.5
o.5

1{.0
4.0.r
3. Or
3.0.

r statirticallt tignificant at 95t level

r' statisticatly significant at 991 Ievel

TABLE 5.23d: PDE SUI||.|AnY RESULTS.ON I.|SE-MUNGAEA!Ir, El(P. tl. (Pl.ckett and Burun scr€€ning ErtEriEnt)

Var i.b le I€vela Llr SFcific Volw lloiatwe Content

,pu (-) Hieh (+r "::.t:l-,dii::;F *:ff:l-,,,:ii::iF" Errect si;;l::lll"" r,-,",,r

A

B

c

D

E

F

H

I
J

K

tlater/;{ung ratio
Boiling ti$ (rin)
Hot-Stirring t1E (.in)
Hot-Stj,rring apeed (rpn)

EvalDrating tiE (rinl
Batch 3ize (kg)

TyF of tEn
D|my

Dwy
Dlmy
Dlmy

2.3 2.8 1.al
20.0 ao.o -3.58
20.0 30.0 L.92
38.0(spJ 66.o(sp.2) 3.25

20.0 30.o -1.58
l.o
ss

2.O 4.25
Bla SS 1.75

-2.58
o. ?5

-0.25
-0. ?5

50t -o.29
g{rt, 0.o?

70i 0.5r
921.t 0.17

65i 0.06

95lor -O.78

?or o.t2
o.o?

-o.05

-o.02
-o. t2

-3.91 9?to' a.59

o.93 60r -1.?o
6.80 99loo -2.15
2.27 911.. o.52

0.80 50r -1.52
-to.{o 99rt lt.al

1.60 60r -2.7i
-2.47
o.68

-O. '16

2.30

r.01
-2.56

1.37

2.32

-1. l3
3.04

1.25

2.67

-o.99

-1.25
o.30

-0.841

a.03

-! .59

941..
50r

?or

<50t

55r
)99tr'
8()lo

Arndling Score Tartwe gcora I li3lal

Code Effect -. 
R€lrtiv€

slgnt I tcance Etr.ct .;;Ii:;." Erract 
"rfiIi:S* 

( r-r€ar )(l-t€st) ( t-t.rt )

A

B

c

l)

E

F

G

H

I

J

x

-0.3{
o.3{
o. l{
o.@

-o.3a
-1.3a
0.34

o.oo

-o.34

-0.3a
-0.3r

-1. 1?

I .17

l. l?
o.oo

-1.17
-..d2.
1.1?

65r
99i D

65r

-0.34

t.q)
o.oo

0.3a

-o.66
o.56
o.3a

o.oo

o.oo

o.@
-o. tl

-2.OO

5.88

o.oo

2.m
-3.88
3.8A

2.OO

-o.05

-o. lo
-3.65

0.24

-1.66
7.97

3. !a

< 501

( 5Ol

9?r. t
( 50t

80ro
991. r

97tr t

55t

55r

65r

|ttrr -0.o9
99ltD -0.18

-6.27
gilr t o.at
garj' -2.85
98r | '' r3.?l
o8r | -5.8r

0.o8

2.57

. 1.39

l.8t

I

il
1ttt
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1ABLE 5.23E: PDE bInETR! BESULTS OI MT'NGBETN, EXP. 5

ExFrio€nt
and

Input varirblas
Output

vrriables t-rat.io o|rtFrt
varir.bles t-r.tlo Output

variables t-ratio

EXP5J
BSE-Hungbean

Batch aize
(2-3 k9)

Hot-stir atEed
(38-66 rp)

Hot-atlr tine
( scorea )

sp€cific volune

6.84
5. OOrr
1.58
2.08

23.75
-1.?5
-0.25
-o.25

t Yield 13.5{
-0.96
-0.36
-1.50

I loas

Evaporate
tiDe

4.83
3.38r
1.57r
l.?9

3.59
2.72(a 

'0.oo
-o.11

t &blature 14.43
Content 1.?5

o.?9
-1. 06

Evaporate acores 25.OO
-12.OOrr

o.oo
' 2.OO

llerture
acol€a

40.33
-25,33.r

2.67 (' I
8.6?or

Colour gcorea 67.00
38.OOrr

. g.ooir
16.OOrr

t

ol

(r)

atatistically different at 951 level
statiatically different at 99t level
has trend of significance

TABLE 5.23f 3 PDE SUTfiARY REsut'TS ON l{P-sNACx, El(P' 5

Exlreriment
and

Input variablea

OutPut
variableB

l{ean
Effect

Output
varilbleg

ll€an
Effect

Output
va!iables

llean
Effect

EXP 6I

ltP-Snack

l{ir-tine
(1-? nin)

Pregg force 1 )
(1.4 - ?.O t l0- ksln-)

Colou! scolea -5.{5
1.50(. )

-o.50
0.50

3.08
-o. {5( r I
-0.85( r )
-o.05

80.80
o.50
0.00
0.q)

5.30
o. tto(. )
o.oo
o.20

7.75
2.5r,

-o.50
-1.50

Sr€et acorea

I SS befole
Pr€r3

Cobqsive gcoreg Grit acorea 4. E5
-o. l0
-o.10
0.10

sticken-to-rculal 9.O0
acofes 1.OOr

o.oo
-1.OOr

llandling rcores

I SS after press 81.30
1.50( I )
o'0()
o.oo

t

lr

(r)

statistically diffetent at 951 level

statiatically different .t 99t level
has tr€nd of Eignlflcance
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5.6 EFFECTS OF INPUT VARIABLES ON DsC-BA}IANA

5.6.1 Introductlon

In general, the deslrable deep-syrup cooked banana (NAMIIA varlety) was

known to the Thals to be red ln color, flrm and chewy ln texturer and

banana-sweet ln flavour. Fron self past expertence ln experlmental

cookery work, these characberlstlcs of DSC-banana depend on many

varlables, for example, lts texture depends on the banana varletyt
naturity or rlpeness, postharvest storage, syrup formula or tn other

words the inttlal temperature of the syrup for the banana cooktng'

cooking time, flnal tenperature of the syrup for the banana cooklngt

proportlon of syrup to banana, the circulatlon of the syrup whlle

cooklng, and the applicatlon of llrne or calciun chlorlde before

cooklng.

The lnfLuences that certain factors had on the cooked banana were

experlmenbally lnvestigated and evaluatedr subjectively and

objectlveJ.y. Not only the charactertstics of the product were

determlned but also the relatlonshlp between each of these processing

varlables and the flnal product characterlstlcs. Knowing these

relatlonshlps, the establtshnent of control ltnlbs on each processlng

varlable as well as nethods of compensatlng for a varlable whlch nust

be allowed to exceed llnits, would be posslble. The signiflcant
effects from the three experlnents are shown ln Table 5.24arbrc.

5.6.2 Effects of Inltlal Tenperature of Syrup for Cooklng

Fron self past experlence, sultable lnltlal tenperatures of the syrup

for cooklng banana depend on the variety and rlpeness of the banana.

Fron the present study, when the lnttlal tenperature of the syrup

ranged from 102 to 106 C for deep-syrup cooklng of banana of the HOM

varlety, the hlgher tenperature resulted ln not only more loss through

foan resldue but also ln a greater quantity of syrup belng left whlch'

ln turn, Lowered the DSC-banana yleld (Table 5.23a). The water

activlty value of DSC-banana, whlch was related to lts keepablllty' was

found to depend partly on the lnltlal temperature of the syrup. The

hlgher lnltla1 tenperature resulted ln an undeslrable hlgher water

actlvlty of DSC-banana (Appendlx 5.4a).
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TABLE 5.21c: SttOrAnY OF SIGIiIIFICNn EFFACTS OF DSC-llAlmr BANANA
Fnoal a,(P 3

significlnt Effects
Output Variablee

IIIT

EXP 3: DSC-NA}I t|t BANN{A

l. tfeight of DSC-banana " "
2. t{eight of B-syrup rr rt "
3. I Ss of Dsc-banana3 Day 0 I " o'

4. I ss of Dsc-banrna3 Day I " '
5. t SS of DsC-banana: Day 5 o' " '
6. i SS of B-syrup: Day O

7. Day 1 ir "
8. Day 5 t'

9. i ss of Dsc-banana left in
6yrup: Day O 't '

lO. Day 1 r' "
11. Day 5 't tr

12. I SS of B-6yrup left in
fridge: Day O

13. Day 1 t

14. Day 15

15. I SS of DsC-banana left
in fridge: day 15 rr rt tt

16. Mc-Ecores of DSc-banana
It lt tt

!7.' tc-score€ of. DSC-banana
left in ayrup - 'r I t

18. Colour scolea of DSc-banana ft tr

19. lrola scorea of Dsc-banana tt 'r 'r
20. Flavour gcorea of DSC-banlna 't 't "
2L. Texture acorea of Dsc-banana 't tr

22. Acceptability score6 of Dsc-
ft

Br 8S

banana

BT - Boiling tilEr sS ' t ss of, brnana, ItlT r Interactiona
r - atatistically different at 951 level
It - atatiaticrlly different at 99t level

Although the use of the hlgher lnltlal temperature for cooklng had a

beneflclal effeet ln acceleratlng the development of the characterlstlc
flavour of DSC-banana, lt resulted ln a shorter cooktng tlme whlch

nlght, ln turn, cause detrlmental effects €.9. a decrease ln the

lntensity of the red colour and tn the chewlness of DSC-banana. The

lnltlal temperature nas found to have no effect on the banana syrup or

the force needed for the flrst and second chews of the cooked banana.

5.6.3 Effects of Rlpeness of Banana Used

The rlpeness of the banana was sclentlflcally ldentified by uslng lts
percent soluble sollds (tSS). In thls study' for the HOM varlety of
banana (Phlttpplne banana), lt was found thai ln the range of 17 .5-23
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ISS of banana used, the lorer ISS (greener banana) resulted ln a hlgher

DSC-banana yleld rhlch, ln turn, lorered the amount of banana-syrup

left (Table 5.23a, Appendtx 5.4a). However, when banana wlth 151 SS

was used (Appendlx 5.4b), the DSC-banana obtatned was low ln quallty
because the eooklng syrup could not penetrate well lnto the green

banana whlch was htgh ln densltY.

Ttre hlgher ISS of banana used had a beneflcial effect on DSC-banana

because of the high ISS lt produced ln the product (Appendix 5.4a). In

thls experlment, and also another experlnent uslng banana wlth 15-17.5

ISS, the lower the tSS the lower the water actlvlty. Thts was

unexpected and nay have been caused by the short cooklng tlne ln these

experlments. The hlgh ISS of banana used also had a beneflciaL effect
on the red colour of the DSC-banana as ldentlfted ln both the red ratlo
mean (subjectlve measurenent) and the txr chronatlcity coordlnate value

(objectiye measurenent whlch ltas roughLy equlvalent to hue and

lntenslty of the colour subJectlvely neasured).

Chewlness of the cooked banana was lowered tf the banana used lras

hlgher in tSS (Appendlx 5.4a). Thls detrlnental effect could be

reduced by using a hlgher lnltlal tenperature for cooking. Thls result
;dtsqgreed with that of the force for the first chew. The banana-sweet

flavour of the DSC-banana was found to depend on the ISS of the banana

used. The higher tSS was found to be the better. The tSS of banana

used was found to have no effects on the pH of the product.

When an experlnent ras deslgned lncludlng sugar types as lnput

varlables tn addltlon to tSS of banana used, no statlstlcally
slgnlflcant effect on DSC-banana characterlstics ltas found. The low

flnal temperature of the cooklng syrup whlch caused lnproperly cooked

DSC-banana nlght cauae an error ln thls flndlng. For thls reasont

trends of slgnlflcance lrere roughly estlmated. Those wlth a t-ratlo
around 10 tlmes or nore greater than the othersr nere constdered to

have trends of slgnlflcance (Table 5.23b). Thls was for the beneflt of
the deslgnlng of further experlments.

Although the htgh tSS of banana used tended to.have the detrlnental
effect of ralslng the Aw value of the product

(Table 5.23b0 Appendlx 5.4b)r the short cooklng time was responslble

for thls effect. BY uslng bananas of a hlgher ISS' the ratlo nean of
the red colour was closer to the ldeal; and the value and hue (as
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ldentlfled by ryf and rxt chronatlcity coordlnate values) of the syrup

was tncreased.

For the NA!!I{A varlety of banana, the pre-experlmental trlals suggested

that of the three different varletles of bananas, namely' GLUOY SUON

NONTHABURI (GS-il), GLUOY SUON BANPAO (GS-BP), ANd GLUOY RAI (GR)' GS-BP

was eonstdered the most sultable to be used ln the product to be

developed because lt was llghter ln colour, had a banana-sweet flavour
and was less sour and less astrlngent, was chewy but tender enough to
be mlxed, and lt was cheaper than any other type of bananas bought from

the Harketing Organlzatlon for Farmers (M0F) ln Bangkok. (GS-N) ltas

the next most suitable. The pre-experlmental trlal also suggested that
wlth a longer cooklng tine, the DSC-banana could be kept free from

urould growth longer; and lf rlper bananas (deslgnated by the

neasurement of lts !SS) were used, the banana tissues were easier for
the syrup to penetrate, so that the DSC-bananas gtere well-saturated

wlth syrup after cooking.

tlhen (GS-BP) variety was studled ln a factorial experlment in which the

lSS of banana ranged fron 23-29, and the cooking tlme from 2-3 hours'

it was found that ISS of banana used (or rlpeness of banana) had

slgniflcant effects on alnost aII the response variables studled. The

main exceptlon was for the texture score for the DSC-banana. The use

of NAMt{A-banana of a hlgher tSS gave a lower relght of DSC-banana

obtained ( Appendtx 5.4c). This result colnclded with

that obtalned when the HOl{ varlety was uged (Appendlx 5.4arb).

Under constant cooking tlne, the ISS of DSC-banana - freshly cooked or

after storage was dlrectly related to the rlpeness of the banana

used. Thus, DSC-banana with hlgh tSS was deslrable. For sensory

propertles, the rlper banana was found to glve the cooked banana that

rras more trDSC-banana slreetn ln flavour and aronar though nore tender ln

texture, lnstead of ntender chewytr. Thls was beneflclal to the

flnlshed bar-product because of lts speclflc flavour characterlstlc and

lts easlness to be nanlpulated durlng nlxlng stage.

An exanlnatlon lnto the tnteractlon between tSS of banana used and lts
cooking tlne suggested that the flnal product characterlstlcs dld

partly depend dlrectly on thls lnteractlon. Those dlrectly affected

characterlstlcs lncluded: the welghts of DSC-banana and banana-syrup
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obtalned, HGS-scores of DSC-banana, and all sensory scores studled -
colour, texture, flavourr and acceptablllty.

5.6.4 Effects of Sugar-Type

From experiments on other cooklng varlables of the DSC-banana processt

the disadvantages of ralr sugar ln nasklng the colour and flavour of
DSC-banana nas observed. lfhen the sugar type - whlte and raw was

subjected to a factorlal experlment wlth the ISS of banana used at
15-17.51, the lnltlal temperature of the syrup controlled at 102 C and

the final temperature at 106 C, the sugar type had no statlstically
signlficant lnfluence on the DSC-banana obtalned. Thereforer a low

flnal tenperature (or short cooklng tine) ltas responslble for the

results ln the lnltiaL experlments. An lnvestlgation on the trends of
slgniflcance suggested that the sugar type had effects on Aw and pH

values of DSC-banana, sensory propertles of the product (redr chewy,

and DSC-banana flavour), and on the value and hue (tyt and rxr

chronaticity coordlnate values) of DSC-banana.

The use of raw sugar resulted ln lower Aw and pH vaLues of the

DSC-banana (Tab1e 5.23b, Appendlx 5.4b) whtch was considered beneflclal
to the keepablllty of the product. However, this resuLted ln a darker

red colour whlch was ldenttfied by the hlgher ratlo nean of red, lower
ry-valuet of DSC-banana and hlgher rx-valuet of DSC-banana (Appendlx

5.4b). Although the ratlo mean of chewtness and banana flavour of
DSC-banana seemed to be lncreased by the use of ran sugar (Appendlx

5.4b), lts chewlness was an undeslrable hard-chewy type.
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5.6.5 Effects of Cooklng Tlne

Fron past expertence, a short cooklng tlne tended to glve a less

lntense red colour for the DSC-NAM}IA banana. l{hen GS-BP' NAI{WA banana'

was subJected to a factorlal experlment wlth a cooklng tlne of 2-3

hours using bananas of 23-29 tSS and controlllng the lnttlal
tenperature of the cooklng-syrup at 102 C and the flnal temperature at
112 C, lt was found that whlle the cooklng tlme ltself had certaln
effects on DSC-banana characteristlcs, lt also lnteracted wlth ISS of
banana used and gave results ln both a positlve and a negatlve way to
the naln effects.

Although the longer cooking tlne decreased the weight of the DSC-banana

yield and the banana syrup left, the lSS of the product obtained'

freshly prepared or after storage, whether ln a refrlgerator or at roont

tenperature and under or wlthout syrup, depended strongly and dlrectly
on the length of cooklng. ISS of banana used had a dlrect lnteraction
effect on thls property.

The nost lnportant findlng fron thls experiment seened to be the mould

growth susceptlblllty of the product. DSC-banana whlch had been cooked

Ionger could be kept for a longer perlod of tlne. The lnteractlon of
this effect with that of the tSS of banana used could have a posltlve

result for lncreased shelf llfe.

Though the effects of the cooklng tlne on the sensory qualltles of
DSC-banana Here negatlve for alnost all attrlbutes studied (Tab1e

5.23c, Appendlx 5.4c), lts lnteractlon wlth the hlgh tSS of banana used

was gtrongly posltlve. The long cooking ttme by ltself resulted ln too

lntense a red colour, too sweet a flavour, and flnally lower scores of
lts acceptablllty. Thls effect of the cooklng tlne on DSC-banana

characterlsttcs lras more strongly posltlve when rlper bananas ltere

used. The product was found to be nore tender-chewy for these

lnteractlng effects as well.

The results of the experlmental trlal on rlpe bananas (27-29tSS) cooked

for dlfferent perlods of tlne, 1-2 hours longer than the 3 hour optlnum

of the prevlous experlment, proved that the longer'the cooking tlne the

longer the shelf llfe of the product.
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5.6.6 Sumtary and Concluslon

5.6.6.1 Sunnary and Concluslon Based on Experlnental Deslgns. For

optlmum qualtty of DSC-HOM banana, 1O2 C ras suggested for the lnltlal
tenperature because lt gave a hlgher DSC-banana yleldr a smaller anount

of syrup remalnlng, Iess foan resldue, and a lower water actlvlty value

ln the DSC-banana than dld the hlgher temperature. The use of thls
tnltial temperature has an advantage ln reduclng the detrlnental effect
of the rlper banana on the chewlness of DSC-banana. An lnltlal
tenperature for the banana cooklng below 1OZ C seemed to be possible;

however, this was not suggested since lt would result ln a longer

cooking tine and therefore, the use of more fuelr and posslblyr the

break down of the banana tlssue.
For the HOM variety, the riper banana that had a greenlsh yellow

peel and nore than 17.5 ISS ln the pulp gave a DSC-banana with a high

ISS, a high lntenslty of red colour, and a nore desirable nDSC-banana

sweetn flavour. However, to obtaln an optlnum banana yteldr a lower

quantlty'of syrup left, and hlgher chewy scores, the final tenperature,

or ln other words, the cooking tlme needed to be optlmised. The use of
whlte sugar was consldered suitable because it gave a DSC-banana wlth

deslrable sensory properties - 
rbright redf ln colour, ftender-chenyt

ln texture, and fDSC-banana sweetr in flavour.
For the NAHtdA varlety, to galn the optlmum quallty of DSC-NAlnilA

banana, for the mlx to be pressed lnto a snack productr a longer

cooklng tlne and a hlgher ISS of banana (rlper banana) was needed for a

DSC-banana of a hlgher tSS and wlth a longer shelf llfe free from nould

growbh. The flnal sultable tSS of DSC-banana was considered to be 85lr
which after storage would reduce to 78-801. The flnal ISS of 85I could

be obtalned by uslng very rlpe NAln{A bananas (29t SS) and cooklng them

for as long as flve hours, lf they gtere prepared ln approxlmately a

five kllogram batch (banana welght) over medlum heat.

5.6.6.2 Surmary and Concluslon Based on Experlnental Procedures.

In the preparation of DSC-NAMI{A banana to be further used ln the nlxlng
for gnack-barsr a slmple but effectlve nethod for antl-brownlng
purposes was to keep the peeled bananas under plaln water. It was

consldered that no treatment was necessary for flrmlng purposes.

Controlllng the bubbllng of the syrup (through the control of the heat

supplled) whlle cooklng was taklng place' was suggested as a slnple

technlque for keeplng the cooklng banana under the cooklng syrup.

For a longer shelf Ilfe of DSC-banana, the suggestlon was that the

cooked banana be kept under the banana-syrup left . after the process.

In this wiyr a greater penetratlon of the syrup lnto the banana ce1ls
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or ttssues rould further lncreasl the tSS of the DSC-banana'.

Crytalllzatlon of the sugar fron the syrup could, howeverr lower lts
lSS. Thls could be avolded by protectlng the syrup from dlsturbance.

Sllced banana was not suggested for DSC-banana for snack bars because

It was sensltlve to crystalllzatlon and lt was difflcult to separate

from the syrup.

5.7 EFFECTS OF INPUT VARIABLES ON BSE-MUNGBEAN

5.7.1 Introductlon

The effects of selected lnput varlables on BSE-nungbean were

lnvestlgated ln 2 phases. In the flrst phase ln New Zealandr because

of the unavaiLablllty of sultabLe hot-stlrrlng equlpment for a paste

type product, split peeled mungbean was subjected to only experimental

trlals b! using an avallable stirrlng machine nornally used for Ilquld
products. However, its flndlngs were worthwhlle of being conbined and

dl.scussed in assoclatlon with those of phase 2 whlch were obtalned from

planned experlmentablon.

The experimental trial on the hot-stlrrlng of mungbean suggested that

durlng hot-stlrrlng, the cooklng nungbean would progresslvely change

from a dispersed sbate to a paste, to a dough, and flnally to a fluffy
molst powder (Table 5.25r. Crunbly characterlstlcs of the hot-stirred
mungbean and lts molslure content was used as a guide for the

BSE-nungbean to be used for the flnal product. A summary of the

slgniflcant effects ln the Plackett and Burman Experlnent 4 are shown

ln Table 5.26a and ln the factorlal experlment 5 ln Table 5.26b.

5.7.2 Effects of Soaklng Temperature and Tlme

A preLlurlnary experlnent on the cooklng of nungbean suggested that no

soaklng was necessary for nungbean to be hot-stlrred. It was easy to

thoroughly cook mungbean. Soaklng nlght lead to nlcroblological
problems. A prevlous experlmental trlal suggested that an almost equal

tlne would be taken for the cooklng of soaked or unsoaked nungbean.
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Table 5.252 Stages for hot-stlrrlng of nungbean.

Hot-Stlrrlng
Stages of
Hungbean

$ifi['"'
approx.

n1n

In-Pan Characterlstlcs Holsture

aprox.

Mungr Bolled

Munl-At-Slde

F$if;3t*ottom

AII Hung Pulled

Molst Mung Dough

Dry Mung Dough

Very Dry,Hung
Dough

Crunbly Hung

10

40

50

60

70

80

Hung vlgorously bolled ltottt.
and-lmpFegnated wlth water.

Hunc ln a flne thlck batter !t.n.
fort and parts of mung-at-side
starts belng pulled. -

Hunn ln a coarse thlck batter tl.m.
fort and parts of nung-at-botton
starts being pul}ed.

AII parts of mung pulled. 33.6
Munc- ln a wet coarse douch form.
tJet-smooth dough can be forned.
Coarse doush still molst.
Molst smooEh dough can be
formed.

31 .3

90

> 100

Coarse dough rather dry. 26.3
Dry smooth-dough can be formed.

Coarse douch very dry. 22.0
Dry crumblf doueh cair be forned.

Dry crunbs. 15.0

'FIIInf = EIInfDean
Mungrlg-gidE = Mungbean at
Mung-At-Bottom = Mungbean
n.m. = IlOt measufed

the side of the Dan.
at the bottom of the pan.

5.7.3 Effects of tfater/Mungbean Ratio

A pre-experlmental trial suggested that water/mungbean ratlo of above 2

seened to be Justiflable because lt would provide enough water for
lnpregnatlon of the seeds. lfhen thls varlable rras subJected to a

PLackett and Burman expertnent wlth a water/nungbean ratlo of 2.3 as a

low level and 2.8 as a hlgh level, lt was found thatr ln a controlled

condltlon, the water/nungbean ratlo had effects on the speclfic volune,

nolsture content, and texture score of the BSE-nungbean (Table 5.26o).

The htgh level of water to mungbean gave a product that was htgh ln
molsture content, and ln turn, hlgh ln speclflc voluner but low ln
texture score because of lts sogglness.

A low level of water had a negatlve effect on the texture of the

product because of the lnconplete water-lmpregnatlon of the mungbean

seeds, whlle a hlgh level took more tlne for the extra water to be

evaporated before the hot-stlrrlng stage started. tttu", the ratio of
2.5 vas consldered sultable. tfhen thls ratlo nas applled in the

factorlal. experlnent, the BSE-arungbean obtalned Was deslrable because

the water quantlty was Just rlght for the water-lnpregnatlon of the
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mungbean seeds Hhlch ras beneflclal to the hot-stlrrtng and evaporatlng

process.

5.7.4 Effects of Bolllni Temperature and Tlne

Because the gas-type stove used ln the experlnentatlon stage had no

temperature control, lt was difficult to control the temperature durlng

the bolltng of the nungbean. Thereforer the botltng appearance was

used as the ldentlfier for a good cooklng temperature. Howeverr the

pre-experlnental trlal on mungbean suggested that too hlgh a

tenperature would cause over-hlgh foam bubbles whlch, ln turn, would

cause a loss through over foanlng out of the pan.

The boillng time ls related to fhe bolllng away of the water. There

should be just enough water left to prevent burnt scorchlng before the

hot-stlrrlng stage is started. Too much water left would lead to a

soggy ruifry mixture which would not evaporate rell. In the case of the

Plackett and Burman experiment, the heat ltas control.led by the

accelerator of the gas flow at the head of the gas cyllnder' by the

outward/inward flane sets, by the valves for the gas flow which were

wound to the 45 degree positlon and also by vlsual observatlon of the

gas f1ane. The boillng tlne was found to have effects on the lloss and

texture score (Table 5.2&). A long boillng tine caused a great loss

of water, and in turn, great scorchlng before the hot-stlrring stage

could be started (Appendlx 5.4d). Thls burnt part acted as a nuclei

for further burnlng and moreover lt would break down durlng the

hot-stlrrlng stage and cause grlttlness to the texture of the flnal
product.; - Self-observatlon also suggested that thls burnt

part had a detrlmental effect on the arona and flavour of the flnal
product.

5.7.5 Effects of Hot-Stlrrlng Temperature and Tlne

For the sane reason as ln Sectton 5.7.4r the

lras controlled by an accelerator for
outward/lnward flane sets, and by the valves

vlsual observatlon of gas flame. Howevert

suggested that nedlum heat was sultable
mungbean. Too hlgh a heat caused burnt

whlle too low a heat took a nuch longer tlne
water.

hot-stlrrlng temperature

the gas flow, by the

for the gas flow, and by

the pre-experlmental trlal
fbr the hot-stlrring of
parts durlng hot-stlrring'
to evaporate the undeslred
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Also, the trlal suggested that the hot-stlrrlng tlne was lnportant

because lt Has dlrectly related to the nolsture content and other

characterlstlcs of the lntermedlate-product. It seemed that the

hot-stlrred nungbean would have deslrable characterlstlcs for a further

evaporatlng step, tf the flnal welght was two tlnes the orlglnal welght

of nungbean used.

The Plackett and Burman experlnent proved that hot-stlrrlng tine could

lnfluence the tyleld and speclflc volume of the flnal product.

Unfortunately, ln thls case, the hlgh tyleld obtalnedr or ln obher

words, the high welght of BSE-mungbean obtained $tas constdered

undeslrable because of lts high molsture content whlchr ln turnr caused

an undesirable low speclftc volume, or ln other words' caused an

undesirably soggy product.

5.7.6 Effects of Hot-Stlrring Speed and Revolutlon-Type

The pre-experimental trlal suggested that the hot-stlrrlng speed was

related to both cooklng tlne and durabillty of the equlpment. The

hot-stirrlng speed was 38 rpm for speed 1 and 66 rpn for speed 2. l{hen

the hot-stlr equlpnent was loaded with nungbean, the speeds renalned

the same except when the mungbean mlxture ltas so thlck it formed a

dough.

t{hen thls varlable was subJected ln the Plackett and Burnan experlment'

the hot-stlr speed was found to have effects on llossr speclfic volume'

and texture score (Table 5.26dr. tllth too hlgh a speed' the nungbean

mlxture was sogglly nushy even at the top part, and lt was dlfflcult
for evaporatlon to take place. In turn, water fron the botton part

coul.d not evaporate. Thts resulted |n both a loss through

stlcklng-to-pan, and also the necesslty for a longer hot-stlrrlng tlme

(Appendlx 5.4d).

tlhen lnvestlgatlng the optlmum hot-stlrrlng speed for this hot-stlr
equlpment ln the BSE-mungbean process, thls lnput varlable (1.e.

speed) was subjected to a factorlal. experinent bogether wlth the batch

size. There ltas a trend that at a hlgher speed, ttie hot-stlrrlng tlme

would be longer, and the lloss would be tncreased (Table 5.26b). The

reason for the hlgher loss was because the nungbean burst easlly at a

hlgh speed. Thls resulted ln a nushy texture and, ln turnt the
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scorchlng of the botton of the p"n'. The stlrrer blades could not

scrape lt off the pan and lt was not coheslve enough to be pulled by

lts cohestveness. The hlgh speed of the scraplng blades resulted ln
renovlng the nungbean paste fron the heat and thus lt was hard for the

water to evaporate.

An experlmental trlal proved that not only the hot-stlrrlng speed ls
lnportant, but that the startlng point for hot-stlrrtng had an effect
on the stlck-to-pan character. If the stlrrlng of nungbean mixture nas

started during the bolllng stage (Table 5.25), chaln dlsadvantages

might occur as follows: the burstlng of seeds caused nushlness; thist
ln turn, caused stlcklng to the pan; and' ln turn, coagulation of the

proteln part together with the burnt gel of the starch part; and'

finally, ln turn, thls blocked the heat transfer to the mungbean ln the

pan. The soggy nushiness and the burnlng of the nungbean mlxture would

result in an undesirably low speclflc volune and a low texture score of
the BSE-irungbean.

For the revolvlng type of stlrrer, fron past experlence in experinental

cookery work on hot-stlrred products, the appllcaflon of both clockwise

and antlclockwlse revolutlon alternatlvely woul.d result ln longer

perlods of hot-stirrlng tines. Therefore, lt was suggested that only

clockwlse revolutlons should be used which was sisrllar to other Thal

hot-stirred products.

5.7.7 Effects of Gap between Stlrrer and Botton of Pan

For the gap between the stlrrer and the botton of the Fdrlr the

pre-experlnental trlal suggested that the stlrrer blades should be

lowered to such a posltlon that the blades could sweep off bhe mungbean

fron the bottom of the pan. One wheel turn-up was also suggested after
the stlrrer was at the lowest posltlon ln order that the blades would

not scrape out the pan ltself.

5.7.8 Effects of Evaporatlng Temperature and Tlme

In the same nanner as that for the botllng and hot-stlrrlng
tenperature, the evaporatlng temperature was controlled and an

experlmentat trlal lras carrled out. Lower nedlun heat was suggested

for use at the beglnntng of the evaporating stage to accelerate the

evaporatlng rate; then a low heat would be applled to prevent the
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grltty texture caused by the over evaporatlon of eertaln parts.

The tlne for evaporatlon was dlrectly related to the characterlstlcs of
the flnal mungbean product. l{hen thls varlable }tas subJected to a

Plackett and Burman expertment, lt was found to have slgnlflcant
effects on the lyield and texture score (Table 5.264). For a 2-3 Kg

batch (raw mungbean welght), thtrty nlnutes of evaporating tlne would

glve an optlurun yleld and texture score. Too short an evaporatlng
time, resulted in a higher yleld, but the texture of BSE-mungbean was

mushy caused by the high nolsture content, whlle too long a tlne would

result ln too dry a BSE-nungbean with a lower welght and a grltby
texture because of the over-loss of the noisture content (Appendix

5.4d ) .

5.7.9 Effects of Batch-Slze

In general, a larger batch slze needs a longer cooking tlme. The

Plackett and Burnan experiment proved that an approprlate batch size

was needed for an optimum result. A larger batch-size was found to
lncrease the lloss because of a greater sticklng-to-panr to increase

the speclflc volume and nolsture content because of the greater

dlfftculty ln evaporation, to lncreage the dlfflculty of handllng

because of the larger slze of the lnput, and to cause the BSE-utungbean

to be more soggy because of the hlgher water retentlon (Table 5.26q).

For operatlng-tlne savlng and for a sultable loadlng of the equlpmentt

the batch slze was subJected as one variable ln a factorlal experlnent

rlth the hot-stlrrlng speed. The result proved that the batch slze had

dlrect effects on the hot-stlrrlng tlne, the evaporating tlne and the

lloss; and lt had strong negatlve effects on the evaporatlon scoret

the texture score, and the eolour score (Tabl.e 5.26D. A larger
batch-slze needed a longer tlne for hot-stlrrlng and evaporatlng ln the

same ratlo of the dlfference ln slze. This longer cooklng tlne
resulted ln a greater stlcklng-to-pan, and |n turn' to a hlgher loss
(Appendix 5.4e)

A larger batch-slze was hard to evaporate manually and the cooked

nungbean was agglutlnated lnto Lumps. Also. wlth a large batch-slze

the nungbean could not be properl.y nanualJ.y separated and lt was not

evenly powdered. Thls would cause molsture problems when lt was belng

nlxed wlth syrup, and would be susceptlble to mould growth. The long



177

cooklng tlne for large batch-slze resulted

the BSE-nungbean. Although the use of the

decrease the dark color lntensltyr this
hlgher loss as prevlously nentloned.

5.1.10 Effects of Pan-TYPe

ln a darker yellow colour df
hlgh speed was found to help

was not suggested because of

The Plackett and Burnan experlment suggested that there nas no

dlfference ln loss between the use of stalnless steel or brass pans,

although the bottom-curvedness was sllghtly dlfferent and lt was

thought that thls would affect the scraping motlon of the equlpnenb.

However, the copper ln the brass was consldered to affect the colour of
BSE-nungbean obtalned which ltas greenlsh-yeIlow ln a brass pan.

Thus, it was suggested that a stainless steel pan should be

uged.

5.7.11 Strmnary and Concluslon

The Plackett and Burman screening experiment lndlcated that seven

orlglnal process varlables: water/mungbean ratior bolling tinet
hot-stlrrlng tlne, hot-stlrrlng speedr evaporating tlmer batch-stzet
and pan-type, had sone effects on one or nore of the response

varlables: lyield, tloss, speclflc volumer molsture contentr handllng

score, and texture score. Two lnput varlables' batch-size and

hot-stlrrlng speed, were screened and subJected to factorlal experlment

for optimlzatlon of the BSE-nungbean process condltl.ons.

The latter experlnent lndicated that there was no real advantage ln
uslng hlgh speeds to lmprove the texture quallty (not grltty) of the

BSE-mungbean because the nushy texture of the nungbean durlng the

hot-stirrlng process led to a greater loss of nungbean through

scorchlng. Also, lt tended to lengthen the hot-stlrrlng tlne.
However, a hlgh hot-stirrlng speed reduced the dark (du11) colour of
mungbean ln a larger batch which was cooked for a longer tlne durlng

the hot-stlrrlng and evaporatlng stages. Scraplng of the mlxture

durtng the process was better at a low speed.

A larger batch-slze resulted ln a longer stlrrlng ind evaporatlng tine.
The rate of lncrease for both seemed to be parallel, that was when the

batch-slze was lncreased fron 2 to 4 Kg, the stlrrlng and evaporatlng

tlme was lncreased fron 1 to 2 hours. Thus, the larger batch dtd not
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save stlrrlng and evaporatlng tlne'at ett, although lt dld save bolllng
tlne (40 mtn could be used for both cases). Horeover' the larger batch

had slgnlflcant detrtnental effects on the tloss (more loss through

scorchlng), on the evaporatlon acore (dtfflcult to nanually sttr) r orl

the texture score (nore gralny), and on the colour score (dark and dull
yellow colour). In fact, lt also had a detrlnental effect on the arona

of the obtalned nungbean (burnt grassy arona caused by longer

evaporatlng tlme of larger batch-slze of mungbean).

It was therefore reconnended that for the preparatlon of mungbean for
the snack bars (noisture content 20 I 2/), freshly harvested ( 1 month

sklnned spLlt nungbean) could be prepared by the Botl-Hot

Stir-Evaporate Process uslng hot-stirrlng equlpnent. A low speed

(speed 1; 38 rpm) should be used and batch-slze of 2 2.5 Kg ls
suggested.

Uslng the conditlons suggested abover t hour hot-stirrlng tlme and

evaporatlng tlne was predicted. lloss could be approxlmately 1.5lot

manual stirrlng of the hot-stlrred mungbean would not be too difficult
and the mungbean thus obtalned would be brlght yellow and rather fluffy
ln texture wlth no hard grlts.

5.8 EFFECTS OF INPUT VARIABLES ON MP-SNACK

5.8.1 Introductlon

Previous trlals on the preparatlon of the bars during the fornula and

process development suggested that methods for mlxlngr preSsing, and

cuttlng (or urouldtng) nlght have sone effects on product

characterlstlcs especially those that could be neasured by the sensory

method. Thus, those nethods for product preparatlon lJere consldered to

be some of the lnportant steps worthy of a thorough lnvestlgatlon.

For thls product, lngredlents should be not only mlxed ln a good

proportlon, but also ln such a way that the syrup should penetrate lnto
the prepared mungbean which was the most susceptlble to mlcroblologlcal
growth. Slnce no o11 would be added tnto thls hlgh syrup productr a

small anount of extracted olt fron lts own nut lngredlents durlng the

process seemed to be Justlflable for antl-stlcklng purpose. The

equlpnent to be used for the above purpose should exlst at cottage
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snack factorles rhere experloents lrould be hetd or at least lt should

be posslble to procure lt. Therefore, Harn syrup was expected to be

added lnto the freshly evaporated nungbean and the nlxture should

lmedtately be nlxed rell ln a slnrple nlxer and then the DSC-banana

should be added and nlxed well before the additlon of the other roasted

lngredlents.

In optlntslng the eondltlons for nlxlng and pressing the snack bar' a

nutrltlonally-balanced nlxture wlth nolsture content of approxlmately

l0l or approxlnately 831 soluble sollds was used. Although lt was

planned to develop a presser and cutter for this purposer lt could not

be developed ln tlme for the experlment which had to be done before the

flxed date for the next experlment. Thus, a CARVER Hydraullc Hachlne

(CARVER LABORATORY PRESS I,|ODEL-C 12 TON CAPACITY' A Subsidiary of
rsterlcot Sterllng Inc., llllwaukee, l{lsconsln) was used, and the result
obtalned was later related to that from the presser & cutter developed'

whlch was' used ln the productlon test. For nlxlng of the lngredlents

at thls step, a KENI{OOD (HAJOR MODEL; Kenwood Hanufacturlng Conpany

Ltd., Havant, Hants P092llH, England) was used. A sunnary of the

signlflcant effects ln the factorlal experlnent 6 are shown in Table

5.26c.

output Variables
sig;ificant Effecte

EXP 6: [P-SNAO( (Factorial Experirent)

Colour acores

cohesive Scores

Glit acorea

4. Sweet acorea

5. Handling acores

6. Sticking-to-Euld scolea

1. t SS before Pre8s

8. I SS after Preaa

(r)

(.)
l.

2.

3.

(l)

(r)

(.)

(r)

bl
(!)

(.)

rn
PF

INT ,.
(.) .

Eiring tim
preesing force

Inter!ction
h!6 trend of eignificance

TABLE 5.25d: Sttl!'IARY OF SIGNIFICIIil EFFECTS FOR |P-SNACK

(r)
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5.8.2 Effects of l{lxlng Tlne

The pre-experlnental trlal on the nlxlng of the lngredlents suggested

that the lngredlents could be lnltlaLly mixed at speed 1 for 30 seconds

and then speed 3 for a perlod of tlme accordlng to the experlment. The

lower limlt could be set at 1 nln and the upper limit at T nLn. The

mlxtures obtained were expected to range from tsoggy' stlcklng to the

bowl and handf for the lower llurit, and tnot stlcking to the hand or

bowl, not too crumbly, not too many broken nuts, and drier after
leavlng overnlghtr for the upper llmlt.

tlhen the mlxing tlne (-7 nln) ltas subJected to the factorlal
experlnent together wlth pressing force (1.41 x 106 - 7.o3 x 106 Kg/
)m-), it was found thab the nlxlng tlme had direct effects on the

lntensity of the colour, coheslveness of the texturer ! soluble sollds
of the pressed product, and on the handllng scores of the mixturet

while it'had an adverse effect on the product sharp sweet flavour
(Table 5.26c). When thls varlable lnteracted wlth the pressing force'
the lnflu€nr-€s on those response variabLes were affected.

The longer mlxlng tlme lntenslfied the colour and the mellolrness (less

sharp sweet) of the bar. Thts effect was stronger if the presslng

force was tncreased. It was thought that nolsture content loss durlng

the longer mlxlng ltas responsible for thts colour lntensity. The

hlgher I SS of the product (whlch neans a lower nolsture content) with

a longer mlxing ttme supported thls statement. AIso' thls drylng

effect courd be felt (deslgnated by easler handrtng) durlng the

handLlng of the dough mixture before presslng.

l{tth a longer mlxing time, because of lts breaklng-effects on the nut

lngredtents, the oll ltas extracted. The nutty flavour fron this
extracted oll, when well-mlxed wlth the sweetness of the DSC-banana and

the banana-syrup, reduced the sharp-sweetness of the product (Appendlx

5.4f). The reductlon of the motsture content durlng nlxlng was thought

also to be responsible for the reductlon of the product sweetnesst

slnce the human tongue ls more sensltlve to sweet lngredlents ln

solutlon form.

The longer mlxlng tlme wouLd also reduce the stlcklness characterlstlc

of the lngredlent nlxture. The longer the ntxlng tiner the easler was

the handltng of the product durlng the presslng stage and also the
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snaller the lncldence of stlckln'g-to-nrould of the product. Thus, tt
ras easy to nould. Houever, 1ts optlmum deslrable effect ras

preventlng the loss of the extracted o11 durlng the later presslng

operatlon.

Although the nlxlng tlne by ltself had no effect on the texture of the

product, the long nlxing tisre lnteracted with the hlgh presslng force

and tended to lncrease the cohesiveness of the product texture. The

mlxlng time was found to have no effect on the product grlttlness.

5.8.3 Effects of Pressing Force

The pre-experlmental trial on presslng the bar nlxture lndicated that:
the higher the pressing force used, the lower the product thlckness but

the greater the quantlty of oll extracted during presslng; too nuch

oil extracted resulted ln too dry a product and ln difficulty of
product removal fron the nould; a low moisture mlxture resulted ln a

crumbly nixbure whlch had an advantage for the product appearance after
pressing because the nuts would be scattered here and there on the

product surface (not sunk lnto the paste) i among the anounts subjected

to the hydraullc presser nould (10r 15, and 20 g)r 10 g gave the most

suitable product size and was chosen to be further used in a factorlal
experlnent.

The factorlal experlnent uslng mixlng tine (1-7 nin) and presslng force

(1.41 x 106 - 7.03 x 106 Kg/n2) as lnput varlables lndicated that

the pressing force ltself had adverse effects on the handllng score.

. -r ,- Too hlgh a presslng force would cause the mtxture to
stlck to the mould and caused dtfflculty ln renovlng the mltture fron

the nould (Appendtx 5.4f). A hlgher presslng foree could lncrease the

colour lntenslty and cohesiveness effects of the mlxlng tlne. tJlth a

hlgh level of these two varlables, the product would be lntensely

browny-red, of good coheslveness and would have less mellow-sweetness.

Though the presslng force and the nlxlng tlne showed no effect on the

product grlttlness, the product was consldered by the speclal panel to

be sllghtly more grltty than the ldea]. However, the T-test result
(Appendlx 5.7) proved that the dlfference was nonslgnlflcant.
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5.8.4 The Relatlon of Effects Ob

Developed Presser & Cutter

The result of the predlctlon of sensory attrlbute scores at varlous

mlxlng tlmes and presslng forces (Appendix 5.5) suggested that the

optlnum sensory scores (whlch was the ldeal scores of SATIT KASET

panel) and the optlmum handllng score would be obtalned by uslng a

nixlng ttme of four mlnutes and 2.81 x 106 Kg/n2 force.

tfhen the presslng force applled to the nutrltlonally-balanced snack

bars, using the developed presser & cutter was experimentally neasured

and conpared wlth that when uslng the hydraullc presser (see procedure

ln Appendlx 5.6), lt was found that the bars were applted wlth exactly
the same force whlch applled in the optinlzatlon experlment (2.81 x ff,

)xg/m'). Thls findlng lndicated that the optlmun condltlon of
presslng obbalned by the hydraullc presser could be obtained uslng the

developed presser & cutter.

5.8.5 Sunnary and Concluslon

For the preparation of the nutritlonally-balanced snack bar, the

optimun condtttons for mlxlng and presslng operatlons uslng the

developed presser & cutter could be set at four nlnutes for the

tngredient nlxing and 2.81 x 106 xg/n2 for the presslng force.

5.9 THE COMPLETE PROCESS DEVELOPED

The optlnlsatlon experlments for each process produced the Oondltlons

for each process step and then the process steps were combtned ln the

total process. An outltne of the total process ls shown ln Chapter 8

Flgure 8.6. The process conslsted of two parts, flrstly preparatlon of
lngredlents and secondl.y mlxlng the lngredlents to forn the flnal bar.

The BSE-srungbean was prepared by adding water (2.5 of the welght of
mungbean), bol}lng, hot-stlrring and then evaporatlng to approxlnately

20i moisture content. The DSC-banana was prepared by flrstl.y bolllng
the peeled whole banana ln water untll soft then sugar was added and

the syrup bolled for approxlmately 5 hours and thi temperature rose to
12O C or the ISS was at 851. The banana nere cooled overnlght ln the

syrup. Before the flnal mlxlng, the syrup ltas separated from the

banana and mlxed wlth the glucose syrup. The sesame seeds and the
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peanuts nere roasted ln the pan flrstly over nedlum heat and then over

low heat for approxlmately 30 nlnutes.

AIl the lngredlents were then nlxed and formed lnto bars

below.

Formula

Boiled - Hot Stlrred - Evaporated Mungbean (BSE-Mungbean) 1.25O

Banana-Syrup (B-Syrup) 0.375

Glucose-Syrup 0.375

Deep-Syrup Cooked Banana (DSC-Banana) 1.300

Roasted sesame seeds l.ooo

Roasted Peanuts o'7oo

(Vitamln Hix)r (0.29 g)

TotaI

Procedure

5.000

1. Warm B-syrup and glucose syrup ln bolling water until the

tenperature of the syrup mixture ls approxlmately 90 C.

2. Mlx vltanln mix lnto approxlmately 500 g of BSE-mungbean' then mix

lnLo the BSE-nungbean.

tlarm the BSE-nungbean mix ln a round bottom pan untll the

temperature ls approxlmately 90 C.

Add warmed syrup-mlx, stir until the nlxture ls rather dry or until
the ISS of the excess syruP ts 79t.
Mix BSE-mungbLan mlx and DSC-banana ln a three speed type mlxer as

folLows:

: use slow speed (speed 1) and nlx for 1 nln; then, add half of
roasted nuts.

: incieiie the-speed (speed 2) and mlx for 2 nln; then' add
another half of nuts.

: lC slow speed, mlx for 1 nin to complete nlxing.
6. Dlvlde mlx lnto 1.1 Kg lots; cover.

7. Place 1.1 Kg nlx lnto a nechanlcal presser. Press mlx uslng a

force of 2.81 x 106 Kg/mz.

8. Cut the pressed dough uslng the same mechanical presser but wlth

the segmented cutter applled before presslng (bar shape: 10.2 cm x

ffi* or bar wetght: 44 g).

9. Pack each bar ln the polypropylene packet (slze: 11.4 cm x 8.9 cn

x 0.1 mt). T?ten, seal and Iabel.

as descrlbed

Kg

3.

4.

5.

r The vltamln mlx conslsts of 0.220 g Ascorbic, 0.005 g Rlboflavln'
0.060 g Vltamin A' 0.005 g Follc ACld.



184

l{hen larger quantltles of product/lnternediate products are to be

prepared, larger slzes of DSC-banana equtpnent can be deslgned uslng

the same princlples as that whlch was used ln thls expertment. For the

BSE-mrngbean equlpment, an adaptatlon ls necessary for the evaporatlng

stage so that the bolled & hot stlrred mungbean can be scraped properly

out of the bottom of the pan. Thls mlght be done by the use of two

stlrrer-Ilke blades, one of whlch, wlll tscrape outt the hot-stlrred
mungbean at one slde of the pan, whlle another one wlth a fork-l|ke
shape w111 tscrape upt the hot-stlrred mungbean at the other slde of
the pan. l{ith thls type of scraplng notlon, the BSE-nungbean should be

fluffy ln texture whlch wlll be beneflclal for the absorptlon of syrup

ln the next stage. For the preparatlon of larger quantltlesr a

round-bottomed cylinder-shape pan would be more sultable.

For the HP-snack bar equipment (noulding & cutting equlpment)r after
the hydrauLlc jack was applted, some minor adaptatlons ltere still
needed as follows: the brass plate needed to be fixed and the presser

needed to be controlted for stralght windlng down lnto the frame;

lndentations around the inslde of the frame were needed for the cutter
blades, to give evenly cut segments; hard plastic needed to be

substltuted for lron ln the frame and presser; a gauge was needed for
measurlng the pressing force applled.

5.10 TESTING THE PROCESS

The total developed process was trled out by the factory owner and the

factory medlum-skilled staff at RIN, a small-scale GRAIASAHT factory ln
Thalland, whlch was consldered to be sultable for the ,developed
process. (Detalls, concernlng the process used in thls factory and how

Its key operatlons were screened for the lnprovenent applied in this
project, can be found tn Appendlx 5.8M). The procedure for each

process was written down for the staff to follow. Host lngredlents and

equlpment were already avallable at the factory; the exceptlons were

bananas, a thermometer and hand refractometer, and a mechanlcal presser

& cutter.

Slnce lt was belleved that the sensory weak polnt .of the product as

mentloned by the chlld consumers could be'lmproved by a productlon

developnent technlque llke EVOP (Evolutlonary Operatlons) rrhlch ls the

forn of experlnentatlon used rlght on the productlon llne' thls testlng
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of the process lncluded the nlnor cfiange of scatterlng one tenth of the

peanuts ln the reclpe on the top of the bar to llghten lts colour

lntenslty, Sensory evaluatlon of the factory product by four tralned
Lab panellsbs (Appendtx 5.7) uslng a category scale proflle test
(scores 9 r7 r5r3r 1 ) on four lmportant product attrlbutes -- colour,
grlttlness, coheslvenessr and sweetness, proved that all attrlbutes
lncludlng lts colour ltere not statistically slgnlflcantly dlfferent
from those of the ldeal (Ideal = 5). The exceptlon was for lts lower
cohesiveness than the ldeal (4 compared to 5r. The hlgh moisture
content of the factory product was consldered responsible for lts low

cohesiveness. This could be prevented by carefully controlling the
end-point of the mlxture while mlxing over heab.

It was found from the transferal of the lnformatlon obtained from

nutrltionally-balanced snack bar process development that the developed

process could be used for commercial productlon at a sma1l scale

factory.. However, the factory product had sone dlfference in
characteristics compared organoleptically, mlcrobiologlcally, and

nutritionally, with those of the consurfi€F-test products (Table 5.27).
The factory product had an obvlously higher proteln, fibrer and

noisture content, buf a lower fat content. The factory nuts used nlght
be responslble for the difference ln the nutritlonal propertles of the
snack bar. Its hlgher moisture content was responslble for the higher
mlcrobiologlcal count. In sensory characteristics, the factory product
proflle was closer to the ldeaI. The exception was for lts
cohesiveness. tllth the hlgher motsture content, the factory product

was more crumbly. An lmprovment 1n process control was needed. A

dlscusslon with the factory owner concernlng the possiblllty of
applylng the total developed process for nutrltlonally-balanced snack

bars ln thls level of factory gave a posltlve regult. The detalls of
the final process developed ls glven ln Sectlon 8.4.
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Table 5.272 Conparlson between 
"on"ut""-test 

and factory products.

Characterlstlcs Consumer-test FactorYProduct Product

Nutrltlonal Characterlstlcs
Protein
Ash
Fibre
Carbohydrate (by dlfference)
Total 3o11ds
Calorles
Molsture content

Microblologlcal Characteristlcs
Yeast bnd mould

Sensory Characteristicsr

CoIour
Gritty
Cohesive
Sweet

22.45
16.00
2.09
5.27

46.86
87.40

453.49
12.60

18.27
1 3.33

1 .93
1.28

57.36
go. gg

447.19
9.11

By Consumer
Taste Panel

S. D.
5.8 ( 1.4)
5.5 ( 1.3)
5.0 (1.2)
4.7 ( 1.5)

1o:
10r

1.4 x
None

s. D.
4.5 ( 1.0)
5.5 ( 1.0)
4.0 (1.2)
5.0 ( 1.6)

103 3.8 x
1.8 x

By Lab Panel

r Mean from cate8ory profile test2 9,7' 5,3' 1

Figures ln parentheses are standard deviatlon values.

5.11 COMPARISON OF STATISTICAL ANALYSIS HETHODS

5.1 1 .1 Introductlon

Different methods of statlsbical analysis were used wlth the dlfferent
experlmenbal deslgns used in the process development study. For the

experlments ln whlch the goal was to express the response variable as a

function of the predictor varlables, factorlal deslgn was used

acconpanted by regresslon analysls. For qulcker calculatlon of the

effects, Yatesrs Algorlthm were applled to the observatlons after they

have been rearranged ln what ls called nstandard orderr.

In thls present pllot plant process developnent study for a

nutrltlonally-balanced snack product, 22 factorlal experlnentg were

used and Yatest Algorlthm was applled for the calculatlon of the naln

effects and of the estlmated response variable values (predlcted rYf)

ln the predlctlon equatlon. It was the purpose of this study to
compare the effectlveness of Iatest nethod, ln evaluattng the maln

effects and ln estlmatlng the response varlable values ln a 22

factorlal experlment, with that of regresslon analysls. Stepwlse

regresslon procedure, whlch ls a selectlon technique that sequentlally
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was chosen for use; and the data at the

factorlal deslgn was collected and lncluded
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to the predlctlon equatlon,

centre polnt of the 2',

ln thls analysls nethod.

The stepwlse nultlple regresslons lrere conducted uslng a standard

computer programr MINITAB for phase 1 and SPSS for phase 2. Examples

of conmand for IIINITAB and SPSS Programs for regresslon analysls are

shown ln Appendix 5.9!la and 5.91'tb respectlvely.

5.11.2 Comparlson of Selected Results of Process Development

Experlnentation by Two Statlstlcal Analysls ilethods

The selected results fron two process developnent experlnents rrere

chosen for comparlson. These lncluded Experiment 1 (EXP 1) on

DSC-Banana ln phase 1 and Experinent 6 (EXP 6) on MP-Snack ln phase 2.

A comparison lras nade of selected output varlables of process

experlnents on the basls of thelr maln effects and estlnated output

variable values (Table 5.28). The predictlon equations, coded and

uncoded, of bobh nethods are shown in Appendix 5.8a, and the

calculatlons for selected estimated output varlable values in Appendix

5.8b. The effectlveness of the method was based on lts accuracy of the
predlcted values compared to those obtalned ln the real application ln
consumer test products.

The conparlson on the tnaln effectt results of EXP 1 suggested that the

Yatesr nethod and the Regresslon method expressed them ln a slmilar
rra!. The excepblon was for the Aw value of B-syrup ln whlch no nain

effect was found by the Stepwlse Regresslon method. The tlnteractlon

effectsf whlch were found only by the Stepwlse Regresslon method

suggested the sensitivlty of thls technlque to the lnteractlon of the

effects. This sensltlvlty of the regresslon method nas responslble for
the lower estimated output varlable values under the regression method.

Slnllar predlcted values of tDSC-banana obtalned and Aw value of
DSC-banana proved that where naln effect results of the two nethods

were the same, the predlcted values were slmllar. And vlce versat

where the maln effect results uere dlfferent, the predicted values were

also dlfferent. Howeverr the results were ln the sane dlrectlon.

Slnce ln this estinatlon, tSS of banana ltas set at 15I whlch was

outslde the range of the ISS used tn H(P 1 (tSS = 17.5t 23) ' there

nlght be some error ln the predlctlons. And this was thought to be
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(-0.4) obtalnedresponslble for
by the stepwlse

the nlnus value of flavour ratlo nean

regresslon nethod.

TABLE 5.28: COI'IPARTSON OF SELE TED RESULTS ON PROCESS DEI'EIT'PI'TENT

EXPERIMENTATIODI BY T}IO STATISTICAL ANALYSIS T.IETHODS

l{ain Effects Estitnated Output Variablesfr
Output variables

Yatesi 
":;::::::,

Yates I Stepwise
Regression

1.

EXP I DSC-Banana
Process (No ReP)

t Dsc-banana
obtained

t B-syrup left
t Loss through foan

t SS: DSC-banana,/
ayrup

s

s

T

s

T,S

SrI
(r)
(s)

(T), (s)

s

s

5. Art: DsC-banana

5. Aw: B-syrup

?. Force: 1st cherd

8. Force: 2nd chew

9. Red R. mean

10. Chewy R. mean

11. Flavour R. mean

46 ltP-Snack OPeration
(with Rep)

1. Colour scores t'l

2. Cohesive score (ir)

3. Gritty score

4. Meflow-sweet acore MrP

5. Handling score !i, (I)

6. Stickirgto-nould
acore llr l

1. t SS of rnixture
before prees

8. t SS of snack
after Press - (tl)

2.

3.

4.

s

S,I
frr

S,I

:"

S,I
SrI

!1, P

lil

45.800

38.100

5.500

76.500

0.768

0.710

1.200

1.300

0.400

5.46

3.29

81.29

45. ?OO

35.100

3.OOO

70.800

0.7 60

1. OO

-o.400

(4.56)

3.98

80.20

(l.r)

ft

For EXP 1: T - initial tetnperature of syrupt s ' t ss banana u8ed,
I - Interaction

For EIXP 5: ll - nixing tirne; P ' Pressing forcel I - Interaction
Character in parentheeis - trend of being nean effect

For EXp l: T' l92ogl S - l5t
For EXP 6: M - 4 ninr P - 2.81 x 10o 1r..-2



189

The conpartson ln EXP 6 on the' l{P-snack operatlon experinent alqo

suggested that both statlstlcal nethods gave stnllar patterns of
results. The tnaln effectsr found were not exactly the same because of
the subJectlve Judgnent by the restlnatlon technlquer used (see

5.5.8.3). However, where rtrends of belng main effectsr were found by

Iatest nethod, they were found by the stepwlse regresslon as well and

vlce versa. Thls was deslgnated by the hlgh F-value close to the

critlcal value of slgnlflcance or at Least by belng the hlghest F-value

conpared to those of the fnot naln effectsr. For exanple, by
festimatlon technlquet on latesr nethod, mixlng tlme was found to be

the tmaln effectr; whereas thls varlable was found to have ttrend of
being naln effectf by the stepwise regression method (as shown ln Table

5.27 by uslng parenthesls).

Also, the slmllar predlcted values of thls experlment (llellow-sweet

score = 3.29 by Yatesr and 3.98 by stepwise regresslon; iSS of snack

after press = 81.29 by Yatesf and 80.20 by stepwise regression) proved

that both nethods gave slnilar results. The exceptlon was for the

colour score, where no fmaln effectr was found by the regresslon

method, and prediction equation was taken fron that constdered to have

a ttrend of belng a nain effectr.

The comparlson of the above three predlcted values wlth those obtalned

on the tconsuner test productr proved that both Yatest and the Stepwlse

Regression nethods lrere slnllar ln effectlveness because they gave

predlcted values that were slnllar and ln some cases close to what

would be obtalned as shown below.

Predlcted VaLues Consumer Test

Yatest Regresston Product

Colour score

Mellow-sweet score

ISS of snack after press

5.11.3 Concluslon

5.5

3.3

81 .3

(4.7)

4.0

80.2

5.8
4.7

93.0

Based on this experlnent, Stepwlse Regresslon and Yatesf nethods of
statlstical analysis gave slmllar results for the tmaln effectr and

testlmated output variable valuet studled. The results on predlcted

values obtalned, compared to those obtalned fron the appllcatlon ln the



consuner test productr though

slnllar. The two nethods

effectlveness.
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they were not exaclIy the saner rrefe

were consldered as slnllar ln thelr

5.12 DISCUSSION AND CONCLUSION

A nodel of fornulatlon and process development for a

nutrltionally-balanced snack product to be used for the lnterventlon
programme ln Thailand was deslgned (See Flgure 8.1 and 8.2 ln Chapter

8) uslng systematlc urethods and planned technlques. One of the best

nethods and techniques recomnended, based on thls lnvestlgatlonr was to
use optimizatlon techniques. Llnear prograrutlng was suggesbed for the

formulatlon and factorial for the process development. A proflle test
was suggested for the sensory property test of the developed product

and water activity value anatysis, refractometer, or molsture analysis

for the brltlcal physlcal property - the avallable noisture ln the

product. For statlstical analysis, proflle analysls on the ratlo basls

lras recomnended for the product's proflle, and stepwlse regression or

Yatets analysis for data of process development experlnentatlon. A

t-test and Analysis of Varlance techniques could be used whenever a

difference between/among treatments was to be known, and the

correlatlon technique whenever the relatlon among attributes lras to be

ldentlfied.

Between Stepwlse Regresslon and Yatesr analysls methods, the latter was

reconmended for fulI factorlal experlments where a conputer facility ls
not avallable and the budget ls llmlted. The advantages of ustng

Yatest nethod are: ease of use (wlth hand calculatlon posslble); less

tlne and noney necessary; effectlveness (wlth trather accuratel
predlctlon).

In concluslon, for a nutrltlonal snack developnent proJect wlth llnlted
tlme and budget, lt was posslble to use only slmple but nevertheless

effectlve techniques after the fornulatlon by LP was done. That ls a

factorlal deslgn wlth Yatesf analysis used for process optlmlsatlon' a

refractometer for crltlcal nwater-avallableil test, and a snall taste
panel for sensory proflle testlng. However, 'careful subjectlve

Judgment should be lncluded ln the lnterpretatlon of the statlstlcal
analysls.
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CHIPTER 6

SENSORY ANALTSIS DEVELOP}IENT AND STATISTICS

6.1 INTRODUCTION

Product development ln the food lndustry nay vary ln aims and

obJectlves, dependlng on the pollcy of tndivldual conpanies. However,

one alm of all product development projects ls that the flnal product

should neet the acceptance crlterla of the consumer expected to be the

target market. Food acceptance and preference or degree of llklng
depend mainly on consumer sensory response; thus, sensory tests using

human subjects are lmperative. For this reason, the sensory analysls

of food plays an lmportant role 1n the PD system.

At the tdevelopmentt and ftestingr stages in the PD process' sensory

analysis" activities are needed. The developed products fron the

fornulatlon and process develop\rnent--sieps need sensory analysis

techniques that can lead to products wlth the characteristics deslred

by the consumers, that is fhe ldeal product proflle; whereas those

from the productlon, storage, and consumer trial sbeps need technlques

that can portray the proflle changes caused by the trials. For optlnum

results, these sensory analysls technlques need not only dlfferent
panel types wlth different sensory analysls capabllities but also

dlfferent statistlcal technlques for data analysis.

Since the ultlmate consuners are untralned and not selected' and are

therefore lower ln discrlmination, sensttlvityr and conslstency ln

neasurement, sensory analysis technlques selected for use for thls
group are generally slmple but effectlve. And slnce the ultlnabe

consumers are the goal for the product developedr lt ls consldered

necessary to relate any types of panel and any methods and technlques

used for sensory analysis at each step to ones that are used for the

ulttnate consumers. Thls resulted ln an overlapplng of the sensory

analysls methods and technlques used ln certaln steps ln the PD process

of thls project.

For the nutrltlonally-balanced snack bar developed'ln thls proJect, a

sultable nethod was requlred to determlne the whole sensory profile
change at each step of the development. A change towards the ldeal
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product sensory proflle of the gonsumer panellsts ras consldered

posltlve. The descrlptlve sensory proflllng technlque, because lt ls
not quantltatlve, ls dlfflcult to analyse and lnterpret (Calrncross and

SJostronr l950 as quoted by Anderson' 1982). Thereforer scallng

nethods were chosen for the sensory proflles of the products developed

ln thls project. Linear scallng was chosen for use at the beglnning of

the product development process especlally for the tralned laboratory

panel, whlle category scallng was used at the later part especlally for
the untralned panel and the consumer survey.

It was the purpose of thls study to lnvestlgate the approprlateness of
linear scaling and category scallng technlques for use ln the sensory

proflle of products deveLoped at various stages in the PD process.

Also statistlcal analysls techniques rrere compared ln order to choose

the most approprlate one(s). The effectiveness of different nethods

and technlques was lnvestigated as follows: the effeetiveness of the

ratio proflle analysls technique by comparison with other methods of
proflle analysls; the effectlveness of laboratory and consumer panels

by a comparison of the predicted resuLts wlth those obtalned ln the

consumer survey; the effectlveness of the sensory nethods by a

comparison of the sensory anaLysis results with those obtained from

lnstrumental methods.

The flnal alm of the study was to deslgn a sensory analysis developnent

model to be used for nutrltlonal product development proJects ln

Thailand. AIso thls study was to set up reference C.V. (Coefflcient

of Variatlon) values for the Judgnent of the standard devlatlon slze

for sensory analysls of a developed product uslng the proflllng
technlgue.

6.2 I{ETHODS AND TECHNIQUES Ill SENSORY ANALIqIS 9F FoODS INCLUDI{G

STATISTICS

6.2.1 Introductlon

According to Amerlne et al.(1965), sound methodology for the sensory

analysls of foods rests on a thorough knowledge of. sensory physiol'ogy

and an understandlng of the psychology of irerceptlon. In addltlon'

careful statlstlcal deslgn and analysts of the data ls essentlalr and

flnally, new understandlng of the sensory Judgment ls to be sought
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through correlatlon wlth physlcal chenlcal data.

6.2.2 l{ethods and Technlques for Sensory Analysls and Statlstlcs ln
General

Dlfferent methods and technlques for the sensory analysls of food and

the statistlcs assoclated with then can be found ln the llterature
(Anerlne et aI., '1965i Kramer and Twlgg, 1970i Larmond, 1970i Blrch
et al., 1977i Cooper, 1981; Gatchaltan, 1981; Anderson, 1982i Food

Technology Research Centre (FTRC), 1982; Hoskowltz, 1983; Wllllams
and Atkln, 1983; and Piggott, 1984). The correlatlon of
subjective-obJectlve nethods ln the study of food were dlscussed in
detail ln Amerlne et a1.(1965), Kraner and Twlgg (1970), Cooper (1981)'

Moskolritz (1983), and lfllllams and Atkln (1983). ASTM (1968) discussed

the correlatlon of subjectlve-objectlve nethods ln the study of odours

and taste, and Hartens and Russnurm (1982) dlscussed in detall data

analysis in food research. Anerlne et al.(1965) categorlzed the most

lmportant types of sensory tests to provlde lnformatlon that can lead

to product lmprovenent, quality maintenance, the development of a new

product, or analysis of the narket.

6.2.3 Hethods and Technlques for Sensory Analysis and Statistics ln
PD Systen

A nunber of types of scallng have been used to quantify sensory

attrlbutes of developed food products. For product proflle development

ln the PD system, a llnear scallng method was used effectlvely and

successfully by Cooper (1981) and FTRC (1982). Recently' a ratlo
proflle technlque was developed by FTRC as a pronising method for
proflle data analysis.

For the consuner panel studles, Calvln and Sather (1959) as clted by

Anerlne et a1.(1965) used a hedonlc scale of nlne descrlptlve terns to
establlsh the degree of llktng for varlous food products by uslng a

student laboratory panel and also a household consumer panel.

Agreement ln results between the two panels was found to be very good.

A hedonlc scale as used above can be cLasslfled under the category

scallng nethod.

and
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6.3 I{ETHODS AND TECHNIQUES IN THE PRESENT PRopUCT DEVELOPMEI{T PRoJECT

6.3.1 Introductlon

In thls study, two dlfferent scales were used to quantlfy sensory

attrlbutes ln the developed snack-bar: llnear scallng and category

scallng, both of which could portray the sensory profile and the

acceptablllty attrlbutes of the product. For sensory profile analysls

uslng a linear scale, two nethods were used to analyse the data.

Flrstly, the ratlo of the panellst score to the ldeal score and

secondly, the llnear distance of the sanple score fron the ldeal score.

Where Justtftable, the actual scores were lncLuded ln the comparlson.

Three factors lrere used to Judge the effectlveness of the two scallng

technlques: slmpLlclty, quickness, and difference-sensltlvity. Durlng

the dlfferenb steps of the PD process, four types of panels were used

- a laboratory panel, a special panel, a consumer panel, and a

consumer survey.

6.3.2 Oefinttloq of Selected Senso

6.3.2.1 Panel Terms. The four panel types used for analyslng the

developed snack-bar were the laboratory panel (Lab panel), the speclal

panel, the consuner panel, and the consuner survey. The neanlngs of

these four terms for this proJect are given below.

Lab panel. A snall group of respondents who were lnterviewed on

the same sensory toplc throughout the project. Though they were not

representatlve of the consumer, they were seni-tralned ln evaluating

the sensory atbrlbutes of the product based on consuner preferences.

Speclal Panel. A senl-tralned panel formed for speclal analysis of

certaln lntermediate products ln thls proJect. Panellsts mlght or

urlght not be technlcal personnel, but they ltere senl-tl'alned tn
dlscrlsrlnatlng sanples on the basls of the sensory propertles of the

produc! sanples, rather than on thelr lndlvldual preference.

Consumer Panel. A sanple of typlcal consumers who were lntervlewed

several tlmes on the same sensory toplc. In thls proJectr a statlc
panel or ln other words a pernanent or a constant panel was preferred'

slnce tbefore and after datat was required.

Consumer Survey. Respondents who were only lnbervlewed one tlme on

one toplc, sensory or Don-s€hsorY. In thls projectr the consumer

survey not only lncluded more respondents than the consumer panel but

also lncluded a more demographlcally representatlve sanple.
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6.3.2.2 Sensory Scallng l{ethods. Two sensory scallng nethods usqd

for the sensory testlng of the developed snack bars were llnear scallng

and category scallng.
Llnear Scallng. The scale was represented by an unnumbered ltne.

The llne had verbal anchors at each end and was 10 cm long. The

panellst was lnstructed to mark the llne at the polnt approprlate to
the extent of hls/her perceptlon. An example of the tverbal anchorr

llne for colour ls shom below.

llght dark

Category Scallng. The category scales used in thls study were of
two types: Unlpolar scales for the level of the degree to whlch an

attribute was present, and bipolar scales for the level of the

acceptance/preference/degree of llking. Numbers were asslgned for each

category level. For example, for category scallng on the llklng of the

snack bar, t1f was assigned for rllke very muchrr rJr for fnelther like
nor disllker, and r5r for tdisllke very mucht. This type of scaling

was used for the untrained panel.

For the stored product evaLuatlon, a category segmented-sca1e was

used. Thls was represented by 5 segments of a broken llner each end of
whlch had verbal anchors (see below). The scales were for the strength

of each attribute of each sample, conpared to the reference. The scale

was from rnot presentf (equalled score 1) and tstrongt (equalled score

5). The sample codes were to be placed sonewhere along the scale by

the panellsts, who would also lnclude their reference score.

not present strong

Two score terms rere used as the basls for6.3.2.3 Score Terng.

proflllng analysls.
Sample Score. The sample score was the length ln centlmetres from

the zero end to the polnt marked for the strength of the product sample

attrlbute on the llnear scale by the panellst. For category and

segmented scales, a verbal score was asslgned by the panellsts. The

verbal scores were prevlously asslgned numerlcal scores by the

researcher.
fdeal Score. The ldeal score had a slmlLar deflnltlon to the

the strength of the ldea1

the sanple.
sample score but

characteristlcs of
1g nas asslgned for
bhe product lnstead of



196

6.3.2.4 Data Analysls Terns. Two data analysls terms were used for
sensory data analysis ln this part of the study.

Analysls of Profile Data.'Analysls of the proflle data fron the

llnear scallng nethod was carrted out ln a number of steps. To begln

rlth, the dlstance along the sample llne was neasured and the ratlo
wlth the ldeal llne length was used to calculate the ratlo mean. For a

sample marked at the zero end of the line, the assumptlon was nade that

the sanple score Has 0.1. Thls was done to Solve the rzero problemt

rlth ratlos (1.e. O/5 = 0). The data obtalned ltere plotted ln a

splder-web form. The data obtained were also analysed by an analysis

of variance or the studentrs t test (AN0V,/T-tes!) for the difference
among attributes. Correlatlon technlques ltere used to study the

relations among attributes.
For the data from the category scaling method, the ratlo nas

obtatned by a dlvlslon of the sample score by the tjust rlghtr or
rnlddle segnentt score (whlch was flt for both types of scallng); and

the product obtained was analysed by statistlcal technlques ln the same

manner.

Chl-Square Dlstrlbutlon Analysis. Chi-square dlstrlbution analysls

was applied to the consumer panel data whlch consisted of countsr oF

frequencles by comparlson of rexpected frequenclest against tobserved

frequenctest. Such a comparison could lead to useful conclusions on

the questions of rwhether or not the discrepancles between observed and

expected frequencles are so large that doubt ls cast on the assunptlons

that gave rlse to the expected frequenclest and twhether the observed

data presenb sufficlent evldence to cause reJectlon of the hypotheslst.

For the consuner survey test data, the chi-square analysls was

used to test the null hypothesls that two crlterla of classlflcatlon'
when applled to a populatlon of subJectsr were lndependent. The two

crlterla of classlflcatlon ln this proJect were flrstly elthei sexr age

or educatlon level attalned, and secondly an attrlbute lntenslty score.

Thus, nthe tests of lndependencen was considered to be the type of
chl-square dlstrlbutlon to be used.

6.3.2.5 Other Assoclated Terms.

Score Hean. The score nean was the mean of the raw scores obtained

by elther llnear or category scallng methods of fhe sensory analysls of
the product profll.e.

Ratio Hean. The ratlo mean lras the nean of th6 ratlos obtalned by

dlvldlng the sample score of each attrlbute for each panellst by its
ldeal score. For the ratlo method of proflle analyslsr when the ratlo



197

nean Has equal to 1.0, the sample uBs consldered the sane as the ldeal.
At a value less than 1.0, the sample had less of the attrlbute, and at
a value greater than 1.0, the sanple had nore of the attrlbute. At the

prellnlnary stages of development, a small standard devlatlon (assumed

when S.D. < 0.5) lndtcated panel agreement about the lntenslty of the

attr1bute,whereasa1argestandarddev1at1on(assunedrhenS.D.>
0.5) showed that the panellsts could not agree on the samplets

attrlbutes.
Interval }lean. The lnterval nean was the mean of the lntervals

obtalned by subtractlng the sanple score of each attrlbute for each

panellsb from lts ldeal score. For the lnterval nethod, at an lnterval
nean equal to 0.0, the sample was considered the sane as the ldeal. If
a negatlve score resultedr the sanple had less of the attrlbutet
whereas lf a posltlve score resulted, the sample had more of the

attrlbute. The descriptlon for the standard devlatlon above also

applted for the lnterval mean.

1st_Panel. Panel formed in phase 1 ln New Zea1and.

2nd Panel. Pane1 formed in phase 2 in fitailand.
1sb Consumer Test Product. Product produced in phase 'l ln New

Zealand for the consumer panel

2nd Consuner Test Product.
test purpose.

Product produced in phase 2 ln Thailand

for the consuner panel test or consumer survey purpose.

6.4 GENERATION AND USES OF IDEAL PRODUCT PROFILES

6.4.1 Introductlon

In the PD systen, a sensory ldea1 product proflle ls needed for use as

a standard against whlch the products developed can be conpared. In
thls study, because of the two phases of the nStudy Programnr two ldeal
product proflles were generated. The 1st sensory ldeal product proflle
was generated ln phase 1 ln New Zealand by the lst lab panel (6 Thal

graduate students at l{assey); and the 2nd sensory product proflle was

generated ln phase 2 Ln Thalland by the 2nd consuner panel (36

school-children at SATIT KASET).

In generating the sensory ldeal product proflle, a product was needed

for use as a gulde for the Judgment. It was consldered lmportant that
panellsfs were presented with a product and'dld not develop an ldea1
proflle wlth no reference product as guldance. The product can be a

connerclal product that ls avallable or an experlmental product from an
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early developnent Etage. In thls proJect, an experlnental product ras

used for the ldeal product proflle generatlon. Thls was done by

presentlng a prototype product to the paneltsts as an rlnaglnary

anchort. The lst product developed at the LP formulatlon stage (LP

fornulated product) was used for phase 1 generatlon; and the product

produced ln the productlon run ln a lfew Zealand factory was used for
phase 2 generatlon. Thus ln thts proJect, the sensory product proflle
was generated at the same tlne as the flrst product (tne prototype
product) was tested by the paneJ..

Undoubtedly, each panellst generated a different ldeal product proflle
ln nagnltude; and thelr ldeal proflles obtalned were deflned as

nmovlng idealr proflles. These were ln contrast wlth the nflxed ldealn

profile which lras obtalned when the ldeal proflle, agalnst whlch the

product was bo be conpared, was fixed on the llne.

6.4.2 Selection of Sensor Attributes and the Taste Panel Forms

In phase 1, before conductlng the panel testr a tenporary panel of
three was formed consisting of two technlcal personnel fron the Food

Technology Research Centre and the researcher. Each tasted a plece of
the nutrltionally balanced snack product, and selected and evaluated

the lmportant attrlbutes for appearancer odourr texturer and flavour.
The panelists dlscussed the attrlbutes and agreed on common

vocabularles, and also developed the form. An example of the taste
panel form ls shom ln Appendix 6.1a. Thusr ln thls study the

selection of sengory attrlbutes and the development of the panel form

was carrled out by the technologlsts not the panellsts.

In phase 2, the questlonnalre ln the forn of a proflle test type, used

for the lab panel and consumer panel tests ln New Zealandr Hds

translated lnto Thal and used for the consuner panel test ln Thalland
(Appendlx 6.lb). In brlef' the taste panel forn lncluded a llnear
scale for the followlng product attrlbutes: appearance (colour and

slze), odour (sweet and nutty), texture (soft-hard, crunbly-coheslve'
grttty, dry-Julcy), flavour (nutty, sesame, mellow-sharp sweetr fruity,
and nungbean flavour), and acceptablllty score.

6.4.3 The Panellsts

In phase 1, because lt was lnposslble to have a taste panel of
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school-age Thals at l{assey Unlverslty, a group of 6 Thal graduate

students aged fron 25 to 35 ltere accepted for partlclpatlon ln the

lnltlal taste panel. Four of the panellsts were fenales, and two rere

na1es.

fn phase 2, the panellsts, aged from 7 to 15, 1.e. school children of
levels 1-9, were volunteers who dld not mlnd eatlng nuts, who dld not

have a cold and who had not eaten other snacks before the testlng tlme.
Two boys and two glrls from each level were chosen by the teacher of
each level. These, when colLated to cover the whole range of levels
studied, nade up 36 respondents, 18 nales and 18 females.

6.4.4 The Preparatlon for the Panel Tests

The necessary materials nere prepared the day before the test date as

follows:
Phase 1:

6 pleceq of sanple
o DIasElC CUDS
6 irhite olat'es
6 ouestibnnaires and oenclls

And tlssue, candy a3 a gift.

packets of samples
box of tlssue '
olastlc cuos
blastlc tr'ays
olastlc iuqs
btg Uottle'of drlnklng water
ouestlonnalres
dood quallty penclls wlth rubber.(To bC kept as a gift after the test)

Phase 2:

-50

1

40
4
4
1

40
40

6.4.5 Panel Orlentatlon/Tralnlng

Before the test, the panellsts were glven orlentatlon on the tastlng
method. The neantng of each attrlbute term was explalned to the panel

to avold any error ln panel lnterpretatlon. Exanples were glven where

necegsary.

6.4.6 Panel Procedure

In phase 1 r samples .prepared ln advance and kept at room temperature
were used. The bar served for tastlng was approximately 6 x 5 x 2.5 cm

ln slze and welghed 80 g. Thls was half the slze of a 5 Baht packet
and was sltghtly smaller than the slze of a.3 Baht packet. Only one

sanple was used for the lnltlal proflle test. l{ater was avallable to
cleanse the panellstts mouth. Three sample slzes were also provlded
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for evaluatlon. .

160 g neasurlng 11 x 5.5 x 2.5 cn (5 Baht slze)

90 g neasurlng 6 x 5.5 x 2.5 cm (3 Baht stze)

50 g measurlng 5 x 3 x 2.5 cm (app. 1/3 of 5 B slze
or 1/2 of 3 B stze).

The panel test was done ln a taste panel room wlth whlte fluorescent

Ilghttng and an alr conditlonlng system.

In phase 2, permlsslon for a conaumer test ln SATIT KASET SCHOOL was

asked for two weeks Ln advance. Four graduate students fron the Home

Economlcs Departnent, Kasetsart Unlverslty were used as the

lntervlewers. Orientatlon on the consuner test method for the

lntervlewers was done the day before the test date. The inportance of

comnunlcatlon was explained to the lnterviewersr who were also

thoroughly tralned ln the use of profile test forns.

The test_ was conducted after school hours, at 3:45 - 4!45 p.m.r in an

alr conditioned room where there lras no lnterference (Flgure 6.1). A

proflle test forn, a pencil, a glass of water, a tissue and a packet of
the sample (4 weeks old) were dlstributed to each child and then the

author explalned to the children how the proflle test form should be

completed and gave the neanlngs of all the terns at lntervals. The

lntervlewers had all been taught to glve the sane explanatlon for each

term. After the proflle test forns ltere fllled in they rere firstly
checked by the lnterviewers.

6.4.'l Method of Profile Analysls

The method of ratto profiJ.e analysls developed at Ttre Food Technology

Research Centre (1982) Massey Unlverslty, New Zealandr was used. An

unnumbered llne of 10 cn in length, wlth verbal anchors at each endt

was prepared for the panellst to lndlcate the lntenslty of each

attrlbute compared bo lts lndlvldual ldeal.

Each sample score allocated for the lntenslty of each attrlbute by each

panellsb, was dlvlded by lts corresponding ldeal score. The ratlos
obtalned were then averaged (x) and the standard devlatlon (S.D.)

calculated to see the dlstrlbutlon of the data.. Correlatlon among

selected attrlbutes and between selected lndlvldual attrlbutes and

acceptablllty were calculated. The dlfference between treatments (ln

thls case, Sampl.e vs ldeal) nas lnvesblgated.
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Prndrrct Accont:hi I i t rr

(Chi 1d Consumer Panel

m^^+ l-" 1',zr.nnaUmer PaneIIe>L Uy Ztlu uvrlr

in Thai land)
Pi gure 5.1:
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6.4.8 Data Processlng and Analysls

Before the processlng of the data, the test forms were checked by the

author. Tbe prlnary data obtalned fron the sensory tests was processed

by computer. The programmes, IIINITAB (Ryan et al., 1976) for phase 1

and SPSS (Nte et a1.1 1975 and Nle, 1983) for phase 2, were used for

the calculation of neans, standard devlatlons, ratlos to the ldeals'

correlatlons of the attrlbutes, and statlstlcal dlfference by

AlloV/T-Test. The slgniflcance of dlfference was tested wlth a level of
probabtltty of 0.05.

6.4.9 Results and Discusslon of the lst ldeal Produet Proflle
Generatlon

6.q.9.1 proflles of Product ldeal and Product Sanple. Score nean

proflles of the ldeal and the sample and the sanplets ratlo proflle are

shom numerlcally in Tabl.e 6.la, and graphically ln Flgure 6.2. Their

standard.deviatlons are also lncluded so that the varlabllity of the

data ean be examlned. The nean ldeal proflle was flxed and was used

for conparlson ln further experlnentatlon durlng phase I of thls
proJect.

trbl. 6.le: Scor. t..ns of idrrl ead rrlplr
LP forrulrt.d Product "rPl' 

bY
ead
trt

rrtio rren Profila of
leb geaol.

fdrrl
I S.D.

sr.pl. l.tioAtt r ibutos

Odour:
Sgaat lrola
tfutty I rola

lcrtur.:
soft-9. rd
CrurblY - Coh.tiv.
GrittY
DrY - JuicY

Flrvour:

5.2 1.2
5.1 1.{

a.9 1.5
6.1 1.4
a.l 1.2
5.! 1.9

r.5 1.5
5.1 1. t

a .5 2.2
3.5 1.2
5.! 1.9
5 .1 t.3

5. t 2.9
5. O 2.3
t.l 1.5

t.6 1.6
5.6 2.t

5.2 0. t

1.1 0.7
0.6 0 .2
l.{ 0.{
1.1 0.3

0.9
1.0

0.3
0.{

futty llrvour 6.3 2'O
srsrir flevour 5.6 0'9
ttrlloY .r..t - a.l 1'4

sblrP te..t
lruit ftlvour t.5 l'7
tluDgb.rD llrvour 5.2 1'7

Acc.PtrbilitY rcoro 7'O 0'0

1.0
0.9
0.9

1.0
1.3

0.7

0.4
0.1
0.1

1.5
0.7

0.1

trot.a:
1. x r rtlPlo tcora laln.
2. 3.8- lrlPlr rtenderd doviltloa roea'
3. Color: o-rcrigtiv. tyP. ot drtri tbur' it rer orcludod'
l. sit.: rultigl. iU"i..-drtr; thu!, it rlr orcludod'
5. Acc.Ptrbility: toP of hrdoaic-t"!lt grovidod "" tt""ittd for idorl'
5. rb. rrtio r.r' "ii r.o oa truit tlrv'our eltbougb tbo idrrl l..D.cor. reg 3'6 rnd

itr rrrpl....o-r.oi. rrs 1.5. ?bir rer bocluro iadividuel plaolirtr u3'd dilfrront
grrt!o'tb.ltD..lbocorl.ltto!tb.t.!t.P.!.ltorrluggortrdtbrttruitl.rDot
r.rllyrrollartiaoaflevour.ttll'dilticulttod.ti!.rbrtfruitrer.
'lllaDr tlrvour'laal.d to b' r b'tt'r trrr ia tbit crt''
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Xcy; ldeal (1.0)
Semple

sve 6'2: 
::::.':"il ;::':: ::::: ""*' 

scarea: LP Fornura'!ed

prlnary lnvestigatlon was nade to flnd out the weak polnts of the

sample. It lras found (according to the dlstance away fron bhe ldeal

polnt) that the sample was rather crunbly' grltty, not frulty enough'

and was liked sllghtly (average 5'17 out of ?) by thls panel' However'

the result fron the ANOV technlque lndlcated that anong those

attributes nentloned, only crumbllness and acceptablllty of the sample

were sbatlstically slgnlflcantly dlfferent from the ldeal (Table 6.1b).

Thus, though certaln attributes were further statlstlcally
lnvestlgated, crumbllness and acceptablllty were emphaslzed.

Table 6.1b: Heans and levels of dlfference of -sqlqcted-attrlbutes of
iif seniory product ldeal and lst LP fornulated product.

Ideal Mean LP Sample Level of
l{ean- SlgnlflcanceAttributes

Gtt,tSlY-

Crumbly

Grltty
Fruit flavour
Mungbean flavour
Acceptablllty score

6. 13

4.13

3.62

5.22

7.00

3.47

5.80
1 .63

6.58

5.17

991

ll .S.

ll .3.

ll .3.

991

nos, 3 not slgnlflcantly dlfferent
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It was found fron the ratlo proflle that crunbllness and

grlttlness rere the weak polnts (too crumbty and too grltty) of the

product sanple; and that the product Has Just-acceptable for thls

panel. However, the hlgh standard devlatlon (1.52) for frult flavour

by the ratlo nethod lndlcated that the paneL dtd not agree on thls

attrlbute of the samPle.

It was, therefore, consldered that crumbllness, grlttlnesst frult
flavour, and acceptabillty of the product should be statlstlcally
studied ln detall. The lmprovement of product proflle was based on

these flndlngs. The lnproved proflle ls shown in Appendlx 6.2a.

6.4.9.2 Comelatlon of Selected Attrlbutes Uslng Ratio Means. Four

naln attributes - crunbly, grltty, frulty, and acceptability, and

related texture and flavour attrlbutes - soft, dry and mungbean flavour

were used as the key attrlbutes for the study of correlatlon- The

results obtalned are shown in Tabte 6.lc. Although no attrlbute could

solely sLatlstlcally affect the acceptablllty of the product sanple'

the highest correlatlons were wlth fruit flavour and crunbllness (by

highest r values). The fruit flavour was found to be lnversely

correlated wlth bhe crumbly-cohesive attrlbute.

Table 6.1c: CorreLatlo! Value-s ?nong selected attrlbutes uslng ratlo
meani-of-LF fornutated froduct.

Crunbly- GrlttY DrY
Cohesive

Fruit Hungbeanflavour flavourSoft -
Hard

Grltty
Dry

Soft -
Hard

Frult
flavour

Hungbean
flavour

Accepta-
blIlty

o.655

-0. 1 80

0.714

o.223

o.627

-o.276
o.827r

o.121

0.381

-0.576

0.301

0.223

-0.500

-0.671

o.275

o.576

-0.974tt -O.625

-0.038

-0.698 -0.433

r Slcniftcant at 5l tevel (r >0.?515; 4{ =m5iE;ilflcint at Ii level (r 10.8745; df =

6.4.10 Results and Dtscusslon of the 2nd Ideal product

Proflle Generatlon

6.4.10.1 proflles of Product Ideal and Product Sample. Proflles,

uslng the actual mean of the scores from the ldeat and the sample

4)
4)
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product lnd ullng the lean of the rrtlo of the aanrple lcore to the

ldeal, lre lhom nunerlcally ln Table 6.2a end graphlcally 1n Appendll

6.2b. Thclr ctandard devlatlons arc also lncluded ln the table co that

the varlablllty of the data can be eranlned. Ttre ldeal Dean proflle
Has ffed and ras used for conparlson ln further proflle
experlnentatlon ln phase 2 of thls proJect.

TAALE 5.2A! NU:,IERICAL SCORE HEI.NS ()F IDEAL AND SAiIPLE AND RATTO !.IEAN

PROFILE OF SA:{PLE AY 2ND CONSUMER PANEL

tlunericrl Profiles
Product
Attrr butes Idea I

i s.D.
Sariole Rat io tnean

i s.D. i 5.D.

Colour

Si ze

Sueet rrona

n-utty arona

Sofr-H.!d
Crunbly-cohes ive
Gri tty
Dry-Juicy
Nutty flavour
Sesane flavour
Mell,ow su€et-Sharp sweet

Fru.it flavour
Mungbean flavour
AccePt!bi Iity

4.4 1.?

5.1 1.5

n.t. n.t.
4.5 l.E
4. 5 1.6

5.1 1.5

4.4 1.9

5.2 2.0

{.5 1.2

4.3 1.5

3.7 2.1

f .3 2.2

{.3 1.5

?.o

5 .7 1.4

5.1 1.3

n.t. n.t.
5.5 2.L

4.9 1.4

4.9 I.7
6.2 2.3

5.1 2.4

4.6 1.9

4.4 1.4
j.l 2.2

3. O 2.4

4.6 2.2

5. 5 1.1

1.6.o O. a

1.1 0.5

n.t. n.t.
1.4.r 0.9

L.2 0.1

l.o o.3

1.5rr - 0.5

L.2 1.0

1.1 0.5

1.1. o.5

1.1 1.1

o.a o.?

l.r 0.5

o.a o.2

Notes: n.t. - not tested

.. ' ratro nean fron sanPle data signrficantly different froil
the tdeal a! 991 level of T-test

o - ratto nean fron sample data significantly different froil
the idetl at 95t lev€l bY t-test

The test product ras slSnlflcantly dlfferent (PS .01 ) fron the

ldeals of the chlld panel ln colour, nutty arona and grittlness. The

product yas tdentlfled as too lntense ln colour, too strong ln nutty

aroDar and too grltty. In a further development erperlnentr these

three attrlbutes seened to have prlorlty. However' the panel had

dtfferent oplnlons on these three attrlbutes. Thus, careful

conslderatlon based on other subJectlve Judgnents vas lncluded before a

declslon on the readJustncint ras nade.

6.4.10.2 Correlatlon of Selec'leg Attrlbutes. Correlatlon values

anong selected attrlbutes uslng the ratlo
6.2b. Of all the attrlbutes ctudledr rnutty

neans are shown ln Table

flavourt wes the only
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attrlbute that had cone correlatton dlrectly rlth the acceptablllty of

the product. Second to rnutty flavourr, though not rlgnlflcantly
corrclated, ras faellor creet - sharp sweett. Other naln flndtngs ln

thls study rere that there Har lone correlatlon betreen grlttlness and

nut arona and flavour, betueen nutty flavour and coheslvenegsr and

between nellor - sharp srreet and frult flavour. T?tus, these attrlbutes

were consldered to be lnportant for further study. Posslble nethods of

attrlbute readJustnent of the product ln further developnent 1s shom

ln Appendlx 6.3.

TABLE 6.2b: CORRELATIO0T VALUES AttOt{G ATTRIBUTES BY USING RATIO HEANS OF TtlE IST ClriSU}tER TEST PRODUCT

AY THE 2ND CONSUIER PANEL

GRIT JUI NUT SES lrs FRUIf r4UNG

s:zn -o.147

ARO 0.244

ioFr -0.154

cJ.!: -o. o24

GRIT 0.3957

JUr 0.100

NUT O.3OE

sEs -0.211

r,ts -0.200

FRUIT -0.325

HUNG -O.110

ACC 0.306

-o- ()53

o.060 0.331

o.lEO o.271

o.345 0.56E

o.519.r -o.114

o.395. 0.139

0-421. o.oa3

o.049 -o.115

o.373 -o.273

o-127 -o.141

-0.026 0.090

o. 492r1

o.191 0.1?9

-0.o45 -0.106 0.230

o.25a o.480rr o.{oEr o.340

o.455 0.212 0.423r o.243

o.o9? -o.ooE o.129 0.103

o.r13 0.O43 0.010 0.411'

-o.o30 0.293 0.O50 0.21?

-o.oa5 0.055 0.299 -0.200

o.472x
o.073 0.536.'
o.162 0.544r. O.605rr

0.305 0.3?4r o.352 0..1010

0.395'O.2Sg O.346 0.205 0.225

t. t.ble .05 . O.361

.ol - 0.463

6.4.1 1

Por trtnalation of codcd na!E8 3ea Tabla 5.2!.

Other ldeal Product Proflle Generated

In phase 2r an ldeal product proflle was also generated by 2nd lab

panel uslng the sane nethod and procedure as that generated by the 2nd

consuner panel. The result of the generatlon erperlnent nas used for

and ls thown ln a conparlson study ln Sectlon 6.6.

6.4.12 Sumary Of Ttre Proflles of Developed Products

lst Product Proflle:
: Ideal product proflle ras flred (Table 1) for further us€o

: of all the attrllute!, crunbllness "i3 i33:it?Bttll6,,"t 
the

!appl;_!ii:.--tFff*91ffi::3r""81f*;:3l tlo'olls, 
and. Eccept,core neans, 

;#iiigli;:33t;;8l5rt$:':"'efl;,i'liieiii*Siliiptiili
isiiir*;ru,!i:dt si":!'in"'!i{'Ei[8"9"0:1i3"3$ t[1'33fi]'3'l51oHtEf,
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(1.44 for ratlo nrethod), though not statlsttcally dlfferent fron the
ldeaI, tt was also consldered-as lnportant. '

: Crurnbllness statlstlcally correlated lnversely wlth frult
flavour. Slnce frult related to-bananar lncreaslng the banana was a
posslbtllty for decreaslng crunbllness.

: Acceotabllltv dld not correlate slgnlflcantly wlth any other
attrlbute. oi tn othbr words, the acceptabfllty of the product by
thls oanel dld not depend solelv on any slngle attrlbute. Howevert
crumbllness showed the'greatest affect iln the acceptablllty of the
product.

: For further formulatlon developnent, the frult nlght be
lncreised, ttre welght of which woulil be- llmlted by co5t and
nutrltionil constralnts.

2nd Product Proflle:
The maln flndlncs sugcested that for a hlcher acceptabillty of

the oroduct by the-chlld-panel. lnprovenents-ltere considered to be
throirgh the redugtiqn qf nutty aioma, colour, and grlttiness, and
the iicrease of frult flavour.

6.5 SENSORY PROFILE ANALYSIS DEVELOPMENT

6.5.1 Introductlon

In this project of nutrltional product development, the development of
sensory analysls was nade through the lmprovenents of the proflles of
the products developed at contlnuous stages of the product development

process. Inportant stages needing product proflle developnent ln this
study lncluded-

: LP formulatlon of the product
: LP refornulation of the Product
:rProcess development for -each selected unit operatlon
:rlab panel test- of the developed product
:rConslmer panel test of the dbveloped product
: Consumer test of the developed product
: Lab panel test of the stored product
: Lab lanel test of the flnal lmproved product

For this project, because there were two phases of process development'

the product proflle developnent at the stages of the process

developnent (narked wlth r on the stages shown above) were conducted ln
both phases ln a slnllar way but by dlfferent groups of panellsts.

6.5.2 Experinentatlon and Alms

Sensory analysls development expertmentatlon lncluded twenty

experlnents as shown ln Table 6.3d. Dlfferent experlments had

dlfferent obJectlves, and used dlfferent product samples' panel groupst

and sensory ldeal product proflles. The dlfferences depended not only

on the obJectlves of the experlments, but' also on the dlfferent
conditlons ln the two phases of thls proJect.
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tabta a.ta: t.lrort alrltrla d.v.tot...t arD.rlxalatlar.

3rp.rir.!t lir ct lrP.riaa.t
(3ltl |tolt ol: t

tscauc! tuDla' tatal.. tolrort la.rl trcduct tsolil.
ftDliad rr .! l!cio3/l.t.taDc.

3It I

3lD 2

IID I

3rt I
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qu.lity IGLOOI !ol,

Droduct rcc.gtrbilitY
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2!d l.b grD.l
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el air.l D.a raquir.lant
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lrt lrb p.a.l id..l grolil.

2ad lrb D.o.l id..l gsolil.

2ad cclaur.r DrD.l id..l prolrla

2.d coarur.r t.a.l id..l gtotil.

trolil.r by lrb D.!.1 rt D.y I

Lit.rrt[r. rrd r.lt iudg...t b.!.d
oa till bra a.qulr.rrst

l.lt trdEr.lt b.r.d oD tilrl brr
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l.ll tuaga.lt b.r.d cB l1!.1 btr
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rodill.a 2!a corrur.r id..l
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.eaili.a 2!d cc!.ur.( id..l
Dsolil.

zrd lrb t.r.l profil.
lo! r.tactrd rttriblt.. oaIYl

rodili.d 2!d cotrur.r id..l
DrcliI.

trt t

EIP I

EXD 9

tlP 10.-.

EID II

3rt 12

trr l!

ftt ll

rrr It

3tt la

rrt l?

3lD llr-.

IIP 19

3rD 20

g.oduct acc.ttrbilily ltt collulal taat
p r c.luc t

product r€c.gtability ltt ccltuaar taat
Droduct

troduct .cc.9tr!ilily lrt €catr..r taat
Drcarct

trodu€t grolil. ch.Dg. ltt rtor.t. t.rt
Dsoduct

Dsc-bra.aa taltc3y D3c-ba!.lr lroa
qurlity ictuot r trel p3oc.t3 a.t.loDa.at

!38-.ua9br.!r..aory lsl-rsltb.rllacr

ttD-alrcl r.oto3t qurlittf il-rlrct lro.
Drocart d.talcraall

Irrodust rcc.gtrbitity 2Da couuDr t.rt
tacducG

Droduct rcc.ptrbility 2!d collua t.tt
trodrct

Droduct rcc.gtrbilrty 2ld coErlxt t.lt
Dtoarct

groduct prolil. clrng. 2ad 3toalla t.tl
groduct

d.t€!i9tiv. grodust 2!a ttorrg. t.tt
grotil. chrlt. gloduct

product.cc.gt.billty lrDrov.dtactoryDroauct

.|!=...:.piata I ra t.u Zaalrld; 9brla z l! tnartalq
.;lrt d.3i9!rtrr iU tt.rtay Oriy.raittflt tad darit.rt.t lU llrtattrst-UriY.triltl
...ioaiti.d 2Bd coa.sa.r idrlt gretilr b.r.d cl 'tr3t ritht' " 'id'r!'

30 th.t, 'iurt tffbl' tcosa rrt [t.d ia tio 3[. a'!!'t '3 'id"l' tos crlcrl'tioa'

6.5.3 Princloles of Sensory Proflle Analysls Developnent

The naln prtnclples for senrory analyslt development for the proflllng

technlques used ln the PD process ln thls proJect were based on the

fact that sensory attrlbutes already acceptable as fldealr on the

proflle graph uere dropped fron further lnprovenent. The renalnlng

Sensory attrlbute! needed further lnprovenent becauce they rere not on

thelr product ldeal polntt. These renalned ln further sentory Proflle



experlments and the panel forns lncluded only

Therefore, durlng these stages of product proflle
of proflle graph fron a rsplder-webt proflle to a

necessary.
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those attrlbutes.
developnent, changis

trhonbusr proflle was

6.5.4 Taste Panel Form

Typlcal taste panel forms for the proflle of the fresh product by

llnear scallng ls dlscussed ln 6.4.2 and shown ln Appendix 6.larb, and

for DSC-banana in Appendix 6.lc. The proflle of the consumer test
product by category scallng ls discussed ln sectlon 3.3.3.3 tn Chapter

3 and shown ln Appendix 3.2M, and the proflle of the stored product by

category segmented-scallng ls shown ln Appendix 6.4b.

6.5.5 Settlng up the Panel and Panel Orientlon/Tralntng

The panels used ln the sensory analysls development experlnentatlon and

how they" were orlented/tralned are shown brlefly ln Table 6.3b.

Detalls can be found under the assoclated topics.

6.5.6 Methods and Procedures

Methods and procedures were sinllar to those nentloned ln Section 6.4

and are shown ln Table 6.3c.

6.5.'l Panel Procedure

Panel procedures for the sane group of experlments rere slmllar.
Experlnents alned at proflles of the fresh product' DSC-banana' and

l,lP-snack had slmllar procedures to Sectlon 6.4.6; whtle experlnents

alned at proflles of consumer test products were slmllar to Sectlon

3.3.3.3 ln Chapter 3. Below are the procedures for the proflles of
stored products, whlch were done ln tro phases.
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In the phase 1 storage test' a descrlptlve taste panel form nas

deslgned (Appendlx 6.4a) for a prellnlnary test of the stored product

and presented to trlo Thal greduate students ln the Food Technology

Departnent at l{assey. Inportant factors galned fron thls test were

that the naln nodes of detertoratlon appeared to be a change of colour

fron a llght brom to a deep darker brorn' the crunbllng and drylng of

the texture. The connents obtalned rere used for the preparatlon of
the taste panel forn for the storage trlal. 0n each testlng day the

panel was set up es follows-

Sanoles to be used were renoved fron the
cablnet and allowed to equlllbrate to roon

Panellsts carrled out the test at approx.

constant tenperature
tenperature.
10:00 a.n.

Panellsts rere Dresented wlth the forn and sanples coded wlth a
t[;a--diilt- nuirber: and also rlth an ldbntlfled reference
sanple whlctr had been stored at 4 C.

: A glass of rater was also avallable.
In the phase 2 product storage testr prlor to rrltlng the taste

panel forn, a dlscusslon wlth the 2nd lab panel was carrled out. From

the prevlous gtorage trlal, colour, sreetness, rancldttyr drynessr and

hardness rere selected as the nost lnportant attrlbutes affected by

deterloratlon. However, the dlseusslon wlth the lab panel suggested

that-



212

Colour attrlbute to be onltted because obvloqs results allqaly
been obtalned fron prevlous btorage test' colour cltapge-cqgfd be
easlly observed by self lnspectlonr and golour m18ht lnt-Iuence
IilE-ilavoli'iuagnett oi-ttrE aa;41:- fhus, lt ras dedlcea tnat a
red llght shoulil be used durlng the test.
Sreetness to renain becauge lt was the nost lnportant attrlbute
consldered by the chlld consumer.

: Rancldlty to renaln because lt waS lhg naln node of- aeteiiorbtlon based on prevlous storage trlal result.
: Drvness to renaln because lt was consldeqed to' aii6ailv to crumbltness and coheslveness thlch was

aEtilUute of tne product based on the result of the
of the LP formulated product.

: Acceptablltty to be lncluded to use as the flnal
sensory test.

be related
the crltlcalpanel test

declslon for

: Catecorv sesnented-scallng to be used because many samples to be- f,estEa it a-tlme. ProfllEs obtalned could stlll be- conpared
wi[n-[ni[ -of---inO ai,na[6ai piner product ldeal (SATIT Ldea1/Z).

: All 14 samples to be tested together at a tlne. Four reasons
siven bv the panel nere3 samples could be compared better; not
Eoo mlnv olestlons: numb-er of scales reduced; and not
convenlent fdr the panelists to do the test twlce a day.

On each testlng day, the panel was set up as has been descrlbed for
phase 1. The exceptlon was that a red llght was used for the whole

test, and one-third of a 45 I bar coded with a two diglt number Has

used for a saulple.

6.5.8 Sensory Inspectlons of Stored Product

After the systenatlcally planned storage test perlod' the stored

products were further subJectlvely lnspected by one nember of the 2nd

speclal panel. Stored product samples ltere presented to thls panellst t

who was asked to evaluate the colour, rancidlty, and acceptabltlty of

the product samples, Where tobvlously lncreased lnr colour lntensity
or rancldlty or tnot acceptablef was found, the mark txf was asslgned

to that sample. lfhere a ttrendt of those undeslrable characterlstlcs

mentloned was found, the nark r(x)t was asslgned. '

6.6 COMPARISON STUDIES

6.6.1 Introductlon

The applicatlon of dlfferent methods and technlques for the sensory

analysls of products at dlfferent stages of the PD process by dlfferent
panel groups has been nentloned. It was the pprpose of thls part of

the study to lnvestlgate whether the dlfferent nethods used measured

the same thlng and whether the dlfferent types of panels used had
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llnllar patterns of responset to the gensory attrlbutes gtudled.

6.6.2 Conparlson of the Panel Types

6.6.2.1 Alor and ObJectlves. The aln of the conparlson study on the

panel types was to relate one group of panels to the othersl slnce all
of these groups rere used lnterchangeably durlng the development of the

nutrltlonally-balanced snack bar by the systeuratlc PD process. The

naln obJectlves rere to -
! Conpare the lab panel and the consuner panel.

: Conpare 1st and 2nd panels of a slmllar type.

: Compare the three types of panels (lab, consumer panelr consuner
surveyr.

: Compare Droduct proflles of 2nd lab panel based on dlfferent
ldells (bwn ldeal and consuner panel ldeal).

The comparlsons of the panel types nere nade uslng the ratlo nean

data.
6.6.2.2 Comparison Study Plan. The conparlsons of the panel types

were madg uslng the ratlo nean data. Conparlson studles ltere planned

as shom ln Table 6.4.

trbl,. 5.{: Corgrrison ctudy plra oD r.Dtory glaol tyP.s.

Corperiroa
( col{p I

S.Drory llrlyri! Strtirticrl ilarlytir troduct
;.thod,E.chaique lrtlod/tecbaiquo Setplo

ur.d U..d Ut.d

corprri.on b.tr..! Irb PrD.l rad coDtur.r Pf!.I

COI|P 1 llt Lrb prD.l Linrrr lceliag Brtio l.t CoDrur.r
y! ;ur.ricrl tort groduct

lat coasuror geaol GrlPhicel

COttP 2 2ad Lrb prnrl tialer rcrlilg htio ltt CoDrul.r
ya ta.t lrroduct

2ad Conruror gearl

Corperiron o! lrt ead 2nd Deaolr of ririlrr tyPr

COITP 3 lrt Lrb DrD.I Liaoer rceliug letio lrt Coarulor
vr t.tt product

2ad Lrb ;renol

COIIP a 1.t Colrurer genol Liaorr rcrliag lrtio l.t Coatur.r
vr tatt ttroduct

2Dd colturrr Prarl

corprrirop of thr.. tYP.! of Drnol

COttP 5 2nd Leb grael Crt.gory rcrling Chi-rqurr. 2Dd Conrur.r
v! earlyrir t.!t product

2ad Coaeuror Praol
v!

Cotrluaar lulvay

,a dlCtorrat iaretrCorperlroa of ltroduct Drolillr o! 2nd &eb Draol brrrd c

COIP 6 Lrb DrD.l ld.rl Liarer rcrliag l.tio 2!d Conlur.r
Y! taat Product

colrur.r prnol ldoel
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6.6.2.3 Conoarlson bctyeen Ceb Panel rnd Consuner Panel. .A
co6parlron betreen the lab panel md the contuner Pene1 (Table 6.5a)

ras aade uslng thelr ratlo Deant for attrlbutes of lct consuner test

product uslng T-test technlque (Appendlx 6.5). llo rlgnlflcant
dlfference ralr found tn the attrlbutes studled for each palr. Thust

patterns of attrlbute ratlo neanlt rere slnllar for both types of panel.

Generally, nore rlnrllarlty ras found between the lst lab and consumer

panels than between the 2nd ones. This was lndlcated by the lower

t-value obtalned and also by the cloger flgures for the ratlo neans of

each attrtbute of the lst groups of panel rho nere all adults. Age

dlfference seened to be the cause for nore dlfference between the 2nd

groups of panels. Although, ln generalr thelr attrlbute ratlo nean

patterns were slnllar, the ratlo neans for colour and arona nere nruch

hlgher for the 2nd consuner panel than for the zrtd lab panel. An

exception ras for Julclness Hhlch ras found to be lorer than the ldeal

(0.?6) for the 2nd lab panel but was hlgher than the ldeal (1.19) for

the 2nd consuner Panel.

TAELE5.5a:ATTRIEUrERATIOMETilSOFIStcoNSUT'tERTESTPRoD{'CTBY
IAB AI\ID CONST,UER PANELS

Attribute Ratio ueang

Attributes l8t Panel 2nd Panel

Lab conEl!|er Lab Conslxrer

Colow

Size

Sreet arom,a

Nut ardna

Soft-Hard

CrubIy-Cohesive

Gritty
Dry-Juicy

Nutty flavour
Seeene flavour
l,lelIou-Sh.rP tueet
Fruity flrvour
l{ungb€an flavour
AcccPtability

L.2

1.0

o.8
1.O

1.1

1.O

1.3

o.9
1.O

o.8
1.O

o.9

1.1

o.?

1.0

1.0

0.9
1.0

1.0

1.0

L.2

1.0

o.9
o.7
o.9
0.6
1.0
o.t

1.6

':'
1.4

1.2

1.O

1.5

t.2
1.1

1.1

l.r
0. il
1.1

o.E

1.1

':o

1.0

1.4

l.o
1.4

0.8

1.0

1.3

1.3

0.8

L.2

0.8

lst lab p.nel ' Mult lab Panel in N.Z.

lst consuner p6nel - Adult consuttrer panel in N'z'

2nd lab p.nel ' Adult l.b Panel in thailand

2nd consuner panel ' Chjld consuner panel in lhailand
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Anong four crltlcal attrlbutes of thls product colourt

coheslveness, grlttlness, and sweetness three were glven slmllar

ratlo neans by the four groups of panels studled. An exceptlon ras for
colour whlch was found to be further fron the ldeal for the 2nd

consumer panel. Thus, thls conparlson lndlcated that ln general all
four groups neasured the product attrlbutes ln the sane way.

6.6.2.4 Comparlson between lst and 2nd Panels of Slmllar Type.

Table 6.5a also shows that the consumer panels showed a greater

dlfference ln ratlo neans of nut aroma, grlttlness, and frulty flavour

than dld the lab panels. Age appeared to be responslble for thls
dlfference ln pattern between the consumer panel results. Howeverr a

greater difference ln the ratlo neans of the lab panels was found ln

soft-hard texture, sesame flavour, mellow-sharp sweetnessr and mungbean

flavour. Current eatlng habits seemed to be responsible for the

difference of the lab panels.

Though more differences were found in both cases' the pattern of
dlfference was slnllar for both. For exanpl.e, for grlttlnessr the

ratio mean was 1.29 and 1.36 for 1st and 2nd lab panel and was 1.21 and

1.51 for lst and 2nd consumer panel. This comparison result lndicated

that the 1st and 2nd panel of a slnllar type gave simllar proflles of
the product; and thls also lndlcated that the greater the nunber of
panellsts the more obvlous was the difference from the ldeal.

6.6.2.5 Comparison of Three Types of Panels. A comparlson of the

lab panel, the consuner panel, and the consumer survey was nade using

the data from the acceptablllty test of 2nd consumer test product by

category scallng (Table 6.5b). The conpartson of sample means by a

T-test technlque lndlcated that all panels had a slmilar pattern of

attrlbute ratlo means. In thls case, the product was Judged by the lab

panel to be t3ust-rlghtt ln a dtscusston anong the lab panel. The

results fron the consuner panel and the consuner survey are mean scores

of the lndivldual panellstsr scores. The product proflle Judged by the

consumer survey was further from the ldeal than that Judged by the

consumer panel. This suggested that the dlfference of the sanple from

the ldeal/Just rlght nay have depended partly on the numbers of
panellsts who Judged 1!. There appeared to be a movenent away fron the

ldeal/Just rlght wlth a hlgher number of panellsfs.
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TABLE5.5b:ATTRIBUIESCOnET'IEANSoF.2NDCCISI,I.|ERttSTPRODUCTBY

THREE PAIIEL TYPES

Sclccted
Attri bute

Scorc ilaent

Colour

Grittineas
Crulrbl ines s -Cohea iveness

Sseetneas

(3)
(3)
(3)

(3)

2.6

2.4

3.O

3.2

2.4

3.2

3.5

Notes: 1.

2.

Lab - Iab Panelt CP 'Consu!€r Panel, CS - Consuaer Survey

Figures in parenthesi! 'data frdl a discusaion-tyge tastc
panel.

3. category scale: 1 ' too intGnse, 2 ' slightly too intenset
3 - just right, 4 - 3lightly too reak,
5 - too Y€ak

6.6.2.6 rlson of Product proflles of 2nd Lab Pane

Thelr Orn tldealsn and on Consuner Panel tldealsn. A conparlson of the

product froflles of 2nd lab panel nas nade ustng thelr orn ldeals and

using 2nd consuner tdeals. Flrstly the panel was asked to score the

attrlbutes of lst consuner test product and thelr ldeal product on the

proflle test forn. On a dlfferent day, they were asked to seore the

sane product but thls tlne agalnst the ldeal scores of the 2nd consuner

panel whtch were already narked on the proflle test forn. The result

tn Table 6.5c proved that the attrlbute ratlo neans of the produet dld

not change nuch when the ldeal changed. A naJor exceptlon was for

colour and frulty flavour ln rhlch the neans fron rown ldealr Has

hlgher than tconguner ldealr for colour and vlce versa for frulty
flavour. The ldeals of the 2nd lab panel and the 2nd consuner panel

were tn general stnllar. The naJor exceptlon ras for colour and frulty
flavour. The lab panel had a lower colour ldeal but a hlghdr frulty
ldeal, or ln other words the chlld consuner would llke the developed

product to be uore lntenlre ln colour but loser ln fruity flavour than

that of the lab Panel.
lhen the two sets of data rere conpared to that fron the actual

consuner panel, lt seemed that the use of the consuner tdeal on colour

and the dry-Julcy attrlbute confused the lab panel Judgnent. Thelr

Judgnent on colour and dry-Julcy was closer to the result from the

consuner penel test (1.? and 1.1 vs 1.6 for colour, 1.0 and 0.8 vs 'l'2
for dry-Jutcy). l{ore experlnents rere needed 'for thls conparlson

study.
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tAaLE 6.5c: ATTRIBU"E RtTrO IIEANS oF PHASE l CONSiI{ER TEST PROD{,C! BI
2HD I.AA PANEL EASED OI DIFFEREI{T IDEAT,S

Attribut€ Ratio lleanr

Oun Ideal
(N.6)

i s.o.

Conguner
Ideal

_ 
( N-5)

x s.D.

ctrild
ConarEtcr

Panel
Ratio

_ (N-3O)
x 3.D.

Attribut€t

Colou!

si ze

Arcrna

Soft-Hard

Crunbly-cohesive

Gritty
Dry-Juicy
liutty flavour
seaame flavour
i/.ellou-Sharp sweet

Fruity
Mungbean flavour
AccePtability

1.? 0.5

1.0 0.0

1.1 0.4

1.1 0.2

r.2 0. 5

1.5 0.2

1.0 0.5

1.1 0.5

1.4 0.6

L.2 0.6

o.2 0.1

t.2 0.6

o.7 0.1

1.1 0. 3

l.o 0.0

1.O 0. 3

1.4 0.3

1.O O.2

1.4 0.1

o.a 0.2

1.0 0.3

1.3 0.2

1.3 0.2

o.E 0.3

L.2 0.2

o.E 0.1

1.5 0.t
1. 1 0.5
1.4 0.9
L.2 0.7

l.o 0.3

1.5 0.6
r.2 1. O

1.1 0.6

1.1 0. 5

1.1 1.1

o.8 0.1

1.1 0.5

0.E o.2

6.6;2.T Concluslon on Relatlon of Results fron Dlfferent Types of
Panels. It uas concluded, based on these conparlson erperlDents that -

! T?re three panel types (f1ve panel -8r9ups)r used ln the PD- pioceis-foF thls--proJlct, wbre slnllai !n thelr oplnlons on
ea;;;;i ii|oui-t-ittFibfiaaa'qnd 

-alse on the .cr1t19al __ attrlbutes.
l.he naJoi ercip[ioir-:-ia--foa colour and frult flavoUr. The
consuner oanel tchlltl) Hould llke the product to be darker and
ia-a Frulty ln - flavour than nas dbslred by the lab panel
(adult).

was found between the lab panel ldeal
ldeal, the consuner panel ldea1 can be

were found. the lab panel ldeal can be
test forn ln order til avold a confuslon
the consuner ldeal proflle.

Ttrus, ln general the lab panel could predlct the reactlons of the

consuner panel and the consuner turvey ln evaluatlng the product

subJectlvely. Hower{cr, for preolslon on colour and flavour Judgnentt
gone forn of data ailJustnent nlght be needed rhen applled to dlfferent
types of panels.

6.6.3 Conparlrcn of the three l{ethodr of Analysln8 Llnear sca11n8

Data

6.6.3.1 Aln and ObJectlves. The aln of the conparlson study on

proflllng analysls nethodr for llnear scallng data ras to select the

nost sultable one for use ln the PD proces! to' develop a nutrltlonal
product for Thatland. The oaln obJectlves Here to -

Ihen a rreat dlfference
and the- consuner panel
used for the lab panel.

Hhen very slullar ldeals
used ln - thelr proflle
problen ln under-standlng
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: Conpare score' ratlo, and lnterval nethods uslngtitled ldealr'based ilata.

: Compare score, ratlo, and lnterval nethods uslng
Inoirlng ldealf based data.

In thts study, the tflxed ldealr was the ldeal already asslgned on the

proflle test llne ln the panel form; and the tnovlng ldealt was the

ldeal to be asslgned on the ltne by the lndtvldual panellsts. The

conparlsons of the analysis methods were made uslng selected data

obtatned fron the experlments shown ln Table 6.3o.

6.6.3.2 Comparlson between Nunerlcal Proflles Obtalned from Scorer

Ratlo and Interval Data. By conparing the tflxed ldealr based data ln

Table 6.6 under the score column, one cannot tellr without an ldeal how

good the product was, whlle although under the lnterval column one can

tell the directlons of the difference fron the ldeal by the posltlve or

negatlve signs, |t ls dlfficutt to lnaglne the magnltude of the

dlfference. Thus, ln thls case, ratlo seened to be the urost effectlve

because one can easily tell the directlons of difference ((1 or )1) and

at the sane time can lmaglne the magnltude.

Simllar results on the greater effectiveness of ratlo data than

lnterval. data, and of lnterval than scorlng data were found on

different fflxed Ldealr based data and tmovlng ldealt based data thown

ln Appendlx 6.6arb and 6.6crd.

6.6.3.3 Comparlson of CorreLatlon Coefflclents Obtalned from Ratlo

and Interval Data. A comparlson of correlatlon coefflcients obtalned

from ratlo and lnterval data was made on two dlfferent bases - the

tflxed tdeatr and the rmovlng ldealt basls. For the fflxed ldealr

basis, the correlatlon coefficlents obtalned were slmllar whether the

score, ratlo, or lnterval method was used. Thls was proved by fhe

resuLt on the correlatlon coefflclents of the sensory attributes of the

1st consuner test product by the 1st and the 2nd consuner panel tests

(Appendix 6.7arb).
For the rnovlng ldealr baslsr the correlatlon coefflclents

obtalned fron the two sets of data were dlfferent. The lnterval data

were more sensltlve and gave hlgher correlatlon coefflclents anong

attrlbutes than the ratlo data. Thls was lndlcated by the result on

correlatlon coefflclents of the sensory attrlbutes of the lst consumer

product by the 1st lab panel, Znd lab panel, and 2nd consumer panel

(Table 6.7 and Appendlx 6.8arb). For exanple ln Appendlx 6.8b the

acceptabltlty nas correlated wlth the nutty ,flavour and the

mellow-sharp sweet taste uslng the lnterval nethod, whlle tt was

correlated wlth only the nutty flavour uslng the ratio method.
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TABLE 6.6: PROFILES OF LP REI1CRIIUIATED PROUTCT BY lST IAa PANEL USING

TTIREE METITODS FON ANALYSiNG DATA

Profiles by Three l.lethods
Sensory
Attributc! ScoEe Ratio interval

trlean l'lean Y.ean

CoIour

Size

Sweet arodE

Nutty ardla
Soft-Hard

Crrnbly-Cohesive

Gritty
Dry-Juicy
Nutty flavour
sesaF.e flavour
t{eIlou-Sharp sweet

Fruit flavour
Mungbean flavour
Acceptability

0.9 -o.7
1.0 -0.1
1. I 0.6
1.0 -O.2

t.2 0.8
0.9 -0.5
1.0 0.2

1.1 0.{
1.O -0.1
0.8 -0.6
0.7 -1.E
0.3 -L.7

4.6

5.0

5.4

5.9

4.9
5.3

6.5

5.O

4.1

3.O

3.5

5.3

TABLE 6.?: CORREIATION COEFFICIENTS OF SSNSORY ATTRIBUTES OF THE LP

FOR}IULATED PRODUC? USING RATIO AND INTERVAL DATA (I{OVING

IDEA! BASED DATA,jby adult lab panel in New Zealand)

Crunbly Gritty Dry Soft- Fruit Hunqbean
Hard Flavour Flavour

Giitty

Dry

Soft-hard

Fruit-f Iavour

Mungb€an Flavour

icceptability

0.555
0.541

-0.1E0 -O.276
-0.435 -0.25i1

0.714 0.E27r -0.575
0.5?l o.734 -O.536

-0.9740r -0.625 0.301
-o.E51r -O.a50 0.5{9

0.223 0.121. 0.223
-0.033 0.o3al 0.423

o.621 0.381 -O.sOO
0.5{8 0.358 -0.621

-0.57 I
-0. 89211

0.275 -0.033
o.oEt -0.065

o.5?6 -0.693 -O.{33
0.650 -0.51{ -0.582

o Significant at 5t level (r 3 o.?5451 df - 4)
r' significant at lt level (r l 0.8?45, df ' 4)
Top figure: Ratio nethod
Bottdl figure3 Interval nethod

The reason for the greater lencltlvlty of the lnterval data ras

thought tb be caused by the larger nunbers ln the lnterval data. Thls

was one good polnt of the lnterval nethod.

6.6.3.4 Pros and Cons of Score, Ratlo, and Interval l{ethods Based

on the Results fron the Conparlson Eroerlnents. Ttre pros end cons of
rcore, retlo, and lnterval nethodr of enalytlng proflle test data based

on the conParlson ltudles aboye are su6narlzed ln Table 6.8.
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TABLE 6;E: pRos AND ccts oF scoRE, R tto, lttD rrrrEnvt\I, xsrHoDs oF [lALYsrNG PROFTLE TEg! DrrA

Dc.criptlon of Pro-and{on Attributc.
Pro-and-con
attributea Intcrval ilethodScora l{athod Rrtio Hethod

ji nplicity

9ur cP.ness

Sensitivity
to
Di fferences

Id€als nc€ded to be shourr for
difference-nagnitude and'
direction frdr what desired.

Most quick to calculate but
nost slou to Ptegent, read,
and interpret.

Difference in the linit
assigned on the Proflle test
line (o.l-1o). Differentiation
between 'trcre different frodl
ideal' and inore close to iderl,
difficult because of different
basis of all ideals (as
atandard).

Id.alt not nredcd to be shoun
for diff.r€nce - nagnitude
lnd dtr.ctloo frour shat
deeired

One atep nore needed
- for calculation, but trost
quick to present, rcad, and
interPret.

Dif f erence in nultiplying/djvid-
ing rate of the linit assigned
on the profile test line (O.O1-
1OO). Differentiation betu€en
ircre different frdn ideal' and

'rcre close to ideal' mst easy
because of sinilar ba6is of all
ideals uhich is '1'.

Ideala not needed to be rhom
for difference - nagnitud€.
but - or + sign n€eded for
the drfferenc€ - direction
frdn rvhat desired.

One atep NJre needed for
calculation. Though inore
quick to present, read, and
interpret than score nethod,
sloeer than ratio method.

Dif ference in adding/sub-
tracting rate of Iimit
assigned on the profil.e
test line (-9.9 to 9.9).
Dif terentiation between
rrtore different frol ldealr
and rtnore cloBe to ideal'
easier than Bcore nethod
becaure of einilar basis
of all idealB which ic r0r.

6.6.3.5 Concluslon on l{ethods of Analyslng Proflle Data. The ratlo
Dethod was the nost sultable for analyslng the sensory attrlbute data'
rflxed ldealr based or Inovtng ldealt based, to get a product Proflle'
to conpare product proflles of different panels used ln dlfferent steps

ln the PD process, to conpare the product ln dlfferent steps of

lmprovenents (or to study the lnprovenent of the developed product) '
and to conpare the consuner panel optnlons wlth that actually obtalned

from the consumer survey. The reason for lts sultablllty Has because

of lts stnrpllclty, qulckness, and 3en3ltlvlty to dlfferences.'
Sone dlsadvantages were found ln the appllcatlon of the ratlo

nethod for enalyslng proflllng data. These lncluded - less preclslon

for data wlth small dlfferences and too large a flgure obtalned when

sanple and ldeal Uere Sreatly dlfferent. The large values rere

consldered lnapproprlate nhen graphlcal proflles of the sensory

attrlbutes of the product Here to be used for presentatlon.

6.6.4 Conroarlson of the nro ltethods of Analyslng CateFory ScallnF Data

6.6.4.1 Alnr and ObJecttves. The aln of the conparlson study on the

two nethods of analyslng catetory scallng data was to relate one method

to another, rlnce these two nethods nere sultable for.use at dtfferent
stepl of the PD proces3r oF ln other rords for dlfferent groups of

panels. The naln obJectlve3 Here -
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lcan rnd lcore rean of the category scallng: To coupare the ratlo
data.

: To lnvestlgate-th9 porslbtllty- of analyslng. category rcallng
data by c-lculatln! the ratlo Deans to get the ratlo product
proflle.

6.6.4.2 Conparlson Experlnent. The conparlson of the ratlo nean

and the rcore nean ras nade uslng the category data obtalned fron the

acceptablllty test of Znd consumer test product by 2nd consumer panel

and by the consuner survey. For the ratlo neanr the tJust rlghtr Ecore

(5.0) ras used as the tdeal; and then the nean of the rattos ras

obtalned by dlvldtng the sanple tcore of each attrlbute for each

panellst by lts ldeal (or Just rlght) lcore.
Table 6.9 sholrs conparlsons of the nean proflles of the sensory

attrlbutes of the two panels. The data ln the table lndlcated that
although the two nethods gave slnllar patterns for the product sensory

proflle, the ratlo neans portrayed the profl}es of the product by the

tro panels better than that obtalned by score Deans.

TABLE 6.9: MEAN PROFILES OF SENSORY ATIRIEUTES' BY CONSUUER PANEL At{D

CONSI,uER SURVST. USING TIdO IIETIIODS FOR ANALYSING CATEGORY

SCAI,ING DATA

Sensory
Attributes

llean Profi.les

Retio l{€ans Scole Heana

2nal Conauner Panel

Colour

Grittiness
Cohesiveneas

Sweetness

Con8umer Sulvev

Colour

Size

Textur€ (cohecive)

Flavour (sseet)

t.2
1.1

1.O

o.9

L.2

1.1

0.9
o.8

3.4

3.2

3.0

2.il

3.5

3.2

2.8

2.5

r u6ing 2nd consumer test Product

6.6.4.3 Concluston on Analyslng Category Proflle ScaI1n8. For

category scallng data either the score nean or the ratlo neen could be

analysed to get the proflle of the product. Howeverr the ratlo nean

proflle portrays the dlfferences better. Thusr ln the PD process'

category scallng nlght be used on a contuner panef rlhlch has less

capablllty ln rensory analysls and the data obtalned could be analysed

for product ratlo proflles.
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lson of lst and 2nd Consuner Test Products

6.6.5.1 ObJective The obJective of
phase 1 and phase 2 consumer test
tmprovement of the developed product at
process.

the comparlson studY between

products was to lnvestlgate the

these two stages of the PD

6.6.5.2 Comparlson Experlnents A conparlson of lst and Znd

consumer test products nas made by uslng the data obtalned from the

acceptabiltty test of both products by 2nd consumer panel. In thls

comparlson study, only the critical attrlbutes of these products were

taken lnto consideratlon. These lncluded colourr grlttLness'

coheslveness, and sweetness. Slnce the acceptabillty tests of the two

products were conducted at dlfferent stages of the PD process'

different scallng nethods were used - llnear scale for the lst product

and category scale for the 2nd product. However' an assumptlon was

nade on the possiblllty of the appllcation of ratlo proflle analysls to

category scale data. Thls was based on the results obtalned ln Section

6.6.4. A1so, a simllar assumptlon ltas made for interval proflle

analysis that the ratio of the sample score to the ldeal score could be

used.
The 2nd consuner test product was found to be much lmproved and

close to or on the ldeal. Thls was shom by the flgures belng closer

to or equal to | 1 | for the crttical attrlbutes ln 2nd consumer test

product which are shown numerically ln Table 6.10 and graphlcally in

Flgure 6.3.
Graphlcal score mean proflles of the two products could hardJ-y

show the dlfferences between the two products. The ratlo method showed

most clearly the differences between the two products. The second

stage developed product was nuch closer to the ldeal. The distinctlve
dlfference was more apparent ln the ratlo srethod. Based on Anderberg

(19?3), the ratlo nethod deslgnates rtlmes of dlfferencet' whlle the

lnterval nethod deslgnates runits of dlfferencer and scores the order

of the obJects (Saurple and ldeal) along the scale. That means that for

the ratlo scale, |f the lntenslty of the sample attrlbute ls greater

than that of the ldeal (S > I), then one nay say that 1t ls S/I tines

greater than I.



223

Scoro

lntorvrl

Figure 6.3: Comparison

Developed

Methods of

Grltty

Grumbly-Cohesive

Orltt

Key: ldeal
1 st. Product 

-
2 nd. product-

of Sensory Profiles of Lst and 2nd Stage

Products by 2nd Consumer Panel Using Three

Analysis

l.t. pioducl

Crumbly-Goheslve

Crumbly-Cohcrlvo
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?ABLC 6.1.0: SIIISORY A?TiIBUTES MEANS Or ?ND CONSUMER TES? PRODUC? 8Y

2ND CONSUI.If,R PANEL

At.tr i"bul€s
Ra lio

D.U.

1 1q A )1

1.11 0.24

1.00 Q.24

0.93 A.26

l{hen the difference beiueen the ideal (assune the ideal score mean

: g for each of the four attributes s;udied) and the 2nd consuner test
product sanple was investigated by a t-tesf technlque, the resulf
shored that t,he coloun and grittiness of the devel.oped producb lras

statj"stieally di.fferenf from the 1deal (ttt of colour : l.Q4** and ttt
of grlftiness z 2"30r), Honever, in this PD project where the
tcLose-to-idealt ratio nean lras consi.dered desirable and nhere a smal1

inprovenent vas posslble during the productlon stages (e.9, by EVOP

technique), no furfher lmprovement of the product was consldered needed

at thls stage,

6"6.5.1 9oncluslon on Acceptablllty of 2nd Consuner ?est Product.

Based on this comparlson sfudy, Znd consusler tesl product Has lnproved

and the product rag considered sultabLe for further consumer survey-

6.6.6 Comparison of fhe ldeaL Producb Proflles of Differenb Panele

6.6.6.1 Objective lhe objective of fhe comparlson efudy of the

ldeal" product proflLes of dif,ferenb panels Has to relate ttre proflle of
the Znd consuner panel (chlld pane3.) to the ideals of the 1et and 2nd

lab paneLs.

6.6.6,2 Conrpari.son Experlnent A conparison of the 1st and Znd lab
panels and the 2nd consumer paneJ- was nade using the data obtalned from

the accepfabi,llt,y tesfs on 1st consumer tesf product, An exceptlon vas

for 1st i.ab panel of vhlch the LP fornul.ated product nas used.

lloxever, the lxo producbs rere consldered to bb of the same type and

the nethod and procedures for the generatlon of the ldeaL producl
profiles of the three panels vere slmllar (dlscussed ln Sectlon 6.4).

CoLour

c.i rt i hac<

Crumbl rness -Cohesiveness

Sueetness

).qd

s.00

4.66

I lii

1 1'
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Table 6.11 sholts the 1dea1 product prof,l1es by score neans of the

1st i.ab panelr ?nd Lab panel, and 2nd consumer panel. The data on each

attribube betxeen panel.s proved that the three pane}s had gtnllar

ldeals on colour, size, and texture (goft-hardr grlbbyr dry-iulcy). An

exception for bexture waa ihe cohesiveness. Flavour lras consldered the

main part of the difference 1n bhe ideals. Among flavour attributes --
nut aroma, nutty and sesame flavour, nellow-sharp sweetr fruil and

mungbean flavour f,ruit flavour was the only flavour fhat was lower

than the ldeal of the child consumer panel. This confirned the

preference of the ehild consumer for a frulf product as found in the

first survey ln Chapter 3. fnterestinslY, fhe bwo 2nd panels held in

Thailand had very simi.lan ideals on aensony atbributes' while the 1st

panel which was held in I'ler; Zealand had h|gher ideal acores. The

exception was for fruit flavour (3.6 for tNeu Zealandt panel and 4.8

and 4.3 f,or tThaiLandr panels). The connents given by the 1sb panel

proved that fruit f,lavour ras nof desinable in this type of product

beeause lhey relabed this product to TGRAYASAHTT bhe typical Thai

roasted rice and nub bar. The difference of, bhe lst fron the 2nd group

of panels |ras thoughf to be based on the difference in their current

food habits.
This coniparison seened to prove bhat ib r*as inporfanL to have the

ldea1 product profile generafed by representatives of the target
consumer" If lf proves impossibLe to get the speclfied type of panel'

it i.s suggested bhat a 1ab panel j.n a similar current food habit

environrnenL should be set up. If this i.s impossible, e'g' the profi)"e

generation has to be conducted overseas, a nodification on the ideal

profile obbained might be necessary. lnformafion n r*hether from

literature review or a pasl consumer survey, could be used as the basis

for this data nodificaflon.
6,6.6.3 Conclusion on ldeal Product Profiles' Ideal product

profii.es are besf generafed by represenfatives of Nhe LargeL consuner.

If nob availabLe, a panel formed among panellsfs having currenf food

habits slrnilar to the target consumer ls suggesfed, If paneJ"ists used

ane from a different environment and a nodificalj.on of fhe profile
obtalned from bhe panel is necessary, information frorn a past consurner

survey or a liberaLure review can be used.
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?ABLE 5.11: IDSAL

PANELS

PRODUqT

AI.ID zND

PFOTILES tsY SCORE MEANS OT 1ST ANb zNO LA8

CONSUMER PAN'L

Pane ]

sensory Attrrbutes
tab

zna
Lab Con s u$e !

Col our

5! ze

sweet arona

Nutty aroma

s0ft-Hard
Crrnbly-Cohest ve

6ri lt.y
Dry "Jui cy

Liutty fIavour
Sesame flavour
.Y€llow sueet -Sharp sweel

. Fruit fl,avour

Mungbean flavout

5. Or

5. Or

AA

6.I
4-9

5.5

4.0

4.8

4.5

4.5

4.3

3.7

4.3

4-3

adapted fto.n d€scrjptive scores {just right colour and sizel

6.7 SSTTI}iG UP NEFEREilCS C.f. VALUIS TOR SENSORY }NAI.YSIS OT

ps vrloPgp P-lRoDv cLpY i_nor I LrlG TEcHI'l I QUE

6.7.1 Introductlon

Generally, neasures of the varlabiltty or spread of the dat"a can be

nade by such technlqe$ as rang€, nean absolube devlatlon' varianc€ and

standard devlat|on, and eoef,flctent of, varlaflon {Chaffleld' 1975) ' In

this study, standard devlailon Yas u$ed, A fechnique cal'led

tcoefflclent of varlation (C,y.)r ean be appLled for measurtng the

variabi.lity or the spread ln reLatlve ternns by divldlng the standard

deviatlon by the sanp3.e nean, Although, tn general, a ]"on C.9. value

suggests hlgh preclslon of the data, the varlabillty or the spread of

the data st111 cannot be absolutely Judged. Thls ls becauge fhe c.v,

value depends on the type and method of neasuremenf' Thus, a reference

?o prevl.ous data fron a slnllar experinent {.s necegsary to judge ihe

accllracy of particular experinenls.

Therefore, there 1;as a need for reference val'ues for use in the
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Judgmenb of data varlablll.ty in proflle testi.ng for the beglnners 1n

proflle test experlnenflng. It Has bhe purpose of thls study to set up

the reference C.V, values for the sensory attributes of the developed

nutrj.tional product for use ln the aaceplablllty judgment of data

spread or ln olher yords the varlabillty of oplnlone alnong panell.sts of

lhe sane ?ype of panel. These included the lab panel ' bhe consumer

panel, and the consumer survey, The reference C.V. values Of sensory

attributes obfained were expected to be used as the reference values

for sensory analysis by profillng techni.ques of sirnilar producfs in the

PD sysbern.

6.7 .2 l'{ethod and Procedures

?he C.V. value uas calculated by dividing fhe sbandard deviafion by

the sarnpl,e mean of sel.eeled representative rat'io mean data, and bhe

product was mulLiplied by 100 to give a percentage. The C.V. values

for simi-1ar producf eharaeteristics {ere ihen averaged, and the
treference C,V, valuet was obtained. For example, bhe daia frorn EXP

1,2, 5, J, and 9 were fron the product acceptabiliby t,esb by lst and

2nd 1ab paneLs, An assumpfion ltas made that both of fhese lab panels

vere of a sinilar type (accordlng to fhe resuLf in 6.6.3.3), The

treference C,V. vaLuest rere experinenbatrLy used for the judgrnenf of

variability of siurilar product characteristics, Uean dafa wifh a

sbandard deviation rhich would glve a C,V. vaLue larger fhan fhe
treferenee C,V.t ras considered of a large variabllify' whiLe thal wifh

a sfandard deviali.on *hich vould give C.V, values smaller than the
treference C.V. t ras of a sma1l variabi).1ty.

Table 6.12a 1s the ratio neans together with their slandard deviatisns

of product profi}es by 1ab panels, and how the rreference C.V. valuest

rere obbained. Calculations of reference C.V. vaLues from fhe

consumer panel, the eonsumer survey, the ideal product profile dala,

and the sforage test dala are shown in Appendix 6'9arbrcrd'

6.7 .3 Resulf s

The treference C.V. valuest for the overall dafa studied are shoxn in

Table 6.12b
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TABLE 6.].2b: REFERENCE C.V. VALUEB {*)

Reference C.V. Values
Product
SenSOfV h--r--^! h-^G: I ^ c+^-^i D-^,l,,^+ Dr^f .i 1^- -rsea-L Frofile Fresh Product Profile Stored Product Pro!-rre

Attributes
LP* cP** tP cP csr LP

Colour 29 39 25 40 25

Size-31028
Sweet
aroma 23 * 27 33

Nul
aroma 25 40 32 42

Sofl-
Hard 23 36 29 49

Crun!1y-
Cohesive 23 29 2'7 35 44

Gritty 26 43 21 37

Dry*
Juicy 32 39 l-5 52

Nulty
flavour 29 27 31 39

Sesame
f lavour 2"7 35 29 44

l"1e11ow-
Sharp
Sweet 35 57 21 67 63

Frurty
flavour 38 51 65 69

i"lungbean
flavour 41 35 27 33

Accept-
abillty 75 25 50

12

11

LZ

Rancidity
Hardness

16

16

* Lab Panel, N=6

** Consumer PaneJ, I'l=3O

**{ Congumer Survey, ltJ=1O94

- NoN investigated
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6.7.4 The_ Applicatlon ojl Seference C.V. Values for .ludgmenl of

Standard ?evlatlon tize

An example ltaa glven for the appllcation of rreference C.V. valuest on

the daba of 1st and 2nd 1ab panels on the 1st consuner test product

profile (Table 6,12a ExP 5 vs EXP 9) and the nain findings Yere -
: The 1st lab panel (HU lab panel) had lgrgely different opinions

on sribtii6"S'"i3r'"is-eT -oi"iEieience) Hno"acceptabilitv' (29 vs
16 );

: The 2nd lab panel (KU lab,Pal.el) had.mln-or different opinions on' 6ioOu6[ limple sensory acurroutei- tC.V. for all lttriUutes
lower than the reference).

A comoarison of attribute C.V. between t'he two panels suggested
Cnat in seneral the 1st panel agreed more on I'lavour Enan
texture Fn:.te bhe 2nd panel was vice versa.

Generallv. Reference C.V.s of 2O-3O1 could be assumed for Lhe
;;;ii;;iisl--oata wiin C.V.s hi[her than this could be assumed
6'h;;i;-[oo-nieh a variability and the.experiment would have Lo
te iepeated oi fhe data anal,ysed furthei to defernine the type
of di-stribution,

6.7.5 giscussion and Conelqsign on Uiie-gf tC.V.rr Values

Referenee C.V. Vatrues set up eould be used as a guide for an

examinalion of I spread t of the dafa, or ln other words the

agreement/disagreemenf among the panei.isbs' However, fhese data l,ere

considered only stlitable for appliaations when using fhe daba of

sinilar producL characlerisbics from sirnilar panels' Further

investigatj.ons on this Lopi.c yas recosrmended with more sysfemali.cally

designed experiments.

6.8 tlsc{.,ss]ONs AN0 ngcol{PIENDATlOXS 0l'l Sf,l,l$0RY TESTI}|G }TETHODS IN

PR0pucT prv[L9P].IENT

The advantage of the ratio method in distinguishing Lhe dlfference of,

the sanple frorn the ldeal made it weLl suifed for uae 1n the

developnent of profiles in the PD syslem. It Has reconmended that bhe

ratio profile ana1ys5"s be used uith the product carefully developed

based on the consuner requirenent. In this uay, fhe 1st producb sample

to be fested shoul.d a).ready be elose to *hat the eonsuner required (or

the consumer ideaL),

A profiS.e tesN using a line for aftribute intensity judgment was

suj.table for a panel with some leve] of tralning, because it i{as a

gensitive scale. For a panel rith lower capabilitles for sensory
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Judgnentr €.g. a young chlld pane1, category scallng should be used,

Category scaLes can be transformed lnto a tratlo meant using the tJust

rightt score as the ldeal. Thls ltas believed to be a slmple and

effective srethod. For a chlld consumer pane1, a five-eategory tjust

rightt scaLe nas considered sullable. Lower numbers of categorles

resulted 1n losing discrimlnation, while a higher nurnber of categories

introduced increas:ng errors.

of
LL

For

for
the evaluabion

Thai children,
a developed nutritionaL snack bar-like product

Has reconmended fhat -

ldea1 producN profile be generafed by represenfafives of the
targel consumer.

Lab panel be used for predicfion of consurne! response$.

Ratio method be used for analysing profiling data. For
effectiveness of ifs application, trained panel was required.

Either linear or category scaling mighb be used for child panel;
however, the data should be analysed by ratio method.

A final point of development be set using the rclose tor or ronr
the ideal profile. Subjective judgment baseci on oiher concerned
factors be used.

Produet qualiby tesb be based on subjective method.

Precision of the experiments be based on C.V" leference C.V.
yalues could be u3ed as a guide for exarnination of variability
of the data.

r l{henever unusual disagreement was found among fhe panelists
(extremely large C.Vfvalue), an examination -of othei related
analysls of fhe panel resuLts should take p1ace.
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CHAPTER 7

PRODUCT EVALUATION AI{D PRODUCT QUAL]TY PRED]CTIOI'I

7.1 INTRODUCT]ON

At the present tine, product evaluation ls a major focus of food

producb developnenf. The prodrret evaluafion conducbed at each sfep of

the pD process has been recognlsed to have an increasingly inportant

role in the scientific aspect of the product developnent sysLem because

it deberrnines lhe qualiby of the finished product. There is a need for

evaluation of not only the producfs developed at the differenf stages

buf also of the raw materials and the intermediafe naberials. For

every product development project, there is a need for a planned

evaluation sysfem.

Producl evaluation is usually based on fhe physical, chernical '
physico-chemicaL, microscopic, mierobiological and sensory properties'

buf, for a nutritional product, nutritional evaluafion is also

neeessary. Undoubtedly, at the comrnercialisation sfep' the qualify of
the finished product is based on the requiremenfs of fhe buyer. This

is considered of the greatest imporfance, because it is bhe buyerts

requirernenfs which are used as the basis for subjective measllrements of
quality, and objecbive measurement results are commonly exarnined ln

correlafion with the resulfs fron bhe subjecfive method. A1so,

evaluation of the storage l-ife of bhe finished product is neeessary,

In ?hailand, evaLuation of the nufrifional producfs developed by the

government seclor has been based on chenical and biologlcal festing
mefhods. Though j"n some cases, acceptabillfy fesbs xere included in

the sbudies, no correlations uifh other neasuremenbs were examined.

The application of systematic planned storage lests along with an

acceptability evaluation, whieh j.s the most inporlanb evaluation of any

developed food product for comrnercializafion, has been limited. No

atbempt has been made bo build analytical rnodels for predicting product

qualify durlng distribufion and marketing

Therefore, the airn of this study

partlcularLy for products but also
to develop an evaluation sysfem'

raw maferials and lntermediate
Has

for
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naterlaLs, for a1l sbages of bhe product developmenb process to deve3.op

a nutrltLonal produet. ?hese incl.uded -

Debermlnatlon of Nufrltional Quallty Test
Deternination of Ob.iective Test
Deternination of Microblological Test
Determination of Subjective-Test
Determination of Storage Test
Estimation of produet Shelf-life and product
Deternination bf product adjustment b-ased on
predicfion

Fj"nal1y, a sysfematic product evaluation model was

the overall findings.

quality prediction
product quality

to be desi.gned using

?.2 !,IETHODS ANp TCCHNTQUES FOR EVALUATION OF DEVELoPED NUTRITI0IiAL

PRODUCT

A great nurnber of arficles were found on nethods and techniques for
evaluation of new/developed nutritional products from the nufritional
aspeet (Roe and Kruther, 19U2i Association of Vitamin Chemi"sbs, 1966;

Harrls and Karmas, 1975t Friedrnan, 1975; Friedman, 1978; and A0AC,

1979 and 1984). l4ost of the food analysi-s texfs included nefhods and

techniques for evaluating the nutritional properties of the food as

wetrl.

Although predicLions of nubrienb losses bhrough sforage fests have been

investigated in nany studi"es, few were found on the nutrienL loss in a

deveLoped nubri.tj.onaL product through planned storage tests
(Chittaporn, 1977; Karel, 1979; Labuza, 1981; and FTFC' '1983a and

1983b), The Accelerafed Shelf-Life Tesf (ASLT) lras the effecfive
method used as a storage test j-n their sbudies. Cribical environnenfal-

factors were chosen and used as input variables in the designs for fhe

storage tests. The Arrhenius Relafionship vas the nodel considered as

the best for the shelf-life fesl, and bhe mode of food product

deberioration uas seienti.fically assi.gned and used as the basis for fhe

selecfion of the speeific model (equation).

Though 1n some sNr:dies other besbs, subjective or objective' were also

used duning the i.nvestlgation, none was on fhe correlation of the

different tesfs in order to determine a systenatic model for use in

eyalualing a new nutriLional producL for an intertronlion progran:ne.

fn the developrnent of nufrj.tional producfs in Thailand, methods and

techniques for product evaluati.on btere normally applied at the final
step for the finished produet. These ineluded sensory analysis'
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proxlmate anaLysis, debernlnatlons of selected vltamlns, nlnerals' and

anino aeids, and t'he bioassay (IFRPD 1970-1982; Nutrltlon Research

Center , 87A-1982i Stegel et al. r 1975, Siegel et al., 1976i

Chibfaporn, 1977t and ilgarnsak, 1983). None of bhe studies nentioned

Has on the evaluation of product through a sysfenalio planned design of
storage test nor on the prediction of product qualiby. The emphasis in

the studies was comrnonly on Lhe nubritional properties ralher than the

comblnation of nufritlonal, $ensory, chemical, physieal,

physico*chemical, and rrierobiological aspeets whj.ch was considered

imporbant to the success of the commercial product development project

because it would be beneficial to nof only the target consumer buf the

investor as wel1,

Probein quality has been measured using various teehniques, Each has

its advantages and disadvanfages, Anong techniques best-known to the

nufribionj.sts * chenj.cal score, biological value (BV), net present

utitri"zation (NPU), and protein efficiency ratio (PER), chemical seoring

was considered sirnple and inexpensive. The chemical score xas defined

(Whitney and Hamilton' 1981) as fra rating of the quality of a test
protein arrived at by comparing its amino acj.d patfern with thab of a

reference proteLnr'. Through chenical scoring, the limi.ting amino acids

of the tesb protein can be identified. However, the chlef neaknesses

of thj.s technique are that: it fai.ls fo predicb fhe digestibility of a

protein; it relies on fhe chemical procedure in ',{hich certain anino

acids rnay be destroyed; and it is blind bo ofher features of bhe lesl
protein such as foxic materials.
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7.3 HgrHgps ANp PROCEpURES roR THE PRISrNT. DHVSL0PED NUTR4TTONAL

PR9pUcr

7.3,1 ilethods and Pnocedures for Product af lifrerent srages ol

The nethods and procedures for product testing, ineluding internediate

materials, at differenf sbages of developnenb were described in detail
in Chapter 2 on frProjeet Methodsfr. Nufriti.on quality tests, noisture
conlent and Aw value neasuretnent, nicrobiologieal tests and subjective

tesfs were used for the consumer test and the factory producfs.

7 .3.2 Stol'age Tesf

7"3.2. '1 Infroduction. Nufribionally-balanced snack bars had been

processed by using loea1 raw materials and appropriate technology

exi.sting in ffiailand on a colbage facbory sca1e. The produeb bad been

packaged in a polypropyLene film packef (1'1.4 x 9.9 crn) to be used for
full soale produetj"on. A1so, an oriented polypropylene laminated

aluminum foil packet was used as a conparison.

A preLiminary sborage triaL (Append5.x 7.1M) on the 1st' eonsumer

fest producb (producf sanple produced ln New Zealand; molsfure content

= 11.2*) suggesbed that fhe main modes of deterioralion of the snack

bars r+ere mj.crobiological susceplibi.lify and $ensory properties --
colour, rancidity, and maybe hardness or dryness. The predicted

sheLf-i"ife of the snaek bar was over 3 months based on the sensory

property and under 3 months based on the microbiological

susceptibility. Therefore, the processed producf rnenbioned above h,as

arbitrarily controlled fo be ( 1A.21 tinal moisfure contenf {i.e. aL

least 1i under bhat of the previous sarnple) so as to lengthen its
shelf-life from microbiological spoilage.

the aims of this slorage besb r+ere t"o eanflrn the nain nodes of
deterioralion cf, the snack bars and to predicl a storage li.fe for the

facfory producf. The dafa obfained from the product quality prediebion

was also bo be used for the deberminafion of the finaL product

adjustrnent and for opLimising the sborage condi-fion.

Developmenf
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7.3.2.2 Background. The nutritlonally-balanced snack product

developed for selling bo urban school-age children on the Thalland

narket rlill be transported and soLd ab the femperature and relative

huni.dity (RH) of Bangkok (year nean 28 C, 751 nlfi details of nonthly

temperatures and rel"afive humldities ln Appendlx 7.21'1). The snack bar

was made of white sesame geeds, peanutsr:nungbean, bananar whibe sugar'

glucose syrup and a nufrlenb-mix of, four vitamins, Preparabion of the

product uas conducted in a situation simulating a typieal cottage

?hal-snack factory, the fype where bhe products were expected to be

produced commercia)-ly. The produet was processed one week before fhe

start of the storage tesf. During the week before the storage tesf'
the proeessed products were stored in a roorn with air conditioning (-

25 C) during the day bime and with no air condiiioning (- 25-28 C)

during bhe night tj.me.

7.3,2.1 Experirnenfal Design for Sforage Test. For the study of
product shelf-life and also for the cornparison of different
experinenfal designs in the storage tests, seven different femperature

and hurniditj"es were used for storing the packets of snack-bars as shown

in Table 7.1. Frorn these seven condifions, fhe results brere

sbatistically analysed using Regression and Yafes' techniques.

350 snack bars were used for fhe storage testn 175 bars of which

rere packaged i.n a polypropylene {FP) packet, (11.1t x 8"9 cm size; 0.'l

mn thickness) and the other 175 bars in oriented polypropylene

laminated (0PP) alwninum foi] (Af) packets of the same slze and

bhickness. For convenience the r0PP + AF packebt t"ras referred to as

the rAF packebt in this studY.

7.3.2.1i Reference $amp1es, Reference samples Here paeked in Ar

packets and then in sealed cans and held at a cold room ternperature of
4 C. The purpose of the reference sample was fo provide a standard

uhieh could be used to naintain the aocuracy of the tasbe panel over

the perlod of bime sbudied, Ib btas expected thaf producfs in aluminurn

foil packets would keep longer fhan those in PP packets. If was al-so

expecbed that bhe packets aL 45C 95? RH would l"ast approximately 4

weeks. Room femperafure was also applied in order bo be used for the

estirnation of tbeginning-firnet of spoilage under arnbienf condi.tions.
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TABLE 1 n1 z STORAGE CONDI?IONS AND THAIR ABBREVIATTONS

tltrrno q nf

Packets

Storage Conditions

Temneratrlre Relat,ive
Humi di ty

Abbreviatlons

Dnl rrnrnnrz l ano

Polypropylene
Dnl rrnrnnrr I onp

Dn l rznvnnrzl ana

Dn l rrnrnnrzl onp

Dn-i rrnrnnrz l ono

Dnl rrnrnnrr'1 onovyl 4v^!v

Oriented polyproPYlene

lariinateC aluminium foil (Ar)

Ori ented polypropYlene

laminated aluminlum foil
OrienLed 5:olyproPYlene

laminated aluminium foil
Ori ented pofyproPylene

laminated alurniniurn foi]
ori ented polyproPyl ene

laminated alurninium foil"

orineted polYproPYlene

laminated aluninium foil
AF + Can

Arnbient Arnbient
'Ttamnoral-rrra Rel:t i ve

( :32"c) Humidily
{':72%)

pP 25/75

PP 25/95

PP 35/85

PP 45/75
pP 45/95

pp 15,/7q

PP Rm temp,/Rm RH

Af 25/'75

Af.25/95

Ar 35/85

AF 45/75

AT 45/95

AF 35/75

RHFERENCT

"c

25

25

35

A€.

AU-

35

%

75

95

85

75

95

75

75

95

E5

75

95

?5

25

35

AC:

35

,4 Ambienl
= Relalive

HumldltY

Notes: 1. 35oC/"1 5% RH for plotting the Tirne/?emperature graph.

2. P,mbjent temperature and Relative hurnidity included in the

estimat.ion of beginning - time of spoilage (see Appendix 7"2M

fortemperatureandrelativehumj.ditiesofBangkok).
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7.3,2.5 Maferials and Equipnent for Storage Tesf.

Equipment:

1 $arming cabinef at 45 C

1 Harming cabinet at 35 C

1 Air eonditioned room at 25 C

6 Desiccators

3 aL 75fi RH

1 at 85fr RH

2 af 95[ RH

1 cold room at 4 C

Mater ia1 s :

350 packets of snack bars (20 PP packets and 20 AF

desiccator or each condition)

packets in each

Saturabed sodlum chLori.de solufion t26.5%i

ml nater) for 751 F,H desiccafors

> 31.1 g NaCl per 88.1

$aturated potassiurn chloride solution (26.51;

86.8 ml ualer) for 85t RH desiacator

> 31,2 g KC3- per

Saturated pofassium nitrate solution {28.A$; > 33.1t g K}'103 per

86.0 ml wat'er) for 95| F'H desiccafors

7.3.2.6 The Datg for Storage Tesf Study' Packets of snack bar

samples rere placed in fhe dlfferent conditions sfated, on l{ednesday

13th February 1985. Sarnples were renoved for quality besbs at the

specifi.ed fimes. Five packets of each condition were needed at a time

for the fests: 1 for a moisfure tesb, 1 for a mierobiological test,
and 2 for sensory evaluabion by 6 panelists. ,After 2'l days' Lhe

remaining packefs were removed and stored at ambienf femperatures and

hunidities; they xere exatnined for up t,o 50 days sborage' The testing
dafes are shown in Table 7.2.
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Table 7.2"2 DATES FOR QUALITY 
"ESTS 

Or STORSD SAMPLnS

n-+^-
rr^ ^.F ,l-,,^rru. ul uqJD 

^.--ti+-, m^^+^
vudri uy leoLD

sloreo

Systematic storage

wed 13th Feb

l4on 18th Feb

Fri 22nd Feb

Wed 27t.h Feb

!,ted 6th lvlarch

'rrrthpr qtnreap al Ambient Condltionvuv!uY! !

! r1 I )tn r4arcn

lJed 20th l,xarch

Wed 2?th March

tJed 3rd April

o

5

9

14

2T

SE, MC, TPC, YM

cF l4a .r'I)a vMeL, 1tv,

SE, MC, TPC, YI4

sE, i,Ic, TPC, Yll
qE rlr f1lp- vMe r, L rv t

q T MTT

S1

SI

51, MC

30

35

42

50

Noles: 1. Str = Sensory Evaluation

MC * Moisture Content l4easurement

TPC - Total Plate Counl

Ylvl - Yeasl and Frofd Count

SI ' further $ensory Inspection

2. i4C measurement afler the planned date was done in ordinary

drying oven (?hose on planned dale by vacuurn drying oven).

3. l,Jeekends and hrotiday 1ed to the unconstant time interval.
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7.3.2.f Methods and Technlques for Qrallty Testing and Analysis.

Quallty testlng of the sbored product lras carrled out on nolsture

content, total plate count, yeast and mould count, and sensory

proflling analysls. Methods and technlques used followed the

descriptions ln Sectlon ?,4,2-r.*.5.

7.4 EVALUATION OF PRODUCT AT DIFFERENT STAGES OF DEVELOPMENT

7 . 4. 1 Intermediate-Materlal Evaluation

The results for the quality test of the intermediate materials durlng

the production of bhe final products were: i SS of DSC-banana and of
n-syrup 851; f moisture content of BSE-mungbean 12.5-13tr. These were

within the limits of the constraints. A correlation was obbained

between the red colour of the DSC-banana using bhe taste panel red

ratio mean and the reflectance measurement, so that an objective test
could be used in the process control instead of the tasbe panel. AIso

the compression and extrusion by the INSTRON was compared wibh fhe

sensory method using ratio chew mean. The results are shown in Table

7.3 and it can be seen that the rxr and tyt values had a high

correlation with the red ratio mean. Although the rrr value between

Force and Chew was not at a statistically significant level' it did

show some correlation and could be used fo control the texbure of the

DSC-banana during processing.
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7,4.2 Xutritlonal lvaLuation

Table 7.4a conpares the nutribional evaluation of fhe products at the

major sbeps 1n the PD process rith the nutrltional requirement of the

child consumer. Ilre proxinaie analysis indicated that the final
producls, whether 1st or 2nd consumer fesf producf or facfory product,,

provided suffj.cienf energy and profein. The energy and protein

required in the produeb by bhe child consumer were ) 387 Calories and )
7 g respect,ively per 100 g (TabLe 5.6 in Chapter 5) while the energy

and protein provided by t,he products were 436 Calories and 'lJ.! g for
lst eonsumer fest product, 447 Calories and 13.3 g for 2nd consumer

fesb produef, and 453 Calories and 15.0 g for the faetory product.

Thi.s partly showed how fhe produet Has successfully developed

nutribionally based on the nutritionaL requirement of the child
consumer.

Fatty ingredients were increased in the developed product in order to

achieve fhe required energy. In doi.ng this, no upper limif constraj"nb

was set for f,at. All three final producfs were higher in fat confent

Lhan fhe chiLd requirement (Requirement 9.Ai Products 18.3, 18'3,

22.5 e/100 e). Ttris was considered not harnf,ul bo the ehildren because

the average fat intake of Thai ehildren xas louer than the standard.

For bhe factory producb, fhe high faf content of the product was

bhought to be bhb result of the clrange in the peanul used. The peanut

nornally used in GRAYASAHT (product of RrN factory) at fhe facLory Has

used" and t.his came fron a differenb souree f,ron that which was used

during the experirnenfafion.
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The tRatio Protein Calories fo Total Calories (PCITC)r of the products

rere slmilar to that, required by the children (Requirement 1311-

Products 1 3, 12, 1 t{ ) .

I?re dietary fibre of ihe lst consumer lest product (12,7fi) lras

considered high. Only crude fibre was analysed for the 2nd consumer

producb and the factory produet. However, the resulfs could be related

roughly to dietary fibre. Aecording to Uhitney and Hanilton (1981)'
ftl?re fibre bhat renains ln the human di.gestive bracl affer the bodyrs

nornal action on food is known as diebary fibre. For every gram of
erude fibre in a food, there are probably about 2 or 3 grans of di.etary

fibrett. Thus, fhe average figure of 2.5 was used as a factor for
relating the crude fibre obtained fo di.etary fibre. The resuLbs were

3.2 e/10A g for the 2nd consumer tesf producl and 13.2 g/100 g for the

factory product.

Ii was considered at fhis stage that the dietary flbre in the 2nd

consumer test product was at the Level required by t,he children' while

the other fwo producfs Here ralher high. The resull of fhe 1sf

eonsurner fesl product was in doubt because when fhe analysis was baken

(over 6 nonths after production), the producf was nouldy" this mighb

have affecled the resulf. As for bhe factory produc!' this figure was

a rough approxination by calculation using the facfor :nentioned above.

There is a need Lo debermj.ne Lhe dietary fibre in fhe developed product

because if appeared slighfly high for young children.

The resulb for viLamln A (1066.7 IU compared to 525 trU for lhe

requirement) suggesbed Lhat fhe developed producf was much higher in

this vitam1n than lhe requirement. It seemed fhal fhe addlflon of fhis
vitanin during the preparaflon r.ias not necessary.
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An atternpt xas nade bo debernlne the 1eve1 of vllamin C. Hoxever r it
nas not possible to adapb a sbandard method to sult t,his product during

the tine of nubrient analysing. A rellab1e result could not be

obtalned

Although one deterstination was made for amino acids, replieation could

not be done. However, the results (Tabl-e 7.4b) obtalned $ere used as a

guide to the amino acid profile of, the developed producf' and also were

used for the chernicaL-score calculation (Appendix 7,1), The results in
Table 7.4b suggested lhat, lhe probein paftern of bhe developed product

was reasonably similar to bhaf of Lhe reference protein. Ttre major

exeepfi.on was for isoleucine (Referenee paftern 32i Producf paftern

18). A rating of bhe quali.fy of, the produet probein by fhe chemical

score mefhod suggested thaf isoleucine bended to be a li.miLing arnino

acid of the developed product. However, this needs furfher study

before a final eonclusion could be made.
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TABLS 7,4br AMINO ACID COMPOSITION OF DEVELOpED PRODUCT

(Protein Content 17.O*)

Essential
Amino Acids*

2nd Con{urner fegt Product
ng/7049 Protein
product Pattern val-ue

. rnq,b total potein

Reference *o*
Protein

Pattern Value
mglg total prolein

lsol-eucine**

Leucine

Lysine

Phenylalarli ne

rltrzrnc i na

Cystine

tlethi onine

Threonine

rTtrrrnfnntrano
4!Tyuvyrrsrtv

Valine

304

934

684

639 )

_ -" , 1020
JOl- ,/

144 )

-LUU,)

4"73

170

483

32

56

44

t+aJ

l_8

55

4A

2E

1U

60

28

1C)

28

?he non-essential amino acids

Alanine = 603; Aspartic acid

Glycine = 657; Proline = 5L8i

wer€: Arginine * 1534; Histidine * 449i

* L4O6; Gl"utamic acid = 2535i

Serine = 'l79"mgl1009 product.

*tt Lj.milinq amino acid (Chemical score = 45 by nL/'t' rnethod and

= 62 by 'A/E' nrethod) -

*** Minrmum requiremenl set at the level- of 80% of the fA0/t\fl-{O {,19"73)

amino acid paltern.
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7.4.3 Hicroblologlcal Test, ObJective Test, and Subjectlve Test

of Products

In this part, the results of the obJectlve and subjectlve tests are

only for the final products and the stored products. The results of
the objective and subjectlve tests of the intermedlate/finished product

durlng the fornulatlon and process development steps can be found in
Chapter 5 on Formulation and Process Development and Statistics, and ln
Chapter 6 on Sensory Analysis Development and Statistics.

The raw data obtained from the taste panels are shown in Appendix 2.3M,
while their Deans and standard devlatlons are shown in AppendLx 7.2a.
Moisture contents of sbored products are shown ln Appendix 7.2b, and

tofal plate count in Appendix 7.2c. A1so, the changes of the stored
product mean profiles are shown diagrammaticarly in Appendix T.2d for a

better vlsualization of the changes caused by treabments under the 2x2

factorial design with the centre point included.

Table 7.5 compares the critical attrlbutes of final products with those

specified in the constraints set at the previous steps of development.

The Tobal plabe count of the three flnal products was below fhe
critical point generally acceptable, whlle no colony of yeast or mould

was found on consumer test product. T?re result of this microbiological
test suggested that the product developed was acceptable
microb iolog icall y.

The 2nd consumer test product was the right quality for moisture
content (9.111) and water activity (0.722) based on the final developed

constralnt set according to the 1st consumer besb result (( 10.2, for
motst,ure content and < 0.78 for water activiby), but the factory
product was slightly high in moisture and water activity. Different
equlpment (e.g. mixer type) and personnel (e.g. unfamiliar wlth the
techniques used for thls product) used ln the factory nere thought bo

be responsible for thls lower quality result.
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Slnce the motsture content of the factory product was hlgher than that

of the constraint, lt ls consldered lmportant to control the molsture

content of the product ln the factory conditlons. Tvo posslble

solutlons are to keep down the ISS of DSC-banana used for the product

and to set a suttable end polnt for the mlxlng of the lngredlents

durlng heatlng.

Comparlson of the sensory attribute ratlo neans of the three flnal
products with those of the ldeal suggested that the products were'

though not at, close to the ldeal. The developed products were

considered acceptable to the consuner panel for lst consumer test
product, to the consumer survey for 2nd consumer test productr and to
the lab panel. for the factory product.

7.4.4 Conclusion on Quallty of Flnal Product

In concluslon, the final developed product was near the rlght quallty
for critical attributes, lncludlng energy' proteinr moisture contentt

water activity, and sensory quallty (colour, size, texturer flavour'
and acceptability).
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7.5 PSODUCT EVALUATION DURINC DETf,RMINATIO}I OT STORAOI LITE

7.5.1 The Chanee of Sfored Producf Ratlo Profile vith Tisle

Sensory ratio profiles of product sarnples

of tlrne are graphically shown in Figure

results from all treatments af the same

findings were -

stored at different Periods

7.1, These were the averaged

period of bime. The nain

Dryness and hardness had a sinilar patbern of change during

sforage. At Day 5 the stored producb was rafher dry and hard'

bub with a longer storage fine i.f was found io soffen and become

more mois| in these two texfure alfributes. The dryness and

hardness at Day 5 lowered fhe product accepfability' Hororever'

when the product texture atbribu?es sofbened and becarne more

moisL at later dafes of storage, fhe accepbabilily improved. At

Day 14 where fhe product was found similar bo fhat of Day 0 for
hardness, the aceepfability score was close to the ldea1,

Sweefness had a similar paltern of change during storage to thaf
of hardness and also dryness excepf at Day 14, $hen lhe dryness

and hardness increased, Nhe sweetness of the product decreased.

Aceepiability had a patfern of change during fhe early part of
the sborage very similar to hardness and slightly less simllar
fo dryness.

: Rancidity was increasing wifh tine, buf did nof affecb accepta-

bility until Day 21 when acceptabilify deereased again. The

raie of change was faster for rancidity than for acceptability.
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Accoptrbilty

ir*-
N_-__a!-

figncid

X;y: Oay O {1.O)
9ay 6
Day I
Day 11 "
Aay 2t ------

Figure ?.1: Ratio Profile change of stored Product rojth Tine



Further analysis by a T-Tesf (Appendlx ?.3a) indl,eated
attrLbutes at Day 0 nere significantly dlfferent
rancidlt,y, and hardness, fron those at Day 9 and 1ater,
and acceptabi}lby from those at Day 5 and later.

252

thaf the sensory

for sweebness,

but for dryness

the resuLt from this experlneni indicated thab for short, term storage,
dryness and hardness were tproblemr attributes for the etored product,
while in the long tern the rancidity reduced the acceptability of t,he
product'. Thus r Eh improvement in storage eonditions to prevent
deterioration of these rproblernr attribufes in the product, especially
Lhat of rancj.dity, was eonsidered necessary.

7,5.2 changes of Frofiles of stored products in Dlfferent

The sensory mean profiles of product samples sbored for 21 days aL 25,
35, 45 c and Tsfi RH were compared graphicarly with those at 4 c and
fhose at Day 0 (Fi'gure 7.2). This fi.gure showed thaf producf sen'ory
attributes deterioraled with the ternperafure of sborage, whether t,he
product ras packed in polypropylene or laminated alr:minum foil paeket.
Alfhough fhe detrinenfal effects were nob parallel uith the storage
Lemperature, t,hey were i.n a similar paftern" ?hat is at Day 21 of
scorage' fhe producf had decreased in sweetness and acceptability and
inereased in rancidity. For the product sbored ab 25 c, dryness and
hardness were found to be sinrilar bo those at Day 0 but for those
sLored aL 35 c and 45 c bhene lras a slight increase in dryness and
hardness.
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Key: Day O-
4oC 

-25oQ-
350c-
4so c-

Sensory l"lean Prof iles of Product Sampl-es Stored 21 days

at 75t RH and at Different Storaqe Temperatures and

in Different Packages Compared with the Profile at

Day 0 and of Product Stored at 4oC'

)

Acceptability

Hard

Sweet

Polypropylene

Acceptability

Rancid

Hard

Sweet

Laminated Aluminium Foil

Dry

Rancid
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It seened that product stored at'25 C ras nore sultable for use as a

reference for product terture testlng. At 4 C, the tenperature was too

Iow for thls product whtch nas an lnternredlate nolsture food' and

therefore lt danaged certaln sensory attrlbutes of the product

especlally the texture (dryness and hardness). Thus, a storage

temperature of 4 c was consldered sultable only for the testlng of

rancldlty and acceptablltty of the product, whlle 25 C vas suitable for

the texture test.

,1.5.3 Conparlson betneen Reference and sanples of other storage

Condlttons

Conparlson was nade between reference (4 C) and samples of other

storage condltlons uslng sensory test and objectlve test data and uslng

T-test technlque (Appendlx 7.3b). The data for the T-test nas the

average of the flve-day data fron the storage tests (Day 0r 5' 9, 14'

21). The reason of the averaglng was to snooth out the raw data.

Table 2.6 shows selected T-test results. The naln flndlng fron thls

table was that the reference sanple was slgnlflcantly dtfferent ln

dryness and acceptabtllty from the samples stored at the followlng

condl.tlons.

z 45/75 and 45/95 CllRHi PP or AF packet'

z 35/75, 35/85, and Anblent/Anblent-CllnEi-!l 91 4I packet;' iftr'eic6pti5; ila ioi-JamprC at 35/75 cilg1 ln AF packet.

TAELE ?.6: co,lPARIsoN ae,n|EEN REFEREI|CE NID SAMPLES oF C'I$ER SToRAGE co{DITIofs

storage Conditions of SanPIeg t-vrlue (refcrence ve eaaPle)

l,loisture Total Pl.ate
llardnear AcceFabilityPackage, "c/t n.H. suc€tnGra Rancidlty Drynea3

PP 23/75

25/95

35/e5

45/75

45195

35/73

Anbi,ent/Anbi€nt

AF 25/73

25/95

3slEs

45/15

45/95

33/75

-L.26
-1.7t
-1. 32

-2.85.
-1.93

-2.16

-1.91

-1.32
-2.30
-1.?3

-t.77
-2.30

-1. ?9

o.al
1.55

l.5a
2.19

2.36

1.63

1. 32

-1.5i1

0.64

2. {l
2.46

L.77

1.!X)

l.6a
r. 16

3.04.
3.O4r

2.d9|

o.50

o.ao

1.98
3.11.
L.29

-2.05

-2.06

-2'15'
-3. Al l
-3. ?4.

-3.0?r
- 3. O{o

-1.80

-1.63
-3.19.
-3.520

-3. 50r

,-3. 
O.

-o.30

o.23 ,

-o.ol
-o.39
0.38

0.89

o.05

-1.Otl

o.22

-0.90
0.31

0. l8

o.lt

-1. 36

-1.02

-1. 36

-t.62
-1.09

-L.72
- 3.04.

-1 .70

-r.29
-L.2'l
-2.05

-1.69

-1.23

2.640

3.14.

2.36
2.96

o.8l -0.20
2.23 -o.rt{
1.82 1.9E

3.44. 2.35

2.A2. 3.88.

1.92 3.O9r

(,|/Anbient - Reference)2

1

2

o.t. for T-testr Aver.giag fro 5 deyr of ator.ge (Dry o, 5. 9. L4. 2ll

PackGd in AF ard sealed can. 
t Sa.ai.ti""lly diff€rent !t 951 level.
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The anblent tenperature and relatlve hunldlty of Bangkok durlng ttie

test was approxlmaleLy 30/75 C/IRH (range 22-36 Ci 50-901 RH; shown

ln Appendlx 7.2M). Thus, based on the maln flndlngs above, lt could be

concluded that ln the range of relatlve huurldlty studled Q5-957)r the

temperature of 35 C or hlgher made the stored product, PP or AF packed'

dryer and less acceptable (see raw data ln Appendlx 7.3M). However,

thls was not true for the bars ln AF packets stored at 35/75 CIIRH'

These bars were similar ln sensory attribute characteristlcs to those

sbored at 4 C whlch were used as reference sanples.

Thls findlng lndicated that the dryness and acceptablllty of the

product did depend on the storage tenperature. A sultable tenperature

for storing the product, PP or AF packed, seemed to be 25 C or sllghtly
lower at any relatlve humidlty ln the range of 75-951. However' there

was a need to detail the effects of temperature and relative humidlty

on product attributes.

7.5.4 Slgnlflcant Effects of Input Varlables on Product Sensory

Attributes

The naln effects at Day 14 of lnput varlables - tenperature and

reLative humidlty - on stored product sensory attrlbutes by latesf and

Stepwise Regresslon analysls method are sunnarlzed tn Table '1.7A, whlle

the detall on slgnificanb effects and slgnlflcant nodels by the two

methods are shown ln Appendlx ?.4arb. Day 14 data was chosen for this
study because lt appeared that the dlfference ln the reffectsr of all
treatments started to becone apparent at Day 14. At Day 21 the

deterloratlons were so strong that nost of the products had notlceably

changed, and the reffectst of atl treatments Looked slnllar. The

determlnatlon of the slgniflcant effects at Days 5, 9, 14 and 21 ls
shown ln Appendlx ?.4M and the complete factorlal analysls Appendix

7.5V1.

The slgnlflcance by the stepwlse regresslon nrethod tndlcated that

temperature dld have a strong effect on the rancidltyr dryness'

acceptablllty, and molsture content of the stored product ln the PP

packet at Day 14. Thls was also true when Yatest analysis was applled.

The exceptlon ltas for the totaL plate count. For the AF packet, the

effect was rather fron the lnteractlon of both varlables. However'

tenperature was found to have nore effect by Yatesr analysls.
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These flndlngs lndlcated that rancldlty and dryness were the main

product attrlbutes affected by storage condltlons especlally by

temperature for the bars ln the PP packet. Thereforer there was a need

to optlnlze temperature varlables ln order that the developed product

could be kept approxlmately 3 nonths.

7.5.5 Selected Slgnlflcant ModeLs

Table 7.7b are models fron Appendix 7.4a (Yatesr analysls) selected for

use ln the optlmlsatlon of tenperature for products stored ln the PP

packeb. Hode1s from Yatesf analysis were chosen slnce thts technlque

was expected to be used by the average product developer because of its
sinpl.lcity. Only the PP packet, whlch was the type of packet ln the

concepb, was included ln thls lnvestlgation. Since temperature had

detrlmental effects on rancldlty, dryness, and acceptabllityr the

lowest temperature level ln the experimental design (25 C) was chosen

for subjection to the uncoded nodels. The predicted attrlbute values

lndicated that ln the range of temperature and relatlve humldlty

studied the product in PP packet sbored at, 25 C would remaln in better
quallty than that at room tenperature (designated by rAurblent,/Anblentr

ln the Table). The comparlson of these predlctlon results with those

of the actual attribute scores at 25 C 751 RH (aLso shom ln the Table)

lndicated that the models used were reasonably accurate (proved by

sinllar results obtalned). These findings on predicted attrlbutes were

to be used ln comparlson wlth shelf-life estinatlon.

7.5.6 Changes ln Moisture Content Durlng Storage

The moisture content of the product before storage was wlthln the

llnlts set, but the change ln nolsture content could not be studled in

detall durlng storage because of the fluctuatlng results obtalned

(Appendlx 7.2b'). Leakage of packets perhaps caused by the hlgh storage

temperature seemed to be the maln reason for the fluctuatlons.

7.5.7 Concluslon on Product Quallty During Storage

In concluslon, the quallty of the sensory attrlbutes of the flnal
developed product were not retalned ln storage'. Thus, there was a need

for a further study on how long these attrlbutes retalned thelr
quallty, or ln other wordsr 8n estlmatlon of shelf-llfe and product

qualtty predlction. slnce, ln the long tern, rancldlty was the
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tproblemf attrlbute whlch reduced the acceptablllty of the product,

rancldlty and acceptablllty were the sensory attrlbutes chosen for the

study of product shelf-llfe.

7.6 ESTIMATION OF SHELF-LIFE AND PRODUCT QUALITY PREDICTION

7.6.1 Introductlon

The maln aim behind the storage test of the developed snack product in

this study lras to analyse the data obtalned fron systenatic planned

storage tests so as to produce an estlmate of the product shelf-llfe
and flnally to determlne the adjustment needed to the product to
improve the storage llfe.

7.6.2 Determinatlon of the lll Vgfgg

Using the assumption that the Arrhenlus Relatlonshlp holds for
degradation at elevated temperatures, Shelf-Life Plots ltere prepared

using selected attribute scores, acceptablfity and rancidity' from the

sensory evaluatlon panel. It was assumed that lt was a first order

relatlonshlp so the followlng equatlon was used.

In N/No = -kt

tlhere No = Initlal sensory score for the attribute
N- = Sensorv score for the attrlbute after time rtt
k = Rate of deterloratlon of the attrlbute studled
t = Tlne

Selected attrlbutes for the study were rancldity and acceptablllty.
Therefore the data obtalned for these two attrlbutes ltere rearranged

for the purpose of shelf-llfe estlmatlon as shown in Appendlx 7.5arb.

In brlef, the data was dlvlded lnto two sets as follows:

lst set of datas 1. Polypropylene packets (PP)
(Appendtx 7.5a) a! ?5t !Hat, 25, 35, 45 C _2. LaninitEd'alumlnum foll packets (AF)

at 75! RHat 25t 35' 45 C

2nd set of data:
(Appendlx 7.5b)

1. PPat 951 RHat 25, 45 C
2. AFat 951 RH

aL 25, 45 C

The assumptlon was nade that a rstlghtly unacceptabJ.et product (score

1.9) was consldered to be the treJect polntr for the acceptablllty of
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stored product and a rsllght1y presentr product (score 2.5, for tlte

rancldlty. As sone of the products rere not rancld or unacceptable at

the end of the 21 days storage test, the results nere extrapolated

untll the treJect polntr was reached. Extrapolatlon from the actual

data was made using the tstandard qulck method of Labuzaf (Labuzat

1981) ln order to obtaln the tlme necessary to reach the freJect pointt

value.

Therefore at rejeet tlne ttt t

for acceptablltty: N/No = 1.9/4.2 = 0.453

for rancldlty: N/No = 2.5/1.3 = 1.923

Caldulatlon of fkf values uslng data at 757 RH (Appendix '1.6a)

Calculatlon of rkr values using data at 95t RH (Appendlx 7.6b)

7.6.3 Ll.near Plots and Hain Findlngs

Linear plottlngs were nade for rkt values agalnst the reclprocal of the

tenperature ln K (1/T). Thls was not the rtrue kt, but lt was the tkr

at that certain temperature only. Thus ln this studyr that certaln

temperature was subscrlpted to fkr, e.g. tk25r r ln the descrlptlon. A

comparlson was nade between llnear plots at 75tr RH and those at 95I RH.

The plottings were dtvlded lnto two sets as follows -

: Llnear olots of tkf values uslng rancldity scores for shelf-}|fe
estimatlon of PP and AF bar-packets based-on - 751 RHi 25,35t
45 C and 95t RH; 25, 45 C (Flgure 7.3a).

: Llnear olots of tkt values uslng acceptablltty scores for
shelf-llfe estlnatlon of PP and AF bar-p-ackets bbsed on - 751
Rtt; 25,35, 45 C and 95I RH; 25, 45 C (Flgure 7.3b).

tkf was calculated uslng these
Itr for each storage conditlon.
as follows -

values and the predlcted storage tines
Calculatlons were dlvlded lnto 2 sets

product
storage

The llnes were determlned uslng a llnear regresslon for the 75lRH tkr

values (see Appendlx 7.6M) and by connecblng the two polnts obtalned at

95t RH. The naln flndtngs from Flgure T.Ja'b were-

of
the

: In ceneral. PP and AF packets gave a slnllar pattern
quaflty deterloratlon - with temperature. The hlgher
fenperbture the greaber was the- deterloratlon.



tl
:a

le
t

AF-tgt

Figure ?.3a: Lincar plote of .kr Valuea Uring
Rancidity Scores for Sbelf-Life EstiErtion of
the Barr in PP and AF packeta rt 75, 951 RH

and 25, 35, 45'C.
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FiqurG ?.3b! Lln.ar Plots of rkr Vrlues Using
Acccptrbility Score! for Shelf-Lifc Elti.nltion
of the Ears in pp and AF packcts rt ?5, g5l RH

end 25, 35, 45.c.

r.3

Generally, there was llttle dlfference between PP and AF at 751
RH. At - 951 RH the product ln AF was better than that ln PP at
lower tenperatures but at the hlsh tenperature of 45 C' the
acceDtabllltv of the Droducts -ln both packets appeared to be
slmllar. Tha hleh tempbrature uleht have -caused lbakage wlth
thls tyoe and thlcknes3 of AF oacket. However. these reaults at
95t RH-irere based on only two-irolnt observatlons.
Relatlve hunidlty deflnltely affected the acceptablllty
rancldlty of the-stored Droduct. The Droduct kept-longer at
lower relatlve hunldlty ot 751 RH than- at 95t RH.

Thus, because of the slnrllar rates of deterloratlon of
products ln the AF and PP packets' lt was declded that as PP
bheaper, lt could be chosen for packaglng the product.

and
the

the
wa3

7.6.4 Calculatlon of Shelf-Llfe

Shelf-llfe at a typlcal Bangkok tenperature of 28. C uas calculated
uslng the llnear plots for both rancldtty 'and acceptablllty and

tabulated for comparlson ln Table 7.8. The calculatlons follow the

followlng exanple on the llnear plots of rkf values uslng acceptablllty
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tcores for shelf-Ilfe estlnatlon of the bars (Flgure ?.3b). The tk29r

value of the bar ln PP packet stored at 75/ RH and at 1/T of 3.32 x 1O-3

x K-l (or at tenperature of 28 C)' was as follons:-

rk2Er = -0.99 x 1O-2 d"y-1-

From fornula:

ln (N/tfo)

In (1 .9/4.2)
In 0.453

-o.792
t

Thus, shelf-llfe at
approxlmately 80 days

kt
-0.99 x 1O-2

-0.99 x 1o-2
-2

-0.99 x 10

-0.792/G0.99
80

xt
xt
xt

x lo-2 )

28

by

C T5l RH of the bars packed ln PP would be

predlctlon.

TABLE ?.8: CALqULATION oF SHELF-LIFE AT 28cC oF SDfiAGE TEI{PERAflFE BASED Ol SELEqTED DnOD{rcr

AfIRIBUTE QUALITY

Packets (aay-lt
In(N/NO) (days )

(1)
Ba8ed on Ranciditv
At ?5t RHr 28"C
In (2.5/1.3) ' O.tg x 1O-2 x t
ln (2.5/1.3) - O.n x 1o-2 x t

At 951 RH, 2il"C

ln (2.5/1.3) - l.a3 x 1O-2 x t
In (2.5/1.3) ' 1.55 x 1O-2 x t

Based on Acceptability
At ?5r RH, 2a'C

ln (1.9/4.21 - -O.99 x 1o-2 x t
In (1.9/{.2) - -O.a€ x 1O-2 x t

At 95t Rtlr 28cC

fn (1.9/11.2) ' -2.10 x lO-2 x t
ln (1.9/{.2) ' -1.54 x 1o-2 r t

PP

AF

PP

AP

PP

AF

0.89 x 1o-2

o. 7l x to-2

t.83 x lo-2
t.ss x 1o-2

-o.99 x 1o-2

-g.EE x 1O-2

-2.10 x 1o-2

-1.6,t x 1O-2

14

92

36

42

(1)

(2)

80

90

38

{a
PP

AF

The results ln Table 7.8 lndlcated that the product ln an AF Packet

kept approxlmately 11-201 longer than that ln a PP packet from the

polnt of 1ts rancldlty and acceptablllty attrlbutes. Thlg table also

showed that the developed product tfould keep.80 days based on product

acceptablllty by uslng the PP packet and by storlng at 751 RH 28 C

(conrpared wlth the constralnt of 90 days). Thls was based on the

pesstnlstlc assunptlon of the rreJect polntt for the sensory attrlbutes
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studled. The bars ln the AF packet could keep 90 days at 751 RH 28 C.

However, all the bars could retaln thelr sensory quallty less than 50

days when stored at 95t RH. These types of packets could not protect

the developed product fron hlgh relatlve hunldltles and htgh

temperatures. Slnce thls was based on only two-polnt observatlonst

further study based on three-polnt observatlons and the use of llnear

regresslon to obtaln the rkf values was needed to conflrm thls finding.

Because when the tenperatures and relative hunldity lncreaser the

product quallty decreases, the product should be protected from hlgh

tenperature and relatlve hunidity. Vacuum packlng ls one posslbility.
Uslng double bags of PP type ls another way to retaln the product at Aw

below 0.78. Good seallng ls consldered necessary for the developed

product.

'|-.6.5 Comparlson between Calculated Shelf-Llfe and Further Sensory

Inspecblon Result

7.6.5.1 Objectlves. The objectlves
calculated shelf-llfe and further sensory

storage under Bangkok condltlons w€t.€ -

To check the accuracy of the shelf-Ltfe predlctlon nethod.

To deternlne the nost sultable matrix of data used for shelf-
llfe prediction.

7.6.5.2 Conparlson Expertnent. A comparlson was made on the

rancldlty and acceptablllty attrlbutes of the product. The data used

for the calculatlon of shelf-Ilfe lras fron the results of two natrlces

of data, nanely at 75/ RH and at 95t RH (Table 7.8). These were

compared agalnst the results of the further sensory inspectlon
(Appendlx 7.7) on rancidlty and acceptabillty whieh was Judged by one

member of the 2nd speclal panel (prevlously discussed ln Table 6.3b and

6.3c).
No lnvesttgatlon ltas done after Day 50. Howeverr the results

obtalned did suggest that the rancldlty (> lo days) and acceptabllity
(> 50 days) of the product found ln further sensory lnspectlon

colnclded wlth the predlcted shelf-Ilfe of the bars ln PP packet at 75tr

RH and 28 C 04 days for rancldlty and 80 days.for'acceptablllty). The

predlcted shelf-llfe at 95t RH and 28 C (36 days for rancldlty and 38

days for acceptabillty) was lower than that of further lnspectlon () 50

days for both attrlbutes). The more severe condltlon of relatlve

of the comparison between

lnspection results at amblent
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humldlty was consldered responslbl'e for thls lower result. A relatlve
hunldtty ot 751 and temperature of 25 C were consldered slnllar to the

dally condltlons of Bangkok (approx . 75y' RH' 28 C). Thus lt seens

nore sultable to use the data obtalned at 751 RH to predlct shelf-llfe.
The severe condltlons at 951 RH caused changes ln the packaglng

especlally at hlgh temperatures and gave resul.ts that were dlfficult to

use ln shelf-Ilfe predlctLons. It appears that such severe condltions
should not oceur ln Bangkok during normal storage of the product.

7.6.5.3 Dlscusslon and Concluslon on Shelf-Llfe. Based on the

natrlx of t75l RH; 25, 35, 45 Cf, the sensory quaLity (1.e. wlthout

rancidity and with high acceptabirity) of the stored products ln a PP

packet would last for nearl.y I nonths. However, thls predlctlon Has

based on the pessimlstlc assumption of the rreJect pointt (scale 1.9 or
fsllghtly unacceptablet for acceptablllty' and scale 2.5 ror stlghtly
presentf for rancidlty). If an optlnlstic assunptlon - €.9. scale

1.0 or funacceptabLet for acceptablllty and scale 4.0 or tsllghtly

strongt for rancldity was applied, the predicted shelf-llfe of
product would be over I months.

It was considered that 21 days ts sllghtly too short tlme for the

accelerated test of the ' developed product. 25 days mlght be nore

suitable as this would reduce the lnaccuracy of extrapolatlon ln
determining the reject tlme.

In thls study, at 951 RH only two point observations (25 and 45 C)

were used. More accurate results would have been obtained lf a point

at 35 C had been lncluded. The condltlon at 95t RH and 45 C appeared

too severe for storage tests on thls type of packaglng, and lt nlght be

preferable to use temperatures of 20 C, 30 Cr 40 C.

In concluslon, the Arrhenlus Relationshlp model using t75t RH and

25t 35, 45 Ct as the matrix (or experlnental deslgn) was consldered

effectlve for shelf-llfe predictlon for the developed Il{F nutritional
product because lt gave results slmllar to amblent storage. It was

posslble to use a PP packet for the developed product as lt would keep

for 3 nonths or more ln thls type of packaglng. Howeverr optlmlsation

ls needed for storage condltlons especlally that of tenperature. If
the product ls to be kept ln amblent condltlons tn Thalland' a well

sealed packet is needed.
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7.6.6 Delqfnllelion of Produ

Predlctton

Based on the product shelf-tlfe study ln the prevlous sectlon' the

quality of bhe developed product was degraded through rancldlty'
dryness, and hardness. Of the three, rancldlty was consldered the most

lmportant attribute that related to the product acceptablllty. fitus'

rancidity was considered a crltical attribute for product quality
degradatlon.

T?re predicted shelf-Llfe aL 751 RH 28 C, whlch ls the average conditlon

in Bangkok, of the product based on acceptablllty was nearly 3 nonths

(80 days) for the PP packet and was 3 uronths for the AF packet' while

the deslred shelf-life |n the producb concept was 3 months. When

rancidlty was used as the base, the shelf-life was shorter. Tttusr 3D

adjustnent of the product was consldered necessary. The following are

the posslble means for adjustment -

The use of antioxidant.
The use of an AF Dacket, but shelf-life extension was only
approx . 2Ol (whil-e the cost increase nighb be higher than 201).

Moisture content of the product be retalned at lower than 10t by
the use of double PP packets or the use of vacuum packlng.

Orallty control of nut lngredients during purchaslng and
storage.

: gptimlzation of the storage condition to slow down the rancldlty
reaction.

Decreasing the fat content of the producb might be another posslble ltay

to reduce rancidity off-flavour durlng storage. It was not considered

for further study because of flrstly the lnfeaslble solutlons for other

nutrient constraints obtained durlng the LP experinents when the

fat-contalning ingredlents were changed and secondly the doubt of
consumer acceptabillty wtren sesame seeds and peanutsr the maJor sources

of fat, are reduced ln the fornula.

7.7 DTSCUSSTON AND CoNCIlqqIqN

The quallty test, objectively and subjecblvely, needs skllled personnel

for fpreclslonf and needs sultable methods and technlques of
measurement for taccuracyr of the results. T?tough most of the

measurenent nethods and technlques used were reasonably sultable for
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the present study, llnlted tlne lnhlblted the developnent of suitable

techniques for this product. For certaln chenlcal analyses €.9.

vltanln analysls, nore trlals on practlcal neasurementa should have

been done untll constant results could be obtalned on a knolrn-sample

before the quallty test of the product was started.

For a storage test of a developed nutrltional product by ASLT' the

matrix suggested was 170, 9O1 RH; 25t 35, 45 Cr. The Arrhenius

Relationship Model was suggested for product shelf-Ilfe predlctton.
These conditions of storage could be used for optlmlsation of storage

condltlon by Yatest analysls (2 x 2 factorlal experlment) and for
estluration of shelf-llfe by linear plottlng technlque.

Based on the acceptablllty and rancldity predictlon, lt ltas reconmended

that the developed product be packed in a PP packet. The moisture

content of the product should be retained at lower than 10i by the use

of double PP packets or by the use of vacuum packing. Nut raw

materials should be control.led during purchasing and storing. The

storage temperature and relative hunldity for the developed produet

should be at 25 C 751 RH in order to prevent the rancidity of the

product while retaining obher sensory qualltles.

In conclusion, the results of thls study showed that an estinate of
product shelf-life could be produced reasonably accurately from changes

in product attrtbirtes wtrlch could be obtained from a systematic planned

storage test.
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CIfAPTER 8

DISCUSSION AND CONCLUSION

8.1 THE NECESSITT FOR THE PROJECT AND THE AIM OF THE THESIS

There ls a need for the development of nutritlonal products for
nutrltlon lnterventlon progranmes 1n Thalland. Fully connerclal
development of nutrltlonal products developed ln the past was delayed

because they were not highly acceptable to the target consuners, thls
being the nost lnportant crlterlon for guaranteelng the prlvate
lnvestor taktng over the connerclallsatlon of a food product. Most of
the past product developnent nethods were based on trlal and error, but

ln thls study, a systematic product development process proved to be a
pronlslng tool for such a product developnent project.

This thesls almed at developlng a nutrltlonal product for a nutrltlon
lnterventlon progranme for Thalland uslng quantltatlve technlques

throughout a systematic product developnent process. The systenatlc PD

process was deslgned to be used as a prototype nodel for nutritlonal
snack product development ln Thalland. Quantltatlve technlques used

lncluded consuner survey for determlning consumer needs and attttudest
Ilnear programurlng for product formulation development, factorlal
deslgn together with Yatesr analysis for process developnent, proflle
analysls for sensory qualtty testlng, and Arrhenlus Relatlonship for
shelf-11fe estlnatlon. The systenatlc product development process

started from product ldea generatlon, screenlng of productsr analysls
evaluatlon or buslness analysls, development of formulatlon and

processr and then testlng of productlon, product shelf-llfer and

consuner product acceptablllty. Though the last step of narket testlng
before comnerclallzatlon ltas not tnvestlgated, the lnformatlon
collected from the flnal testlng step whlch determlned the consuner

responses to the product was used to predlct the market stze.

8.2 THE SYSTEMATIC MODELS DESIGNED FOR THE PRODUCT DEVELOPMENT

PROCESS

Hodels of
system of
prograrme

the whole

the systenatic nethods for the maJor. steps and the overall
nutrltlonal product development for a nutrltlon lnterventlon

ln Thalland were deslgned, and the tlme needed for completlng

system was estlnated. ALso shown ln each dlagran nas how



267

sensory analysls especlally ratlo.proflle test ras used lnteractlvel.y
wlth certaln naJor actlvltles for the purpose of screenlng the nost

acceptable product for further developnent.

8.2.1 l{odel for Fornulatlon Developnent

In the fornulatlon development nodel (Flgure 8.1)' after the obJectlves

of formulatlon and tts maln constraints are set, based on the resul.t of
product screening and evaluatlon, and after the development of the

product concept, data for llnear progranmlng are prepared. The data

required for the fornul.atlon of nutrltlonal products lnclude:
compositlon and cost of posslble raw materlals, nutrient loss durlng

processlng, nutrltlonal requlrements of the target consumersr and

mlnlmum/naximum amounts of lngredlents in the reclpe based on

tbest-estinater experlments and on ttn-houset evaluatlon.

The data. on nutrlent Loss durlng processlng are used for the adJustnent

of the compositlon of the raw materlals, while the data on nutrltlonal
reguirements are for the levels and ranges of the nutrltlonal
constraints, and the data on mlnlnun/maxtmum amounts of lngredlents are

for raw material bounds.

Fornulatlon development ls done uslng the llnear progranmlng technlque.

The LP package programne ls a fasb and effective way to the LP

solutlon. For sensory testlng, Ilnear scallng together wlth proflle
analysls, correlatlon and At{0V./T-test uslng a Lab panel ls an effectlve
product proflllng nethod for screenlng the product characterlstlcs to
glve the most sultable product proflle. The product sensory proflle
selected ls then developed so that lt w111 change lnto, the ldeal
product proflle. In achlevlng thls, lnteractton between the proflle
tests and the product preparatlon trlals ts studled untll the product

profile ls accepted by the lab panel.

Durlng the testlng of the LP fornulae, the testlng of technlcal
posslbillty, and the tesblng of product acceptabllltyr nodlflcatlon of
data and of technlcal technlque nlght be lmperatlve. The

least-acceptable or least-promlslng formulae are droppedr and the

most-acceptable end the nost-pronlslng technlcally.ls/are selected for
further development. It ls lmportant that fornula selectlon at the

step before process developnent should be based on the consuner panel

test.
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For the process development nodel (Flgure 8.2), after the obJectlves of
the process developnent and lts nain congtralnts are getr plannlng ls
nade on the optlnizatlon nethod and on the data prepara.tlon. Data ls
prepared by the outllnlng of processes and raw naterlalsr the screenlng

of process alternatlves, and the selectlon of unlt operatlons. Process

condltlons are optlnlsed by the appltcatlon of factorlal
experlmentatlon together wlth Yaters analysls; and the conblnatlon of
the optlmlsed unlt operatlons w111 lead to the whole process for the

product belng developed. Before the optlmlsatlon testing' lnput
variables can be screened by using the Plackett and Burman Technique.

Testing of the whole process ln a producblon trlal. and testlng of the

product produced by the consumer panel are necessary. After the

developed product ls accepted, productlon of fhe products can be

undertaken for an acceptablllty test by a consumer survey.

8.2.3 Model for Sensory Analysls Development

For sensory analysts development (Flgure 8.3)r lmprovement of the

sensory profiLe of the prototype products towards the proflle of the

consumersr ldeal product ls set as the naln obJectlve. The selectlon

of the sensory attrlbutes for the product proflle ls consldered very

lmportant; and thls should be done by an experlenced technlcal panel

uslng the lnformalion from the earller consumer survey. Three types of
taste panels are used durlng the sensory analysls development process

- lab panel, spectal panel and consumer panel. The number of panel

nembers suggested ls 6 for the lab panel and for the speclal panel, and

approxlnately 30 for the consumer panel. For the lab panelr those wlth

current food habits slmllar to the target consumer are preferred

because they are to work wlth the proflle of the product deslred by the

consumer. Unllke the lab panel, the speclal panelr who are to work

wlth the characterlstlcs of the lntermedlate products deslred by the

next process speclfled by the researcher, do not need to have slmllar

food hablts to the consumers but they must be skllled ln sensory

testlng. Thus, personnel wlth a hlgh capablltty ln dlfferentlatlng
product characterlstlcs are preferred for the speclal panel.

For the consumer panel, lt ls lnportant that tne panellsts represent

the target consumers and 1n partlcular represent consuners wlth

dlfferent demographlcs. It ts also lmportant that the ldeal product
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proflle be generated by the representatlves of the target consuners.

If thls ls lnposslble, an ldeal product proflle can be generated by a

lab panel nlth slnllar characterlstlcs to those of the target consuners

especlally ln thetr food hablts. However, conparlson of the profll.es

fron the lab panel and fron the consuner panel ls suggested as a good

nethod for the selectlon of the ldeal product proflle. If thelr
proflles are very slmllar, the lab panel proflle can be used ln order

to avold rattrlbute lntensltyt confuslon of the lab panel. If great

dlfferences are found, the consumer panel proflle should be used with a

thorough lnstructlon for the lab panel on tts use. Dlfferences found

only ln certaln attrlbutes suggests that the lab panel proflle can be

used but adjustnent should be made on fproblemt attrlbutes.

Llnear scallng and ratlo profile analysls ls the effectlve product

proflle technique recomnended for use durlng the formulatlon and

process development sbeps by the lab panel. Correlation between

sensory attrlbutes ls reconnended for use to help declslons on the

selection of attrlbutes. The ANOV./T-tesf between the nean ratio scores

of different formulae (or treatments) ls reconnended for declstons on

the selectlon of formulae for further study. The ANOV/T-tes! ls also

recomnended for the declslon to end the sensory proflle development of
the product produced by the whole optlnlsed-process. That lst
lnprovenenb of the fornula and process wlll be sbopped when the product

sampLe proflle ls slmllar to the product ldeal proftle.

The category scallng proflle test ls an effectlve nethod recorutended

for use after a posltlve result ls obtalned fron the flnal lab panel

test. The flve-category rJust rlghtr scale was sultable for general

scallng. The consuner panel ls used for the product test at fhls step.

The proftles can be obtalned by elther uslng the ratlo nethod or

chl-square analysls. If accepted' by uslng the ANOV/T-test on the

sample neans and tdeal meansr the product ls flnally tested by a

consuner survey uslng the category scallng method and chl-square

analysts.

8.2.4 Hodel for Product Evaluatlon

For the product evaluatlon nodel (Flgure

the evaLuatlon are set, a selectlon of
subJectlve test ls consldered lmportant

wtrlle a nrlcroblologlcal test ls for the

8.4), after the obJectlves of
evaluatlon methods ls made. A

for the acceptance aspectt

safety aspect for a comnerclal
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product. A nutrltlonal test ls necbssary under leglslatlon for any

nutrltlonal product. A storage test of the stored product |s
larperatlve for a successful comnerclal food product.

For the nutrltlonal test, proxlnate analysls ls the slmplest chemlcal

method for the neasurement of proteln, fat, crude flbrer ash, and

molsture content of the ftnal product. The carbohydrate neasurement

can be obtalned by dlfference, and energy by calculatlon. Essenttal

antno acid determlnatlon ls consldered lmportant for the proflle of the

proteln quallty of the product. Speclflc nutrlents consldered

worthwhlle for the nutrltlonal deternlnatlon lnclude dletary flbre and

selected vltamlns and/or mlnerals dependlng on lndivldual products.

For the subjectlve test, only crltlcal attrlbutes are studled flrstly
by the lab panel. When the product ls found to be slmilar to the

ldeal, lt ls further eval.uated by the consumer panel and flnally by a

consuner' survey.

For the objectlve testr water

reconnended for the evaluatlon of
the mlcroblologlcal testr a total
product is hlgh ln sugar' lt
yeast and mould count.

actlvity and molsture content 1s

lnternedlate-nolsture food' whlle for
plate count ls suggested. If the

ls considered worthwhtle to lnclude a

ASLT ls suggested for the method of storage test. Twenty flve days of
storage wlth a quaLlty test every flve days might be used. 2 x 3

factorlal ls suggested for the experlnental deslgnr and temperature and

relatlve humldlty for lnput condltlon-varlables. The low and hlgh

levels can be 25 and 45 C for tenperature and 70 and 90I for relatlve
humldlty. By thls deslgn, a slnple Yatesf analysls can be used for the

optlmlsatlon of storage condltlon. The addltlon of a temperature leve1

of 35 C lnto the deslgn at 70 and 901 RH ls neceasary for the

predlctlon of the storage-llfe of the productr when Arrhenlus

Relatlonshlp and llnear plot for tkf values wlth temperature are to be

applled. A centre polnt of 35 C and 80t RH ls necessary for regresslon

analysls to determlne the emplrlcal relatlonshlp between shelf-llfe and

temperature, and shelf-Ilfe and relablve humldlty.

Slnce low storage temperatures are detrinentral to the texture of thls
product e.g. at 4 C the product wlll be dryer and harder than that
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kept at 25 C, a sultable condltlon for the reference sanple seemed tp

be 25 C and 70t RH ln the texture aspect. Horever for the rancldlty
aspect, a low tenperature of 4 C ls sultable because tt retards the

developnent of a rancld flavour ln the product. For acceptablltty' 4 C

1s also suggested because lt dlrectly correlates wlth the rancldtty
attrlbute.

The data natrlx for the predlctlon of shelf-llfe ls 70' 901 RH; 25t

35, 45 C. Rancldlty, dryness, and acceptablllty are the three

suggested sensory attrlbutes that the predlctlon mlght be based on;

and thls quallty predlctlon ls used for the deternlnatlon of product

adJustment.

8.2.5 Franework of the Systematic NPD Hodel

Flgure 8.5 ls the franework of the overall systematlc model for
nutrltlonal product developnent process (NPD Model). Emphasls was on

lllustratlng the flow of the developnent activltles (ln the naln frame)

and naJor urethod/technlque used for each development activlty (shown

along wlth the arrow slgn). Also emphaslzed ls the polnt at which the

ratlo proflle test had a role ln the fornula/product screenlng' product

proflle developnent, and the sensory qualtty analysis. A loglc dtagram

for the developmental actlvttles of the present proJect ls glven ln
Appendlx 8.1 to be used as a gulde for deslgning the NPD naster plan.

The present study took 20 months fron the flrst step of the overall
nodel to the stage of flnal adJustnent of product. Slnce naJor

developnent steps of ldeal product generatlon, process developmentr and

testlng of the product had to be done ln 2 phases flrstly ln New

Zealand and flnally ln Thalland, lt ls assuned that the average tlne to
flnlsh thls system ls approximately 1 year.

8.2.6 Dlscusslon on Hodels

There appeared to be three lnportant obJectives for the flve proposed

nodels. The flrst two uodels lllustrated how the actlvltles ln the

tmportant nutrltlonal product developnent (ilPD) stages product

fornulatlon and process development - were conducted. Another two

nodels lllustrated how the naJor related actlvltles to the above two

NPD actlvlties - sensory analysls and product evaluatlon - were
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developed and used lnteractlvely durlng the PD process. By the use o.f

the overall systenatlc lfPD llodel (the last model presented) ' the

product developer can detall the naster plan for the overall system of
the lfPD proJect. Thls nakes lt possible for budget' personnel' and

tlme to be estlmated.

Although the flve proposed models are expected to be applled dlrectly
to the developnent of lntermedlate-nolsture nutrltlonal products for a

nutrltlonal lnterventlon progranme ln Thalland, wlth mtnor nodlflcatlon
they can be used as a guide to the development of other types of
nutrltlonal products and/or for nutrltlonal lnterventlon programtes ln
other countrles.

These nodels are expected to be used comnercially by either the prlvate

sector or the collaboratlon of the governnent and the prlvate sector.

These models are also expected to be used by lnternational agencles

lnvolved.ln nutrltlonal problems of the world.

8.3 SPECIFICATION OF THE PRODUCT

Table 8.1 presents major polnts of speclflcatlon of the developed

product. These are the product quallties to be achieved ln productton.

8.4 SPECIFICATION OF THE PROCESS

The maln processlng sequences are glven ln the Process Flow Chart in
Flgure 8.6. Table 8.2 ls the naJor polnt of speclflcatlon of the

developed processes. l{aterlal Balance for the process ls given ln
Appendlx 8.2, raw materlal speclflcatlons ln Appendl.x 8.3.

8.5 FURTHER VALIDATION BEFORE PRODUCTIOI{ OF THE PRODUCT ON A}I

I}IDUSTRIAL SCALE

Further studles are requlred when thls product ls to be produced by

prlvate lndustry as follows -

Analysts of naJor nutrltlonal conponents of raw materlals used and
then deslgn of raw naterlal speclflcatlon. (See Appenqlx-$.1 -forprellnlnaFy raw naterlal spbclflcatlon uslng datb obtalned from
thls study.)
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TABLE 8.1: MAJOR POINTS OF SPECIFICATION OF THE DEVELOPED PRODUCT

Specification
Attribute

Specification

product Description Product is a rmix-Pressr bar which is nut'ritionally
balanced and made of roasted nuts, deep-syruP
cooked banana, rboil-hot stir-evaporater mungbean
and banana-syruP.

Product Characteristics
Product wej-ght 44 gt Bar shape 10.2 cn x 3.8 cm x 1.1 cm '

Product Packaging Polypropylene-film packet: Size 11.4 cm x 8.9 cm;
Filrn thickness O.1 mm.

Product Storage Preferable at 25oC or lesst out of sunJ'ight and
radiant heat sources; in drY Place.

Product Formulation Batch size: 5o kgl Yield: approx. 1030 bars
(see Appendix 8.2 for material balance)

!. Es

Deep-syruP cooked banana 26.0 13.00
rBoil-Hot Stir-Evaporater Mungbean 25-O 12-50
Glucose syruP 7.5 3.?5
Banana syruP 7.5 3.15
Roasted White Sesame Seeds 2O.O 10.00
Skinned Roasted Peanuts 14.O 7.O0

t.t, 5o.o

Oualitv Control Test

Nutritional Test Proximate Analysis (content in 100 I developed
product)

Moisture content (9) ! 10
Fat (g) > 9
Protein (9) ! s
Ash
CarbohYdrate
EnergY (caloriesl bY

calculation) >390

Protein calories/total
calories (t) > 8

Specific Nutrients
Pibre (crude, 9) 3.3 t 1.5

Microbiological Test Total Plate count (colonies,/g of product) < 1O4

Yeast and mould count (colonies/g of a
Product) < 10 -

Objective Test Moisture content ($) I 10
Water activitY < O.7E

Subjective Test Colour ratio mean I t O.3
Size ratio nean 1 !.O.3
Texture ratio mean 1 ! 0.3
Flavour ratio mean 1 ! O.3
AccePtabilitY ratio rnean I' t O.4
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TABLE 8.2: r,tLrOR pOrrfTS OF SPECTFICATION OF THE DEI/ELOPED PROCESSES/OPERATIOT{S

Specification
Proceee/Operation Attributes tlajor Pointa of Specification

DSC-Banana Proceaa

Peeling of Banana

Boiling of Banana

Deep-syrup Cooking of
Banana

Draining of Dsc-Banana

BsE-lrlunqmean Procesa

Sorting of Mungbean

Washing of l.tungbean

Boiling of Mungbean

Hot-atirring of Boiled-
llungbean

Evalprating of Hot-stirred
t{unbean

llP-Snack Operation

Syrup-Inpregnation
of BSE-tlungbean

tlixing of Inpregnated-
llungbean and Other
Prepared Ingredients

Preeeing of the tbugh

Culting of the Prcared
llixture

Using stainless ateel knifer keep peeled bananae under
plain uater
Boil peeled bananas in water until soft (1 hr), using
stainlesa steel kettle
Add water and eugar into the boiling-banana kettle and
continue boiling et nediun heat until the temPerature
of the syrup and the DSC-Banana is 121"C or the tSS is Est.
Keep the DsC-bananas under the cooking-syrup (Banana-
syrup or B-syrup) until they are cooled down.

Using stainleas 6teel drainers and containers.

Sieve sizet 5.5 wires/crn2 and 16 sires/cm2.
Visual inspection for stone or other foreign naterials
be made.

tfash I second under plain water. Stir to float the
inpurities before pouring off the washing water.

Using strinless steel kettle. Boil for I hr .q nedium
heat.
Using the boiling-kettle but with the nechanigal stainleas
eteel etirrer applied. The paddle part of the etirer
ehould be able to scrape the cooked-nungbean at the bottoNn
of the kettle during the hot-stirring grocess of 2 hre.
Uaing the boiling-hettl,e but uith the oechanical stainless
cteel gtir-evaporator applied. (If not available rranual
evatDrating can be done by conatant acraping and stirring 1

for t hr .l low heat.

Heat BsE-nungbean !t lou heat until hot. Gradually add
heated B-syrup into the heated BsE-nungbean. Scrape and
rtir constlntly until the nungbean ie iupregnated uith the
syrup and the nixture ie rather dry (Quick rough test can
tre done by the uae ofr€fractoneter. The final ISS for the
syrup ig 791).

trtix inpregnated-nungbean and DSC-banana on tfie rechanical
nixer ueing nedium apeed (apeed 2 if three apeed nixer)
for I oin. Add half prepared Peanuts and eesane aeeds
and uir ueinj epeed 1 for I nin and then epeed 2 for 2 nin.
Add the other half of peanuta and geeane seeds and nix uaing
apeed I for 1 ain. The eixture uill forn a Inil dough'.

Divide the 'uir doughr into 1.1 kg doughe. Spread on the
proceeaing-cutting cguitment' ueing rubber gloves or plaetic
bage'uhitr handling the uix. Sprinkle uith rbredded
peanut8 and roll to aEange thc rixturc properly. Pre86
uith nechanical stainleee cteel presaing plate until leaching
the oarkcd lcvel. Iind up the preaaing plate.
Place thc rtainlegg eteel sego€nted cutt€r into the
frare. Apply the preaaing Plate until it reaches the
narkod lcvcl. Ungrees and unrculd the rnack barr.
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3 Processlng speclflcatlon deslgn (Operatlon, Equlpment,
Layout, Sdhembtlc Process LayoirE)
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Plant

lfater actlvlty study on lnternedlate naterlals at naJor steps of
the process.

Deternlnatlon of type and amount of antloxldant to be used.

Development of equlpnent for DSC-, BSE-, and HP-process sultable
for laiger scale'prbductlon.
Deslgnlng ln-llne quallty control.
Recostlng to update lhe cost of the product. (See Appendix 8.4for prod[ct co3tlng.)
Further Feaslblllty gtUdy of_ the dgvqloped _product (Market,
Adminlsbration, Flninclalr-and Technlcal Feasiblllty)
Market Plan (Harket Segnents, Consuner characberlstlcs, Sales
organlzation, Harket channels, Promotlon, Prlce, Launchlng the
Product).

MaJor dlstrlbutlon channels used ln the Thal market are varled as

shown brtefly ln Appendix 8.5. The channel to be selected for use

depends on many factors. For exanple, the fP - W - R - Ct and fP

- R - Ct are suitable for a small factory, while the tP - A - tf

R-Cr and rP-A-R-Ct aresultableforalargefactory. (P 
=

Producer; W = Wholesalei R = Retall; C = Consumer; A=
Agency). Hodlflcatlon of the product packet and cost based on the
technology used ls needed when a normal commerclal channel ls
chosen; and a budget for advertlslng and promotlon ls considered

necessary when nass marketlng of the product ls the poIlcy.

Another posslble way to dlstrlbute the product to the real target
consuner ts through the exlstlng tSchool Ald Progranner. Thls

programme ts subsldlzed by the Government. Since the product does

not pass through the distrlbuter, lt can be sold at a cheap prlce
for the target consumer.

A reconmendatlon was made that some form of subsldlzatlon for the

manufacturers be nade by the Governnent at the lnltlal stage of
the productlon of the nutrltlonal snack product ained at a

nutrltlon lnterventlon purpose. Thls lras belleved to be an

encouragement for the prlvate sector to take part ln solvlng
nutrltlon problens ln Thalland.
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8.6 coltclusrott

In concluston, thls study ras successful ln developlng a nutrltlonal
snack product (Flgure 8.7) for urban school-age Tlrals. Though the
product quallty was not at an ldeal level, the product had a hlgh level
of nutrltlonal values especlall.y energy and proteln, could be kept for
nearly 3 months, and was reasonably accepted by the target consuner.
The product can be processed cheaply ln a slnple ptant and wlth
exlstlng technology avallable at an average snack factory ln Thalland.

Horeoverr prototype models for the najor actlvlty steps of systematlc
PD process were deslgned. Thege were used effectlvely ln the
developnent of a nutrltlonal product ln thls study. Finally, the
proJect was belleved to be worth contlnutng for commerclallzatlon by

the prlvate sector.
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Figure E.7: Snack Product Developed for UrbanI.lutri ti ona I 1y-Ba Ianced
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pPElolr r. a
CLAAAIFICATISI T THAI ATACX FODA
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2.

9nrcl-Typc
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3. Org.nol.9tic Proprrtg
3, t Flavour
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c omb ln.t i on

CrlrDI llcr rhrrt, cuFru 9uf?Grrriie tlour cooli., .unab.an cat.
Pulfrd drlrd-rtrrrld-ricr,Stuffrd rlcr llour Drarr.d prtltr crlrllunlb..n crlr, lmnLt !tittl.
Goc6nut .1ll cuat."d. rec-uolt dropFrlrd drlrd-rcicu-b..t, -ihiire fritt.r
Drqp-rgrgp coblrd benrnr, glrtrd frlrdtaro tllcaa

StIerd bun, Frl.d lr.ad-tuin, Prlrgrrrrr:tblmdRlcr flour lrl rhrllr prlrn crrclll,
Staa.rd cup c.l.

iound rhrrt ol Duffrd rlct ?lour .lrtut.(rorrt/rlcu/rur-t )Frlrd rtcrltlgut tslrt (tritd llourg/rufrt/r.ltu )
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8t..n.d loldrd. trr tl.t rith rtuf llngStr.a.d cup c.lrPulf.d rlca
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Carrava tlour cooll.nlc. tlour rrl rhrll
E rh.d .glel..n ln .untb..n llour grl
Gurru lull-Brutid- fl.lI br..d
9.n!!r. ln coconut rlll rgrup
Pudd lno
lLahad-aunobaan rouaraFlorm 9rt-l coolfr
Grlrpu rollrStmiid cu, c.l.lrnrne frlttrr
irird benrn., F.r..ntad rtmmd-rlcr
Cariavr flour coollr
Elf-folf thrred
lca ctlat
Pu.Dtin qr.cl?f, Grfrpl rollr, eoldrnti.rr.d lrtltr crlrT.!tgc! D.ar-l ,uddtni, Rlc. ftour durplingr,lalaa aunllaan cutSato
flgtqd drrp-rgrup qoolrd .tg Iolllala! aunlDaan ,arttg
Coconut llttr llrcult

Rlcr tlour .rl rhrllEeg-{olt thrmd lor rurpicioul occllion

Ac.r r.l rlth coconut cr..n to9Dlnol-gF-d tlr. Duddinl rtth drcoiitl6n for-.ddtn! d.I

EavouruElrrt -

C.r.atr rnd llourr
L.gut.a .nd nutr
ittl rna rirrrVrgrtrblrr rnd lruttr

Fl our:F.r..ntrd
Unt.mrntrd

3. 1.2 Prinarg ftavour

3.2 Terture

3.3 Appcarencr
3.3. 1 Colour

3.3.2 Forr

3.3.3 Size

3.3.4 Statur

3. a nrthod of Coolin!

Sinol. DDia.ru tlavout
Tuo-coabinetion lhvour
Thrra conbinrtion ?hvour
Four conbin.tlon tl.vour
Fivc or rorr corblnrtion

t l.vour

SueetS.ltr
Sour -

Cr..tU
Soft and trndrrFluffU
CrirDu
Cruna h rt

Hhtt.
Grcaoil
Ye I I otrl
eDr.n
Blrcl
Round
Seuar:
Rlionbur
Rino
FruI tr

P.t I teS.ell
lled i un
LarolErtir lrrgr
LlouldPritr
S..t-dr i.d
Drird
Dru-hmt cool lnollolrt-hrrt coollnoHr.ting-in-ftt nr5crrrElrctronic coolln!
OthGrr

Eoo!- t..p.r.turr rtor.i.Chtll.d ator.o.
Frorrn rtorrl-
Hrld-in-hrnd convrnlrncr
H.ld-in-h.nd lnconvtnl.nc.

Hand-..dC
9r.ll rc.l. trctor{
ll.diur rnd leror rirlrt.c torl

3.5

3.6

3.7

l.lathod o? storrgc

He I d-in-hend
Convon i lne e

Sour c e

3. g Tgpicrl or Trrditionrl Tgp!crl Th.i XAhlOfl:-'C.nm.l XAI€fl
8P.cl.ltg KAliloll

llodGrn Th.t rn.cl3:
O.nar.l rnrclr
Egrclrltg.n.clt
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Sunrnary of Methods Of Processln8 Snack FoodSln Thalland

Classes
of Method" Methods Descriptlon Method of

Ileat Transfer

Dry-heat 1. Baking Cookl.ng in an oven or Hot air and reflected
process other enclosed vessel. radlant heat.

2. Roastlng Cooklng meat Ln an oven Conductl.on
or cooking food ln hot
container wlthout
water or oil.

3. Brolllng Direct heating. Radiatlon and some
convectLon.

4. Baking by Heating food wlth a Conduction, radiation.
direct trans- metal nould el.ther
ference of heat. on one or two sides

5. Dry pufflng. Heatlng food wlth Ccinduction, convection
heated materLals.

6.' Extrusion Cooking food by a Conduction, convection'
cooking. combination of

pressure, heat, and
mechanlcal shear.

Molst-heaE 1. Steaming Cooklng dlrectly by Conductlon, convection
process steam or in a steam-

heated vessel.

2. Steaning under Cooking by steam under Conduction.
Pressure pressure.

3. Steam puffing Cooklng food by a Convection.
comblnatlon of steam,
Pressure.

4. Boillng Cooklng ln bolling Conduction.
water

5. Simmering Cooking in water below Conduction.
(stewing. poaching) lts boilLng point

6. Hot-stl-rrlng Heating food in liquld Conductlon
with consEant stLrring
to the desl.rable
viscosity.

7. DeePsyrup cooklng Cooklng food in hot ConductLon.
syruP.

8. Deep-syrup Soaking blanched food Conduction (or
soaking (r:srnttyfrults) ln syrup .convectlon)

solutLon to the
eaturatlon Point.

9. Exttudlng after Cooklng food by hot- ,Conductton
tooklq .stlrrlng method and

then extrude.
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AppENDIX 1. 3,C6ntinued

Clesses
of Method" n"thods Descrlptlon

Methotl of
Heat Transfer

Frylng-ln- l. gautel.ng Heatlng food on the conduction
greased metal gurface.fat process

2,Stlr-frylngCookl'ngfoodinenallConductlon
amount of o11 wlth or
wLthout llquld.

3. Shallow-fat Food partly lnurersed conduction
frying ln heated fat

4. Deep-faE frying Food completely Conduction'
immersed in heated fat-

Electronlc 1... Microwave Food subJected to Heat generated ln
process 'cooking ml'cro-wave radiatlon food'

Ln an oven

Other l. Drylng or Reductl'on of food Radiatlon
process dehydration molsture by the and convection

sunllght or hot air .'

2. Fermentatlon Preservlng food by the
appllcatlon of the
actlon of l-lvlng
organisms and thelr
enzymes.

3. Uncooked
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FACTTn D€SCnIPtl.lls Ar|D tatE ttcFtxt?t(t{ Fflr pnoBArrLrTy EVALUATTdT cnrTErta

FaGtoFl R.tln!r Frctor Drrcrl;tlonr

l. Av.ll.liltC{ V.tU looa (lO, Uttllt. tOO I..ln ra...tarl.lr rlrlcl .r. lnalt.nour.
.nd cort ot l..r-.rouna .v.ll.lllltl, .na claal.
r.u eood (9, Utlllt. tA-992 ..ln tal .at.rl.lr rlrlci .r. laalt.nour
mtrri.lr grrr-tround .yatl.lllltl. and ci.ar.

Avrr.lr (At Utlllr. 9l-9ll ..ln r.. ..t.rl.l. rilci .r. lndlg.nout,
- lrat-.rouna avallaltlttu. ana ch.ar.

Poot (a) Utillr. €6-?0Z .aln r.r rataFlalr rilch ara lnalirnout,
l..l-.round avrllabllltl, ana chrat.

v."t ?oor (2, Utlllrr EO-81 mln t.u ..t."1.1. rilch .D. lnale.nour.
I..r-.round avallalllltU. ana ciaat.

(ltPortad taln lnlradlrntl ot ovaF alot not GonrldaFad tor ura In ,roductr. )

2 ou.litg/rricr v.r9 good (lO, Prlc.d !.loe .ll Go.p.tttln! troductr o? .l.ll.r lurlltl.
rrl.tlonrhit oood (4, PrlErd !.lor .ort co.trglng troduct! o, tt.ll.? lu.lttl.

Avrr.g. (5, Apptorir.trl{ tir r... tFlc..r co.r.tlnt troductr ot rl.ll.r {u.tttg.
Poor (4t Prlc. .lova a.nl coap.tlni productr ot rl.llar {ualltu.
vcrl poor (2, Prlcrd abovr all coapatlnl troductr ol rlallar qualltg.

3. Protit.lilitt V.rg goort (tot frPv-lnd.t .orr th.n lOOt,
eool (8, lftFlna.r .o'. th.n gOZ,.

Avtr.gr (6) lgv-lnaar .ora ti.n AOl,

Poor (4, ipv-lna.r .or. tlrrn fOU
V.rg toor (2, lfv-lnd.r .or. ti.n aol

f. €rprctrd vrr{ g;od tfol Product.nd troctlr th.t aulrt.ntl.llg 
".rtrlct nu.b.r ot co.t.tltorr.

coilp.tltivr Cood (8, Product and trocara th.t othar tlr.a rlll not unt to tnvr3t ln
3itu.tion .ddltlon.l t.cllltl.r. unlrr. artr..rl{ rrll rutt.i.

Av.r.gr (6, Produst.nd rtocl3r that rtll ngt trotltablr tor oti.r co.pant.t to Gorprt.,
unlt3r rr rtroni at thla ttra.

Poor (a, Product and Dtosarr that rtll allor lart., ..dlu., .nd 3o.. rmllrr
- co.p.nlar to coat.ta.

v.rg ,oo? (2) Product .nd groGart tiat all co.tanl.t Gan trotltabll antar xrlot.

3. Eftrct of v.rt iood (lot No/v.rg rhort tl.. ol lor irrt trr.tr.nt oF trocatr d.rlin.d
ptocrrirng on tor nut?ltlva valua Fatantlon.
nutrrrnt3' Cood (8, Short tlr. of hlgh irat traata.nt. IOZ ot dartructlon ol lrtortant nutrl.ntr.

Avrr.tr (61 tlodrr.tr tlt. ot aoartata haat tr.ata.nt, 2OI of darcFuctlon of l.rortant nutrtant3.
Poor (a) Loni ti.a o? .oaarata l..t tt..t.ant, 3Ol ot aartructlon ot taportant nutrl.ntt.
vlrg Poor (2) Lont ti.a ot nlih lraat traat..nt, 9OI ot drrtructlon ot l.rort.nt nutrlantr.

6 E.rr o? v.tl tood (to, Ettatlni ttocarr alraadg ln ura tcr anrtchrant ruGcftrtull{,
rn.ichornt cood (6, Erl.tlnl troc.3r .lr..al ln u.. tor .nFl3h..nt lut rlti .lnor .a.rt.tton,

It could l. ur.d for lnrlci..nt 3uGG.!ttullI.
Av.r.ta (6, Erirtlnl ,to3r3r nav.t ln uaa tor anrlcbaant. Sourca. ct tntot.atlon tor adapt.tlon

.v.ll.llr It lt roula l. urti tor .nrl3b.rnt.
Poor (f) Erlrtlnt D"ocasa navaF ln uaa toF anFlci.ant, iourcrr ot Inloraatlon to!

altaPtatton avallalla It lt roula la urad tor anllglaant. Boaa rorl Far.arci .nd
drvrlor.tnt r.qulraa.

v.rg ,oot (2, Etl3tlnl ,rocart navar ln gta tor antlciaant. fao rourG|| ot lntor..tton rar tound.
lluch ta3..t3l .na a.yalot..at talulr.a. Ad.rtatlon ot ti. troc.rr n..drd.

7 EQuitn.nt v.rl iood (lol C.n br produc.d rltb.lult..nt tlr.t lr tra3.ntll lal..
ntcf33.tI Ooot (€, C.n lr ptoduc.d rltl trlr.tlt.lulr..nt, lut trcauctlon rlll i.v. to D.

ich..lul.d rlti otl.r tfoauctr.
Avrr.tr'(9, C.n b. ttoducrd l.ti.ll rlti tr.r.nt.lulp..nt. lut ttt. co.t.n9 rlll irvr to

,urch.rr rom .adltlcnal aqult.ant.
Pooc (41 Gorpeng rlll iavo tc lu9 r tt..t d..l of nrr rqul;mnt, lut ro.r rrarant oqulpn"r!

Can la U3rd.
V.rI goor (2t Gooperrg uill h.vr to lug tll nar aqulta.nt.

S Production vrrg eood (lo) productron c.p.Gltu ot >ao ..trtc tonr t.r d.g.,
c.p.citg coort (9, productlon c.p.clt9 3t-ao a.trlc tonr i.r drg.

Avrr.e. (6) p?odcctlon c.r.cltl et-3o ..trlc tont ,., daU.
PooD (a, productton G.ltcltt ll-AO a.trlc tont p., d.U.
vrtg poot (2) PFoductton capaclt{ lO aatrtc tont or l.lor par dal.
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APPETIDIX 5.1: FooC

Food Raw Materiala
Cost and Nutrients

Banana
Coconut Flourr Plour,
Milk clutinous utteat - 

oilt' peanuta
soyDean

Sugar.' Sugar,
Brown ',{hi te

Ri ce,
Glutinous

Seaane
Seeds,
Hhite

CosL ( iiaht )
inergy (calories)
P:ot3in, digested (g)
i'at (9)
i'iijre (9)
j;Icium (nlg)
Phosphorous (mg)
iron ('r9)

Vitamin A (IU)
ThiJmine (Lrg)
Rjboflavin (ng)
Niacin (mg)
vitanin C (ng)
vitamin 86 (m9)
Vitamtn Bl2 (U9)
Folic acid (pg)
PdntoLhenic acid (:ig)

Prot. CaI/Totel CaI
Unsat. !'A/Total Fats

Isoleucine (ng)
Leucine (mg)
Lysrne (nq)
Hethionjne (mg)
Cystine (mg)
Phenylalan.ine (mg)
Tyrosrne (ng)
Threonine (mg)
Tryptophan (ng)
va.line (m9)

0.3000 0.8933
119.OOOO 259.OOOO

0.9000 3.9000
0.4000 2E.2000
1.8000 0.oooo

11.OOOO rr.OO00
24.OOO0 132.0000
0.7000 1.4000

540.oooo o.0000
o.0200 0.0500
o.2300 0.0200
0.6000 0.4000

12.OOOO 1.0000
0.3200 0.0300
0.0000 0.oooo
9.7000 4.oo00
o.3roo o.0500

0.0300 0.0600
o. I 34E

20.oooo 161.0000
3E.OOOO 339.0000
36.OOOO 1??.0000
3.0000 62.oo00

19.OOOO 120.0000
30.oooo 233.0000
19.OOOO 166.0000
2A.OOO0 199.OO00
65.0000 65.0000.29.0000 2a1.0000

0.7?oo 1.3000
3?2.OOO0 354.OOOO

5.6000 ?.7000
0.4000 1.oooo
o.3000 3.oooo

12.OO00 1?.OOOO
148.0000 95.OOO0

o.E000 1.ooo0

o.ooo0 0.oooo
o.1000 0.1800
o.0200 0.0500
1.7000 1.3000
0.0000 0.0000
o.0Eo0 0.4400
o.oo00 0.oooo
5.6000 .19. OOOO

0.1500 1.2000

1.0530 0.?E30 0.8?o0
582.OOOO 389.0000 3sr.0000
13.4000 0.9400 0.0000
52.8000 0.3000 0.0000
14.4000 0.ooo0 0.0000

?50.oooo 1?a.ooo0 1.0000
614.OOO0 72.OOO0 1.OOC|o
r2.ooo0 5.Eooo 0.ro0o

1 .5?50
884. OOOO

0.oooo
99.9000
o. oooo
o.ooo0
o.ooo0
o.ooo0

6. OOOO

o.ooo0
o. oo00
o.oo00
o.0000
o.ooo0
o,oo00
o. ooo0
o.ooo

1. 1830
564.OOOO

3.?OOO
4?.5000

2.4000
69.OOOO

401. oooo
2.1000

35.0000
1. 1400
o.1300

1?.2000
lt . oooo
o.4000
o.oooo

55.0000
2.8000

0.5820
359.OOOO

7.1000
r.6000
2.4000

l6.oooo
1 30. OOOO

r.2000

0.0000
o.1600
o.0600
2.4000
0.oooo
o.6200
o.oooo

20.oooo
1.5000

5.0000
o.?200 0.0500
o. 1700 0. r.oo0
s.1000 0.3000
0.0000 0.0000
1.2500 0.ooo0
o.oooo o.oooo
o.0000 0.oooo
2.'t600 0.0000

0. 0900
o.7L97

o. ol 00

o.0000
o.ooo0
o. oo00
o.o000
0.0000
o.0000
0.0000
0. oo00
0.0000

0.0000
0.0000

o.0600
o.611 I

0.0900
o. 7619

298.0000 373.0000
560.OOOO 664.0000
2E3.OOOO 210.0000
15?.0000 146.0000
72.0000 l?o.oo00

364.0000 ,133.0000
l85.OOO0 287.0000
254.O0O0 249.0000
7?.OOO0 106.0000

276.0000 418.0000

o.oo00 0.0300 0.oE00
o.8l?8 0.726A 0.6111

o.ooo0 211.oo00 265.0000
o.0000 400.ooo0 635.ooo0
o.0000 221.OOO0 247.0000
o.0000 ?2.ooo0 ?9.oooo
o.oo00 TE.OoOO 1t4.OOOO
o.ooo0 31l.ooo0 2?4.0000
o.oo00 244.0000 133.OOOO
o.oo00 153.OOO0 212.OOOO
o.oo00 65.o0o0 16?.0000
o.ooo0 261.0000 280.oooo

952.0000 22.0000 0.ooo0
t583.OO00 32.OO00 0.0000
637.0000 15.0000 0.o00o
663.OO00 ?.0000 0.0000
202.OOO0 1.0000 0.0000

to99.oooo 18.0000 0.0000
712.OOO0 56.0000 0.0000
959.OO00 23.0000 0.oo00
2E3.OOO0 9.0000 0.0000

r1sl.ooo0 3r.0000 d.oooo

APPENDIX 5.1: Food Raw Material Conpositions:2

Mungbean Pmpkin Cowpea flour Liver powder, Liver powdeE
beef chicken

Coconut
cream

Mungbean
ski nne(i

Cost

l.rei ght

Ca lori es

Prolein digested (Thai )

FaL

Fr bre

Calcium

Phosphorus

I rorr ( rng )

Vrtainin A (IU)

Vrtamin BI

Vitanin 82

rlracin (mg)

Vrtamin C (mg)

Vrtanln 86 (m9)

Vitamin Bl2 (pe)

Folic acid (Ug)

Panto:trenic acid (mg)

Isoleucine (mg)

Leucine (mg)

Lyc:.ne (mg)

Ueth i oni nc

Cyst ina

Phenylalanine (ng)

Tyrosine (mg)

Threoni ne

Tryptophane (mg)

valine (ng)

Protein cal./Total cal.
Unsat. fatlToLal Fat

o.97 30

l. oooo

3s6.OOOO

19.0320

r . oooo

4. 3000

125.OOOO

340.OOOO

5. ?OOO

l30.oooo
o.6600

o.2200
2.4000

10.ooo0

o.5800

o.oooo

20.oooo

o.9?50

28?.OOOO

450.OOOO

456.0OO0

69.OOOO

38.OOOO

396.0000

l06.oooo
21 3. OOOO

37.OOOO

320.0000

o.2140

o.726E

o.2680

1 .0000

27.OOOO

0.5000

o.2000

0. sooo

24. OOO0

33. OOO0

o.7000

I 308.0000

o.0300

o.0400

o.5000

14.0000

o. lloo
0.ooo0

17.0000

9.3000

1?.OOOO

23.OOOO

4a.ooo0

16.0000

3E.OO00

20.oooo

9.0000

27. OO00

7. OO00

I 4. OO00

o.0?41

o.oooo

o.6000

1. OOOO

366.OOOO

21.3000

1.3000

9.EOOo

1 2 5. OOOO

434. OOO0

?.4000

19.OOOO

o.6?00

0. 2500

2.6000

l. oooo

0.4700

o.oooo

500.oooo

1.4000

199?.OOOO

25{E. OOOO

l983.OOOO

4 1 2. OOOO

163.OOOO

1 5s2. OOOO

781.OOOO

r202.oooo

426.0000

20so.oooo

0.2328

o. ?619

40. ooo

1.000

446.OOO

64.11O

10.800

o.ooo

24. 390

1080.140

30.31o

1 52934 . O00

1.120

5. 850

44.600

43.620

2. €t60

kl3.620
87l.oEO

25.830

3E98.960

63 34. 50

5306.62

2233.45

846.690

3909.410

2404.180 .

2627.tAo
975.6t0

4662.O20

o.5EO

o.470

40.oo

I .00

469.00

66.30

74.27

o.o0'

51.2E

556. 7E

L2.42

1 1 794E. OO

I .14

16.45

41.03

I2A.2L

2.86

183.62

8?l.oE

26.83

3729.44

6059.09

50? 5. 90

2l 36. 34

809. E80

3739.440

2299.650

25t 2.960

933. 190

4459.320

o.5?o

o.470

1. 3400

r .0000

3EE. 5000

5 . E500

42. 3000

0.0000

16.5000

19E.0000

2. looo
0. oooo

o. 07 50

'0.0300

o.6000

1.5000

o.0450

0.0000

6.OOOO

0.0750

241.5000

508. 5000

265.50

93. 00

180.0000

349.5000

249. 0000

2E3.5000

97.5000

421.5000

0.0600

0.1 34E

1 . OlO0

I .0000

369.3000

L9.7260

I .0300

4.4600

I 29.6700

3s2. 7000

5.9000

I 34 .8600

o.6900

o.2200

2. 5000

10.3?00

o.6000

0.0000

20.7500

I .0114

1t 61.1000

I 420 . 5400

1844.81oo

279.1s00

153.7300

1492. E400

428. E400

861 . ?200

I 49.6900

1294.6100

o.213?

o.726E
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nhole E99 F{9 lolk Cassava
Flour

899 Yolk
Po$der

Glucoae
Syrup

Banana
Syrup

Cost (3ahts)

Energy (Calories )

Protein, digested (g)
Fat (g)

Fibre (g)

:.]ciun (r.lg)

Pitosphorus (r,q)

Iron (ng)

vitanin A (IU)

Thianine (n9)

Ri.boflavin (trrg,

Niacin (!lg)

Vitarnin C (mg)

Vltamin 86 (rrJ)

vitanin 812 (Ug)

folic acid (By)

Pantothenic aeid (n9)

Prot. Cal/Tot l Cal

Unsat. FA/Total Fats

Isoleucine (rng)

Leucine (ng)

Lysine (mg)

Uethionine (m9)

Cystine (nq)

Phenylalanine (rng)

tyrosi rre (mg)

Threonine (rq)
Tryptophan (Dg)

valine (rng)

2. 3lOO

163.OO00

12.5000

11.5000

o.ooo0

61.OOOO

222.(x)OO

3.2000

1950.OOOO

0.1000

0.4000

0.1000

0.0000

o. looo
2.OOOO

4.3000

1. ?OOO

0.3068

0. 4?00

?79.O000

r 127. OOOO

859.0000

396.0000

309.OOOO

717.0000

494.OO00

622.OOOO

2lE.OOOO

900.oooo

7.{500

336.OOOO

r5.8000

29.0000

o.0000

l5rl.OOq)

{?9.OOOO

6.3000

{o25.OOOO

0.240q)

o.4700

o.(x)00

o.ooq)
0.3100

6.OOOO

r2.9000

4.2000

0.11€ro

0.4700

835.OOOO

1409.OOOO

1253.OOOO

339.OOOO

28?.OOOO

679.0000

653.OOOO

?83.OOOO

2rl8.OOOO

887.OOOO

0.5000

354.mOO

o.4200

0.2000

o.oooo

o.oooo

o.oooo

o.@oo

0.0000

o.oooo

o.oooo

o.oooo

o.ooo0

o.1100

o.ooo0

o.0240

0.5200

o.oo50

o.8000

103.7400

141.9600

228.4800

34.8600

3?.8000

84.8400

25.2000

94. 5OOO

30.2400

110.0400

1?.6100

713.3itOO

33.5500

61.5?OO

o.oooo

326.9600

1016.99@

13.3800

8545.5500

o. sroo

1.0000

o.oooo

o.oooo

o.5500

r2. ?400

27.3900

8.9200

0.1881

0.4700

t772.4200

2991.51OO

2660.3000

719.7500

609.3400

144l.6100

13it6.4100

1652.4200

526.5400

1883.2300

1.5000

36{.OOq)

o.oqx)
o.oooo

0.0000

?.4100

11. 1 100

0.3?oo

0.0000

o. oooo

o.0000

o.oq)o

o. oooo

0.0000

o.oooo

o.oooo

o.oooo

0.0000

o.oooo

0.0000

o.oooo

0.0000

0.0000

0.0000

0.0000

0.oooo

o.oooo

o.oooo

o.oooo

o.5800

28?.8600

o.?@o

o.2220

o.oooo

1 3t . ?200

53.2atOO

4.2900

0.ooo0

o.o3?o

o.o?40

o.2220

o.oooo

o.ooo0

o.oooo

o.oooo

o.ooo0

0.0100

o.ooo0

16.2AOO

23.6800

11.1000

5.1 800

0.7400

r 3. 3200

41. 4400

I 7. 0200

6.6600

22.940,0
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APPEIOIX t. tr.

D€TAILED RESJLTA ff PROCESA D€r/ELPlCt{T EIPERIICNTAYIO{: EIPI

7lr. Y.t.. Anrlgrrr For DeG-E.n.n..

Output Vrrlrblrr Run Rrrultr t.t col. ?nd col. lhrn Effrct

l. ZDBC-E.n.n.
Ob t.ln.d

2. 1,8;surur

3. I Lorrthrouih to.r

4. Z AS,
DSC-Ernanernd Sgrup

5. Au,
DSC-Drnrnr

6. Au,
B-SUFUp

7. oH,
DSC-Ernenr

B. oH,
B-SIruD

9. Forc.,1rt ch:r,.

16. u-Yalua,
8-8gruP

17, r-vllur,
B-8grup

(1,
a
b
.b

(t)
a
D
.b

lO, Forcr, (1)
?nd ci.u, .

D
rb

I l. R.d R. llcrn ( L
a
b
.D

12. Ch.urt (1,
R. iaan a

b.b

13. Ben Flrv (1,
R. ilren .

b
.b

14. u-v.lu., (l)
Df,iG-Ernrnr .

b
.b

15. r-vrlul, ( l,
IISC-D.n.n. i.!

(1'
a
b
.b

(t,
I
D
.b

to.3 @. o 139.6 33. I49.7 9t.6 -0.6 -o.3027. e {. 6 -21. 1 -12. 2()f27.e O. O 0.6 0.3()

15.7 ?t.2 ar3. 5 33. /r
f3.5 L4.3 t. t o.860.3 4.2 3t. t tJ.6r
6i2. O r.7 l. 9 r. o

.5.3 13.3 26. O 6.1
8. O t2.7 5.4 2.7rt. o 2.7 -{r. 6 -O. 37.7 2.7 0. o o. o

77.O 154. O 3tO. O 77.'77.O 156. O O. O O. O7A.O O. O 2. O t. O*7A.O O.O O.O O.O

o. ao? r.625 3.360 0. A40O.423 L.73J O. 066 O. O33ro.945 0. ozt o. lto o. otSro.8po o. o45 0. o24 0. o12

o.802 1.J73 3. t?3 0.79Ao.77t 1.620 -o. o1 I -O. 0()6
O. Afi) -O. O3r O.O47 O. O24r
O. AaO O. O2O O. O51 O. 026*

4.9o cr.73 t9.36 1.A4
4. A:l 9.63 0. OO O. OOa.7a 4. 07 -o. lo -o. 05{. a3 0.o7 0. rr o. 07

(t,
a
b.!

(lt
a
b.b

(t)
a!.b

(t,
a
b
.b

(t,
a
b
.b

(1'
a!
eb

(t)
a
b
rb

4. AB ?,69 19. 32 rr. A3a.al LA3 0.oo o.oo1.74 {t. 07 {. ()6 -O. 03
4. At O.O7 0. 14 0.O7

9.5 17. A 35.6 8.9a.3 L7.A -O.2 {. tO8.1 -1.2 r.2 (,.6()
9.1 L O 2.2 l. lor

t. s ll. I 25.6 6.15.3 ta.5 t. o o.5()6.3 -O.5 3.4 L.70,a.o l.t e.o t.oo

t. o 1.8 2.9 0.72A
O. B l. I -O.7 -o. 35r
o. a 4.2 -o.7 {. 39ro.3 -o.5 {.3 -O. r5

t.2 2.2 3. 6 0.9t.o 1.4 ().o o.o0.6 4.2 -O. A -O.4io.a o.2 0.,4 o.2

0.6 t.2 3.3 0. a250.6 2.1 o.t o.o5
t, o o. o o.9 0.45{l-t o.1 0.r o.oo

o.32 (,.64 r.29 0.323o.3a 0.65 0. ol o. oo5o.32 0. oo o. ol o. oo50.331 o. 01 (). ol o. oo5

0.26 0.93 l. lo o.27Jo.27 0.J7 0. 02 0.01o.za o. 01 0. o4 0. orro,a o. ('1 0. oo o. oo

o. 3! 0.622 1.21 0. 3to
o. 3r 0.62 0. oo o. oooo.3! o. oo o. oo o. oooo.31 0. oo o. oo o. @o

o. 2a o. /rs l. or 0.233o.24 0. t3 0. 03 0. or5
O.25 O. OO O. 05 O. O25ro.zs o. 03 0. 03 0. or5

B - Prcrnt Solldr (Rlgrnrrr), 17.51 rnd 23.O1,.

U-v.lu. r ehTo..tlgl!y cootdlnrtr vllur ld.ntlti.d th.
vrrul (lilhtnrlrl ol thr hur

r-valur - chromtlcltg coordinrtr vrlur ld.ntlti.d tha hu.(chto..)
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TPPENDII 5.a b3 Continucd

DETATLED RESULTS OF PROCE9S DE[rElrPlGNT ETPEBIIEN?ATIoN: EXP 2
lhe y!t.a' ln lysis for DSC-Drnana

Output Vlriables Aver.ge
ncsult

lst
Colulrl

2nd
col|nn

l{ean
Effect s.E. t-ratt o

'1. t Dgc-banana obtained

2. r 8-syrup left

3. t ss of Dsc-blnana,/syrup

4. Ae of Dsc-banana

5. Aw of B-syrup

6. pU of Dsc-blnana/syrup

7. natio-llern: Red

8. Ratio-mean: CheYy

9. Ratio-lEan:
B6nlna flavour

lO. y-value:
DSC-ban.na

11. t:-value:
DSC-b.nana

12. y-vllue:

13. x-value:
B-ayrup

(r)
a
b
!b

(1)
a
b
rb

(r)
t
b
ab

(r)
t
b
ab

(1)
a
b
rb

(1)
a
b
ab

(r)
t
b
ab

(1)
a
b
ab

(1)
t
b
.b

(1t
t
b
rb

(r)
a
b
!b

(r)
a
b
rb

(1)
a
b
.b

28.89
26.22
32.7E
29.O0

43.33
47.49
30.49
39. {5

77.50
77.25
?8. O0
76.75

o.895
o.926
o.81?
o.842

0.820
o.a46
0.818
o.Et7

5.25
5.28
4.66
r1.66

0.52
0.82
0.E6
o.96

0.3?
o.35
1.0i,
0.93

o.52
o.{9
0.79
o.92

o.350
o.350
o.330
o.315

o.aoo
O./00o
o.a50
o.125

0.370
0.3E5
0.360
o.380

o.a{o
o.540
0.a50
o.555

55.1I
61. ?8
-2.57
-3.?8

9L.22
70.34
{.56
8.56

t54.15
154. ?5
-0.25
-1.25

1.821
1.659
o.031
o.o25

1.666
1.635
o.026

-o.ool

1o.53
9.32
o.o3
o.q)

l. 3a
1.82
0.30
0.10

0.73
2.Ol

-o.ol
-0.15

l.ot
1. ?1

-0.03
o. l3

o.700
o.6?o
o.q)o
o.q)5

o.800
o.875
o.qx)

-0.025

o. ?55
o.?40
o.ot5
o.020

o.9ao
t.oo5
o.1010
o. l05

u6.49
-6.45
6.6?

-1.11

16l .56
13. l2

-20.8E
a.oo

309.50
-r.5
0.0

-1.O

3..180
0.056

-o.162
-o.006

3.301
o.025

-o.o3l
-o.o27

19.85
o.03

-1 .21
-o.o3

3.16
o..o
o.a8

-0.20

2.74
-0.15
1.28

-O.1rl

2.72
o. lo
0.70
o.16

l. 370
0.o05

-o.o30
o.oo5

1.6?5
-0.025
o.o?5

-o.025

1.495
o.o35

-o.or 5
o.oo5

I .985
o.205
o.025
o.oo5

29.22
-3.23
3.34

-o.56

'10.396.56
-10.44

2.00

77.34
-0. ?5
0.00

-o.50

0.47
0.02E

-0.081
-o.9o3

o.E2s
o.or3

-0.016
-o.014

4.96
0.02

-o.61
-0.02

o.79
o.20
o.24

-0. lo

0.68s
-o.oEo
o.6do

-o.070

o.6E
o.o5
0.35
o.o8

O.3.lO
o.oo3

-o.015
o.oo3

o.al9
-o.01 3
0.o34

-o.01 3

o.374
o.or8

-o.oo8
0.(x)3

o.496
o. l03
o.ol3
o.oo3

I .95

6.12

o.52

o.04

0.02

o.25

o. 15

o.28

o. 16

o. or

o.02

o.or

14.9E
-1.66
l. ?l
o.29

6.01
0.9E
l. 55
0.30

I 48.81
1.44(o)
o.oo
0.96

2L.75
o.70( r )

-2.03(.)
o.oa

41.25
o.65

-o.80
-o.o?

19.84
o. o8

-2.44(.'t
-0.04

3.27
1.33(rt
1.60(.)

-0.67

2.45
-o.29
2.291. t

-0.25

1.25
o.3t
2.19( r )
0.50

34 .00
0.30

-1.50( r )

0.30

20.95
-o.55
1.90( . )

-0.65

37.40
1.E0(r)

-o.80
o.30

12.40
2.5A( r )
o.33
O.Qc

o.04
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APPSI{DIX 5.4d

DETAILED RESUITS OF PROCESS DEVELOP;1EIiT iX?ERI}!I{TATION: EXP 4

Results of Plackett and Buman Experirent for BsE-i/.ungb€an

324

Run No. llt.before
EVaP.
(ke)

ut. llt Total
yield loss Wt.
kgg

VIt/C Color
t tt

Botton lot-stiT Texture
burnt conveni- (grit-

cnce liness)

rextuiir sttci'j' Moisture
(fluf- lo-pen content
finess) (hard-to . t

clean)

l. 5.5
2. 2.2
3. 2 .L4
4. 2. 18
s. 5.8
6 2.2

7 . 4.89
8. 4.86
I 2.Ll

lc). 4.08

ll . 4.71

4.69 t70
1.69 100
r.58 30
1.57 70
s.lg 90
|.72 30

4.05 280
3.82 150
I.48 30
3.77 300

3.29 140

l.6s 50

4. 86
t.79
r.6l
I .64
5 .28
r.75

4.33
3.97
l.5r
4.07

3.43

1 .70

230 Y yes I
120 YY yes 2.
100 YY y"t 3*
100 SI.GY hard flakes 3

225 }|-Y yes I
L20 GY easy-to. 2

J

I
3
5
J

I

0.5
2
J
3

I
I

3
I

2

3

64.89
s4.07
45.73
47.87
66.90

-49.39

| 63.77
57. 58
42.47

r 61.24

2 57.66

49.6612. 2.0

losen flake
zLO SI.GY yes I 3
f30 YY yes | 2
105 GY yes 3 3
160 SI.GY yes' 2 3

(strong)

L2S Sl.6"f yes 2 3
(st rong)

ll0 fY yes 3 2

rl = hardest; 3=easiest.** I = nost gritly; 3 = Ieast gritty
'ar I = least fluffy; 3 = nost fluffy.

= hardest;3=easiest.

Modified results of Plackett and Buman Experiuent :o: tssE-i:ungbci'n

Yield Yie
t

Yiel d
t

Handl ing
Score

Texture
Score

Run
No.

L'oss
exc I uded

LOSS

included
based on
uungbean

G water

based on
uungbean used

l.
2.
J

4
5
6

8
9

l0
It
L2

234.5
169 .0
158.0
157.0
259. s
L72.0
202. .S
l9l.o
148. 0
188. 5
164.5
165.0

I Besed on mungbean used; Loss included because this was to be cor$Pared nith the calculated yield and that no

loss was assuned. Mungbean r kg (M.c 12) + lls-ltung r,08 kg (lt.c. 201) or r;! I'r kg.

2 Loss based on raw nungbean. The scorched part xas as dry as raw nungbcan and that this part was assu'red. to be

l? e" in l.l.C.

3 Sp.vol. by measuring in a cup (236.6 tnr.);.Then Vol./l{T.; To fiid the possible control nethod for cottaEe

factory; Frorn previous study, tls-nung with M.C. I i2% would have Sp'i/ol. r' 2 + 0'05 (23b'blt15-l2O=I'97-2'06)

4 by ouun nethod.

5 by the opcrator; 3 = the best.

6 by ,unroty evaluation; 3 = the best((without grittifibss)

243.O
179.0
161.0
164.0
264.O
175.0
21,6.5
r98. S

151.0
203. 5

r71.5
170.0

63.95
47.II
48. 79
43. 16
69.47
46 .05
65 .61
60 .Is
45.76
53.55
51.97
5l .52

8.5
10 .0
3.0
7.0
4.5
3.0

14.0
7.5
5.0

15.0
7.O
5.0

r.o2 64.89
| .97 54.07
2.K 45.73
2.K 47.87
1.05 66.90
L.97 49.39
I . l3 63.77
1.82 57.58
2.25 42.47
1.48 61.24
1.89 57.66
2. r5 49.66

I
2
5

3
l.

J

I
J
J
J

I
J
2
3
J
J
1
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APPENDIX 5.4 .f

DETAILED RESULTS OF PROCESS DEVELOPDIENT EXPERIMENTATION: EXP 6

Yates Analvsis for MP-Snack A = min. mixl B = lbs. press

1st
Column

2nd
Column

Mean
Effect

For
Prediction

(1)
a
b

ab

(1)
a
b

ab

(1)
a
b

ab

(1)
a
b

ab

(1)
a
b

ab

(1)
a
b

ab

(1)
a
b

ab

coL

5.2
6.2
4.2
6.2

coH
5.2
5.4
5.0
5.6

GRIT

11.4
10.4
1.0
2.O

10.6
r.0.6
o.2
0.6

9.8
9.6

-o.2
o.o

I

7.O
5.3

-0.4
-0.5

2L.8
3.0

-1.0
1.0

2L.2
o.8
0.0
o.4

19.4
-o.2
-o.2
o.2

L2.3
-o.9
-L.7
-o. L

5.45
1.50*

-0.50
o.50

5.45
0.75

-0.13
0.13

5.3 5.3
0.4(r) 0.2
o.o 0.0
0.2 ('r ) 0. L

4.85
-0.l-
-0.l-
0.L

3.08 3.OE
-0.45(*) -O.23
-0.85(*1 -0.43
-o.o5 -0.03

5.0
4.8
4.8
4.8

MS

3.7
3.3
2.9
2.4

Handling
Scores

6
L0

7
8

Sticking
to the mould

8
LO

9
9

rss
Before Press

80.5
81.0
80.5
81. O

tss
After Press

80.5
82.0
80.5
82. O

36
2
o

-2

1.6

15
4
1

18
r.8

2
o

31
5

-1
-3

7.75 7.75
2.50(r) L.25

-0.5.. -0.2s
-1..5( * ) -0.75

9.0 9.O
l..o(r) 0.5
0.0 0.o

-1.0( r ) .. -0. 5

(1)
a
b

ab

L62.5
L62.5

1.5
1.5

161.5
161.5

0.5
0.5

323.O
1.0
0.0
o.o

325.O
3.O
o.o
o.o

80.8
0.5
o.o
o.o

80.80
o.25
o.o0
0. oo

81.3 81.30
1.5(*) O.?5
o.o o.o0
o.o 0.oo

Note: Acceptability was excluded in analysing
wild data obtained from the nut-dislike

stage because of the
panelist.
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TPPETDI'I 5.8 
'

PnEDrertot E0rrAtlqts tld tllE lvo SlATlgucAL ANALysts tcmoDs
(l.t line r cfoded, 2nd line - uncoded)

Output Variabl.es Yates. H€thod Stetriae Regression |tethod

E!: Dsc-Ban.na

l. tDsc-Banana i. 33.g-6.1 xa
obtlined i.?a.a-2.2x:. z

2. | 8-,;j'rup lef t ? . Sf .l + ?.a X-

Y . -4.01 1 2.31 X2

3. I loss through i - 6.5 + 1.4 Xr - 0.2 X.roam i . 6l.a2E + o.i x. - o.6tz *.^
L'

4. t SS Dsc-banana/
syruP

I r 32.9 - 6.0 x2

I - 7E.06 - 2.t6 x2

i - 5r.6 + ?.7A X2 ' 3.44 xtx2
Y - r3l1.4o - 12.66 x, - 62.24 X2 + 0.62 xtxz

i - z.Oa 1 1.49 x1 - l.lO xlx2
y - -491.50 + 4.?9 Xl + 2O.EO x2 - O.20 xlx2

I = 78.0 + O.5OO X2 - 0.465 Xlx2
I = -256.90 1 3.lE x' + 16.54 x2 - 0.16 xlx2

5. Au: Dsc-banana i -o.Elo+o.ol5xl + o.o28x2 i-0.83E+ o.ot65xl +0.02?5x2
y-o.t9a+o.oo8xl +o.olt(2 y- -0.2144 +o.oo8t xl +0.0099x2

6. Arv: t-sylup . i . O.?9E + O.Ol2 ,(2 + O.Ol3 X1X2 ? -
i - 5.5a?5 - O.O4?E Xr - O.2,ll5 x, + O.OO23 ; -L ' xtxz

7. Red R. trean ? - O.rZ5 - O.l?5 xt - O.l?5 XZ ? -
i - ll.rr - 0.088 xl - o.O6't x2 i =

d. CheuyR. ttean 
i.O.r- 

O.2x? i-O.du? - O.2oox2+o.laaxlx2
9.2.!72 -o.o?2x2 i-?1.266 - 0.692i, - r.szzx2 +o.o338xtx2

9. Sl:vonr R. lrean 
l. 

O."rU + O.225t2 I - O.?2? + c,-225 X2 + O.l9l XtX2
f- -O.a3r +o.O8112 l-7Z.ZO7 -o.?O3i, - r.sr x, io.otl x,x,

EXP 3: ltP - Snack

l. Colour Score I . 5.45 1 Q.?5 X1 I - {.56 1 e.25 x1

9 . l.rs + o.24?5 xl 7 - a.227s + o.fft25 xt

2. llsllo\.'-swec't scorc 9.3.oE - 0.23 xl - o.{3 x2 ?'3.9E - o.o?5 xl - o.ooo2 x2
0 . a.O3o9 - O.o?59 x, : O.OOO2 tt, ? - a.Oa - O.O25?5 xl - O.OOOOOOT x2

3. r3sofsnack 9-ar.31!.5x1 9.so.2+o.25xl
afLcr press I = ?9.3r + 0.49; Xl g - ?9.S? + O.O82; Xt

r- 4!ro
!!9!g: l. Calculation for factora used for uncodjngr uncodd value .

hi -lo
2

2. Uncoaled values for Xl, X2, XlX2 resFctively:
EXP l: 0.5 x, - 52r 0.36 x2 - ?.36r O.l8 Xlx2 - 3.6A xl - lE.gl x2 + 382.g1
EXP 6: O.33 Xl - 1.331 .OOO5 X, - 1.51 !.995 - O.a95 Xl - 0.000665 x2 + o.ooot65 XlX2
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APPENDIX 5.8b

CALCT'LATIONS FOR SELECTED ESTIMATED OT'TPUT VARIABI,E VALUES

Examples for EXP 6 hi + lo
Uncoded value: 2

Ei-- l"
2

Uncoding for Xr:
Y -7 + L"1 2-E = o'33 x1 - 1'33

2

Uncoding for X.,:o -. 5ooo + Looonz-T
@ =o.ooo5x2-1.s

2

Uncoding for XrXr:

(0.33 Xl - l-.33) (0.oOO X2 - 1.5)

= 1.995 - 0.495 x1 - 0.000665 x2 + 0.000165 x1x2

Equation Uncodinq

Fron Yatesr Analysis:

Coded: iU=O = 81,3 + 1.5 xl

Uncoded: irr' = 81.3 + 1.5 (0.33 x1 - 1.33)

= 79.31 + 0.495 Xl

From Regression Analysis :

Coded: YSS^ = 80.2 + O.25 Xl

Uncoded: irrO = 80.2 + O.25 (0.33 xl - 1.33)

= 79-87 + 0-0825 Xt

(Note: SSA = t SS of snack after press)
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. APPEilDtX 6.9a

RATIO !|AINS ATD ETAIDARD DEVIATIOI FON PROCUEI PROFILAS BY OISI'I'{ER PN{EL (N'30,

rND Cllf,UI.tAIOt| OF NEFENEIICE C.V. VAI,UES

Product
Sensory
AtLri butea

Data 1 c.v. (r)

SXP I EXP 2 EXP 1 EXP 2

i on-l i o.-r

D!r. 2

EXP 1 EXP 2

i on-l i on-l

R€ference
c.v.

val.ues

c.v.
t

Referenc.-
c.v.

Values

CoIour

Si ze

St eeE aroG6

Nut aroma

Soft-hard
Crunbl y -cohesive

Gritty
Dry-Juicy
llutty flavour
Sesame flavour
llellow-sharp sweet

Fruity flavour
Mungbean flavour
Acceptabi I i ty

1.5 0.8
t:t o:u

1.4 0.9
L.2 0.7

1.0 0.3.

1.5 0.6
r.2 1.O

1.1 0.6

1.1 0.5

1. 1 1.1

0.il o.?

1.1 0.5

o.8 0.2

1.0 O.3

1.0 0.1

o.9 0.3
1.O O.2

1.O O.4

1.O O.{

l. 2 0.4

l.o o.2

o.9 0.2

o.7 0.3

o.9 0.3

o.6 0.3

1.O O.2

o.8 0.2

50

a:

54

58

30

{o
83

55

'15

too

8at

45

25

30

10

33

20

40

tlO

33

20

22

43

33

50

20

25

40

2d

33

42

49

35

3?

52

39

44

61

59

33

25

3d

25

29

67

1.6 0.t t.2 0.3

1.0 0.3 1.0 O.2

1.5 0.6 1. I O.2

1.1 l.l o.9 0.3

50.o0 25.00

30.o0 20.00

40.o lE.1E

100.oo 33.33

APPENDIX 6.9b

RATIO MEANS AND TANDARD DEVIATION FOR PRODUCT PROFILES BY CENSUMER SURVEY (N=1O94)

rND CNCULmrqr OF REFEREilCE C.V. VAUTES

- DataProaluct s.t/. Reference
d,v.P I c.v.sensory - n-l t

AttributesXrt-r-Values

Colour

Size

Textuae
(crun$ly-
coh€sive I

Flavour
( sreetncaa )

Pref€rence

1.2

1.1

0.9

o.tl

o.6

o.3

0.3

0.4

o.5

0.3

25.0O

21.27

44.44

62.50

50.q)

25

21

44

63

50
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APPENDIx 6.9c
SCORE IIEAIIS IIID StrtrfDAID DEVITTTCI F* IDEAL PNODUCT PROFILE Dr LIB PANEL

xtD crtf,urrttc:t o? tlalnEtcE c.v. vAUrES

Product
Sensory
ACtri butes

Dat. (il - 6) Reference
c.v.

Values

Data 11-391

EXP I,

Reference
C.v. C.v.

Values
E'(P 1

i ot-l
EKP 2

i ot-l

c.v.

EXP 1 Et(P 2

Colour

Si ze

Sueet 6Eona

ilut arosa

Soft-hard
Crumbly-cohesi ve

Gri tty
Dry-luicy
Nutty flavour
sesane flavour
.qel lou-sharp slreet

Fruity flavour
Mungbean flavour

5.2 t. 
'5.1 1.4

4.9 1.5

6.1 1.4
4.1 L.2

5.it 1.9

6.3 2.O

s.6 0.9
4.4 1.4

3.6 1.7
5.2 L.7

1.2 1.2

u:t o:n

5.O 1.1
4.5 0.7
5.2 t.2
4.9 1.1

5.5 1.7

5.3 1.a

{.o 1.5
3.2 L.2
4.8 1.4

4.4 2.2

- 24.37

- o.oo
23.OE

27.43 22.OO

30.61 15.56

22.95 23.08

29.27 22.45

t2.76 30.91

31.75 26.42

16.o? 37.50

31.t2 37.50

47.22 29.L7

32.69 50.00

4.4 L.7
u:t r:"

it.5 l.a
4.5 L.a
5.1 1. 5

4.4 1.9

5.2 2.O

4.5 L.2

4.3 1.5
3.7 2.L
{.3 2.2
{.3 1.5

29

0

23

25

23

23

26

32

29

27

35

38

{1

38.64

31.37

40.oo

35.56

29.41

43. la
38.46

26.67

34. AE

56.76

51. 15

3{. 8a

39

3t

{o
36

29

43

39

27

35

57

5l
35

AppENDrx G.9d
RATIO I.IEAI{S AND SANIDARD DryIATIO$I FOR 'SIIORAGE TES! PRODT'CTI PROFILES BY IAB PANEL (N.6)

xrD cNf,l'Lmlcr OF nTFEnEICE C.V. VALITES

DATA D.V.Product
Sensory
Attr i butes

EXP 1 EXP 2 EXP 3

i ot-l i on-r i o.-1
E(P 4 EI(P 5 ErP 1 Et(P 2 E)(P 3 EXP 4 EXP 5

i on-l i on-l

Reference
c.v.

VaIues

Svreetness

Rancr di ty

Drynesa

i{ardness

Acc€Ptabi I i ry

1.O 0.o o.E O.l O.9 0.1 l.o 0.1 0.9 o.l

r.o o.o l.o 0.1 L.2 0.2 1.3 0.2 1.5 0.3

l.o o.o 1.5 0.2 1.3 0.t t.2 0.2 1.1 0.1

l.O 0.0 1.'l O.3 1.3 O.1 l.O O.2 L.2 0.2

12.50 11.11 10.()0 ll.lr

ro.oo 16.67 15.3a! 20.oo

13.33 7.69 16.5? 9.09

21.43 1.69 20.oo 16.6?

12.50 lr.lt ll.ll 12.so

I1

16

t2

16

l.o o.o o.t o.l o.9 0.1 o.9 0.1 0.8 0.1 L2
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TPPEilDIT ?.3.
at@tttrgNt? DIrIERETCE rf, tEtsoR! rrntilrms tEtfEElt DlyS 0F 8|IORTGE Er r-rtsr

Day O Day 5 Day 9 Day li

1. Swcetnesa

Day 5

9.y 9

Day 14

Dry 21

2. Ranciditv
Day 5

Dry 9
Day 14

oay 2l

3. Drvness

D.y 5

Day 9

Day 14

' Day 21

{. Hardness

Day 5

Dry 9

Day 14

Day 2l

5. Acceptabi litv
Day 5

Day 9

Day 14

Doy 2l

5. i{oisture Content

Day 5

D6y 9

D.y l{
Dey 21

7. Total Plrte Count

Day 5

D.y 9

Day l4
D.y 2l

1.35

3.41.. 1.69

7.45.. 2.35. O.7g

7.$6il 3.O{.r 1.52 1.1?

-o.00
-3.77.' -3.02.r
-5.59.. -5.?3.. -3.5?..
-5.41.. -5.49.. _3.40.r _0.34

- 5. itlrr
-9.55.. -2.64.
-5.E7r' -1..1E l.3d

_11.23ro _4.74.. _0.39 _1.?O

-1.40
-5.67r. -1.50
-3.77.. -2.81. -1.01
-3.26r. -1.90 -o.22

6.4?r.
lo.550r l.ao
9.O5.. 2.22. o.8a
9.940. J.gooo 2.15. 2.22.

-4.E2..
-10.25.o -J.o0..
-7.9O.r -r.13 1.75
-3.32r. 1.64 5.96.. 3.16rr

-o.95
-6. 16.o -r.31
-6.75.r -2.55. -1.94
-7.15o. -3.61.. -2.44. -O.6?
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TPPEIDII ?.lb (Coottnu.drr atcnrltcNtt DITFEnEDCE tf, aEtgORr lftntUtrrs
lEtrEur cotDlttcts 0F amnrcE !r t-r8sr

PP AF

t2t156?123456

Rancidi tv

PP2
3

4

5

6

?

AFl
2

3

4

5

5

7

-1.83

-1.69 -1.09
-2.93r -3.54r -1.55
-2.26 -1.El -O.98 -O.46
-1.?5 -0.69 0.OO l.?3 1.33
-0.93 0.36 0.63 1.53 2.50 0.?B

1.53 2.58 2.39 3.4Or 2.95e 2.O3 1.96
-0.5E 1.113 2.16 2.4A 1.E5 1.O? 0.41 -1.96
-2.O4 -O.{3 0.27 l.E3 2.27 0.31 -t.29 -3.21r -t.29
-2.79' -2.36 -1.21 0.93 0.60 -0.4it -1.17 -3.36. -3.59. -1.04
-1.93 -1.96 -1.62 -O.lar O.O -1.13 -1.1? -2.2g -1.93 -1.O9 -0.66
-2.39 0.OO O.42 1.6? l.t? O.55 -0.31 -2.O5 -O.E9 0.27 1.O9 r.o9
o.41 1.56 1.54 2.59 2.35 1.53 1.32 -1.58 0.6{ 2.4L 2.46 L.77 1.90

AF

t234561L23456

Drvness

PP2

3

4

5

6

7

AFl
2

3

4

5

5

7

2.06

-1.04 -3.38.
-1.51 -2.91r -2.L6

-r.06 -2.55 -0.61 2.r4
-o.t{ -2.4o 3.501 2.9Er 2.ll
-0.40 -r.83 0.45 2.O1 L.21 -0.6{
0.8{ -o.11 2.1e 2.61 1.79 r.3? 1.3?

o.aE -1.5t 3.161 2.76. 2.13 1.9? 1.53 -0.61

o.oo -1.o0 0.85 1.96 1.O5 0.10 0.59 -1.58 -0.?6

-r.60 -3.6{. -O.83 0.?8 -O.12 -1.90 -o.81 -2.26 -3.55' -1.O5

-0.95 -2.35 0.OO 1.O9 0.45 -O.95 -O.lO -1.23 -1.53 -0.53 0.51

-L.24 -2.39 0.31 t.4{ O.5? -O.17 -O.O8 -1.39 -1.t9 -O.40 0.69 0.20

r.6E 1.16 3.O{. 3.0{. 2.a9r 2.64. 3.1a' o.ar 2.23 l.e2 3.441 2.42' L.92
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IDPD|DII t.tb (cootlnu.drs ttoattrc[tT Dt?'tralc! tr tElsonl rfintxtltt
tEIrEAl Oo|Dtrro|t d 880rrcl lil l-lt8t

23.561123'35

Hardnest

PP 2 0.56

3 -0.7? -1.?6

4 -1.9a -2.83' -3.Oa'

5 -O.?O -3.5O' O.OO 2.17

6 -o.E6 -2.37 -0.69 3.040 -o.5a

7 -l.6at -2.6!' -3.30' 2-75' -1.?e -2'3?

AF I o.?o 0.69 2.6Lt 3.35o 3.3Oo 2'9t' 3'32r

2 0.20 -0.3? 0.96 2.53 1.la 1.69 2'O5 -o'58

3-0.2E-l.o{o.a?2-75'0.39L'232'1'-t'21-l'25
4 -1.25 -2.13o -1.3a l.8o -r.83 -1.i15 o'35 -2'a6r -3'01' -2'37

5 -1.65 -2.1. -2.O1 1.81 -1.!a -1.98 o.33 -2.6t' -2.5O -3'21' -O'13

6-1.2t-1.94-0.612.27-0.35o.oo1.17-2.1.-1..5-r.o31.o12.27
? o.5o o.lo r.9t 3.1lr 1.29 2.t6 2.!6r -o.2o -o.l' 1'9t 2'35 3'ta' 3'O9r

AF

r23.567L23{56

Acceot!bi litv

PP 2 1.02

3 l.?9 l.06
{ 3.3{. 3.31' 2.X)'
5 3.2?. 2.26 2.26 -1.63

6 2.Ol O.75 -0.16 -3.38r -3-590

7 2.7t 1.?3 O.77 -l.aa -0.61 1.29

AF I 1.OO -0.65 -1.19 -3-O3' -2-69r -t.!8 -3'O2r

2 0.91 0.(x, -o.51 -2.65r -1.83 -0'61 -2'50 0'?3

3 2.30 2.23 0.9? -3.50' -1.55 1'61 -O''l 1'91 l'59

4 l.a3' 3.O8' 1.90 0.2e o.89 2.r8 2''2 3'72' 3'5?r 1'e1

53.o..'.77)2.18.t.ooo.1.r.81o.?o2.a2.2.601..5-1.2o
6 3.6?. o.l2 -O.?5 -2.4o. -2.6a' -O.?3 -1.a3 1.63 o.1l -1'35 -3'Ot' -2''l

? -2.()6 -2.06 -2.73. -3.81o -3.?ao -!.o?' -3-Oao -1.8o -1.63 -3't9t -3'52r -3'50' -3'OOo
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IPPE'IDII 7.3b (Continucdrr StctrtFtcltt? DIFFBE|CE t[ aEilSORU ttmt$?Es
IE!?EE!I CCIDTTIOIS OP 

'MNTGE 
Br T.?EA!

PP AF

123.t56?L23i56

f{oisture Content

PP 2 -1.30
3 -o.54 0.32
4 -o.o2 o.Et o.35
5 -1.23 -0.46 -O.a? -1.62
6 -2.t4 -0.65 -2.61r -L.25 -O.51
7 -0.36 0.22 -O.O8 -1.O3 0.{6 0.?1

AF 1 1.r1 2.26 L.22 2.611 3.29' 1.9? 1.83
2 -1.10 0.19 -o.30 -1.15 1.?O O.?3 -O.22 -2.89r
3 0.96 1.53 1.25 0.56 1.69 2.92e O.?8 -O.sit 1.62
4 -0.98 -O.15 -O.51 -O.52 -O.O3 0.59 -O.22 -1.O5 -O.1? -L.32
5 -0.65 -O.Oa -O.29 -0.61 0.06 O.3? -O.25 -1..t{ -0.13 -O.?9 O.o5
5 -o.tt -o.o1 -o.53 -O.5{ O.1O O.?3 -O.19 -1.26 _O.05 _O.98 O.12 O.O5
? -o.30 0.23 -o.o3 -o.39 0.38 0.89 0.o5 -1.O4 0.22 -0.90 0.31 0.18 0.18

PP AF

L23456?123456

Total Plate count

PP 2 -0.95
3 0.42 1.65
{ 0.68 2.1r l.a3
5 -o.09 1.05 -1.25 -2.22
6 0.?9 2.L4 0.5? O.O? 2.g4.
7 2.L4 3.841 1.?l 1.54 2.21 l.ao

AF 1 1.12 2.30 1.02 0.45 2.56 0.33 _l.ao
2 o.oa 1.0? -0.56 -1.12 0.36 _2.25 _1.91 _L.24
3 0.08 1.30 -1.33 -3.O?r o.{a, _2.13 _2.22 _1.5? O.O3
4 1.50 2.97. 2.t7 r.51 2.36 1.O5 _0,69 1.?1 1.51 2.L6
5 o.53 2-29 o-27 -0.52 1.13 -o.3{ -2.2s -o.73 o.G2 r.z5 -2.32
6 0'6? 1.3? o.22 -o.1o o-g2 -o.11 -1.18 -o.52 0.52 o.59 -r.43 o.rr
7 -1-35 -1.o2 -1.36 -L.62 -1.09 -L.72 -3.o{r -r.7o -1.29 -L.27 -2.05 -r.69 -r.23
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tPPA|Dtr ?.ab
tleurrcNrT t"trets lD Stcilt;lcll|? mELS 0F 8Ets()ny rlmtruTEs

ptt||lull ro totr& oot rT rx ltonrcE
Dy IAEPIISE lAEaStOil

Attribut.r Signific.a! tlodclr

Srrct AF

Sancid PP

Dry

ACC PP

TPC:PP

AF

YD2IT

YD5I

YDlao.

YDltl.

YOl{o

AF

PP

fo9. . 1.6O2 - O.O2? xl
YD21.r . a.200 - o.o20 x-

I

yogro . O.69al + O.OOO3 I.r-
- LZ
IDg.r . O.!a3 + O.OO5 I- + O.ooO3x.X-
- a La
IDlar ' 0.722 + O.fi)Ol xt

YDlt. - o.52i! + o.qtoa xll2
yD2tr - o.3o5 + o.oo05 rtr2

YD5. . 1.OO5 + O.Oa5 X.
.l
YD5o . l.OO5 + O.O82 X. - O.OOOa I.x-
. I La
yDtaf . 1.61j + 0.035 I.
.l

YD2l. . 1.?9O + 0.030 xl
YDI{.. . O.?17 + 0.0006 IlX2
YDl4r - 0.375 + O.qr.!? x^ + 0.0005 x.x-

a La

fD5'. . -6.6!tO + O.31O xl + O.OaS 12 - O.OO! xtx2
YDlaoo . 0.971 + O.OOO5 X.X-
^ La
YDI'lo - l.q)5 - O.q)63 I. + 0.0006 X.X-
^ 

I La

ID2lo t -7.776 + O.2?l Il . 0.109 12 - O.OO3 xlX2

rD9.. r .t.35 - 0.O3 Xl

fD9. - 1.923 - O.Ol xt + O.oO5 xlx2

fD9.. - 2.a3E + O.O12 It + O.O22 x2 - 0.OOO5 xrx2

YD14" . a.97 - O.O5 . .
^lYD9' - a.633 - o.Old x.
^lYD2l' - l.tl96 - 0.OOO5 X.x-LZ

YDI{r - 9.152 + O.O2a X.

ior.. . -?.d!6 + 0.565,1, . o.td9 xz - o.ooc xlx2

AF

Hard PP

AF

AF

&IC PP

AF

. -24{o + ito 12

- -.t966 + ?1.25 X2

. 6!il5 - 95 Xl

.55t5-95Il1lOx2

. 2560 - lO f,l 1 {5 x2 - I xl!i2

Notaa:

I f -Prcdrct.drttribut.rt D.O.y,
X2 . R.l.t.iv. hu!$,dity

o - signi(ic.nc .t 95t hvrl
o' - signific.nt .3 99t l.val

Xl . Tcmp.r.ture,
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APPETDIX ?.5A

IST SET DITA FOn SHELF-LIFE ESTtl|llIClr ?5r n$, 25, 35, as'C

Polvpropvlene Packet Lninlted Aluminiun Foil Packet

o

5

9

l4
2L

35

42

50

7l

92

99

Ranciditv

1.3 1.3 1.3
1.3 1.3 1.5

L.2 1.3 L.1
1.5 2.3 2.2
1.5 2.O 2. 3

(2.s,r
32 days

(r.6, (2.3) (2.6)

( 1.7) (2.4t
(1.A) (2.5).

(2.1)

( 2.4)
(2.5)r

AcceDtabilitv

4.2 4.2 1.2

4.O 3.8 3.2

3.5 3.5 3.O

3.7 3.0 2.7
3.? 3.2 2.5

(3.5) (2.9) (1.9).

(3.3) (2.6)
(3.r) (2.3)

( 1.9).
6O daya

(2.5)

( 1.9)r

Rlnciditv

1,3 1.3 1.3
1.O 1.? 1.5

1.3 t.2 1.8
1.3 1.8 f.il
1.3 l.it 2.2

AcceDtabilitv

4.2 4.2 4.2
3.7 3.8 2.7

3.5 3.2 2.8
3.7 3.5 3. O

3.7 3.5 2.7

(1.4) (1.6) (2.srr (3.5) (3.3) (2.2)
(1.9).

3E days
(1.5) (1.8) (2.E) (3.3) (3.1) (1.?)
(1.6) (2.O) (3.r) (2.9)

(2.5)o
68 days

(1.9) (2.6) (2.5) (2.3)
( 1.9) o

85 days
(2.2t (1.S1r (1.7)
( 2.3)
(2.5)e

f13 days

(

(

) - &ya Grtrelblatcd frd the rctu.l d.ta
)o - days at rlcject lDintl

APPENDIX 7.5b

2ND SET DATA FOR SHELT'-LIFE EglIlrATIOll: 951 Rttr 25, 45"c.

Polvprooylene Packet

1.3

1.3
2.O

2.5' 2.25
) o.9s

2.O) O.32

(2.5)'26 daya

LBin ted Aluliniun Foil Packet
Ranciditv

o r.3
5 1.2
9 1.5

14 1.3

2L 2.O

35 l.c
42 (2.51r3E daye

50

7l

4.2

3.?
3.7

3.7

3.O

12.2'
(1.9)r4O dryg

4.2

3.5
3.O

2.7

2.8

(1..9).28 d.y8

Acceotabilltv Ranciditv

1.3 1.3

L.2 1.2
1.5 1.?

1.3 2.2t 2.45
) 1.15

l.t 2.7t O.3a

(2.1{) (2.5)'22 days

(2.31)
(2.{8)r

AcceDtabilitv

'1.2

3.3

3.8

3.?)
)

3.3)

12.7 t

(2.4',t

(2.1)

o.9
o.3

4.2

3.2

3.0

3.2 )
tr"

2.5; 0-57

(1.9)'23 day:

(1.9)'55 days

( ) - d.y. .rtr.goletrd fro th. .ctu.l &t
( )' - day. rt rr.t.ct pointr
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APPENDIX ?.6.
CALCU!.AtION OF rk. VAL{rES : ?51 R.H.

Temp€rature Quality rlr
r-l(*to-3)

In (N/No) k-,
(day '1

(l) Ranciditv : pp

25

1i

45

2A

1.3

1.3

1.3

2.5

2.5

2.5

29d. I 5

30a.15

31E.15

301.15

29a. 1 5

30E.15

3lE. l5

- k(99)

= k( 50)

- k(32)

0.66 x 1O-2

1.31 x 1O-2

2.O4 x Lo-2

O.62 x 1o-2

0.96 x tO-2

1.E? x lO-2

-0.E6 x 1O-2

-1.32 x lO-2

-2.27 x tO-2

-0.86 x tO-2

-0.93 x lo-2
-2.o9 x lO-2

Ln (2.5/r.31
Ln (2.5/L.31

Ln (2.5/r.3)

ln (2.s/1.3)
rn (2.s/r.3)
In (2.5/1.3)

Lo (t.9/4.21
Lo (L.9/4.2)
ln (L.9/4.2)

Ln (I.9/a.2)
In (1.9/4.2,
rn (L.9/4.21

- k( l0s)
= k(6E)

- k(35)

= k(92)

= k(60)

= k( 35)

- k(92)

= k(85)

= k( 38)

3. 35

1.2s

3. l4
!.32

3.35

3.25

3.14

3. 35

3.25

3. l4

J. Jf,

3.25

3. 14

(2') :lancidi tv : AF

25

35

45

29E.15

30E. l5
JTd.I)

1.3

1.3

1.3

4.2

4.7

4.2

4-2

4.2

4.2

2.5

2.5

2.5

1.9

1.9

1.9

10

1.9

1.9

(3) Acceotabilitv : pp

25 29E.15

3s 30E. 15

45 318.15

(4) Acceptabilitv : AF

z3

35

45

APPE1IDIX 7.6b

CALCIrLATION OF 'k' VALUES: 95t R.H.

Temperature

K

Qua I ity
NoN

k
-t(day -)

l/T
-l - lk-(x10")ln (N/NO)

(f) Ranciditv : pp

25 29E. l,5

35 30a. I 5

45 3lE. 15

zit 3Or . 15

l2', Rancidi tv 3 AF

25 293.r5

45 3lE. t5

( 3) Acceptabilitv : pp

25 29E.r5 4.2
4, 3lo. 15 4-2

1. 3 2.5

not investigated
1. 3 2.5

1. 3 2.5

1.3 2.5

In (2.5/1.3)

ln (2.5/1.3)

In (2.5/r.3)
In (2.5/1.3,

ln ( r.9/4.2)
Ln (L.9/4.2,

In ll.9/4.2)
L^ (1.9/4.2,

k( 38)

k( 26)

k( 50)

kt22')

k(40)

k( 28)

k(5s)

'k( 28 t

L.72 x LO-2

2.52 x LO-?

1.3t x 1O-2

2.97 x. tQ-2

3.35

3.25

l.l4
3.32

3. 35

3. I4

1.9

1.9

-1.9E x 1o-2 3.35

-2.d3 x lO-2 3.14

-1.c4 x lo-2 3.35
-2.a3 x lo-2 3.14

(4)

25

45

Acceptabrlttv : At-

29d. I 5

3ra. t5
4.2 I .9
4.2 1.9
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APPENDTX 7.7

SENSORY INSPEETION OF STORED PRODUCTSRESULTS OF

c
FURTHER

- Colourt R-Rancidityl A-

Storage
Conditions
ocltnH

No
Visible
Mold

Characteristi
Day 35 Day 50

x (x) (x)

xxx
xxx

(x) (x)
(x)

PP 25/75

25/gs

3s/as

45/75

45/gs

35/7s

Room Condition

AE 25/75

2s/95

35/as

45/7s

45lgs

35/75

AF=CAI{: Cold Room

(x) =

x

x

x

(x)
(x)

rancid in flavour or notobviously increased color intensity or
acceptable

have trend of the x

(x) (x)
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