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S5 U MEHARTY

Factors governing the purfability of food gels were
gtudied in detail. SBome experiments were conducted and
results discussed on the effects of soluble sclids, changes
of pH and pretreatment of food gels on their water holding
capacity. The efifects of the soluble scolids, fat and fibrous

texture on the thermoplasticity of food gels were zlso

examined.

The appliceation of a puffing technique was directed
toward two main types of food, i.e. non-protein Foods which
include carrobts and bansnas snd protein foods which include
three types of cheese, fish snd meab. Different Techniques
were necessary to manipulate each product to puff, Carrot
slices may be puffed raw but the product characteristics
may diifer widely Ffrom those of blanched and leachsd slices,
some foods such as bananas with high sugar content and
cheese with high fat content may not puff without the
aadition of sgufficient amount of a puiffing agent. Fish and
meat as ribrous protein foods need similar physical and
chemical modifications, vefore their products can puflf,
such as the destruction of thelr fibrous structure and the

adjustment of Ctheir pH Tto alter their water holding capscity

co a sultavle level.

The feood gels may be pulied by other heat-shock
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technigues other than deep-fat frying. Radiaznt hesat was

applied successfully Lo puff food gels such zs sodium

s

caseinate zel, starch gel, snd fish product. The products

counlid be puffed to the comparable volumes achieved by

deep~Tfalt frying technizwes, yet they were superior in some

respects. They were free of fTalbt pick-up problems. They

]

could be rehydreted very cuickly and the rchydration rete

of the radiant heav pulfed Iish product, for example, was

comparable to Tthat of the dehydrated products of the nighly
sorphistlicated precesses such es freeze-drying, and vacuum

contact plate drying.



In recent years a great deal of interest has been
disgplayed concerning ways by which aid can be given, or
development can be undertaken in food production and
consumption in developing countries. It has been reallsed
That Tthere are two major problems these countries are
Tacing in their food situation, viz., the inadequalte supply
of food, and the nutritional inferiocrity in Che food Ghey

consulle .

Ald from the developed countries have been given ©o
these nations in essentlally two ways, materially and
technologically., #aterially, millions of tons of basic
foods, which may be merely a surplus 1n the developed
countries, are given or sold at a give-away price Lo the
needing countries, Technically, they are Taught the
modern sclenvific knowledge concerning the more efficient
methods To produce more food im Gtheir own countries Lo
meet the demand and also Tthe technology of food processing
to upgrade their food nutriticnally, with The realisation
of the importance of balanced diets and how to obtain it

in the foods they consums.

The imbalance in diebs or malnubrition widely
prevalenlt among children belonging to low-income groupg of

the population in many developing countries (3) is the
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subject of great concern., The shortage oi protein Ioods
comes largely from the way thelr animal husbsndry is
operated (73) and the lack of relatively modern technology
of food preservation and preparablon results in seasonal

shortage of food in general (40).

In Southeast Asia one of the most important sources
of animal protein is fish (81). It is genewrally consumed
in both fresh and preserved forms. iost of their presevvat-
icn methods are simple. Fish is generally preserved by
salting or processing 1t into products e.g. fish pasgtes,
fish ssuces, dried-salted fish, or a mere refined product
such as ©ish slices which puff in hot fat. The last
product is prepared from starch gel which constitutes some

60 - 704 of the product, mixed with about 20 - 30/ fish

Tlavourings.

Perreauw (60) studied, in censiderable detail, the
phenomencn of puifing and concluded that This phenomenon
relied not on the presence of starch but on the formatbtion
of gel. 30 all food gels possessing sultable properties

such as molsture content and Thermovlasticity should puff.

Sealizing that These puff-products are the readily
accepntable form of food and That the consumption of more
protein should pe encouraged in the developing countries,

the puifing technigue and its application was further

examined., The tecunigues by which the gel structure could



be induced in various types of food especially protein
food were investigalted. [he protein-bvased gelling agents
were studied in furither details and it was hoped that these
studies will provide some knowledge of how Gto produce The
Asian traditional foods contalning high provein coatent,

or how bto present high-protein foods to the needing people
in their own traditional forms. The studies were alsco
conducted on The pulfing techniques other than deep-fatb
frying Go provide a porcus texbture Lo the foods Tthus

improving their rehydratability.

The Thesis is presented in three sechtions. The
first section deals with the study of the Tactors governing
the puffability of food gels. The second section concerns
the application of puffing techniques Lo various Ltypes of
food and in the Third section, varicus heat-shock technigues
for puffing are reviewed. The applicavion of the radiant
heat shock technigues and the rehydration of puffed products

derived from this method are also described.



o ECTION I

CHARACTERISTICS OF GELS AND THEIR PU.



A Gels:

Gel Tormation is8 a very important process in food
chemigtry on which properties of living cells, both aninmal
and wvegetable, depend., In food preparation the stiffening

which occurs during meat and flour cookery, The rigidity

of pectin and starch gels, the high viscosity of many
plant juices, the changes thatbt occur in egg cookery, and
many other processing operatlions are g rfunction or the

gel.

fF

Gels are differentisted from ofther systems in which
small proportions of solid are disgpersed in relabively
large propertions of liquid by the provexty of mechanical
rigidity, or the ablility to support shearing stress at
rest. The rigilidity may be accompanied by viscous retardat-
ion, wnich delays the response to stress; 1t may be
assoclated with slow deformavion under consbant stress,
resulting in Ilow and permanent set; 1t may be reduced or
destroyed under high stresses, resulting in thixotropic
effects. Among these complicated mechanical phenomens,
however, rigidity is the chsracteristic property common o

all gels (25).

It bhas been esbsblished vhal most of the gels,
especially those that will be discussed in this paper are
Tormed through the formation of a three-dimensional net-
work of the molecules by reacting at widely separated

invervals on the chaln or at relstively small distances.



The bonds which tie these molecules into the network can
be eithsr

i) primary bonds between functional groups,
il) secondary bonds such as H-bonds, or,

iii) non-localized secondary attractive
forces e.g. that might occur between

allkyl groups.

It has been shown by a previous worker (60) that
only Those gels formed with secondary bonds or non-localized
secondary bonds thabt can be puffed satisfactorily as those
formed with primary bonds will be too strong to be expanded
or disrupted by steam pressure from puifing mechanismn.
Fortunately, gel system in most foods, except those fruit
and vegetables whose gel system relies malnly on pectic
substances, 1s formed essentlially with Lhese two types of

honds.

The importance of gel in food preparation is

du 1,

illustraved to the fact,

o
+

or example, that the latracellular
proteins of meatv are lu the gel state; eggs, starch and
flour proteins form gels in souffles, puddings, and babter
and dough products (49).

-

B. Purlfability of Food Gels:

{(a) Puffing iechanism:

The mechanism of the puflfing is to create foam



texture in food gels through the vaporization of a portion
of moisture content in vartly dried gels. The steam pressure
so formed will expand the gel tTexbture forming pores within
the gel. This occurs only at certain level of noisture

and puffing temperature when the gel can nc longer contain
evaporating moisture and expands to accommodate it (60).

For example, for 10% starch gel the critical moisture

content for puffing at 400°F is 7.0, and will give maximum

puffing volume at 11.0%,

The formatlion of the foamn texture in the puffed gel
ig, to a considerable extent, gindilar to the foam formation
in "fluff" desserts, c.g. narshmallow, meringues etc., ‘The
textbure so formed is, to a great extent, a function of
rheological properties of The plastic substances making
up the bubble walls., The differences between These two
foam forming mechanisms depend on The fact that the foam
texture products like marshmallow are formed cither by
inbroducing alr into plastic sugsar and relying on the
cooling and setiting to hold the alrx in suspension, or by

incorporating into the mix certain protbteins known as

whipplng agents e.g£., albumin, gelatin, caseln, Tish zlbumin
and soya albumin (51). ‘{he porous Gexture in heat puffed

gels, on the other hand, is creeted Ghrough the eXxpansion
of the gel svructure by moisture vapour within the gel

itselfl

The energy to incorporalte air in The marshmallow
type product is supplied by beating, or pulling, or
supplying air under pressure while the energy for heat

o .
LT3

ing 1s supplied by a neab1 ng medium such as
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not-fat or hot air or radiation. The firmness of a& product
like marshmgllow will normally De obtained through the

practice of hardening of Tthe continuous phase as a result

of either denaturation of the protein component or due Lo
drying and/or cooling of the plastic mass involving thermal

treavment, bul The extent of The Treatment is much less

vr.

pulffing, a very high temperature

i..-..u

1_-

than that in pulffing.

ig reguired for a sufficleant periocd of time to dry the

puffed product to near completion, wiile 1n the former

R i

case (of marshmallow type products) the whole or part of

the product is still soft and coantazins high meisture,

Howmever, cnce the pores are formed the desirable

characteristics of the texture will be guite similar, such
as; for a good product we may reguire uniformity of the
pore size, small average pore size and optimal thiclkpess

T

£ the walls oI

G

the pores.

The formaticn of the pores in puffed products could

also ne explained by The eguation given for The explanatlion

ormatvion and growth of any foam, i.ei-

i,

where ¥, in this case is The pressure exerted by water
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R ig the radius of tThe pore.

The pore can be formed only when Pq built up iz
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thin and wealk enough for I, Go break through. Bo to
cbiain uniform TFirm porous texture smell pores o

thickness of the walls and having similar P pust be Formed

thrcughcut the gel. In sone casss, which wiil be discussed
later, this is not =0, and The products of big, irrsgulax
pore size sre obvained. A holliow "pillow casge” - like
wwoduct 18 s good illustration of how small pores may
NETZe to only one big void.

(b) JFactors Governing the Puffability of Food Gels:

Once CThe gel system 1s successiully induced in g

food, the puffablilivy of the food i1s then dependent upon

wf
two mnajor factors as stipulabed by Perreau (60), l.e:
(i) iioisture content, or, tc be more accurabe,

1

water nolding capacilby of the food.

(ii) “Thermoplssticity of the

-

These two factors are inverrelalted to gach olbher

as when internal pressurss, deriving from the molisture in



the food gel, exceed the plastic sbrength, tie food pulis,

C.

but when the internsl pressures are less vhan, or sgual
to, the plastic strengbth, no puifing occurs., The pressure
is tewpsrature dependent and, similarly the plastlic strength,

necegsary to be in eguilibrium with pressure, is also

o
D

dependent on temperature, molsture content and internal

praessure,

Due To Theilr close interrvelationship, factors

nese two essential characteristics, which will

m
f=4y
e
6]
]
P_i
et
ju]

8]
P

ed in wore detaill, are also interreslsted, and

o
4]
g&l
s
Uﬁ
(::‘
(l’\
U}

nevitably overlap one snother.
¥ b



Factors Affecting Water Holding Capacity of Food Gels and

L

Thelr Juffabilid

=

iiater, regarded as the only solvent of importasnce
in food gels, may be continuous or finely dispersed in

the contvinuous s0lid phase of gel (54),

o

The amount of water present in food gels 1s not
fixed guantity. Food gels from different origins hold

waber of different ¢uantitvties under speclfic conditlons.

It was stipulated by Perresu (H0) that the vapour
pregsure reguired for any gel to show signs of pufflng at
a particular Gemperature is the same, and under those
conditlions The resistance Lo pulfing of such gels is also
the same. However, different types ol gel contain different
levels of moisture Lo give that same effect. For instance,
at 5250F the moisture content of 10% starch gel is 15.7%
while that of 10% gelatin gel is 7.5% to show signs of
puffing. Heonce, each food gel must acguire a particular
"water-holding capacity", and plasticity before the pulifing
state can be attained. This characteristic may be
intrinsic to some foods, bubt in some Ffoods sowme types of

modificiation must be introduced to their physical and/or

chemical properties,

Jater-~holding capacity is defined as "tThe sbility
of food to hold fast to its own or added wabter during
epplication of any force (pressing, heating, grindiag,

ete.)" (38). It can be best expressed in terms of the
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amount of bound walber related to food gels,

o
T

Jater 1s held in gel system in two forms:-

a) that forming part of the molecule,
designated as "bound" water or waber
of hydration in case of proteins.

b) that which contains the digsolved
salts, proteins, sugar, etc., known
as "free" water,

Bound water 1s very closely associated with the
molecule with which it is combined, dififers from ovdinary

water as (#49):-

a) it no longer acts as a solvent for

solutes e.g. sugar,

b) it has no appreciable vapour Pressure,

c) it cannot be frozen,

d) it cannot be pressed from the tissue,

e) it is vexry dense.

Bound and free waters are closely connected that a

portion of bound water may become free and vice versa.
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FIG1 Adsorption Isotherm of freeze-dried
beef muscle (+5°C.)
{(Hamm, 1960).
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It is understeood from the B.L.T. eguatiosn of a
theoretical monomolecular laysr of adsorbed water tThat
molsture in excess of The monclayer value represents

free water (68).

Figure 1 shows a typical adsorption isctherm curve
of dehydrated protein. It is pointed out that (32) the
emount of wabter in (&) region is monomelecular adserption
according to the law of Langmulir. It 1s assumed that the
water 1s bound bo certaln hydrophillc grouovs forming,
between the pepiide chain, a layer of water of one molecule

thick.

The amount of water (b) vprobably represents a
second layer formed over the same hydrophilic groups, so
that in these arcas each of the adjacent peptide chain has
its own water layer. UThe process is called "multi-molecular

adsorption’” by Brunauer et al (8).

The water (c) is formed by the condensation of
randomly oriented water molecules in the hydrated surfaces.
The process is called "capillary condensabion" (%6).

It is experimentally shown by Perreau (60 that
unless it is subjected bto pulifing st very high Ttemperabure,
ary zel containing moisture bhelow mnonolayer value will not
puff. TFor example, 10% starch gel of moisture content lesgs
than 7% will not puff at temperatures up to 440°F, The

monolayer value of this gel is calculated to be 6.75%.



17&

Fuffing does occur only at extremely bigh tewmperature of

BBOOF, and the puffing value obtained is not large.

Perreau, then, suggested that:-

(a)

(o)

The hydrophilic nature of the gel may
make 1€ more difficult for moisture {o

be vavorised To glve enough vapour
pressure as obtainable with free watber.
Bven though pulfing temperatuvre is
suifficiently high to remove all moisture,
but that in monolayer reglon will
contribute only little, or none, to the

puoffing.

The opbtimum Ghermoplasticlty of a gel,
which is strongly related Lo moisture
content, can bpe obbtained in The monolayer
region only at substantially higher
bemperstures. The strongly bound wabter

ig unable ©to act as a "lubricant" TDetween

long molecular chain as free water above

the monolayer.

In pure gel system, egpecially starch and protein

gels, ivs water-holding capaclty, nence 1its molsture

adscrption isotherm characteristics are specilfic and

straightforward; bul when the gel system includes

impurities e.g. sugar, Iibrous materisgls, fat, evc., then



these characterisbics will be changed. In food products
which gel system must be induced before puffing can occur,
e.g., in Fish or meat, the modificalion technigues are
direclbed towards the change of at least two egually
important characteristics of the food i.e. 1its water-

holding cspacity and 1ts texture.

Three factors alffecting the waber-holding capacity

of food gels were studied 1n some denth. They are:-

(i) +bthe effect of soluble solids, especially

sugar,

1

(ii) the effect of changing of pH through the

addition of salts,
(1iii) pre-trecatment of the raw materials.

(i) 'The Effect of Soluble Solids:

reau (60) has tentatively shown that 10% sucrose

in 10% starch zel almost completely inhibits puffing of
the gel. In ©this experiment the effect of sugar on
puffing was studied in greater detail. ©Bince sodium
caselinate was discovered to e one of the bhest probtein-
based gelling agents and as protein foods dominated Ghe
work 1n this paper, so it was thought best o use the
sodiuvm cas3einate gel as a model in most of the basic

studies.
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FIG.2 Typical moisture-sorption isotherm for dehydrated
foods, 72°F (Salwin,1962).



It is well known thet glycerine and sucrose increase
the modulus of elasticity of gelatin (42). BSweetman and
lacKellar (76) report that sugar increases transparency
and tenderness in starch gels, and may turn a gel into a
syrupy mass if present in sufficient amounw, dus bo the
competition of the sugar for watbter, whereby the proporcion

available Tor hydration of starch being diminished.

In pectin gels sugar 1s known to function as a

dehydrating agent (54).

Salwin (68) in his study of the role of moisture in

dehydrated food reports that green peppers which contain

30% sugar have a lower water-holding capacilty than potato
and beef which conbain lower sugar content, and peaches
which contain highest sugar content of ©7% has very peculiar
shape of adsorption isotherm curve which can be interpreted
a2 heving only traces of walter-holding capaclity as 1ts
moisture exerts a high vapour pressure, even at very low

percentages. (See Fig. 2).

Hence, it is reasonable bto advocate that in fTood

elg contsining high percenvages ol sugar, The sugar

o

nhibits or hinders the gel to fully sbsorb the moisvure.

e

If the level of sugar in the gel is sufficiently high the
moisture left in The actual gel structbure may be just equal
to, or well below monolayer level. Hence there is no water
avallable to form vapour pressure to expand the gel, hence

only 1little or no pufiing occurs.



TABLE A volsture Contents and Volumes of Sodium Caseinate
Gels of Different sugar Contenbs:
% % P
sucrose | R.H. oisture Volume/veight

wet Basis of dry gel in C.C./grm
Before After Before fter ruffing

Puffiog | Fulfing{fufiin As Is ivelight

Before

rFuffed
Basls
O 52,0 8.90 1.60 0.75 5.80 20.40
O 45,0 1125 1.20 0.75 L, 00 24,00
O 7.9 1.7 1.50 0.75 480 21,20
O 4.5 17.50 5650 0.75 5650 1275
10 52,0 7 .50 1640 0.75 1,80 S.50
10 a5, 10,00 1,60 0.73 2.60 F.95
10 VEIN! 1555 1450 0.87 2,20 10,55
10 BL.5 20,90 2.50 0.8% 2.5 "7 50
50 52.0 705G 1.00 0.7% 1.20 5.88
30 45,6 7,50 1.20 0.63 1.15 5a 7
50 74 9 15.60 1.55 0.90 Ta55 4.80
50 4.5 22 .50 4,00 0.68 1.42 2,80
50 22,0 4,6 T.57 0.68 0.9 1.82
50 45.6 700 2.27 0.68 0.80 1,60
50 4.9 18.80 4,02 0.67 1.10 2.18
50 34,5 25.50 3075 0.80 C.95% 2,00




RE CONTENT (WET BASIS)

°b MOIST

4G~
———e— 0% SUGAR

- -, "

—k——r—  10%

—_—Oe O 30% "

&
|

— i BO%

B
T

\l_\
\i

s ! ] ] ] H
O O 20 0 40 SO 60 70 80 S0 O
°% RELATIVE HUMIDITY
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sodium caseinate gel.



This reasoning is well proved by our experiment on
caseinabte gel at different levels of sugar. Ten percent
sodium caseinate gels plus 10%, 305 and 50,5 sugar (based
on sodium caseinate dry weight) were eguilibrated in
hunmidity jars at different % relative humidity levels then
puffed under similar conditions. The results are tabulated

and plotted in Table 71 and fflgure 5 respectively.

It is clearly shown in this data that sugar added
e a pure sodium caseinabe gel system acts similaxrly Goward
moisture to that in neabvural foodstufifs of heterogueous

A

nature, The gel absorbs increagingly less moisture with
increasing suger content in low j» R.H. reglons, but the
moisture -~ adsorptlion surpasses that of The pure gel at
higher % R.H., e.g. from &4% upward in case of the gel of

50% sugar conbtent. This can be hypothetically explained

that:

(a) Firstly, it must be realised that pure
sodium caseinate gel and pure sucrose
{in amorphous state) behave differently
in a partlcular humid stmosphere and
thus they give different shapes of
adsorption isotherm curves. (TFig. 5).
That is, the gel gives a btypical 5 -
shape curve wnile sugar, on the other

hand, does not absorb molsture to an

@

apprecilsble level until the R.H., is well

over 20% (50) and thus it gives a curve



(b)

completely convex Toward v - axis,

Sugar, in the gel, acts as a diluent
for sodium caseinate, hence, in the
lower part of the curve, the sugar,
while itself does notv take up any
molilsture, will reduce the amount of
water taken into the whole gel, e.g.
a gel with 10% sugar will absorb
epproximately 10#% water less than a

pure gel (Table 1),

In higher part of the curves where

}_..I

sugar in the sdded gel absorbs more

w0
cf

-l.: ‘f

ter than pure gel under The same
atmosphere, the mechanism of the
absorption is mainly tThrough vertiary
bondings gnd cappillery action and the

=l

moisbure will be Ireely distribubed
between sodium caselnabe molecules and
sugar nmolecules. The sugar under these
clrecumstances could be said o be more
hygroscopic Ghan the scdium caselnate,

at the tertiary bonds and the

da

e

or

1l=

o]
o
-
L}

PD v force exerted by the sugar

I

M

na.

s

stronger Than that of scdium

<

caseinate., Hence the gel with =added
suger will absorb more water Than pure

gel but lesgs than sucrose (and in



Toportion to amount of sugar added
[

(FMig. 5).

(¢c) The sugar not only acts as a diluent,
but 1t also binds closely with sodium
caseinate molecules, probably by primary
and secondary bonding e.g., hydrogen bonds,
polar groups of the side chain of protein
€.3. carbonyl-, amino-, hydroxyl and
sulphydryl groups (3%6). These bonding
s5ites on the protein are believed Lo
extend to waber molecules to form
monomolecular layver. Ianstead, they are
glther parvly or completely blocked by
sugar molecules, depending on the amount
of sugar added. This phenomenon then
explains the reduction of a monolayer on
the curve of The gel in proportion To the
increase of The added sugar. For a gel
with 50% sugar, these sites arve completvely
blocked thus Thewre is no monolayer formed

(Fig. 5).

In fact, we can regsrd sugar and sodium caseinabe
portion of the gel as two separate foods packed in the same
convalner where the molsture can btravel freely between Hthem
until they attaein eguilibrium state. If we do so Then we
cenn predict the final or ecuilibrium humidity in the

package by using the following eguation:- (68

N
A
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H, Effect of solutes on the nuifing characteristics
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of caseinate gels:

2. Unpuiffed pure cageinace gel
b Fuifed i i B
C. " sel with 104% sucrose

do 1 " Hi 20;_(_‘) 7

e, 1t i1 it 50;{5 I
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TADLE 2, Squilibriun

Moisture Content for Amorphous

O

sucrese at 257°C

7o ftelstbtive Humiditya Iloisture Content, % by weight
Dry Basisb Wwet Dasis

4.6 0.9 0.39

8.6 - 1.6 1657
1.8 2ol 2.15
16,2 2.8 275
24,0 4.7 5.95
85.3° 47,7 32430
87.8% 58,4 56,80
90.5% 7% .1 42,25
95.3d S8.7 4%.60
95.8% 146.5 59.50

~  Heproduced Trom kakcower and

Dye (50)

-  Baturasted Sucrose Solution

Hucirose Solutions
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caseinate gel.

a:from Makower & Dye (19586).
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A A BB
Where R = the humidisy abt equilibrium

Rya By | the i1nitlal humidity of the
component A, B,

5&, 5B = the slopes of the isotherms
between The initial and final
points,

wlg WB = dry welghts ol the component

A asnd B.

This is true for the gel with 10 sugar in the lower
portion of the curves zund for the gel with 50% sugar in The
upper part of the curves. The predicted and the cbssrved
figures are shown in Table 3.

The calculation may be undertaken Dy assumlng pure
amorphous sugar and pure sodlum caseinate gels Tto contain
the same levels of moisturs (thus giving different R.H.'s).
Cn mixing these Ctogether, and by assuming thelt we can keep

hem ab Gheir orig

]

[—

ehal molisture levelsg, one may predict

ot
m

&

the % R.H. that the final mixbture will assume. The predict-
ed results of The lower regions of k.H. correspond very

well with the observed % R.H.'s given by the gel with 10%



.

sugar, and that of the upper regions with the gel with 50%

TABLE 5. Predicted and Observed % R.H. of the Gels with

1C% BSucrose and with 509% Sucrose:

Gels Dry Weight |/ Woisture {% Relative Humidity
g (wet basis)|Predicted | Observed

with 10% 96 4 16,6 17.5
Sucrose Ga ) 2771 24,0
g2 8 56.0 44,0

SO 10 44..5 42,0

with 84 16 o8.4 71.0
505 78 22 81,1 81.0
sucrose AL 26 85.5 85.5
70 %0 89,4 89.0

e can say confidently up to this point thalt sugar,

)

mnevher intrinsic or added, definitely affects The water-

q

hoid

P

ng cheracteristics of food gels. 1n Fig. 4 The puifed

3

volumes of the gels are decreasing with increasing amount

of sugar sdded. The product characteristics also deteriorates
with increasing sugar. The gels form localised large bubbles
while being fried, then mostly collapse immediately after
they are tsken cut of vhe hot fat. The size of bubbles

rmed increa with 1 3.1 e her they | ax
formed increases with increasing sugar, hence they collavsge
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FIGC.6 Effect of solutes on puffed volume.

(under 74.9% R.H.).
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more readily. The puffed products become hard snd glassy
soon after belng Taken out of the hot falt, especieglly with
the sdded sugar as high as 30 and 50%. DBrowing reaction

also takes place more readlly with higher sugar contents.

The plot of puffed volumes against the sugar contenls
shown in ¥ig. & are that of gels eqguilibrated under 74.9%
R.H. From fig. 4 and Tig. 6 it is clearly shown That the
sugar as low as 10% can probably be tolerated. Anything

higher than bthat will decrease puffed volume and aggravate

the ovifed product characteristics beyond practicality.

(ii) DThe Effect of Change in ol Consequent to addition

oL Salts:

Salts added to food gels have profound effects on
many of thelr characteristics. In some cases salts affect
the system by altering its acidity or alkalinity, in other

cases the system is directly affected by the salts themselves

through the absorption of salt ilons.

(a) On Starch Gels: Harris and Banasik (38) report

that salt and other electrolytes markedly alter the viscosity
of starch suspensions, some diminishing and others lncreasing
viscosity (76). #ith addition of acid, starch gel tends to
become syrupy due to acid hydrolysis or a "dexbtrinization"

process, thus the viscosity ig lowered and gel~Torming

r

[0}

tendency reduced (76). The alkalies, on the other hand,

increase the viscosity (10).



The effect of salts on sbarch asppears to follow
the same rules as for gelatine and proteins, as regards
swelling. The influence of the anion on swelling is
marked, buv different anions from different salbe affect
gels o different extents, and has been proved to follow
a Hofmeilster lyotroplc seriles, being arranged in order
Cl<Br<IKCHS<salicylate<0lH, Different cations also have
different elfect on whe swelling, e.g. the starch treated
with sodium salt swells much more than that treated with

calcivm salt (65). In general, the swelling increases

wilth increasge in concentration of the salt used.

(b) On Pectin Gels: In pectin gels, hydrogen -~

ion ¢oncentration is very important in gel formation. The
inconclusive work done in our laborabory on the efisct of
acidity on pectin gel as related to its water-holdiang
capacity and puffabllity, suggests that the pectin gel,
formed without sugsr, swells less or possesses lower
water-holding capacity between pH 4.0 and 6.5. The partly
dried gel Tends to have best water—-holding capaclty at pH
apove 7.0 and below Z.5. This seems to agree well with

the work of other workers who advocalbe That the minimum

pH for vectin gel formavion is %.46 (49). However, several

other workers have reporved incoensistent results on the

behaviour of the pectin gel as related to its pH. Hinton

i

29) reported widely on the subject of the modificavion o
L o

Jjelly strength by the adjustmenvs of pll induced through the

addition of acids or alkalis, This elffect, he stated, was

dvue to The slbteration of the balance between the pectin 1in



) 1

the free acid condition, and That in salt -~ combination
caused by the adjustments. He also reported that by using
orange pecvin solution whose pH was adjusted by the addition
of HC1 or NaOH, bthe Jelly strength of the solution rose to

opbinium at pH about 2.0, thern sharply dropped to minimum

0y

s pH rose to about 3.0. Xippen et al (65), on tThe obther
hand, reported that by using pectins and pectate commercially
prepared from citrus peel or apple pomace, Lhe relative

viscoslity of Tthe solution was found Lo be only slightly

r11

dependent on pH, ii the pectin was fully esterified, and

became markedly »H dependent 35 Gthe number of carboxyl

o
]
w
aQ
£

groups increased. They Iound that the viscosity incr

shernly with increass in pH in the range of pi 2.5 - 4.5
and levelled off below and above that range. ‘'This, Lhey

stated, night be attrivutable primarily to repulsion effects
along The chein, with some elongation of the polymeric

molegcule,

it is evident thalt Lthe research results reported in
the literature on the effect of pH on gel conditlions in

pectln dispersions is confusing and indicatbes certailn

|_|

discrepancies unaoubtedly relsbed to the particular

character of The pectinic substances used in particular

)]

riments. Kesults for The present work vhevelore,

SHDL

o
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nnot be c¢laimed to contrivbubte o a greabter understanding
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bhis subject duv mather to dllustrate specific results
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product and viewed from bthe view-—

a1

potentlel puffing oehaviour,

Il

volnt o



(a) pd 3.6 () pH 6.9 (c) pH 1.2 (a) pH 11.85

(upper row : unpuffed ; lower row : pulffed)

PIG. 7 Bffect of pH on the pulling charscteristics of

pectin gels:




The highest water~holding capacity does nobt wean,

nowever, the best puffability in case of pectin gels. As

it was found in gur experiment bhat, in fact, The
puifed voiume cif the pectlin gels wag oboalned when The pH

of the gel weszs adjusted with =cetic aclid to 5.5. The

under the same atmosphere, was nearly ab 168 minimum, i.e.
about 15,1, ahervess the gel of pH 7.0 which held meisture

conbtent at about 20 gave only wedium suffed volume.

flg. 7 shows the pectin gels, before puifing (upper

row) and after puffing (lower row), of wide range of pd

from (a) pH 2.5, (b)) »H 6.9, (c) pH 11.2, and (d)

2es The texture of tGhe

I

pH 11.85. #Hobe Ghat in all ¢

fevours j=2lly formation. However, thnis is true only fox
cervein salt concenbrations, and over cervaln pH range.

~ R Ep v . 1. o e - Pomel e mm A T
(¢) On Frotein Gels: The effact of galts snd pH
on proteln gel sysusm, Though follows the paultern of That
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on starch gel, but is much more complicated, as protein
systems from different sources possess different chemical
and physical properties e.g. composivion and iso—-slectric
voint. However, it 1s suggested That all properties such
as svelling of gels, osmotic pressure, viscosivy, are
affected by electrolytes in a very similsr way to thatb
ocutlined for other gel types. Loeb (47), by working on
this basis, reports that the osmaftic pressure is a minimum

at the iscolectric point and reaches a maximum at 2 higher

o

cidity, and when alkali is added to protein at the
igsoelectric point, a maximum osmatic pressure is again
observed, According to Loeb, the influence of acids and
salbs on osmotic nressure ig practically identical Go
those of the same electrolytes on swelling and viscosity

(10).

Lowe (49) reports that, with acids, the swelling of
colloidal gels increases untll a maximum 1s reached at pil
5.0 to 2.5, when imbibition is decrecased with grester
acidity; and with eslkalies the maximum sweliling ig about
pH 10.5, though scme systems like glubten gels may disintegrate

at This alkalinity.

This effect of pH and salts on swelling and viscosity
of gels iz, of course, directly relabed Lo water-holding
capaclity of the gels, before snd after drying, and hence
the puifaebility of the gels. Work on heteregeneous protvein
zel systems, e.g., on cheese, meat and fish agree well with

this phenomenon.



PG, & Effect of pH on the pufifing characteristics of
cheese g3lices;

(voper row : unpuffed ; lower reow : puffed)
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Fox et al (28) report, from their work on gelation of
milk solids by orthophosphave, that the rate of a gelation
nrocess 1s dependent on the concentration of phosphate,
calecium, and caseinaete complex; and alsoc on pH, Temperature,
agitation, and the identity of the phosphalte counterion.

They show that maximum gelstion rates can e obtalned at

4

b N

nevtrality, and the rates fall off more rapidly as The p

1o

of the systems move toward lower values.

The work in our laboratory on the effect of pH on
cheage texbure and its puffability agrees with the above
mentioned results. The texbure of the cheese becones
increasingly crumbly, discontinuous as pll decreases below
5.0, becomes increasingly plasgbic, gelatinous and sticky
as pPH increases to 7.0, then deteriorates to a broken
texture again at high pH but at a much slower pace. (See
Fig. 8 upper row). ‘Lhese effects relate to the waber-
holding capacity of The dried cheese slices, as can be
seen from Fig. 9A. lhe water-holding capaclity 1ls at its
minimum at about pH ©.0 and increases on either side of
this value to approximately the same level, Thus the effect

of pH on water-holding capacity of cheese proteins is gu

].._I
ot
(3]

d—

similar to that of proteins from other sources such as mes
(which is discussed below) as exenpnlified by the work of
Hamm (36). The shape of this curve is alse quite similar
to that of the effect of pH on gelation rate of milk solids
(which is velieved to have direct bearing on water-holding

capacity of the subseguent curd) as shown by Fox et al (26).
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MOISTURE CONTENT
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of cheese,

(under 43.6% R.H.).



The characteristics of the pulfed cheese improve with
increasing pH (see I'ig. 8 bottom row)., The uniformity of
the expanded Utexture improves concurrently with puffed
volume and this volume increases with increasing pH (see
Fig. 9B). However, the puffed product tends to be soff
and sticky as the pH rises higher than 6.5. As the pH
increases The cheese becomes very soft and plastic, while
stLll in the hot fab, but 1t also expands and becomes
porous, The most desirable pH range, Therefore, for a

cheese pulfed product is in the range of pH 5.0 to pH 6.0.

This pattern of the pH -~ moisture curve also occurs
in the study of the erffect of pH on other types of protein

- gel systems e.g. that of fish and meav.

The effect of salts and/or pH on meat-gel in relation
to its water-nolding capaclilty 1s well documented. Frebein
content of meat variesg from azround 15% in pork to 20k in
beef, veal and lamb., The sarcoplasm of the muscle cell is
primarily proftein, consisting of a group of probteins,
collectively called "albuminoids" (86). ‘These intracellulsar
proteing are in gel state (49), and are soluble in cerbain
concenbtrations of salt solutions such as HaCl, KC1l, Na2 SOqs
Mg504 and NaQHPoq. The other main type of muscle proteins
is the structursl or extracellular protelns, which consist
principally of collsgen and elastin. 7They are ilnsoluble

in salt solutilons (49),
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FIG.10 Influence of pH on the hydration of beef
muscie homogenate (Hamm,1860).
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Weat in 1ts original conditlion wilill not puff. This
is mainly because the muscle is not in continuous gel
state as in starch gel or sodium caseinate gel. The non-
conbinuous gel portion of the muscle 1s separated by the
continuousg phase of the muscle fibres. Thesgse fibres must
be destroyed Lo allow the gel portion teo form a continuous

phase before the meat will show any signs of pufiing.

However, this treatment 1s not by itself sufrficien
to allow meat to puff to any appreclabdble extent. It is
found that to obtain a satisfacbory puffed volume, the
meat paste must be chemically modified so That the dried
meat paste or meat "gel” will possess higher water-nolding

capacity.

Deatherage (17) reports that waber-holding capacity
of the meat is Tthe minimum at the isoelectric point. The
change of pH away from this point will 1lncrease the waber-

holding czpacity.

Hamm (%6) also reports that the minimum hydrastion of
the meat ig obtalned around pH 5.0 which corresponds
apvuroximacely to the iscelectric point of actomyosin, and

the normal pH of the neat.

Grau et al (3%4) showed that the pH -~ swelling curve
is quite similsr to the pH - water-holding capacity curve
(see Fig. 10). It is also known that protein gels have a

minimpom of zwelling at btheir iscelectric point.
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This effect of gcid or base on swelling of muscle is
due to a cleavage of the electrostatic crosgs linkages
between the peptide chains of the protein, therefore

more water can penetrate through.

Citrate and volyphosphates are used in practice to
increase the wabter-holding capacity of fraakfurter-vype
sauvsages and to reduce the release of water during canning
of hsm, Sodium chloride is found to increcase the wabter-
nolding capaclty and the swelling of the meat, by shiflting
the isoelectric point of the muscle to lower pH values by
a binding of chloride ions. However, Hamm and Grau (36),
afber studying the influence of several sodium salts of
wealt acids on the water-holding capacity of muscle homogsnatbe

inn The absence of NaCl, concluded that it is not the effect

of pH alone that causes these changes for differences may
be observed in the effects of several salts at the same
pH value. They suggested that salts with polyvalent anions

are the most effective. Such salts as volyphosphates,
oxalate and citvrate 1lncrease muscle hydration very strongly.
They also sugpgested a seriesg of salts of weak aclids That
increase hydration and rabed sodium pelyphosphate and

sodium-triphosphate as some of the best (56) (37).

AT low Gemperature in the range of O - 2000, meat
hydration is increased considerably by the simultaneous
addition or NaCl and polyphosphates and a nearly optimumn
effect is obtained after sborage of 16 hours at 0°C (77),

(36), (70).
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The work on meat and fish in our laboratory agrees
very well with Tthe above mentloned work on the account of
the effect of polyphosphate salts and NaCl. Our present
work has been concerned only with the effect of the sal
on Ghe high pH side of the curves. However, the effect
of tri-sodium phosphate and "Accoline" (mixed polyphosphates)
on mealt follows the trend of The curve in Fig. 10 guite
well, The difference of the curves of tri-sodium phosphate
and Accoline for iish may account for the Fact that the

chenrical and physical properlties of fish muscle such as

isoeleclric points, protvein compogition, etc. are different
from those of meat, and that different salts have different

effects on water-holding capacity of fish muscle., (See

Fig. 114 & 11B).

(iii) Pre-treatment of Raw iaterials:

A rather brief but szsignificant experience on the
treatment of raw maberials such as Tish or meat prior to
subsequent processes leads us to conclude that the treatments
such as freezing and pulverising have a profound effect on

1

waver-holding capacity of the Iood gels.

(a) Freezing: It is well known that freezing of ge
causes ice separation, The residual gel bheing relatively
ichydrated and the micro-structure dependent on the rate

of freezing. On thawing, The reabsorption of wabter may

be difficult., (10).



slow rabe of freezing causes external formstion of

big ice crystals and water may be comvletely reabsorbed

-

on thawing, while fas

Lo

rate of freezing causes internal
formation of small ice crystals, Conceivably "ovound

water” will not freeze even st very low temperatures,

In general, the more rapid the freezing of a pure
continvous gel, the greater is the damage it suffers and
the less 1U8 subgequent affinity for water. Rapid freezing,
apparently removes part of the bound water, hence the

system increases in volume (10).

For protein tissue gel systems e.gx. in meat and rish,
it 1s shown thalt there are certain critvical temperatures
where damage is more exienslive, ranging about HﬂBO to 0°C.
Damage inm a protein tissue gel is also caused through ice
crystal formacion which ruplbures Tthe physiceal structures
(e.g. cell membranes), and denabtures the protein due to
surface phenomena at the ice-solution interfaces. The
lce formation slso causes the removal of the bound water

gssential for normal structure (24).

Freezing of meat or fish is usually accomnpanied by
toughness due to 2 loss of The Lrue walber-holding capscity
of the muscle (12). The thawed meat becomes tougher and
congiderable amounts of liquid may be lost Through drip

or leskage. It is found that fcr smaller cuts of meatb,

such as individuvsl steaks, the slow-frozen prodvets will



lose more fluid on being defrosted since the relatively
large cub surface enables fluid to be lost before the
mugcle fibres can absorb the thawed liguid, which may be

largely extra-cellular,

Drip has been obsexrved to be related to the acidity,
or pH, of the tissue, and is sbsent from slovily frozen
tissue at pH 6.4 (33). Cole (11) confirms this, in his

work on rehydratabllity of freege-dried peef, that Ireere-

dried meat exhibits grealter water binding capacities than

1

fresh at pH greater than 6.5, but less at pH less than &.5.

Tressler, et al (79) reports that if haddock fillets
are treated before [reezing with an alkaline soluftion
conbalining bufler substances to increase The pH of the

o
iR

fish to nearly 7.0 and then frozen and stored little drip
or leakage will occur when vhey are thawed. ‘laylor (78)
recommended scolutions of tri-sodium citrate, or Tri-godium
phosphate and sodium carbonabe, or sodium hydroxide,

contalning some scdium chloride to be used.

4e have found from the experiments on fish and meat

Thet frogzen rish or meal subjected to similar subsequent

iy
H-

o

processes will n

]

L puff, but 1f They are mascerated with

gddition of salts such as tri-sodiuvm phosphate prior o
freezing the subseguent product will pufl though To a

legser extent than those derived from fresh raw maberials,
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Fulvex tion: Hamm (

(b)

protein structure by

incre

36) stated that loosening of

asing the electrostatic repulsion

of the peptide chains, by proteolytic processes or by
rapid freezing, increases the water-holding capecilty of
at. For this reason, he also showed that loogenin

muscle structure by grinding alsc increa

The more inbensive

olding capacity of

the grinding,

the ground

e

5 meat hydrstion.

[

the higher is the water-

tissue. Incecrease in Gime

and speed of grinding also increases meab hydration.

Hamm also showed

also Influences the resgsulsts

The nigher

v the swelling of tissue,

grinding with mest of hy

, polyphospha

muscle, and, censejuen

muscle To bind added wal
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during - which he s

=)

on water-holding ca

"J

The importance of pulverisas
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rly shewn in

the wabter-holiding capacity of meat,

the more
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g0 disgcussed the effect of
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Lo

pacity of

that water-nolding capacity ol meatb

of wvarious degrees of grinding.
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and consecue

intensive i1g tthe effect

dreblon increazséd by vpresalting
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citrate oxr ATYR.

Lhe saltbed meast wibhoul
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the ability ol the
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ted Lo have

the ground meat.
ion in pulfavility of maat®
our worlk, ieat or fish will



net puff unless They are ground, with added salt, to a

el

considerable extent, and the pulfabllity, as expressed in

puffed volume, incresases with increasing extent of

pulverisation.

A48 iv has becen menbioned, The combined erXfech of
salting snd pulverigation can overcome the detrimental
effect of freezing of raw maberials pirovided thet salting

e - - 4 -

and pulverisation are salorced prior to Ir

‘j
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|
[
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CHaomm a2lso dlscussed Uhe eff of added water and fat
on waber-holding capeclty or bhe meab. He stated Lhat

acdition cf water 1lg dDeneidclel cily to one day post-

.|
o

1.

morteu wmeat, otherwise it will give detrimental effect if
applied on more than one day old mealb.

.

dat lncreeses water retention of meat paste up Co
certailn limite of fat-protein ratio (2.8:1), and will

decrzase The waler retenltlion alb higher coantents of fatl.

o
g
1]

leyy very important roles in water-nolding capacity o

From the falrly sxtensive studies in this present
work of pulfapility in relaftion to the waber-holding

5

¥y of wvarious systems 1t 1s evident thav the
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olding capsacity in a given »roduct end/or may be us

-

]
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J

fellow changes in water—-holding capacity. IT'or example in

[-=et

s given food known to be of gel form, the puffing voluwus

developed as a btest technigue therefore znd night be used
te follow the exfects of pH and added substances ebc. on

the water-holding capacity of a given food,
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Factors Affectiang Thermoplas
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Perreau (60) reportved that thermoplasticity of a gel
is another major ractor determining the puiiing chsracier-

istics of the dried gel.

Ferreau determined the UThermovlasticity of a gel by

determining a tempersture alb which the gel of known moisbure
conbent on his "plastomsbter" collapsss within 5 seconds

alfter submerging it in hot Tat at tha

o

I.

Cemperature. Ie

i

CLI

called this point a "critical softening point" (C.5.P.).
This pclnt of a certaln gesl, of course, varies with

moisture content of The gel, and increasss with lncreasiag
either of moisture content or temperature. ¥When Lhese
points of a gel are plobtted against its moisbture convents,
the steepness of the curve will i1ndicate whether the gel

will puff well or not. The flalbbter the curve the better

the gel will puff, that is, bthe biggsr the pulfed volume

ruffing has been shown (o occur only when the zgel 1is

sul'ficiently plestic and ths internal pressure is significant-

to puffing" of the

of the gel will profoundly affect its puffabililicy.

Three factors nave been shown 1n this present work o

affect the thermoplasticity of a gel. They are:-
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(ii) fat, and

(ii1) fibrous bexture of a raw material,

(i) BSugar: A

As it hzs been stipulated previocusly under the eiffect
of sugar on water-holding capacity ol the gel, sugar is
known to increase its plasticity or soiftening with
temperature. A sugar-added gel becomes very tough and
"rubbery” on drying, and its puffability is greatly

inhibited with ilncreasing amounts oi sugar.

Perrezu postulated that the C.35.7F. curves of the
sugar-added gels against their moisture content would rise
steeply as moisture content decresses, thus sllowing only
minor expansion during puflling. Our experiment on sugar-
added sodium caseinate geils confirms This postulate. AS
one can see on Fig. 6, The curve of pulfed volumes versus

sugar contents drops steeply to about 15% sugar content

-

where it flattens off. The puffed nroducts conbaining

10% suvugar or more pecome increasingly tough, elastic,
wnattracvive, lover in volumes, and brownish., Their

higher elasticity results in a higher resistance o

T
.

fing or expanding of the gel structure. The wall of s

l—:

bubble formed becomes bough and elastic and guitbe
impermeaple to diffusion of moisture vapour. Hence the
increaging vapoul pressure accunulaved inside the bubble

3 o D
4

%111l push itz wall furthe:

i".}

out, thus iancreasingly big,

localised bubble 1s formed. The walls of some exceedingly
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big bubbles may be shattered, allowling The molsture vapouy
to escape while the broken walls, still soft and plastic,
collanse back To the base. Some bubbles however will not
break, even after long duraticn in hot fat and the product
colour becomes exceedingly brown, presumably due to Ghe
toughness of the pore walls which can still hold The high
pressures inside. #olsture vapour inside those bubbles
may diffuse gradually through Che wall, but gome may still
remain. Thus when the product is taken out of the fat, and
its temperature falls, Che vapour pressure decreases and
the bubble wall which is still relabively soff, then
collapses back, resullting in only small increase in volume.
As In the case of cooled amorphous sugser, the product alter

being left cooled to room Temperature will become very hard

=t

he sugar convent 1s high enough. The moisture

<1

and glassy 1
content of this puffed product, normally, is still as high
as 4 - 5% as 1t cannobt readily escape through the "semi-

impermeable bubble walls durving puffing.

The overall effect of added sugar in the gel on

puffing appears o be:

of molsture and reduced tolbal evaporation resulting
in:-
(1) Tonger time ior heat shock to achieve

puffing.

(2) fThe product assumes s higher bemperatures
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time reguired and

through the longe
through reduced evaporation and self-
cooling. 'This will result in
caramelization browning.

The product tends to rebain more moisture
thie completion

in 1ts structure at
viving shrinkage on

i
<3

rapour

of a puffing cycle,
cocling and higher final moisture levels

in the product.

apart from having an adverse eifect on water-

(ii) Tab:
holding capacity of food-gels, fat alsc affects Lheir
chermoplasticity.

7

texture, hence

Enl

ase of calesg and various bakery products fsth
It is, for example

tly influence texbure.
a cake which 1s made

1s known
as

In th
vo greatly
through the mein struciture of
a lubricant so Tthat

streaked

vp of glubten and starch, and serves

when the cake is bitlen, particles of gluben and starch
bubble walls crumbie.

slide on one another snd the
a stilf dough is rolled out. The fat is

the layers of flour znd water

The

In pastry,
is produces flakiness,

flattened into sheeits between

and causes thelr separation. Th

fat 1s alsgo sgueezed in between glubten particules or strands
tough matrix 1s not formed but rather

so that a continuocus
one which is very brittle and short (57).



The characteristic bexbtural gualities of some products
such as chocolates are largely dependent on a plastlcity
of their fat component. Cocoa - bubtter with s narrow
plastic range 1s responsible rfor a brittleness, and an
agresable plastic Lexture Telt in the mousvh (55). However,
the operational pufiing vteuperature 1s much higher than
r2, S0 this property of tThe Tat cannot be accounted

for in the puffed preducts.

In pie crusts, high oroportion of fat is used as a

o]

wrvening agent to prevent the formation of a continuous
gluten network through the dough massg, and result in

baked nproducts that are frisble or flaky (5%), (56).

The flakiness of these products is found to depend
vpon the flour belng in layers with grester and lesser
concentrations of fat in these layers. wabter, presumsbly,

3,

ig imbibed more readily by The portion of the Tlour nob
coated so thorougnly wilth The falb., The proportion of fat
a5 well as 1ts consistency affect Tthe Ilakiness. This
shortening power of fats and oils is attribubed to their
viscosity, surface vension of the oll, the melting point

.

ol the Tat, and orientation of the molecule through the

double bond of the fatty acid chains of the glycerides (49).

Certain ixree fatby acids present in milk, aged st
reduced temperature, are found to inhibit or completely

stop coagulation of the milk by renmnin due to free fatty



acids binding scme of the calcium ions as insoluble salts
(22).
Homoginisztion hastens rennin coagulation of milk and

cream but reduces the firmness of the curd (22).

Fat globules are finely dispersed in homoginised millk,
when this wmilk is used in cheese manufacturing the curd
obtained is soft, probably due to an increased absorption
of casein on bthe greater area of the newly formed fat
surfaces., The curd is fragile and easily shattered. =The
checse develops cracks. This decrease in Loughness of tThe
curd 1is found to Dbe due to the greatly increased dispersion
of the fat which introduces points of weakness in the
structure of the coagulum, and because of the increased
amount of casein bound Lo the fat surface and in no condition
to participate normally in the build-up of the casein fibres

of Ghe coagulum (22), (19).

rerreau (60) showed thatl starch gel with 10% fat puffed

Tto a considerably less volume than pure svarch gel,

el

In reviewing the Uexture effects due To The incorporalion

o
o

of fat in various food products it emerges that the level
and. degree of dispersion of fat as an ingredient simply
inbroduces a discontinulty into the basic structure and in

his way one can maniopuiatce the texture characteristics o

i

-ty

‘oods to give a wide range of properties,



Wwith gels and puifing, as presently consldered,
discontinuity introduced into the gel will adversely
affect pulffability. The introduction of fat, for example,
ngy be compaved with Uhe presence of fibre or tissue which
in all cases reducing efficiency of puffing. For meximumn
puifing efficiency a uniform and continuous gel is desirable.
Fat, of course, does present additional problems such as

"oiling off" during drying etc.

All these fzcis are well substantlated by our work on
cheese and mealt. Ordinary types of cheese such as cheddar

cheese with high percentage of Lat will not pull unless:-

(1)

before the cheeze veing spread and dried,

he fat is rendered oubt of the gel texture

oI

(2) considerable guantity of a gelling agent
such a8 sodium caseinate must be added into

The cheese 1n the process,

Cheege with low Tabt conbteat such as skim milk cheess
and Hozzarelils are found Go pulf very well with little

modification.

vieat, before processing, must oe trimmed so thalb there
is as little fat left in the flesh as possible, or the

dried meat paste

till be olly and will not puff satisfactorily.
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(ii3i) DTdibrous Texbure of Raw laberials:

d-

Fibrous structures are the most important conmbribubors

to the texbture of many foods, In Iruits and vegetables
Tibres form one of The most important bexture -~ influesncing

constituents. Thelr structures range from small, easily
separated cells having thin walls and pectinocus middle
lamellae in lmmature examples to well-consolidated groups
of thick walled cells forming long ccarse and woody strings

in the most mature specimen. The extent of lignificatbtion

tly

of cellulose fibres, The content of celliulose, stages of
7 3 fsim 3

L

cevelopment or maturity, envircament and varielty all play

some dmportant parts ian toughness or Tenderness of fruibs
and vegetables (55).

In meat, muscles are ccomposed of a large number of
fibres gathered together in hundles lying approximestcely
rarallel to one another in a metrix of conneclhive Tigsus,
Fundanentally, the fibres are composed of elastic proteins
and possess many gel-like cheracteristics. The content of
connectlive tlssue in the meat which varies considerably
from sbout 0.5% to 30 or more plays & very important part
in meab tenderness. 4ige, breed, sex, Ieeding bpractice,

1.

size, conditions before and after slaughbtering and -

<
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animal sll play parts in tenderness of animal meat

(86), (75), (36).

The muscle Libres of fish eare also striasted, similar

kelecvsl muscle fibres of higher znimals, and sre generally

i
o
w



supposed to have znalogous wvwlUimate structure. Hence most

1,

or alil of the factor

1]

affecting meat tendernsss are likely
also to affsct fish. The diifferences, of course, lie in

the fact that fish has much legs proportlion and much tenderer

These structural fibres have To be destroyed somewhat
completely bafore the food gels can be puffed satisfactoriiy
a8 they will, otherwise, interfere or inhiblit the expansion

e

the structure during puffling by resisting the vapour

iy

o
pressure bullt up iunside Ghe gels. In other words, these
fibres, if remain intact, will increase the resistance of

A,

the gel thus give hiligher resistance to puffing resulting

in no oxr very little puffing.

In practice, Toods like bananas, fish or meat must Dbe

pulverised to completely destroy the structural fibres »rior

to subsequent processes. Hisp, in particular, must be boneless

and free of the zgkin or scales.



PECHNOLOGICAL STUDY O

LUPFING OF FOOD GulLs



Ao Hon-rrovein Foods:

AtTempts have been made to puff foods of non-prolein

or low protein type such as fruil and vegetables in tThe
nope that pectic substances and starch, which are abundently
present in msny of them, will conbtribute vo lesser or
greater extent, to the puifebility of these foods. Carrot

was chogen to Tepresent s vegetable group and bsnana, a

-,

1

“rult group.

1) arrols: Afver unsuccessiul trials, despite its starchy

nabture, Lo puif potabto, carrot, as a fleshy vemetahle low
3 R 2t k] ¥ (=)

in starch was chosen for The experiment,.

{a) Introduction:

Carrot tissue is known To be high in pectic substances
distributed within the cellulose walls and in the middle
lamellae predominantly in a form of calcium pectate (66),

and bthese appear to be of much hisher provortion in the

stele or central cylinder thsan in the cortex (85).

Sterch granules constitute sbout 0.71% by welzght in
young carrotes (53) and gradually dissppear st laber shtages
of growth (85). Sugar (as invert sugar) forms about 4.4%
of the web weight 1la young carrots and 4.2% in old carrots

(5%) (85), snd Tfivre about 1.0 (85),

One can gather from this information, then, Tthat

pectic substances probably play more imporbtant varts in
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Torming gel Gexbure in the carrot than starch, thus its

vuffing characteristics will be more TGowards that of

0]

1

0

pectin g »
Ferreaun (60) concluded from his work on carrots
that carrot slices can be puiffed satisfactorily after
being subjected to boiling and leaching before drying, and
thnat the gel matrix responsible for pufiing is Gthe pectin
in cell walls with possibly some assistance from intra-
celiular starch, The leaching is to reduce the level of

soluble sugar in the carrots to puffahle levels (60).

(b) Experimental:

fregh carrot of various sizes and ages, sliced to

gpproximabtely 1/16 inch thick were subjected to:-

1. drying to the moisture lewel of about 10%, and

2. Dblanching and ieaching prior To drylng to

gimilar level of moisture conbend.

The dried slices from both treabments were subseguently
puffed in 2 hot fat. The moisture conbents of the slices
Eal

before and after puffing and their puffed volumes were

racorded,

Frocedure:

Carrots were sliced crosswise on a domestic vegetTable



slicer to a thicikness of 1/16 inch. The average total
soluble solids of tThe raw slices as measured by a

refractometer was 8.7,

Half of the slices were spresd singly on metal
trays and dried 1n a hot air chamber abt approximately
o o ) 1 -~ !
1207F for 536 hours. The slices were turned over once or

twice during the course of drying to obtain uniform drying.

The second nalf of the slices were blanched in
boiling water Tfor 5 minutes prior to washing under running
tap water for 4 houvrs. The average tobal soluble solids
of the washed (leached) slices were determined by bGhe
refractometer to be 1.5%. The trested slices were Lhen

dried in similar mannsers as for the [irst batch.

The molsture contvents of The dried slices were
deterinined., The slices from both trestments were then
puffed in a hot fat ab B?OOF Tor approximately 10 seconds.
The displacement veolumes and moisture contents of the
pulfed siices were determined. FProcedures for pulfing
the product, determination of necisture contents, and

volumes of puffing arve detalled in the Appendix

nesule:

sost of the soluble solids in carrots are leached
out by blanching and washing the slices. The total soluble

solids decrease from 8.7% to T1.95 resulting in significant



difference in charascceristics of The dried raw slices and
dried blanched and leached slices, i.e. the latter are much

thinner and smeller as can be seen in Fig. 12 (c¢) as

Y .

compared with the former, (s). The weight drops from an

original fresh weight of 165.0 gms to 19.0 gms for the
former snd 7.8 gm for the latter. The molsture contents
and volumes before and after puffing of both cases are

tabulated in Table &4 bpelow:-

Table 4 The olsture Contents and Fufifed Volumes of

Carrot slices:

Treatment Y Moisgture Vol/wgtv., cc/gn
After Fuffing
Befoxre After Belore bs Wet. Original
Fuffing | Fuffing [Fuffing Is Before |dev wghb.
Fuffe Basis
Basis
Fresh Raw
blices #89.0 - 0.978 - - -
Dried Raw
3lices 10.2 5.5 0.684 12.19 | 2.47 0.284
Dried
Blanched
Leached _
slices 9,0 2.0 0.680 12.55 | 5.84 8.182

(* From "The Structure and Composition of Foods'" Veol. 1II;
Vegetables, Legume, Fruits; ©p. 96; by i4.L, Yinton

and ¥.B. Winton).
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{(¢) Discussion:

i) The effect of amge and size of the carrots:

The carrots used in the experiment are of various sizeg
and ages. The younger rools tend to have smaller steles,
less fibre and slightly higher sugar conbtent. The size
of the stele also varies with the size of The root. Iven
in the same roov, slices from diiferent parvs of the root
tend to vary in size, tenderness and sugar concent. Hor
example, the slices from the upper end (i.e. that attached
to the leaveg), tend to be bigger, tougher., more mavure
and generally much bigger in stele size. All these

P

discrepancies contribuvé to different characteristics of

the puffed products.

f'or raw siices, the younger and smaller slices,
ouff well and expand to full volume while sTill 1n the
hot fat, bvut shrink immediately when Taken out, to a much
greeter extent than The older and tigger ones. Phis is
probably duve to slightly higher sugar contents, giving
rise Lo hnigher thermoplasticity, and more tender fibres
that are not strong engugh to support the expanded texwbure

when cooled down. The reverse is true, however, in case

¥

of bplanched and lesached slices wherle those from smaller

and youanger roots vtend to pulf veltier snd more unilormly.
In this case 1T 18 probably due To less variation of ©F
texture between the stele and the ccoriseX and the fibres

aTre more tender so that they exert less resistance To the

x¥panslon of the texture.

~1



The ring separabting Lhe stele and The cortex in
both raw and blanched and leached slices is so tough and
fibrous that it complebely inhibits the sxpansion of the

texture around that reglon as can be seen in Fig. 12. In

-

L

Fig. 12 (b)) the ring tissuves simply stay intact causing a
flat, unexpanded region around it. In Fig. 12 (4) the
tissues slso stay intact thus casuse indentation of the

fed structure around the stele.

v
I
iy
f'r)

ii) Puffing characteristics of raw carrot ss

compared with bDlanched and leached carrot:

1 Puffed Volume: IFrom Table 4 one can see that vol./wgt.
o

of the blanched and leached carrot is considerably grester

Jga PR SO

than that of the raw product either as is, or a weight
before puffed basis. This datz may nob, however, represent

el
P

the complete picture with regard to maximum pui’

ing volume

on heat shock treatment because in fact:

(s) Raw carrots tend to shrink and although

5

their ultimate cooled volume may be less

shan the leached aad blanched equivalent,

thelr puffed volume while still hot may

%

be ter., The extent of the shrinkage

0y

re

02

can be slightly reduced by prolonglng the

time of immersion ol The product in hot

bty

fat if the colour of the product can be
secrificed. (Colour generally turns

dark brown due Lo carameligzgation of the
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sugar in carrots).

(b) Peginning with The same fresh weights
the final product weight of blaanched
and leached cervots 1s much lower than
thaet of Tthe raw ones. Ais they are
recorded, from the fresh weight of 165.0 gnm
the final product weight of the blanched
and lesched carrots is 8.5 gm to give a
volume of 30,0 ¢.c. as compared to 21.4 gn
and 47.0 c.c. foxr The raw ones.

(¢) From (b) if one compares vol./wgt. based
ornn the original fresh weight (of csrrob
slices) of bolth products one arrives at
figures of 0.182 c.c./gn for the blanched
and leached carrots to 0.284 c.c./gm for
the raw ones (See Table 4). Hence in the
leaching or blanching of product before

puffing o significant loss in recovery is

gncountered,

=y

or

iy

(2) Uni ity of texbture of puffed products: Microscepic

ral .

examination confirms the fact that the blanched and leached
carrots pulf much more uniformly than ©their raw counterpart.
Under the microscope the surface of tThe former is very
smooth and uniform as also its cross seclbion which shows

very uniferm minute pores as compared To that of the latter



with non—-uniformed localicsed big air pockevs. The former
is also much crispver as compared to Lhe softer and chewier
characteristic of the raw-puffed product. The inferiority
of the raw carrot product isg obviously due to the higher
level of sugsar, the elffects of which hag been previcusly

discussed.

(%) TFroduckt colour: A typical caramel-brown colour of

the raw csrrot vuffed product is due to caramelization of
the sugar and also posslbly due, Go less extent, to Gthe
non—-enzymic browning reaction bebween the reducling sugars
and proteins which constitute about 8.80 (dry basis) in
the carcot (8%). This colour on rehydration, will change,
to an appreciable extent, bowardsg the original colour of
fresh carrot slices. The blanched and lezched carrot
product gives bright light yellow coleour which will fade
to much paler shade on storage due to the oxidation of
carotene to beta-ionone with the development oi a violet
odour (68). On rehydration this produci does nobt regain
The original Iresh colour but will gilve an unattractive

vale-yellow colour.

(4) Taste: The raw carrob product give moderately sweet

saste with quite pleasant odour while the plsnched and
leached product 1is Gasteless with svrawy flavour due To
che loss of most of the sugars and other soluble materials

which constitute good carroty taste and flavour.
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a Cconciugion: I% is concelvable at this polint
(&) I .

then, that the carrot slices, eifher raw or Treated, can
be puffed to an apprecisble extent. The »aw carrot product
can be produced simply and cheaply as either a snack type
produch o a preduce rer rehydration. The blaonched and

—~

leached productk, on the other hand, will prove Lo be &

-

olids can

Ul

superior product all round i¥ the lost soluble
be recovered and added back Ho the finzal prodguct and the

fading of the colour durlng sborage can be prohibitad.

o

Both products which can, doubtless, be casily ground may

sting progpect o a soup manufaciturer

6
n

nger

~
}_.I
0

provide a very

ied carrots as one of his ingredients.

[
@D

who needs ground-d

L]
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IT) Bananas: Banana was chosen to represent fruits in

our work becauge:

(1) it possesses a compacht, gel-like texture,

(ii) it has soft texture and low content of {ibre

which can be easily destroyed 1f regquired,

(iidi) it ies a starchy fruit when green which will
mostly convert o sugar when ripe so that

1t can be used to 1llustrate the effect of

—

sugar on puffability of fruits and methods

of modificavion by the use of gelling agent
such 28 gsodium caseinate, and

(iv) it is & readily available tropical fruit.

(a) 1Introduction:

Bananz 1s extensively grown in tropical and sub-
J B -
tropical countries of the world., It 1s described as the

poor men's fruitv in Tthe United Stetes., Many types of

banana products are well known, especially in tropical

1 -

N
A]

countries, svch a5 dried fully »ipe bananas ("banana [igs"),

[

g breakfast food ("baznana chivs") and banans-meal which 1is

made from Gthe green fruit while still starchy (8%).

The bansna Ilesh is white when green and starchy

but Turns creamy when ripe. The bulk of the fruit, starting
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from the middle mesocarp where the rind sepasrates, 1s made
up of large rounded starch cells, fibro-vascular bundles,
and oleoresin cells then ancother layer of radially arranged

chains oi sbarch cells in 1loose contact and fibrovasculal

pundles and oleoresin cells, and ends up with endocarp of
a - 3 1 a0 . . Mo ) £ o
radially wuch elongsted nolygonal, thin-walled cells (85).

The starch which constitutes the great bull of The
carbohydrates at The time the Iruit reaches its fTull size
is ropidly converted inbo sugar during ripening. It is
reported that bansna ripened ol O87F alter 14 daye at
5%7% reduces its starch content from 7.520 to 1.625 of
fresh pulp between Ghe nineteenth and TLhe twenvy-fourth
sotal sugars increases fronm

day from harvest, while its

6.5%2 to 11,250 end sucrose from 1.8%96 to 2,560 (57).

Like other types of
one of the most important constiltuents in the middle
lamelliae of bthe banena Tlsgsue. 4 merked change in the
pectbic substances also occur during ripening. On storage
the amount of soluble pectvic substances increases, while
the votel pectic substoncesg decrezse, The peclbin incresses

-

from 0,275 to 0.404% of fresh pulp during 8 days in rinening

| -~

room, while protopectin decreases from 0,535 to 0.225 during

Fivre, meinly in the form of fibro-vascular bundles
forms about 0.625¢ o 0.57» of the banana flesh depending

on the variety. In fact, the smount and toughness ol the
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Tibre slso decrease considerably during ripening (85).

It is obvious at this point, ©

L]

herefore, that the
gelavinous Gexture of the ripe banana 1is conbributed
mainly by the soluble maverials such as sugsr and pectin.

It can also be expected that the puflfavility of vanana
flegh is definitely dependent on its stage of maturity.
High level of starch in green vansnas will, no doubt, aid
in forming gel texture, nence pulffing; while high soluble
solids 1n ripe banenas will be a great inhibitive Tactor
to the puffing. It can wightly be assumed also That fibre

will play no important part in the puffability of the

banana

{(b) ixperimental:

It is very unfortunate that green vanznas cannot be
readily obtained in dew Zealand, so The cnes thet were
used 1n our experiment were those From Flji which were
readlly avallable. The variety and stage of ripening of
the bvananz were nol known,

e

rrocedure: The foliowing attempts to puflf vananss were

condguctaed: -

(i} Bananas were sliced both cross-sectionally
and longitudinally to about 1/16 inch thick,

s s O . v . N
dried at 1MO0F for 726 hours, then puifed in
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(ii) Bananas were firstly blanched in boiling

water for 5 minubes, then proceeded with

(i1i) Bananas were blanched and pasted, then
gpread thinly on metal trays Lo dry at

-

On o _ ; .
T1C07F for 3% hours, Ghen oulffed as (i).

(iv) Bananas were blanched and pasted befove

g certaln amount of a sodium caseinate
powder and water were incorporated, Tthen

proceeded with as (iid).

01 all these four atbempts, only the fourth one
could be puiffed very successfully. The failure to show
any signs of puifing of the first three can be only

abtributed to Too hign the level of the soluble solids

(17i0 of the flesh as deterwnined by a vefractometer).

i'he details of the procedure employed in the (iwv)

The whole vananas (within the peel) were nlanched,
so Ghat Ghe losg of any constituents would e at a minimum.
i s . vt _ _ 3Om o i o
The hlsnching was carried out aC 212¥F for 5 minutes before

they were peeledc. The banans {lesh was then pulped in the

1

¥
Tl

"Kenwood Mixer" until it Tecame simooth -~ watery pasi

of e!
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T¢ was dizcoversd Irom a geries of trials thalb the

P

]

addition of #40 parts of The sodium caselnave and 140 parts

i
it

of wabter (preferably hot) to 100 parts of the banans paste

save & good Jelly paste and good puffability,

The sodium caseinalte powder was [first dissgelved in

hot water and +this solution, which was in an excellentd

state, was added 1nto the bansna paste in the miuxer and

[

the totel mass was then blended for a period of time until

a smooth, gZel-like paste was obtained.

The mixture wss further homogenised with the "3ilverson

to oblbain = very smoolh homogeneous paste.
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and divided up into three portions Lo be egquilibrated in

the abmospheres of 43,65, 74,95 and 84,55 relative hunidity

for & days {(Zee Appendix for wmethod), before being suffe
in nol Tat.
.8 in she case of the carrolts, vhe moisbure conbents

and volumes of the product before and aitzr U

devermined.

Hesult:  dhe inportence of wmoisbture level

in thisg perticular product was recognised when the sawples



Table 5.

Moisture Conbents

and Purffed Volumes

of Bansna EFroduct:

=5 Molsture

Vol./wgh., c.c./gm

Before After Before After ruffing
Futffing Pufling Fuffing ds s J4zt. Before Fuffed Basis
Ordinary Pillowcase Ordinary Pillowcase
{Thin gel) (Thick gel) (Thin gel) (1Thick gel)
565 560 1.1 2.0 2D 24 2,65
154 4,75 1.0 T.6 D08 2.7 4,40
18.0 B.25 0.9 1.6 5.4 1.9 6.50




gere taken out Lo be pulfe

ihickness of the dry pssce

o
part in the puiiing charac

maximul

volume

o)

-3

d at different stages of drying
aloo wlays very signiflcant

verlistics of This produclh. fhe

pouflfed volume at a moisture

1

Zlrh
[t

sin

O

with dinecre

~
[£9

Jdecrea

thick dry vaste (about 1/10 inch),
of The moisture conbent 1s reversed
to form a hollow "willoweasse" - Like

product on pufiring. The higher the moligture Lhe biggen
"sillowease strucbure the broduct formed, hence the bigger
the puifed - wvolume. Thes results are Gabulsted in Table 5,
(¢) Discussion:

(1) Zodiuvwm caseinate as gelling agend:

AS one can expect, level in banana puln is 30
high that 1t destroys all The pogsiblilules of Lenanas o
pufl ss is,. Hurthermore, The level of <tarch and pectic
spbstance in ripe bansnas i3 Too low to conbribubte To The

fne mogss vopular brend, S0

aGditive In this cazse.
LGhenpts To schieve

in a powder Torm into ths

oo bhe

O EHET

incorporacvicn of zcdiun cagelinate
vansns prebe were uasuccessiul



through the difficulities of abttalning efficient mixture o
a smooth homogensous paste, Digsolving the powder in an
adecuate amount of hot water prior to incorporating into
the paste is much sgasler, snd results ian a smoolbh Jjelly-
like gpaste. The advantages of fthis technigue are enough

Eal

I'set the disadvantaszes of tThe additional amount of

)

To

Q

&

waber o be removed in The drying stage.

(1i) Homoginisation of the paste:

n
r

The homogenisation of the pasbe with the "Zilverson
mixer'" is necessary to ensure complede wmizing of all
components and for the bresking up of any possible lumps
of bananas or sodium cazelnate. Cars must be telken,
however, To ensure Lthalt wo alyr is incorporated into the

paste a8 sodium caselnate ls alsoe an excellent foaming

agenl, Any minute air pockets 1in The dry paste appear Lo

E_.l

upset the expansion of the paste during pulfing by
permitting accommodation of sone vaspour pressure bullt
un inside the gel texbture which would otherviise expand

iy

the product structure.

It is difficuli to gpread pasve in a walferm thick-

commercigl Trzys suitable for such laboratory scale work

are not completely flst. norecver 1t 1s =zlso obviously

lmporsant GThal the Trayg oe held in a compledely level
- . L= e ] o T m .
POS1ICIOn GUXINnE GIXVIng.
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stage lezding bto variability in gel Chicliness, aclbus

1y

6

led vo the accidentel discovery ol an imporbant productH-
form alternative (i.e. the formation of hollow "pillowcaze®
type products [rom gels of thicker than norvmal tyves).

period for atmosoyheres of

gifferent ig sulflcient. This
is also conlfivmed by cer: from his vork on
of DL I,

] v

22.C2 bo 92,24, Uhe level of moisturse in

co ne of extremne importance in

Ead

cterisblcs of the puifed sroduct,

sgriations in ChelracTterisztics o
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to form a cuase hardened surface ou Arying due Lo a slow

noigvure oo Lhe soriace of
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bhe cross secolon profile of Tthe dissscued paste aitex
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e Bugsr snd She non-enzyuic brovining reaction be

he reducing sugars in the hanena end provtein molecules

Trom scdlum cazeinste. The compromise to reduce the

comparlison To The ordinary produch
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PIG. 12 mIfect of moisbture and thickness on the pulffing

3
R

characteristics ol a banans product:

=
O
i

-
O

: unpuifed

a) 9.5 molisture

1lowcase'.

I=ds

d) 18.00% : , 'p



The puifed tanana paste of both types are shown on

(d) Conclusion

It is shown Lo this point, Gherefore, that food-

Ll

stulls of almost aany type can be puffed successfully,

irrespective of the intrinsic inhibitive

material, provided that a sulliclent zmount of gelling
sgent such as sedium caseinate 1s added to induce a

continuous gel Lexbure. The manipulstion of bthe thickness
end moisture of the dry paste is essentisl Lo oblain
satisfacvory puffed products.

MJ

ruffed bansnas products are potentially possible as

a snaclk-type food. However, more work is needed to stud

&

the causes and lnhibitive or preventive mesasures of The
ey - . - - - . - ) iy w - ey > - |
browning reactlon, snd also ways by which Ghe banana

levour can be retasined or incressed in the products.

(]

feet of atege of maturivy oun

bhananas is al80 NECessary.



B Protein ¥Foods:

It was another sim of the current studies to increase

@

aubtritive value of The traditional Asian puff-foods. To
present proteins in an slready accepbable form of food
such ss puifed products Lo the people where protein

maloutrition is widely prevalent is a praiseworthy cours

a
h

The studies in This seclbilon are devoted to the finding
ways by which the readlly svailable protein food such as
dalry products e¢.g. checse, and other animal protein e.g.
fish and meat can ve Turned into gel texbture and subseguentc-
puffed so that the products can be consumed as such

or can be easily rehydrated, aided by The porous texture,

for other uses.

Cheeses slready possess gel Lexbures associated

to puff r

&
-

h the casein curd and were expeched adil

"-_;n
Lt
e
5

n 1itvtle modiricstion. On the other hand, fish and
meat are ol heberogeneous nature with high proporfions
Nal L L) b} N~ . - - - e [+ |- - - J

T fibres and obher components such as fabt and soluble
solids. Hence some inds of vreatment must be employed
£ ",11"!"—- I 5 an h PR (”‘I . 1,1 ¥ ‘C ] ey T L ' ( .t“ o
co alter their physicsal and chemiczl properties so that

the continuous gel texture is lnduced and the intrinsi

O

. r

lnhibitive components are destroyed or modified to allow

food. It containg in concentratsd form slmost all the

rroveins and most of the fat, as well as essential minerals,



vitamins and other nutrients of milk (69)., The cheese
curd conbains calclum caseinate, which hags become

L
iN

paracaselinate 1t rennin ccagulation has been employed, or

in part free casein if the coagulation was the result of
incressed acidity. Most of the fat and portions of
mineral and vitamins remains entangled in The casein or

-

paracaseinate gel (76).

There are prchaoly about eighbteen distinctive
varieties ol cheese differing primarily in the fat content
of the milk, The source of the milk, the method of
coagulation, the moisture content of the cheesgse, and
chenges after curd separation (76).

It has been advocalbed eavlier that fat content and

molsture content profoundly affect the puffability of

fety
4

food gels., Cheeses of different levels of fat content,
moisture contents and hence tThe smcothness and continuity
of the gel texture will very in propertlies necessary for

pulfing, and may need different ways and extents of

modilfication before they can ve puffed succeszsiully.

FParmesan cheese, representing herd texbture and
high fat conbent; Mozzarella, representiag soit, plasvic
- curd cheese of medium Tat content; and sikim milk

cheese, hard with low fat content, were svudied to sone

depth,
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(1) Farmesan Cheese:

(a) Introduction: Parmesan is a nawne of a group

of very hard cheeses which nave been made and known Iin

Italy for centuries as Grans. The difference among the
cheeses within tnils group are in size and shape and in
The method of manuiacture. It is made up of a skimmed

cow's milk with a starter contalining heast-resistant

lactobacilli and strepbtococcus Ghermophilusg and is cured

“or at least 14 months uvatil a very strong characteristic

i

flavour is fully developed. Fully cured Farmesan is very
hard but can be grated easily. 1T consists of 505 moisbur
and 284 fat and the rest is mainly orotein (£9). It

becomes extremely hard and crumbly with a considerable

degree of oiling-off when dried to about 10 to 159 moisture,

This broken gel texbure aloang with very high falt pgortion

nossibilities of puffing the

M

is enough to mar all The
cheese as such. The following experiment was selb out To

study y5 by which these obstacles could be overcone.

{(b) TExperimental: The sodium caseinalbe was once

more employed as a gelling agent to promobe a continuous
gel texture in The cheese and dilute the adverse effect

Tthe fat. Various vroportions ol cheese vo sodium

i

0
cazelinate were studied to find the optimum ratio that

gave the best pulf-produck.

Procedure: Fearmesan Cheese was grated with a cheese

gratver Lo suificiently fine particles to provide ease in
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mixing with sodium caseinate powder.

The following proportions of grzted cheese to sodium

caseinate powder were used:-

sodium caselnatce,

1 part of cheese to 1 part

ii) 1.5 perts of cheese to 1 part sodium caseinate, and
iii) 2 parts of cheese to 1 pert sodium caseinatve.

The grated cheese was thoroughly mixed with the

sodium caselinate powder prior to the addition of hot water
in twice he amount, by weight, of The mixture. The whole
mixsure was mixed well before being homoglinised with tThe

”Silvgrson Mixer" to a smoobh Jelly paste. Great care was

taken that no air wes incorporated intoe the

The paste was then >1la3

vias

provide a thin film so
inch thick. Drying w

at 1ﬂOOE for %G hours.

The dry paste was then cub into small s
prior to vpuiffing in the hot Ialt at 57OOF for 10 seconds.
The moisture conbents and the volumes in ecvery case were
deternined belfcre and aiter puffing.
Resuli: The volume per welght ol the dry psste was simila
in all cases. The npulfed volume of vThe product decreased

pas

LC.

tic trays Lo

about 1/16

quare plieces



with the increasing proportion of The cheese in the mixture.

Results in detball are tabulated in Table 6.

Table 6. The Ratio of Cheese Lo Sodium Caseinate, the

Moisture Contents and ¥uffed Volume of Farmesan

Chesse Froducts:

Cheese:sodium v Wolsture Vol./wghb., c.c./gn
Caselnate Before After Before After rufifing
Pulfing Fuffing {Pulfing { i85 is WET .
SBefore
Fuirfad
Basis
/] . /I 5«5 235 008 jo6 5021
1.5 ¢+ 1 5.6 1.9 0.8 2oL !
2 1 5.8 2.2 0.8 1.8 2.7

(¢} Discussion:

1) The effect of sodium caseinate: Sodium caseinabe aclis as

4

a pinding agent thet bvinds the crumoly caseln structure of
the cheese i1nto a convinuous gel on the one hand, and diluces
the fab content of the cheese down to a tolerable level on

the olbher hand. The sodium caselnate powder has 1ts

adventvages as well as disadvantages over olbher tynes of
gelling szents such as starch. It can be dissolved to give
a paste 1In cool water, and it is an excellenlt protein
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tends to form hard lumps which are very hard to bresk =nd
ompletely digsolve, TIts solubllilfy can be increased
- ) . , , O .
several fold, however, by heating up to about 180°F while

stirring the paste.

The therough mixiog of Lthe sodium caseinate powder
with the finely grated cheese also helps increase the
solubility of the powder in the added waver to form a
continuous gel texture., Hot water ig used Lo ensure the
complete dispersion of both cheese and the sodium caselnate
powder 80 That homegenisabtion with the "Silverson Mixer"
cen ve accomplished with ease. The maln set back of adding

10C;0 water intc the wiwbure, however, 1s chat the amount

of water Lo be dried is accorvdingly increased.

The amount of water used can, nevertheless, be

o ]

reduced considerably if

1

he Thiclk mixture can be heated
. O e s . . . ,
evenly t0 about 1807F while being homogenised but since

the spreading of The paste on vo trays was done manually,

the thinner the paste, 1.e. with meximum added water, The
casier and the more uniiorm Lhickness could be obtained.

Also, with higher proportion of cheese in the

nixture the easier it can be smoothly pasted.

C.J

ii) On drying: The paste tends to oll-off on drying
leaving an appreciaeble amount of o0il on bobth surfaces.
The extent of oiling oif 1s highexr, of course, with a

higher proportilon of cheese in The paste., This reduction
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in oil conbtent on drying probably helps considerably in
increasing puifed volume of the products. The oill, which
normally will completely inhibit puffing, as iT can be
recalled that 10 fat content is sufficiently to almost

id of

O3

completely inhibit puffing (60), but with the
oiling-off, the oil content 1s reduced to a puffable

level.

1ii) Bffect of moisture level: 'The effect of moisture on

puffing characteristics was not studied extensively in this
case., During Uthe course of study, however, it was found
that the puffed product characltberistvics wefé deteriorating
with increasing moisbure contents of Lhe dry paste prior

to puffing above 10%. The ftexture became less uniformly
porous, and localised big air voids were Tormed with
subseqguent higher fat pilck-up of the puffed producf
resulting in the product Utendency bto be softer and less
attractive to eat, Furthermore 1t was found tThat the dry
paste immediately after being subjected bto drying in a
chamber at 110°F for 36 hours, gave the best pulied product.
So it was decilded that the study of the effect ol wvarlous
molsture contents on pulffing characteristics was notu

necessary in this case. The moisture of the pastes studied

was kept well below a critical 105 level.

iv) ruffed product characveristics: The texture of the

preduct, in most cases, was uniformly porous and crisp.
g1, - w ] - 3 - 2 yy e = L]
he properties, however, deterlorate with increasing

proportion of the cheese in the paste as can be seen in
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fTect of levels of gelling sgent on the pufling

characteristics of marmessn cheese:

a) 1 : 1 cheese : sodium caselnabe

b) 1 8 b + 1 : " i
C) 2 ¢ 1 i . H i
(upper row : unpulfed ; lower row

e
=
48]
p_}

p——

':U..‘.
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Big. 14, ‘The dry paste (upper row in the picture) and the
puffed paste (lower row) are, of course, not of correspond-
ing size. The plcture merely shows the deterioration in
the overall tewiture from (a) to (b) and (¢). The 1 : -
product (a) is extremely uvniform in porosity and crispness
while (b} shows locallzed bubbles that either collapse or
shrink vack after puifing., and the whole structure tends
to curl up or shrivel after full expansion of the texture.
The mealiness feeling iln the mouth on chewing the products
also increases with increasing proportion of the checse

in the paste.

The thickness of the dry pasbe also contribubtes, to

1

some exbtent, o the product characteristics. The ©

- .

nin dry
paste (not over 1/16 inch) puifs better and gives more
uniform texture wihile The tchicker forms tend to produce air
pockets and may remain much softer aflter puffing with

i

higher fat pick-up.

.

1=

The flavour strength of the product lncreases, o©

1 increasing proportior

I [
A

1 of cheege usged. On a

T
Il

course, W1T

tentatlve Taste panel trial, however, it was significantly

agreed that a2 1.5 : 1 ratio was the most Tavoured mixture
as far as the {lavour and crispness were concerned though

some of the tasters prefered slightly milder flavour,

) Conclusion: It is demonstrated once azain that

[

any type, even though they contaln components

<O
=

(G
Tfoodstulfs

inhibitive to pufiing, can, with the aid of good gelling

@]



agents like sodium caseinate, be made to puff satisfactorily.
This, indeed, opens the door to a very wide range of puff-
products. Sbarch can be used as g very cheap but low
nutrivive value gelling agenlt, while sodium caseinate

represents a more expensive bHut a nutritive gelling agent.

The cheeses of strong and attracbive flavour 1il

l_l

Farmesan posgsess a grealb oobentlial as a snack-type pulf-product
Produvcts of this type could be useful in bringing protein

foods in an attractive and accepiable form to certain societbies
in e.g. Asla. koreover certaln populabtbicns unaccustomed o
cheese as a product vul in need of additipnal procein would
more readily accept the puffed form of prbducﬁ. ruffed
products of this type would also have potential markets as

Yenack type" foods in Jestern markets.

(2) i#ozzarells and Skim-Milk Cheegesg:

(a) Introduction: Studles on Parmesan cheese

orovided aun idea that cheese with a conitlnuous gel—-texbure

c‘

and a reasonably low fat content would puff satisigctorily
in its originsl or part drisd form. Any cheese that could
fulfil This specificatlon might be simply sliced, dried
and puffed without any addition of a gelling agent like

sodium caseinste.

It was suggested, then, that lozzarella and Skim-

{5

milk cheeses, which were readily aveailable al the L.H.I.

Filot Cheese Flant, whose tewbures were conbtinucusly
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plastic, (especially in the very early stame of curing
could perhnaps fuvlfil the specifications. One of these
(kozzarella) is of a moderstely high falb content while

the other (Skim-liilk Cheese) hag o very low fat content.

¥ozzarella 1s g soft, plastlc-curd cheese of a
type that was originally made in Southern Italy from either
buffalo's or cow's milk using rennet as a coagulant. It
is usually eaten while fresh. It contains 40 - 45% woisture,

25 - 29% fat, 24 - 26% protein, snd 3.5 - 4.5%5 ash (69),

Skim-milk cheese, on the other Eaﬁd, which is also
known as "Radener" or "Skim-milk Rundkase" is a hard
cheese with an elastic body, originally made i1n kecklenburg,
northern Germsny, from cow's skim milk uvsing bacteria as

starters. It conbains aboub 5.6 to 6.1 Lfat (69).

Gtudies of vhese Two types of cheese have ITurthermorse
shown in the work undertaken that the confinuous gel texbure
i

plays an e¢ssentvial role in the pulfabllity of a food gel

m

such as cheese, and This unigue property of the cheese
can, Lo a cerfain extvent, compensste the inhibltive c¢fiect

o

of fat content and permit cheese Go puflfl satisfactorily.

(b) Sxperimental: As there are no other modification

1

apart from converting the cheeses into thin sheet forms, the

processing method 1s, therefore, guite straightlfovward.

=]
P



Frocedure:

sheet were

e
o

11)

The
aivided

abtmnosphere

)
(2)
(3)

into %

geviing

el
L

wo methods o

4

enployed:

the cheeses were manually sliced with s
cutting knife into thin pleces about 1/16
inch thick prior To drying on the plazvic
. e b 1 e A O".‘I Eal
hot air chanber at 1107%H for

trays in a

cooker at 1% p.s.i. for 10 minutes. The

the cheese down So tnab

mell

! 7l

a bevtlber conlbinuous gel texture could be

obtained and to allow melted cheese to

flow Go cover the whole area of CThe tray
pobttom, aznd Thus produce a uniformly thin
thin films were then dried as

film,. ‘The

(i).

dried cheesce slices from (i) and
portions each Lo be esguilivrate

of:—

52 . O_,J-{J i
475,65 R.H., and

PGk kL H,

jat
1=
H
i
o
=

95.
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MOISTURE CONTENT

o
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&

SKIM MILK CHEESE

. ¢ MOZZARELLA CHEESE

FIG.15

DAYS IN THE AIR
Graphical representation ot air-drying of

cheese siices.

{ave. RH. = 70%, ave. temp. = 60°F).
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Table 7. The ugisture Contents snd Volumes of wogzarells

and Skin-iidlk Chesse Froducts:

Type of b RLH, % Holsbture Vol./wgt., c.c./gm

cheese Belore After Before Afver rulfing
Fuifing |Fulfing | ruffing As 18| wgt.

Sefore

Fufied

Basls

Mozzerella 52.0 5,50 2,20 0,80 5.5 5.7¢
Slices 45,6 7.4 P 0,80 2.5 e

2.7

~J
=
W0
=
>
°
Y
-
a
]
o)
[

Yiozzarella 22,0 L,68 2.7 0.80 2 2.27
Ssheamn- {H,6 3.0° 46571 0.80 2.7 3. 08

Gocked .G 12 .50 T A4S 0,80 2.7 207

Skim-iilk 52.0 7.98 2.50 0.82 2.5 %.68
Cheese 4% ,6 9,49 2.28 0.82 2.2 5.%6
Slices 74,9 18.87 11.10 0.80 1.9 2,47
Skim-iiilk 52,0 8.3 5. 58 0.80 2.9 3 .68
Cheese 43,6 9.6% 5,07 0.76 2,7 5,62
Steam—

Cooked 7H.G 17. 10.0z2 .80 1.8 2.6

L)
o




Hozrarella and sSkim-mills cheese

products:

(c) sSkim-milk cheese, sliced

(@) v ", melted
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(i) Untresated slices in comparison with steam-cooked slices:

There is no apparent advantage of bthe steam-cooking
process as far as the puffed volume and the texture of the
puffed product are concerned. In fact, there are some
definite disadvantages of the stean-cooked slices, as one

can gee from Fig. 16.

(1) The steam—-cooking process is far more
complicated and expensive; and adds 1o

virbue to The product.

(2) As 1s shown in Fig. 16, one can see the

-

difference in a uwniformity ol the slices,
especially those of mozzarella cheese ((a)
and (b)). Compzifing the ordinary slice

(a) with the steam-cooked slice (b) one

can see vhat the latter tends to be thicker
and much less vniform on the surfaces.

This 1s due to The difficulty 1n spreading
the melted cheese after being taken out of
The pressure cooker. This invarliably
‘results in big alr pockevs and non~unilformity
of the pulfed product, wnich tend to give

and wealy sensalblons in the mouth.
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(ii) Comparison of the Mozzarells and the Skim-iiilk Cheese:

The gkin-milk cheese product is much more uniform
in its texture. The porosity 1s made up of tiny pores
thnat are distributed evenly throughout the whole structure
(Fig, 16 (c) and (8)). Unlike the skim-milk cheess, the
tiozzarella product, though puliing as well or in some
cases Lo bigger volumes, tends to be harder, forming
distinctive case hardening on the surfaces (Fig. 16 (a)
and (b)). The tiny air pores are not uniformly disbributed,
and in some parts the structure remains solid without any
sign of expansion. The veason that the dMozzarella product
gives slightly bigger pulfed volume in somé_cases is
propably based on the fzet that The product teunds to form
some localised big voids which will no doubt displace more
water Lo glve appareanbly bigzer volume on volume displace-
ment determinastion. The inferiecrity of the puifing
characteristics of the Mozzarella product may be abtributed

Lo Ghe higher proportion of fab content it possesses which

ults in the discontinuity of the gel Texture in some

( b
U"

arte due to the weslkéning effeclt of the fat that zeeped
gl -

n

!_l.
O

the structure during the gel formation of the cheese

o

*t of This fat is rendeved out on

—
}—-!

e

processing., when pa

drying 1t obviously leaves The shortened gel structure
behind. The discontinuity of the gel structure on puffing,
therefore, gives the non-uniform product btexture. The

moisture can also escape more resdlly Through this type

of texture on purliing than that in skim-nilk checse product,



(iii) The effect of differsabt levels of moisture contents

in the glices prior o puffing:

1t clearly appears from Table 7 that the optimun
wmoisture conbents that gilve maximum puflfed volumes, and
hence best texture are those obtained by equilibrating
the slices in the atmosphere of %2.0% R.H., i.e. about 7.0%
Tor the Mozzarella both untreated and steam-cooked slices,
and aboulb 8.0 - 9.0% for the skim-milk cheese, for hoth
untreated and steam-cooked slices., In all cases for both
types of cheese, it appears thalb the moisture pattern
followsg the scame trend and Lhe woisture conlbents after the
eyuilibration are almost similar for both cooked and
uncooked slices for each R.5. condition. Thus it is
obwvious that The cooking tireabment of the cheeses does
not have any significant on thelir moisture sorption
igotherms. There are some discrepancies, however, in
molsture retentlon of the products after puffing. The
pre-cooled products tend to retein more moisgvure, The
trend is true for hoth types of cheese, though the pre-
cooked skim-milk cheese products tend to retaln much

higher moisture.

These findings strongly support the early hypobhesis
that the product must avbaln a multimolecular layer of
moisture before it will show any signs of puffing, and it
is mostly or only this moisture in the multimolecular

layers that contribute to the expansion of the texiture,



MOISTURE CONTENT
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FIG.17  Adsorption Isotherm ot cheese slices.
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This reasoning can be more esasily undersbood when

the
in ®ig, 17.
Mozzarella
the

evels are

latter.

after puifing in

at least,

not take part in expending the puffed Gexture,

regions of multimolec

Thege moilisbures are

sovherm curves of both cheeses are plotted as

T
and 8.0 - 9,0% for

vlar layers.

about 2% for the former and

each case, S0, 1t is

that the moligbure in monomoleculsarnr

ne optimum molisture levels i.e,

skim-milkt cheese

shown
7.0% for the
lie im
The monomolecular

about 3% for the

Just short of those retailned

clear, in this case
reglon doe

and that it

takes livile addivional moisture fto be evolved to give mood
texture and high puffed volumes, provided that other
recuirements for puffing are fasvourable,
(iv) The potentisl of air-drying technigues:
imbient sbmospheres under local conditions during
summer mohlths may be suitable vo air—-dry cheese slices;
but bthe time involved; i.e. ab least 4 days to dry the
slices down to Tthe opiimal moisture levels may upset Che
commnercisl application, It is believed, however, Ghal in

the

reduced to
nrocessing
he greatly

OIc.

(a)

has proved

tropical countries

0 .
O07F or more,

half or even legs., IF this

technigue of this tType

simplified, and indeed will

Conclusion: ‘Work on these

beyond doubt that any foods

of cheese

where dzily temperatures can rise

the time reguired may be

is so then the
product C¢an
be

a very cheap

two types of cheese

with gelatinous



texture with reasonably low level of the inhibitive agents

cuch as fat or sugar can, with very little modification,

be puffed successfully.

aos emphasized under canclusions p G2 (for parmesan
cheese) there is undoubbedly some market potential for
the puifed or puffable products in both Asian or destern

markets.
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(a) Introduchtion:

sh hesg heen used for centuries as one of

Ha

Fish 1l

lo)

the basic ingredients in a traditional pulff -~ "Fish
Slices” product in Asia. Taploca starch, comprising some

7055 of the product, is employed as a gelling agent. The

coarsely ground rish flesh, the starch, sall and some
spices are mixed together with small amount of water, fthen

wrapped up into a sSausage form with a banana leaf, The
"savsage'" is, then, steam-cooked o gelatinise The starch,
The fish and spices will be distributed evenly 1n the
continuovs gel phase, The "sausage" 1s then sliced Thinly

crosswise, and the "Fish slices” then, be alr-dried ready

bty

or puffing. The puffed product, with the aids of the

spilces, is very tasty with an agreeable fishy flavour.

Van Veen (81) reporved that a product in Indonesis
called "Xrupuk" is magufactured with a similar method as
described with perhaps slightly different proporvions aud
kinds of the ingredients. The product has a very high
keeping value and ig highly valued by the local populatiol
and Isuropeans alike,

This still kept secret among a very small

|_l
HA
t

number of the "manuvfscturers" in most Asian countrieg,
"Fish slices" are still enjoying & very high »rice in The
limited locel markets despite the fact that they can be

manuiactured with relatively simple methed inexpensively
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and containe 1little nutritive wvelue due to a very high

starch content.

Experiments were directzd towards the aim of findin,
bechniques that, without the =ddition of any gelling agents

could permit fish Llesh to puff. Also To simultaneousl

Q<‘l

upgrade a2 tradicional product nutritionally.

A5 it has been previously discussed in Sectilon (I)

under The factors affecting the pulffebllity of focd ge

o
[
i

figh flesh is iv semi-gel shtate. Dhere are LTwo main

#=]
o]

propertiecs of the [lesh Thet need some modifications
before a2 satisfactory puffling can be promoted. The two

propertizss are:

i) The water~holding capacity of the flesh, and

ii) The texture of the flesgh.

Hence cervalin types of sallts such as phosphate salts

were used o increase the Lirst properdy, and the mechanilcal

T

destruction of the fibres in the texbure - to alter the
second property. In this section the whole experiment on

fish will be described in grester detsil.

(b) Exverimentel:

: 1) The Tish wags bought as voth fillet

£

HMaterials
gnd whole fish from a wholesgsler. Iwo Gtypes of fish

used with egual preference.



Gurnard (Trigla spp.) (6), and

Trevally (Caranx lutescens).

hey were bought in 2 chilled state, and processed

straigntaway or kept in a chill~room until use.

ii) WYwo Lypes of phosphabe salt were used:-

Tri-sodium phosphate - technical grade,
"Universal Accoline'” which is the mixbture

h
of 3 Commercial grade salts:

Ortho meta phosphate
Ttetra sodium pyrophosphate

Disodium pyrophosphate.

iil) 4 commercial grade table salt (sodium chloride).
iv) A commercial grade monosodium glubtamate.

v} Commercizl sodium caseinabe powder.

Procedure: The fish was skinned and boned (in the case
of whole fish). The skinless and boneless [illets were
then chopped up into small pisces. 30i% cold waber was
added into the chooped flesh, and the whole mix was then
mascerated in a "Kenwood" mixer &t a medium speed untl

rery smoobh

o

The whole fish texbure was broken down into

paste.

10; tri-sodium phosphate solutbtion and 10w "iccoline”

7
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solution were prepared by dissolving 10 parts of the salts

in 100 parts of boiling water.

pH of the fish vaste was determined with a
pH mever. The pH of The paste was Then increased over a

by adding the sallt solubion To the

peste and kixing thoroughly.

The adjusted paste was then sprezd Thinly on the
] ) - - = L] - 1 O
plastic trays and dried in a hot air chamber at 1107F

for 36 hours. The paste was spread thinly and uvniformly

so that the dried paste was not over 1/16 inch thick,

The dry paeste was bhen cult into small pieces and

equllibrated in the atmospheres ol

ii)  74.9% R.H., and

iii) B4.5% R.H.
for 6 days.
The meisture conbtents and the volumes of the oproduct
before and alter puffing at 57OOF for 30 seconds were

determined.

The best condition i1.e. the optimum pH and ocotimum

moisture thalt gave the best pulffed volume and product



characteristics were then decided.

In the subseqguent experiments 1.8 table salt and

0.2% monosodium glutsmate (flesh weighlt basisg) were added

n

invo the chopped flesh then proceeded with Thereafter a
above, except that the pH was adjusted Lo the decided

¢ was equilibreted in the

cr

opbimum level and the dry pas

abmcsphere Lhalb gave the optimum moisture content.

The incorporatlon of 10k sodium caselinate powder

(hased on flesh weight) as a gelling agent was alsc tried

Wwithout adjusting the pll or the addition of the table
salt and monosodium glutamate. The sodium caselnate
powder was first dissolved in 705 warm water prior To

mixing with the paste in the mixer. This brought the

sotal awmount of water sdded to 100% flesh weight basis.

A brial of equilibrating the dry pasbe in the

o
13
C,:{

ambleht abtmosphere was also conducted by leaving the
paste straight Lrom the dryer in Ghe room atmosphere for
a certain period of time. Itz moisture contents and

volumes pefore and aiter pu

fing were, as baefore,

determined.

Resulb: The dry paste was light brown in colour and was

Bl

gquite transparent and brittle. The details of the resulbs
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The #Molsture Contents az2nd the Volumes of the Migh

e
o
{,._,l
&

04]

Product at Different Levels of pH,

Type rroduct |7 R.H. % Lioisture Vol./wgt., c.c./gnm
Before After Before After iuffiang
Puffing lruffing | Puffing |48 is wet,
Before
Fuffed
Basis
Control
(Unbreated) 45,6 1C.25 1,88 0.9% 1.07 1.24
P 6.5 84.5 17 .70 2.15% 1.00 2,00 1.98
+ Nax¥0,,
“pH "7.00 45,6 12.00 5.2 0.S0 L0V 4,11
pH 7.25 H%,6 12,50 2.6 0.90 2.7 2.80
pH .00 45,0 15,05 2.09 0.90 5,00 5,00
pH 7,00 .G 21,20 2.%6 0.90 5.C0 5. 68
pH 7.25 74,9 2294 5.00 0.90 5.06 5. B
pH V.60 VL 2%5.78 5.76 0,90 250 2. 7Lk
pH 7.00 4.5 25,79 8.5% 1,00 5,20 4,62
pH 7.25 345 27 .85 2. 84 1.00 5.00 5o Bk
wH 7.60 4.5 2774 4,20 1,00 2e8% 5,00
+ "sccoline”
PH 6,97 | 43.6 12.52 2.4% 1.00 2.0 3.08
ol 7.25 45,5 11.51 2.69 1.00 2.75 4.07
pH 7.50 435,35 12.09 1.86 1.00 1,50 1,50
pH 6,97 4.9 26.68 4..2% 1.00 T1.85 1,99
pH V.25 .G 21,65 c.58 1.00 5ot 4,28
PH 7.50 74,9 2740 3.11 1.00 1.50 1.28
pH 6.97 84,5 26.00 4,01 1.00 1.80 1.9%
pH 7.25 B 5 22086 2.0% 1,00 9.90 4,40
pH 7.50 4.5 27 .87 1,871 1,00 1.C0 1o B
+ 107 zodium 2240 3.50 1,48 1.25 1.25 1.55
Caseinarte 43,6 Q.45 1.29 1.00 1.00 1.24
78,9 15.00 117 1.00 2.60 B o7
84,5 15,55 %.00 1.00 1.90 239




from these results, then, that for

justed with tri-sodium phosphate solution

<
=
O
(D
H)
o
[=r
@
B
1]
el
jah
=}
<

the optimal pH That gave the bes

o
x

pulffing lay between 7.0
and 7.25, zand those wilh the "Accoline" was, alwost
invariably 7.25. The best atmosphere to eguilibrate these
products was found to bhe that of 74.9w R.I., which gave
mediuvn molsture countents in most cases. 5o these condiivions
were agpplled in a further experiment with the addivion of

Tthe table salt and the monosodium glutamate which will be

collectively callied "salts'". The results are tabulated in

Taple 9, The wolsture Conbents and Volumss ol thoe iish

rroduct wiith Further Addition of "saltas?,

Type rroduct i wmolsbure Vol./wgh., C.co/gn
Before |after Before Alfter ruffing

Puffinglruffing | Fuffing a3 is wel .

Before
suffing

Basis

+ We,r0, (pH 7.25)
/’ ¥
4+ "HSaltg” 19.53 .92 0.83 5e D 4.08

"Salbs” 19.95 9 0.8% 2.9 .20
The room gtmosphers during the experiment was determined




Table 10. TGThe Results of moisbure Hguilibration of The Fproducts in the Room Abmosphere:

Type Days W Wolsture Vol./wgb., c.c./gm
rroduct in ) : o . . PN
oCLuEt oF Belore LfGer Before ATher Pullfing
Room
Afm. e v e v o s v s . . o
v Puffing Puffing Puifing As Is Wt .

Before
Fuffad
Basis

R
1
=
m
F |
<
o=
iy
-3
L]
L
N1
o

+"salts 7 14,89 4.55 0.95 2.27 5205
48 15.55 5.57 1.00 2.00 2e2h

+ Accoline (pH 7.%5) g 16.99 %o lt7 0.85 2a20

v
-

-
98}

+ "salts” 43 16,45 4..8Y 1.00 2,50

2]
@

O
o
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———o—  845% R.H.

- 74.9% R.H.
% ¥ 43.6% R.H.
30— ' 30
B o 5 o5
w ul
= .
Z Z
O O
QO Q
& 20 W20
- o
— —
v v
;e O
2 =
2 15F ® 1B
| | /1\/‘ |
1C% 7 8 1 6 7 8
pH pH '
FIG1BA Etftect of FIG.18B Etfect of
tri-sodium phos- "Accoline” on
phate on mojsture moisture retention
retention of tish of flsh product.

product;
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VOL.JWGT.Ac.crgm WGT, BEFORE PUFFED BASIS)

—_—— O "ACCOLINE"
o ; TRI-SODIUM  PHOSPHATE

5'..—
4
3—-
2_
?
1 | : s 1 |
6.50 -6.75 - 7.00 7-25 - 7.50 775
| oH
FIGA8C Ettect of pH on putfed volume of tish
' product.

{under 74.9%RH).
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e300 which the opbtimun renge to egulnlibrate the produwcis,.
30 the room atmosphere ecuilibratlcn of the products viag
fried and the resullts zre tsbulated in rfanle 10.

(¢) DLiscumsion:

=

(i} The eflect of c¢hosvhsite sslts on She ouifapility of

T e [ T
W SeieT sl

sture conbent

onca nore as

The dncreass in water holding cspacity of Tish paste
with the adaeitlon of the phosphate galts has a direct
bearing on Tthe puilability of the dry paste. It apnsars,

nowever, that ¥
salt used To give The best pulfing. For tri-sodiud phosphnats

it appcears chat sulteble meisturs contanis associsted with

Thelr maxima ia

ore bhe curvaes resch o

of moisture on every curve corresponding vo pH 7.25. Thede



moisture contents zive the maximum puffed wvolume &as shown

o
i

in Fig. 18C. This peculiar el
of the moisture at this parficular pH is probably due to
the effect of sither anicns or cations o» hoth rather

o

than change in pH slone. Since "Accoline' consists of

ect of the s=1t on vthe dr

three different phosphate salts, it is possible that these

salts each give dilfferent ion strength snd the combination

of them provides a different balance of ions to that

obtained with Tri-scdium phosphate alonse.

Hemm (3%6) in his work on vthe elfect of several

different salls on the hydration of meat, states that the
affect of pH alone cannobt explain the different effects of
the different anions. He advocates That salts with
polyvalent anions s.g. polyphosphates are the most effect

in increzsing the muscle hydration, This idea., he states,

.

agrees with that of Loeb and bhe rule of Schultze~Hardy.

Hawmm znd Gesu (%6) state the following series for

1

aclh of the phospnate salts on muscle

nomogenate within the mesning of increasing hydration (at

the concentration of 3 molar and pH 6.4) : Na-monophosph

<§Nd ’cio~tﬂ10nospwote<<Na—diphospﬁate {ifa-polyphosvhate

<”Esrtetraohosphate” (polyphosphate), Na-triphosphate.

The optimwn moisture levels derived
e ndd - 2

sodium phosvhate and "acceline" That

volumesg in every case, nowever, are very similar indeed.

|

Hence it can be concluded that the Lish paste nmust acbain

ate

LFD



o
Lie

TG, 19 EBilect of pii on the pulfing charscteristics of

b) ] i 11 1 s -DJ:-]. 7625’ T 3]

O) T t 1 it s pl... ‘7:16, i "
4) " H i " end "salbs", pH 7.25, 7205 B.G.
e) " Miccoline'" and "galts' ph 7.35, V0. £.H.

(uppexr row : unpuffed ; lower row : puffed)
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£

a certaln level of water-holding capacity before puifing
can be promoted. This can be achieved by adding a certailn
amount ol phosphate salts To bring the pH of the peste up
o a speclfic level. The sddition of the salt more om

less fThan this amount will have an adverse eoffect on the

puifability of the dry paste.
From #ig. 19 one can see the deverioration of the
texture of the product with the increcasing pi. The bigger,

localised bubbles tend to be formed as the pH increases.

as

This 1g probably due Yo the increase in the molsturs

contents 1n vthe dry paste (Tavle 8), However, this is

bty

Improved by bthe use of the combined salvs, ige. the further

inclusion oi the Wall and monoscdivm glubamate to The
phosphate galts, (Fig. 19 (4) and (e)), the combined effect

of which is described below.

i~y

(ii) The combined effect of The phogphabte salts and ths

"Zalts": According To Hamm (36), the effect of

NaCl on water-nolding capacity of meat is due mainly to

Gl ion. This is confirmed by the fech that the iso-

1_!-

of the muscle 1s shifted So lower pH values

~

ion of Wall, and Ghabt the addition of some

[
<
[y
1=
LN
iy
fu¥
=
E_i
i
E..J

other sodinm salts to the meat does not increase the

hydration of muscle 1n The basic range of the iso-electric

point, IJn fact, these galts tend to slightly dehydrate UThe
7

muscle due to the vinding of HNa® ioms (17), (70).



Hamm further demonstraces that the hydration of

muscle increases with increasing concentration of Wall,

Hydration reaches a maximun, Then decreases below the

original water-holding capacily. The concentration of

ju

the NaCl th

=

t gives this maximum is about 5% NaCl for
meat without added water, and 8p» MaCl for meat with 60%

added water,

He alsoc statbes that WaCl and polyphosphate added
jointly intc the meat increase the hest tolerance of the
meat protein., Thus even after heal denaturation the
increased waber-nolding capecilty is still maintained to a
consilderable extent. He advocabes that Cthe sbility of
polyphosphates to eliminate the alksline carth mevals
bound to the structural muscle porteins is probably the
decisive facvor in The combined eiffect of phosphabtes with

godium chioride,

From our experinment, the Jolnv addition of NaCl

[
o

with both types of the phosphate sallbs used was found to
slightly reduce the moilsture retained in the dry paste

after eyuilibration under 74,95 R,H. for 6 days (Table 8
end Table 9), This reduction in the moisture retention,
however, does not have any detrimental elfect on the
puffavility of The dry fish pasve. On the contrary, the

complementary eifect of the Hall greably improves the

i

smoothness of the dry paste and wniformity of the Gexture
£

of the puffed product. A4s on2 can see by comparing the

results in Tables & and 9. The puifed product with The
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addition of the tri-scdium phosphace and the "salts"

3lightly increases in volume.

does nobt occur in

the

{

Mevertheless,

"iccoline™ on ©h

D

puffed texbure is

sodiun phosphsioe.

Honosodium

go it

effect on

the

the puffabili

to accentuate

The effect of gr

However, Tthe same effect

.

cgse whers the "Accoline" was used.,

oint effectv of the "Zalts" and the

o

smoothness and the uvwniformity of the

still as gresbt as that trdi-

{(Bee Pi 189 (d) and (&))

ENS

zlutamate was used only in trace amount

was expected to contribube no significant

ty of the product. It was included

the [lavour of the produc

=3

inding on the puifaplility of the

fish

product:

holding capacity of meatb
in Section T (p48y.

that the extent of

Dearing on
the paste.
conbtinuivy of the

K}

puffability of ©

T

duraetion of

of the muscle

The

has some disadvanta

ature of

moothness

These, in turn, affect

grinding the more complete is

ong aurat

The effect of gr ter-

inding on wa

hag been discussed 1n some debail

It should be emphasized here, however,
grinding of flesn has a great
extent of gelation of

the

uniformity and

texture of the dry paste, and the

preoduct as a whole, Whe Longer the

the destruction

Tibres.

ration of grinding in a "Wenwood lijixzer"
age Ghet 10 vends to increase the

the paste locally around the curting blade.



Y
PG
Y
k-3

Good care must be btaken also to ensure Cthe thorough

du

circulation of the paste asround the mixing bowl so That

the paste is vniformly pulverised. The increase in the
. PRIEN s Y ,
temperabure can he as high as 150°F. This, according to

Hamm (5%), has a detrimental elfect on the waber-~holding
capacity of the paste. Hence in the experiment cold

water was added to the chopped flesh before the pulverisab-
lon to offset This effect. Also the mixer was frsgquently
stopped and bLthe paste was stirred with a spoon inter-—
mitbtently to allow 1t Go cool down. Greabt care wss also
taken to ensure thebt the paste was uniformly circulated

and the "salts" disbributed svenly.

It was found that for 300 gm. of the flegh, including

added waber, pulverising with the kitchen size "Henwood

20 minutes 1s sulfficient to give a

Fal
L

diixenr" at speed &4

1

smooth paste, sulfilcient gelation, and hence good pufiilng.

-

(iv) The effect of drying: The essentisl chaonges that

ccour during drylng of

1

gk

o

paste are the fvrther zelation

o

of Ghe paste and the reduction in meoisture conbent.

Further gelation is caused by: (a) the alkalinic condition

r\ -

of the paste wvihich causes the swelling of the Tish

collagencus proteins., 1o other words tvhe phosphate salts

}....

and ITaCl cesuse Ths hydrolysis ol Che collagen to gelatin
which in Curn forms the gel aetwork of the paste (42),

. . e . 0. TN . N
(#S); and (o) the heat of 110°F (#43.,47C) exploits one of



A
S

s T o n 220 : _ -
gbllity to form a sol around 357C or higher Lemperaturses
and, with sufficient ceoncentralbion, form & gel at lower

tempereature {49

The prolenged duration of heating during drying
(36 hours) reduces the moisbture down to the pufflfable
level. The moisglure refained in the dry paste alter The
drying period will, of course, vary with the water-holding
capacity of the psaste which has been lacreased by the

dition of the salbts.

an
p_!

It is ceoanceivable atbt this staze Ghen thalb G

i}

play an essentvial part 1n the earlier stage of The process
They increase the water-holding capacity of the paste to
the optimum level, They alsco help form gel networks.
Drying plays an essential vpart in Lthe later stege te help
form gel networks and reduce the molisture down to a
desirable level.

It was found that The better results could be
obtained 1f the psrtly-dried paste was carefully turned
over at lesst once. This may be due To the fact that by

loing so the paste is dried uniformly with less solid

migration, if any, To any one sgsurface.

The Tinal moisture content of the dry paste 1s

been previously discussed. It was

i

very important as ha

found that after drying &b 110°F for %6 hours if the ary

o

a
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paste was lefv in the atmosphere (aboutb 55OF and 70% R.E.)

overnight, the moisture contbent of The paste will be, more

f

or less, around the optimum level., This coincidence 1s of

X

great advantage as 1v may be quite impractical commercislly
to eguilibrate the large bulk of dry paste under a specific

days prior to puffing, or packagin

o

atmosphere for 5 to

{

Ffoxr shipment. However, prolonged exposure to the smbient
atmosphere may resullt in slight reduction in The puifed

volume (Table 10},

=1y

added sodium caseinate: The resulits

o

Y

v) The effect o:

]

1y

from Table & clearly show that, provided with the right

moisture conditlon, the pulverised fish flesh wilh the

dition of 10% sodium caszeinate as a gelling agent can

)

ja]

£

™ -

be puffed very satisfactorily.

4L,

These results show, however, that the gel structure

induced by added phosphate salts is as good, or even better,

than Ghat forred by sodium caseinate ss fer as the pufiabili:

f the fish product is concerned., It may be even dis-
advantageous Lo use The sodium caselnate powder as nmore
water 1s needed Lo dissolve the powder vhan it is needed

for pulverising the fish flesh slone, This means more

o

water o be dehydrated.

Hevertheless, the gelling agent has 1ts advantsges
that it gives The smoothness to the puffed-~texture and

to the Tassve sengation in the mouth. It reduces the
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amount of Tish used for che same amount of preduct while
retaining or even improving 1ts autritive value. Furither-
more, the extent of pulverisation of the flesh need not be

4

ag complete as when the salts aloune are used.

(vi) 1The eiffecy of freegzging of the paste prior to drying:

An observation was made on Lhe effect of Ireezing

on the puilsbilivy of the fish paslte by subjecting the

T T

of optimum pH adjustment Go ©

]

Da

m
('L}

I

we freezer for 5 hours.
The paste was first rolled into a cylindrical shape of
about 1 inch in diameter prior Lo being frozen. The frozen

rolled was sliced to thin pieces of about 1/16 inch thick,

then dried in bhe usual manner,

alL. The

Hy

The dried slices were puffed in the hot

oo ]

molsture and puifed volume of the slices were not recorded
obuw it was notliced that twhough the slices pulfed well and
the product texbture weas uniferm, the expansion of the
texbure wag not as greet a8 These of unfrozen product.
This reduction in puifed volume can be attributable to

the effect of [reezing on gel texture which has been
discussed in some detall in Secticn I (p¥6). The moisture
in the paste crystallised out and was not completely
regosgorbed when thawed. Thus the continuity of the gel

texbure was somewhalt broken resulling in reduced

puffapility of Lhe dry paste.

One advantage in freezing, nevertheless, is that

the hard roll can be sliced into thin slices easily while
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frogen. Hence The difficulties in spreading the paste

thinly and uniformly on the trays otherwise can be avoided.

(d) Conclusion:

The phosphate salts have, at least, twofold eifects
on fish paste., They help induce the formabion of gel

networks of the paste by hydrolysing the [ish collagen

To

"“?

elavin, through which, may be, The water-holding

e = 4.

capacity of the paste 1s increased. Diiferent phosphate

fof
'_J
3]
[¢H]
H
O]
=
d-
@
I
"-I'J
O
o
O
n}
o

salt has slightly e weter-holding
ey -3 T ey ) R et M ] o 1 - o oy
apacity of the paste. However, both tri-sodium phosphate

and the commercial "Accoline® were Tound highly satislactory.

From the puffed product point of wview, howevexr, the

Eal

"Aecoline” Tends to cause a "burnt-flavour" if the amount
applied 1s Too high., Also the salv tends o migrate,
auring drying, to the surfaces of tne dry paste forming
white powdery spots on the surfaces. Furthermore, for
the same amount of g21¢ the ftri-godium phosphste is more

gffective 1n shifting the pH of the paste upwsrd.

To improve the texbure of The product small amount
of a gelling agent like sodium caselnate powder can be
used effectively. Nall and monosodium glutanabe can bde
used o great advantage to improve the Tflavour ss well as
the texture of the product.

-

As a snack product, the puff-rish product undouodte

p.l
l_l
&
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has a grealb potential in food markets. It can be regavded
as g nutritionally upgraded Asian product, or as a novelty,

a new refinement of a reasonably cheap protein sourc

o

-
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Meat:

S
-l
1
=i

P

(a) Introduction:

AfGer the successliul exwperiment on fish it was

decided thal meat which is anobtner type of animal protein,

slightly different from fish in its chemical and physical

properties, should alsc be invesbigated.

Heat has not been explolted by the Aslan as a

puffed prcduct possibly bDecause 1F 1s less availsople and

more expensive Gthan Tish. t also wmay be becsuse meal

from the Asian stock is generally vexy tough due To the
inferior breed of the stock. The age at which The animal
is slaughbered is usually high snd cattle will oiven be

sent to bhe slaughlter-nouce when 1%

a

hag Dassed its useiul
age on bhe paddy field. fhus it is presumably nuch

5

harder, by their conventional method, to manipulate the

=

wealt to puff as well as iish.

In more developed sociletles, however, meat can be
obtained in many 41ff
sccording o many factors such as the age of +©
colour of the meat, TLexture, cnaracter snd size of rib
bones, and carcass welgnhl

meat will, of course, be easler To be processed and

purfed
the texture and compositlon of mest have b
discussed in some debvall in Zection I (p 41, ). There ere
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three main factors that we are most concerned in menipulating
meat to pulf. They are the Tfibrous nabure of the nmuscle,
the amount oI connective tissue, and the smount of fat and

adipose vlssuve., luscles differ in Tenderness, shape, welght,

at content, collagen content, elasbtin content, and colour,

=1

tion in the texbure or grain of muscles is caused

- i
L

principally vy the size and amount of connective tissue,

o

The microscopic appearance oi ribore

{1

in some muscles also

el
i

differs from bhabt of fibres in other muscles (4S).

The proximate composiiyion ol the ediple meat i3

o~

67.Cm water, 13,%% probtein, 135.05 fat and 0.95%%ash (76).

In preparation of meat before processing most of

Al

the adlpose zsad connective Tlssues arve Ttrimmed off as it

is kaown That they are inhibitive to pulfing.

The subsequent processing technigue ol ©the mest is

quite similsr to that of fisgh.

(b) BExperimental:

Waterials 1) The meat used was beel steak bought

1i) All obher maberials used are similaxr

to Cthose [ox [ish processing.
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Procedure: #osv of the adipo and connective
tigsues vere first trimmed oub of the meat. The tirinmed

muscle was chopped inbo small pieces. The choyped mnzatb

was Gthen pulverissed in the "Henwood mixer? with 30 added
1 ater and 24 "zalts” {1.8% table sslt and 0.2

monescdium glutamete), The pH of The very finely pulverised
paste was adjusted by the phosphate sz2lt solutlons as was

Tish paste.

e}

vowder was also used zs a

{'T)

The sodlum cagselinat

zelling agent by dissolving it in an exbra 702 water prior

to the incorporasion. lhne experiment with Gthe sodiuw

caselnate was divided into two parts:-—

,...l
G U

I

<l
=
o)

i) to determine the best level of DO

used, and

1ii) Cto see if the oH adjustment with a phosphate

o
o

salt will contribubte any cxtra advenvages

the product.

Une portion of The scdium caseinate solution was

portion te The paste after pH adjustment; after which

both of Them were homogenised in the wmixer.

The pastes were spread and dried in Ghe usual
msnner az were fish pastes. The dry pastes were equilibrated

r

in the atmosoheres of 43.6, and 74.5.0 Z.H., for & days prior
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J1th tri-sodlium phosphate,

b
[ [ 1t it
3
1 Hi 11 Tt
(upper row : unpuffed;
PiG. 204 Lffect of pH on the

£

DH 7.4, T4.9% R.H.
and "salts", pH 7.
i H , DH 7.

t 1" . PI— 8,
lower Tow : pullse
puffing characteris

45,

L ]

Ul

CS

7

4. 97

of

meat products:




)

h)

FIG. 208 Effect of phH on the puffing characltberistic

Jith "jccoline, pH 7.18, V4.9% R.E.

. B , and “salts", pH V.45, 74.9% R,H,

e f
1 it (.;.'::K_CESS)” it Hi

o
1

(upper row : unpuffed ; lower row : puffed)

]

of meat products:
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3)

With 5w sodium Caseinate and

"salts", 45.60 RUH.
tt ’lO;u H 1 1 it , i
" 5 " " " " and tri-sodium
phosphate, pH 7.7, 4353.61 B.H.
(upper row : unpuffed ; lower row : puffed)
; miffect of gelling

charscheristics of meat product:

agent and salt on the purfing
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i
of meat fat 1is zlso deposited intramuscularly and known 8
arbling. Buch fabt is known to increase The tenderness and

juiciness of the meat (41) and Ghe amount of it in a

particular muscle of sn animal may vary in diiferend

o
i
g'&
o
o
i
b
purs
4
ez

I
[
O
2
<

Locations of the game muscle. The
muscle was found To very from as high as 204 To as low as

106 (49), (57). This fat was dispersed throuzghout the vaste
risin

on pulv:

o

{u

dhen the paste was dried, an sppreciadle amount o
"oiling-off" occurred. Both surfaces of the dry paste
became culte oily, thsz ccoatinuvity ol the gel structure of
the dry paste wes guilte obvicusly ianferior Go thalt of dry
fish paste. However, 1t was found thal the "olling-ofrl"
was reduced to some exbent with thez increasing amount of
the phosphate salts added., This increase in pH values
contributed to the slight improvement of the Lexbture and

volume of the »nuffed product, as one can see on ig. 204

and 203. ‘dhe wnroducts of higher pid tend To be more uniforn

n thzir Texture which consisted of minubtse 21ir hubblez more

;_..I.

evenly distributed, as compared wit

r DH.

o)

1 The ones with low

[

that The phosphate salts are very

sood fat emulsifying egents (8%), (71). Hence phosphate
seits, 1n tThis case, perform Lwo functions., IFirstly, they

Thus reducing "olling-oii"™, secondly, They lncrease the
water-nolding capacity of the paste, and hence improving

its gel texture., However, over-use of The salts can
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adversely afrfect the oroduct as will be discussed later.

(ii) Fibrouvs nature of the beef nmuscle: It is

obvious bthat mealb muscle Tibres zre generally much Gougher

than those of fish. This is clearly apparent in the
greaber difficulty experienced in the »nulverisabion of The

meat. A much longer wime was needed to convert the muscls

to & smooth paste, REven so much ol the fibre was still

present in the dry paste. This resulted in a tough

L

o
Y]
i

fibrous paste, not as friable as the fish paste. In Some
cases where the nolsture was high snd the oiling-orf was

greatver, much force was needed to Lear the dry paste anart.

The fibrousness of The dry paste obviously increases

the puffing resistence of the paste considerably. (See

[
D
¢
o
I...J

ion T, p. 49. ), The high vesistance teo the expansion

of The texbture resulted in much reduced puirfed volume of
the product. The lncrease in pulverising time and the

o

reduction of the thickness of the dry paste by

spreading the
paste on the Trays more Ghinly may offsel The efrfect of the
prousness o some extent,

o

Po albtain ovtimum moisture levels for good pulfing.,

which is slightly lower than Ghat of fish products, the

dry meat paste was eguilibrated in the abmosphers of

1

45,65, R.HE, This indicstes that in general the meat paste

possesses g gregaber capacity to hold water than figh paste

1

o

pii level (compars results in Table 8 and Table
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11). This could be partly due to an optimum fat content in

meat (36), It also indicabtes that the ueabt product reguircs
less moisture foxr puflfing, Thus The greaber amount of {the

phosphate salt reguired by meal product is not To increase
its water-holding capacity, but mainly to assist in swelling
the tough muscle fibres, znd in forming gel structure. fhe
phosphate salt 18 also needed to disperse the Tat globules

in the onaste.

There is no significant difference belbween the tri-
sodium phosphate or the "Accoline” as far as the pufifed

volume 1is concerned. However, the "Accoline" tends to
give swoother nroduct texture at the same pH level (Zee

Fig. 204 eand 20B). As i¥

o
[l

ad been experienced with the

o

fish product, more "Accoline" was required to give The
same pH level than tri-sodium phosphave. This created a
few problems,

cver thne "Accoline'" - added

|_I
p——
1o
[}
el
jaw
\\‘J
o
m
]

product seemed Lo glve s burnt or hotb

genssbtion in the mouth.

ii) Both tri-sodium phosphate and "accoline”

] '

ended Lo accentuate Lhe saltiness of the

I . e . ] -

products at pd 7.5 and abovea

AT pd 7.0 and over the dry "iccoline' -

i
[
s

e

added pasve, alfter a Iew weeks storage
underwent recrysvallization of the salt
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/]/jﬂ
on thag surraces.

The whive, mould-like colounless were Fformed on wovh

surlfaces, especially on The bhicker pleces., Undexr the
miciroscops, Lhe rhombic-shiepe vlhcesphate crystals weve

identvified. & similar experience has 2150 heen nolted in

ané on the surface of cured meals prepared wWith polyphosphates
£enm N Nhe conrsaisnl: ~ ) e oo C sl e At A
VG ' yEGaels Lonmeeo 10 vie Case oLl CcUret wmeat Nave

happen in the puflfed mealt product, 2nd vhe control can be

achieved only by the use of reduced levels of The phosphate.

The use ol sodium caselnate povder g8 o zzlling axzent
proves to be slightly mowve effective than ph adjustment o
k) . :!'." _;_:- -1 ]

Ted volume sic cod product texture (Ses

&
=

Teble 11 and Tig, 20C). The product is smoother and

-,

crisper on eating. I6 markedly reduces the grititiness of

Q
=

the fibrous vexburs the puifed product otherwisge strongly

experiznced on eating The pH-adjusted products.

Ho significant advantage is noted In counling the

se¢ of the sodium caselnalte with pd adjustment with

nphosphate salt. The preduct contsining an added 5% sodium

caseinate with Tthe addition of the tri-sodium phosphsote ©o
piH 7.7 puffed to very similar volumes as did the same produc
@ithout pH adjustment (Teble 11 and Fig., 20C). A difference

ig reflecHad however in slignt varlabilons in Gthe {lavour

sl
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and taste of vhe products, and The feormer proved To be
galtier with less acceptanie flavour.
The optimum level of the sodium caselnszte used

found to be 103% fresh mesgt weight besis, This gave a
significantly higher puffed volume and swmoother texlture
(Fig. 200 (k).

(d) Conclusion:

Tough muscle fibres and high fat content are two
major pnrovlems in meat aifecting its pulfifspillisy. The
pulverisation of meat to destroy The Tibres and the
manipulation of its pi by the use of the phosphate salts
aand 1#aCl have proved once again Lo be The lmportant tool

to promote the puffsbility to Tthis type of Tood.

1t teskes more time and energy o destroy the meatb

muscle fibres, es fish, to the nufigble condition.

A greaver amount of phosphate salt is slso needed, but for

slightly diflerent purposes.

|—‘3

The

S

funcvions of

< I

in

this case are primserily vo promote the gel structure by

the muscle fibres

sofbening

buit its function is

and dissolve Tns

disperse the

aEenv

~

[=%

mneat

in

the u

=%

meat

fat

like sodium cageinate

fish.

fan

of

protelins,

globules

ig

it g1

ires

5
44}

t

nore advisable
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technigue,

As Tor fish, the n product offers a great potentlal

{

a

L]

G
for food marketing perticularly perhaps in the vtilizabion

o

of tougher or lower grades of raw maberiel. A meat produch
equivalent to the already accewnted and popular Types of
fish puffs marketed in Asia could be of povential export

value.



o
-
<
=
-
[
1
I
-

FUFTING TECHEIWULS OUHLR

LDERE FAT FRYING m3PECTALLY FOR

LULCK RERYDRATION OF PHe rRODUCTS



A, Review on Different Heat Shock Techniques

1. Introduction

There are three convenlbional heat-shock techniques
tnat have been widely used for pulfing in many Asian
countries, ‘'he more common techanique of tThese is the
deep-fat frying technigue, which was also used in most of
the experiments for this thesis. Ferreau (60) has already

described The tGechnioune In sufiicient detaill.

The other less commonly uvsed techmigue is an “open

tlame heat shock puffing", It is used for a number of
particular Asian puff-products that do not require fatoy
flavour e.g. the sweet glutinous rise wafer in Southern
Thailand. idhe Gechnigue 1s extremely simple. dhe good
flame is oblained from a sufiicient amount of fire wood
which is lighted in either open air or in a relatively

primitive bprick furnace., A bellows may be used occasionzlly

to help increase the [lame temperature, The product,
pported on a wire nelt with a long handle, is then pushed
into or over the Iflame and frequently lLurned over until The

Ted which reyuires only a very short

I—l:

product is Tully pul

i

pufiin

=
a5
oo
[
o
C"n

time, The extent o

The third techniuuve 1s also widely used buv for a

wider range of products., It is & hot "sand bed" or "sall

T
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bed"., 4 fine grain salt or sand, forming a sufficiently

i3]

thick bed on a steel-round botvtom pan, is heated over =
furnace to a sulfficiently high temperabure., Ihe product
ig Cthen put onto the bed and is actually mixed and covered
with the "bed" by stirring and turning the bed and the
product over Ifreguently until the product 1is cooked or
fully puffed. This elso reguirses only a snort time. The
technigue is applied to products such as roast pesanuts in
the shell and puffed rice for example., However, ithere 1is
a problem of very fine grains of sand or salt picked up by
the product.

The =econd TGechnigue may be compared to a radiant

[y

q

heat shock technique. The third has besen developed, with

-.‘

more refined knowled of science, into s modern heat

shock btechnigue called "fluidized bed hezting".

The experiments in Lhis secbion were simed Gowsrd

-

ing b

4
i=h
3

investigating The possibility of pu r other heat

Lt

shock technigues that do nolb Inveolve fat. The product

-

w2y, then, rehydrate more readily, possess Iat-free flavour,

p

and avoid the risk of fat oxidabtion on storing. These
techniques are, in fesct, similar to modiflcations of

dehydration technigues which in recent years have been
developed and puib into commercial use. #Many driers may be
adasptavle to nigh temperasure conditions for producth

wposure including tunnel drier, pelt trough drler, and

fluidized bed drier, to name a few; and in more recent

y

years seversal units heve been especially designed for high



145,

temperature - short time processes such as zun pulfing

technique, radient heat drier, and microwave drier. These

techniqgues can be successfully used for puffing purposes

=0

f they can be modified to fulfil the reguirements of the
pulfing Gechnigue. That is to be able %o uuickly transfer

heat &t sulfficlently high temperatures to the food gel and

to create sufficient molsture vapour pressures. The heav
in the process will also soften the gel to sn optimum
Chermoplasticity so That the nressure can expand the texsure
and the total evaporation results in a puifed product of

vorous Gexvure., osome of These technigues have been employed

suceessfully and are discussed in more detail.

2 Discussion on Verlious Heat® Shock Technligues:

»

(a) Heat 3hock with Heabed Air: Heated 4iir has

been used 1in many types of drier as & hesting medium. TIn
a iln dvxier, the product is dried with hot air rising
from a furnace located on the ground flcoor of a small,

sguare two-storey bullding through the slotved floor of

the second steorey., The product, usually

o

itional kiln relics on natural draft

Q.l

85 a batch. The Ttra

O

to provide sufficient circulation of air up through the
noist mabterial, but the exhaust Lan is used in more modern

vnite (80)

In a Tunnel drier, opervasved on a batch besis, Trucks
or trays are directed through a compartment or compartients

operalbed in seriecs. The healbing sysbtems used are of ftwo
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basic types; direct combustion heating and indirect hesting.

i

In bthe first system the gasSeous products ol combustlon are
nixed and civculated with the drying alr and hence come in
direct contect with The product in the drier. In the second

gsystem The products of The combustion are aot circulated

with the drying salr. Hesbing suvrfaces such as steam-air

eatbing colils sre used To Transfer the heat from the primary

D_.
G

source to CGhe drying air. The first system 1s, of course,
more eificient as There sre no transmission losses. A
gaseous fuel 1s usually preferred to fuel oil, in this
system, for many reasons including, particularly, Gthe less
likelihood of the effect of the products of combustion on

6)y (

=

LA}

product cuality (80), ( 1) .

The tunnel drier has been modified into, perhaps,
more efficient drier with the addition of & helt-conveyor
or screen-conveyor to make it truely conbinuous (61). The
cross~flow of the drying air is frequently ewmployed. Such

as in a belt~Ltrough drier (80) which consists essentially

of an endlesg, closely woven, metal mesh conveyor bell

e8]

supported between two horizontal rollsg with a great deal

of slack so thet it hangs freely. The hot, dry alir comes
up bthrough the grate at the bottom of The Trough. Also a
through-filow continuous conveyor drier which represents The

completely mechanized development cf equipment for drying

food material in hot circulating air (80).

However, &all these driers are owverated at relatively



4417,

low bempersiture over relatively long drying cycle foir vhe

1

benefit of best product quality. The tGemperature of the
inlet air in nost cases ravely rises above 5OOOF; 2% 5
in case of Tthe belt-trough drier and 200° to 260°F in
case of the continucus conveyor drier (80) for example.
For heat shock pulfing, however, the combination oX
high temperature -~ short vtime ig the prinary requirement.
fhe system works on the rapid build up of the internal
BUean pressure to expand the sufficiently soltened gel

structure into a porous texture wilh the guick subsecusent

I
[N

evaporation of the molisture vapour. 1o achieve

further modificationg of the sbove menbioned driers would

be necessary. The aimgs are vo provide g sullficiently high
drying sir temperature, and a suitable conveying speed of

the product through the drier,

Abtenplbs have been made to pulfl 3 food gel in =
packaging snrinkage tunnel. This btunnel wes deslgned o

shrink a film vackaging mebterial such as polythene film

"""" th heated sir zo that the materisal inside +the film is

tightly wirapped., It consists of an endles

4]

BCrreern Convelyoit

moving through a smsll scusre tunnel at a2 fixed speed.,

The adr is blown through & &2t of healGing coils into the
Ttunnel through the roofl of the tunnel. There is a metal

)
L7

flap at esclhi opening of the btunnel vo reftain the asir Lor

Taln inecreased
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Temperstures. The lLesmperature of the heatlung alr cesin ve

lncreased vup to the maximum of HOO™F.
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During the trisls it was found, however, thab the

&
o
=
(23
o
D.{
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L
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i
0

conveyor speed was too Tast
pass the foocd gel through the ftunnel by the conveyor bub
simply bo support the material on a wire net, with a long
handle in a centvral locetion in the tunnel. tThe LTemperature
of the tunnel was set abt 1ts maximum,

Good signs of pu

Pin

(]

ing werse obbalned Ifrom the trials

on the sodium caseinste gels and dry fish paste. The heatb

transfer was uniform as Tthe texture of the gels was affected
uniformly. The heating =ir Stemperabure, however, was Lfound

te be too low. Tt Goolk long as 5 minubes in some cases

o
)

o show any sign of puliing, and bthe Ttexbure expansion was

very slight.
Unfortunately, the air temperature could not be
increased any higher with this eguilpment, but 1L was apparent,

nevertheless, vhat similar equipment specifically designed

QJ

for The purposs where Lthe air fempesratures could be increass

4

Lo say Y007F and in which the conveyor speeds could be wval

t

ciad

accordingly would be promising for pufiing technigues. The

pulfiing could be done continuvously in such eguipment. The

B} e

product obtalned would be satisfactory in quality as it would

9 oo -

pulf Go a comparanle volume with 1ittle wrisk of scowvching or

-+

localized browning or burning bDecause the heat Ltransfer by
foreed convection was vnilorm throughout the pieces of the
gels., o rab piclk-up, of course, is iavelvad apd with uwnilorm

expansion ol texbure, produchts would be sctisfactory fowm

'f'ﬁ

ghydration purposes, for grianding to powder, or even for

veing consumed as such.
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(b) Fluidize

-

drier was developed nrimarily 25 a Ilinishing drier to
reduce rinal molisture conbtents of fruit or vegetavle
powders produced by primary driers (80). The process
ensures the intimate conlbact between powdered or granular
solid and a gas. It eliminates a localized zone of very
high temperature which mgy be formed in a stalbic bed in
other types of driers. Ib ig reported thsebt the btemperature
shroughout Lhe mass in a fluidized bed rarely varies by

or 10°T 52) and hence the product can be
dried guickly and more uniformly and possibly more

econonically (61).

sachsel (67) reported theb this type of drier could
be medified for a cooking process., The fluidized bed

cooker could be said Lo De a modificatbion of a static hot
send or galt bed used in Asign counitries as mentioned
garlier. A fluidized bed crier is operatsd by passing hotb

air or ges bhrough the perforaited bottom of 2 container of

bolling liguid. Phe fluidized solids take the shape of

Their contailner, seek their own level, exert ayuerostbatic

head, and have g nuch lower apparent density Than the
particles themselves., The vigorous mixing of solids and
fluidizing gas leads Lo remarkavly even tempsrature

condibions in The bed. Healt Transier fyrom an eixternsl

(}

gsource Go anm object susnended In a

4

Jluidised bed is
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extremely rapid. The bed maberial
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common sealtv, iricalciuvm phosphate, sugar, limestone - salt

mixtures, beans, wmonosodium gluvamate and lentils (&67).

The technnigue has been used very successiully for
cooking green cashew nuts, Taw potato slices, onion rings

and bresded shrimp., tYhe noted advaoctages of the method

I
are yulick cooking time, uniform femperature, and precise

control over the time snd btemperscuve.

serrean (60) asplied tThis technigue as an zlitarnative

sosoclabed «ith et Ifrying and to gelb aome meassure of
control on the sxtent of wuifing He experimented on

puffing of starch gel uging lu’dized selt bed temperature

volumes obtained by heating in flwvidized zalt were aooutb

]_l
fas)
(D
jalt
)

half those obbail

in our exgeriment, The salt bed Temperature o
400°F vies ayvplied vo pulf sodium cazseinate gelg, ch
srotucts and carrolt slices,  Althouzh no expevimental
ecogults wers recorded, 1% wag noted Thal 211 the products
pulfed well., the colour and {lavour of Uhs nroduchs

k4 . ot R U PRI L T vt s e e P E
LMo VEeES BLENALICIINGLY .6 fnene vere, Lovever, riskzZ Ol

wuiied volumess were alzfe elizghiUly reduced in comparison
ish Ghose obfalined Irom fav frying. The adherence of Ghe
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broducing intarmoleculsr friction which results in volune
heating of The substaace. Jome materials exzhibit more

intermolecular woticn than the others. The degrese of

Lnls movion varles irregularly wivth Frequency, btemperature,
and The nature of the materizl. The greaver the degree of

the motlon the grealber the absorption of the microvave

neat (15), (31).

=

energy and the greater the production o

litcrowave energy pengcrates o a considerable depth
inbo a substance which ig being healbed. The depth depends
on Ghe transparency of the wmaterial, the microwave Irequency,

dielectric consbant, znd bemperature. To get unilorm

hsating, low frequencies of S00 to 5000 negascycles/second

are preferable. Awnong these [requencies,

=

Mc/s has been allocabed particularly for heating purposes

(4.

Gall anc La = at tThe microwave
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h
band with a wavelengt! 2450 Lic/sec) was

gelacted for industrial use bscause:

i) The frequency is high enough to peimit

wower deasities for industrial use wivhout

ii) There is still a reasonable »nenstration



o
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iii) I% has proved possible To construct generato
tubes of a suitable gower and 3z reasonable
price, life and efficiency. For example, The

magnetrons designed for contlnuous power cutpub

of 2 kw and 5 kw at 2450 iic/sec. gilve an

i~y

efficiency of 50 to 60% with the operating
cost at about 5.5 cents per 8/F kilowatt - hour

of operation fov the 2 kw Lube.

Bengtsson (2) and Decarezu (13) report that the
frequency of 2450 kc/s give higher power density which

esulty in shorter time to defrost mest of 4 cm. Thick or

f)

les

I

s, but 1t has lower power penebravion. The reverse 1s

true for tThe freguency of 900 EHe/s.

iiore powerful generators have besen developed, however,
to overcome these limibtatlions. The generaving capacity has
been pushed to 100 kw, for example. In 1965 the Haytheon
Co. of america developed an electronic device which

enerates 425 kw of continucus microwave power at 5,000

oG
=
@

He/s. Anobther American company has recently produced g
resonant cavity in which thicl blocks of {rozen Lood can

be thawed using 100 pc/s frequency (29).

Liany spplicatlions have been found for bthe microwave

(._i

hezting Ctechnigue in food industry. FThe advanvages of Ghis
technique, in comparison to the convenvional heating
techniques, rely upon 1its speed to heal The meterial which

is extremely fast 25 1t heats the food internally and

iandependenl of +hermal properties such as conductlilon,



convection, or radiation efc, Uniformity of healting,
self-regulating, with respect to moisture, hign efficiency,
instantanecous reaction and low cost are other appealing

properties of the microwave methods (27).

any vapers have bpeen published recently dealing
with new aspplications of microwave heating in food Industo
Bengbtsson (2) and Decareau (18) reported the
>1li

possibility of app stion of nmicrowaves in defrosting of

frozen products. Jeppson (44) stabed that
could be achisved in s tunnel fitted with a conveyor and
using a hiph power magnetron source with emission of

microwaves at 915 lic/s. A thawing cycle could be reduced

t=iy

U

rom hours tTo minutes, and with homogeneous nmaterials the

thawing was extremely uniform.

Copson (15), and Decarsau (18) suggested the use
of microwave in the drying cycle of freeze-drylng procegs
£ .

to get more uniform and complete drying and a bebter

product.

In their recenl publications Sherwood (72) and
Gell (27) dealt with the use of microwave heating in
catering. They advocated bthe hygienic and nutritional

superiority of the food cooked or rehested with microwave,

and especially the amount of time saved in cooking.

Blanching, pasteurisation, and sbterilizabiocn of
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foods can also be accomplished with msny advenbages with

i

nicrowaves (31), (59), (44).

Garrick (29) reported thalb potato chips fried with

@

E_
oy
cr

microwaves had less content, longer shelf-life, and

no ofr-flavour.

4 more dramsitic uvse of microwave heating is in
baking. Ward (82) reported that if electronic ovens are

used 1n the colouring and drying stages o

could be produced.

0]

biscuits, a superlor guality articl
The oubtput could e increased by 40 - 50/, The product
would be drier, more porous, of longer shelf-life, and of

better eating quality.

Geddes (30) reports that partially dried aspple
sections and diced potatoes can be succeszssfully puffed

under microwave energy Gto produce a high quality moresl

and

(ﬂ

Fy

of supsrior colour and shape. The apple sector

diced potatoes are first dried in a conventvionsl drier tTo

about 20 to %0 moisture. The partislly dried plesces are

. 'l b - -
Che microweves

then placed in the microwave oven for 5 to M0 minutes
where the penetrating heating actiocn of

ceuses them Lo become bthermoplastic, and the accompanying

Eal

rapid generation of water vapour within the pleces causes

ghem o puff. Cocling in a vacuum chamber at 20 to 100

o

am Hzg absolube pressure is needed to maintain the pulied

téxture of the apple seclhors which oltherwise will tend

to collapse. The products increase roughly 300% in volume



Wote that vthe collapse of the opuifed texture has

also been experienced in ovr work on puifing of raw carrob
slices and sodium caseinate gels with high suger conbents.
It can be expected, then, that the method of cooling of

products in a vacuum chamber immediately atfter puiffing

can be applied Go Those products likewise.

Ealual

Attempts have peen made to pulf the sodium casainate

gelg and meat and fish products by microwave healtling.
Unfortunately, bthe only microwave unit that was available
for our work was an excremely small unit used lor physio-

therapy purposes in the lecel hospital. The energy it

-
¢ D

generabed was Too low to cresbe suificient heat for pulfing.

tiowever, some initlial signs of pufiing were detected with

e

ter subjected to the breabtment for

-~
I

sodium caseinate gels af

about D minutes,

Despite the lack of experimental knowledge 1n this

field, the suthor strongly believes That microwave heatb

shoclt, with i1tz internal and selective heating properties,

DUrPOEES.

(4) Gun~rfuffing Technigue: 4 puffing gun hes been

employed successiully to dry 3/8 in., diced potatoes,

carrots, beevs, apples, and whole Dlue—-perries.



It is reported (2%) that the technigue offers atb

least two importbtant advantages:

'__h
s
=t

t gives the product a porous structure.

ii) It permits rehydration in 4 - 5 min., in
contrast with 20 - 20 wmin., Tor most

conventionally dried produce.

Wilson (84) also reported that gun-puffed celery
pieces 1lmproved in Texbture and rehydration rate.

The pufring gun is & pressure vessel with a guick-
opening 1id, and the charge 1g zboult one-third the volume

! Eid

of The gun, The product must be first dried in g convention-—

[

al drier ©o an opbimum moisture content for gun-pufiing,
which varies among products, e.z. 25% for apples up to

40w for potatoes. The product is then transferrsd o the
gun, The product is heetzd in the sun with sbteam pressures
of up to 75 psi. AT the optimum pressure the pieces sgre
discharged and The flashing off of walber vapour creabes

the deslred porous structure glving faster final drying
thon in orthodox eguipment and more rapid rehydration

characteristics in the product (23),

It is very interesting Lo nove here that the

mechanism by which the product is puffed in The gun 1is

strikingly similgy o Uthe heat shock purfing of food geis



puffing of the food gels is done in atmospheric pressure;
and Tthe expansion of bthe texture relies on the degree of

the vapour pressure developed internally snd the thermo-

puffing thaen in the conventional puifing technigue.

In gun oulfing, there are two critical fachtors
namnely the molsture content of The piece zas it enters the
gun, and vhe pregsvre Lo wnich it is subjected prior to
puffing. The opltimum pressure, as does the moisture,
varies wilth varicus products., 1t ranges from 25 - 250 psig.
for apples to 60 - &5 pgig. for potavees. Wilson (84)

4

stactes that high moisture content and low pDressure is

moslt suitable for gun-puffing celery nieces,

The reconsvituted puilfed dice has proved to be

superlor orgamnoleptically. Shorter drylng vime guasrds the

Fflavour, and The product's wvorous texbure permlts Very
Tast wehydretion and good return to original shape.

The Tinal drying cost may be higher than that of
the donventliongl driers, out the superiority of the

product may be suificient Lo offset Chis disadvantage,

o expesrimental work has heen done in our laboratory

pertaining to gun-puflfing due to lack of facilities., It

is anticipated, however, thal fcod gels can alse be puffed

r

successiully in the puffing - gun &8s the pufling mechanism
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of both technigues

lr_j

are basically similar. The gun-pulfing
techmigue may cater for wider range of products for

rehydration purpose, ags LThere is less limit

Ci

ation concerning
process regulrements. However, for snack Type product the
conventional puffing techniaue may still be most sulitable

and econoconicsal,

(e) Radiant Heab Stock Techunigue: Radiant heating

ig absorption and conversion of radiant energy Lo heatb
energy. The radiant encrgy i1s absorbed on the surlace and
heat is conducted inward. In an oubdcoor barbecus, for

K}

necat 1S Lransferred to the meat or oLher food

Gt

exanple, the

by vadiation from the glowing fuel. Home of Tthis heat
is translerred vy conduction through the hcated holding

some commerciel radlant heaters are, for example,

infrarved lamps, healbed silica glass fubes, heated boro-

)]

i1

'._

icate glass wnesnels, and muffle furnaces whose emission

temperstures range from 520° to 4073°T or higher.

Infrared heat sources have been used for drying

0
-

b
[

t z

&)

nalnt, 1ink, paper, powders, fcood produ 4 grain.,

£
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snevic

oy

Inlfrared is, like microwaves, a nand of electroms

4]

waves whose lengths range from G.7 micron to 100 microns
(35). Infrared energy 1s associated with heat in that
it is radiated Dy holt bodles. ihe absorpiion of infrared

radiatlion results in heabing The avsorbing material.

|

Radiacion of inid ariges from vibration and
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rotaviocn phenomena assoclabted with molecules at surfaces of

radiating body. The total guantity of energy radiated is
proportional Lo fourth power of the absolute Lemperature,

The radiation and absorpbtion is dependent upon characterist-

ics of the surface called "emigsivity of the surface™ (58),

felson (58) and rroctor and Goldbrith (64) reports
that in many drying applications. where direct surface
sbsorpivion of heat is desired, the infrared energy 1s
successlfully employed. It gives faster drying than most
conventional drying wmethods., IT also gives z signi

increasge in healt yield in drying.

Person znd sorenson (62) state tha
0i slfalfa the higher the radiation intenzity, and Tthe
longer the exposure period the greabter is the rate of
moigture removal. They also advocate an extremely short
time of exposure for The high intensity levels to avold

scorching of The product.

Hall (35) suggests that infrared heating is suitable

for s thin layer of the product a5 it provides rapid means

zhould be anbicipated then

| -
3
3

for hesting and drying.
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that ilnfrared heating might provide one ox

-

shock puifing JTechnigue for cthin food gels.,

3

g productilon of infreared electromagnetic radiatbtion
is done commercially with electric filawments or flames from

5). Blechbrical filaments are used for wide range of

LN |

fusl (



Temperatures. By decreasing or increasing volbtage, the
radiation energy can be decreased or increased as reguired.

L £

some attemplts have been wade to puff food gels with
an infrared lswmp in ovr laboratory. Unfortunabtely, the
lemps availavle are Goo smell and The energy they emit is

not suificient %o pufi the gels to any satisfactory exbent,

some signs of puffing were detcected, however, alber subject-

ing Tthe gel to the heslting for about 10 minutes. #ith more
suiitable equipment, perhaps, Tthe Ttechnique could be more

successfully exploited.

In 2 muffle furnsce, the furmace is so bullt that
its charge of product is separated Cfrom The burners and
T

combustion gases by a refracbtory arci. Heal is transferred

DY hot - gas radisblon znd coavection to the arch, and by

4

rediation from the arch Go bthe cherge (61). In a laboratory
* e o > L E 1 -l o}
gize Turnace, radlabtion temperatures of up to about 10007C

con be attalned.

#Flectric heating maey be employed to many advantages
inatead of gas burners in a muflle furnace. It provides
fety and convenience, cleanliness in

T by-products, and rapid regponse

Lthe absence of combustio

+
+

and uniformity of temperature which can be precisely
controlled, 3y using the resistance heating which is che
dirvect anplication of s wvoltagme o & resistor, the

efficiency of conversion of electrical energy into heat nay



Joselyn and Heid (45) sbate that low initial cost,

fest heest-up, efficient conversion of clectric energy bto
heat energy and easy installabion cheracterize radiant
hzaters. They also suggest The possible applications of
heating and drying of thin products on conveyor belts.
The clectricmulfie furnace was employed very
successfully to pulf food gels in our lsboratory. The
details of this work will be reporbed and discussed in

he next section.

162,



B) Radiant Heab-shock Fuffing lechniouve and the Rehydration

Tates of its Froduchs:

1. Radlant Heat-8Shock ruiliing Techanlgue:

o

(a) Introduction: Open flame pufiing has been

practised in Asisn counftries lor cenburies. It is, of
course, a rather primitive but effective way of employing

L

radiant heat. On the persuvit of non-~fat puffing technicues,
with the inspiration of This knowledge and some prelimingry
work on Tthe subject performed by Perrveau (60), a laboratory
size electric muifle furnace was employed to study bGhe
technigue in more cetail,

1

The aims of the study, were to determine the best

i

conditions, i.e. temperature of the furnace and the Time

g
il

oL

T
o

puffing, and compare the pulflfing characteristics of
the products of this technigue to that of deep-fat frying

technique.

(b) IZxperimental:

frocedure: 4 0% sodium caselnate gel was prepared by
dissolving 10 parts sodium caseinabe powder in 100 parts
of hot water. The homogeneous solubion was poured o a
thin layer on plastic trays and dried in a drying chamber
et 110°F for 36 hours., The final moisture of the ary

sodium caseinate gel was determined by oven method (See

A Tew small pieces of the dry gel were deep~riath
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fried at 3607F for 10 zeconds. The volumes ol the mel

vefore 2nd after puifing vere determined. The moish

T
=

?-.-!

conbent of The puflfed product was also determined.

4 "Gallenkeamp" electric muffle furnace whose
. Ko A O
cemperature range is C7 to M0007C was used as a radiant
heater. The temperabures registered on a bullt-in dilal

type thermometer were checked amainst a standard glass

thermometer al var

w

gree well within
emperatures recoxnded in the experiment were Tthose rea

off from tThe dial.

The sodium caseinave gel was pulffed at various

- . . i s o o N e
furnace teuwperabures ranging from 260°C (500°F) to 6507°C

=

(1202°F). T

e gel was supported on s wire net with a

3
N

long steel handle., The door of The furnace was gquickly
opened while the wire net with the gel was pushed into a
heating chamber, and was partly closed lmxmedlately leaving

gome space for observabion ol the puffing action Taking

place inside, ‘fhe vime Trom The gel was ovushed in ©ill it

was Tully pufied, i.e, prior Lo turning slightly brown,
was recorded DF o stop clock.

The volumes =nd the molsture contents of The puffed

blems were expericenced in puffing the gels

b
o
o}
<
'_l
or
4]
o
5
s
l"j

alt relatlvely high fenperstures, anda in determinabtion of



Radiant heat puffing of sod

i

um caseinate gels:

()
(e)
(&)

Unpuifed
350°¢
550°¢

Deep~Lfat fried

150

5

50

O
A



Toable 2. vatures, Wime, wolsvure Sontenlbs and Volumes ol

diont dear uflfed
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thelr puffed volumes. The gels of uneven thickness tended
to pulfl uvnevenly, and some mavher thin parts might be
puiffed and turning brown while the thick parts were still

puffing, Good, uniform gel Qieces were carefully chosen Lo
overcome Lhis problen. .In volume determinstlon, the pulied
gels tended to rehydrate very quickly, so the average values

e vake

i

o
=

pt

» while the quick deterwination was performed o

ar ps3ible. The regults are Gabulated

sure the best results

5
e

in Nable 12,

The photographs of- 5 s, unpufred and puifed with

Dot techulgues at various temperature are also illustrated

in ¥ig. 21,

(c) Discussion: iany differences in puffing

characteristics vetween deep-fat fried and radiant heat

pulfed ovoducts have Leen obzerved and discussed,

1) The eifect of tempersture and time: It is clearly shown

in Table 12. thst vo puff a gel to a comparable volume,

temperature exerted by a radlant neater must oe approximately

% vimes higher than that needed in deep-faot frying., This is,
of course, due to much lower heglt wransfer coeificients

attained py means of radiation as compsred with Ghat of

e

o
]

conduction-convection in hot fat, and hot alr in a fluidized

. The heat btransfer coefficient for radistion heating in

O_l

bed
the mulfle Turnagce av 60C7C has neen caiculated, using the
eyvation ziven in re ound. Fo De aboul

[, ooy 1 £ it . e el e ™o T -
5 —~ 15 B, 0.0./hr. Tt7. “F, as compared with 200 5.7.U./hr.

20 . L ‘ 0. . - . o 20
£677F in hot oil st 40C7F, and 20 - 100 3.¢.U,/hr, Lt77F

[t
[
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general, decregsingly less ¢ime to pulf Tne gel To the full
puffed volume Then it does in ryer. alb very -
nigh GempsrallLies, S.8 oBOOG, an ewtremely short time is

gel. Counscquently sdtreme care

mast be talken o Lake Che pulfed zel oul of the Turnsce

There seens o be an opbimum Gemverature Lo give the

besc pulfed product, as far as the volume and Texture zre
concerned. Yhe Tamperavures velow or anove Ltnis the pulfed

volume will be lover and the unilormily of Tthe tvexbture will

be sgerificed {(see Fig. 27 {(¢) and compare it wich (£, (b),
fah . y 1 [ R ek il i ST O T e 1 e b=

Lo s (C. ° (J_I'lu SLLECT QI Woe Lemaerstursg 0 Cas
puffed volus is graphicslly shown in Fig. 22). Ve lowar

due to slower rates of heat transfer, and hence slower rabes
Tha Vapour pressurs 13 so
slowly bullt up that 1t ellows sufficlent time for small

gar ones, 1t also zllows

the wvapour pressure o eny vesicle to expand the wall Turthex
the vspour escape.

vefore it is Thin enough Co let

At higher cemperatures, asovever, the vaboul Pressure

the product 1s taken ovt of The furnace, and some parts of

- d

the puifed texture collaspse To give reduced [inel pulfed
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volumes,

il) Holsture: The effect of moisture conbents of gels
nrior o puffing in the furnasce follows the same trend as
that in hot fat. The gels of higher moisture contenlts
yere puffed in Tthe furnace, and tne results Invariably
showed That the bigger alr bubbles were formed with Lhe
higher molabture contents at all temperatvuvre levels. In

1., 2 Ly A PIPA P

fact, 2t very low bemperabures snd high moisgsture conltents
the hollow "pillow-case" tyve of pufled texture Lended Lo
be formed. Hence moisture conbtents of 105 and lower are

most suitable for sodium cazseinate gels with a raclant

heat puffing technicgue.

It is interecsting o note thet the moisture retained
in the puflled product tends Lo increase with increasing
puffing temperatures (lee Table 12)., This emphasizes the
fact (as has been commented on earlier) chalt the particular

portion of totsl moisture that really contribulbes to the

expansion of The strucbure is in a multimolecular region

Ci‘

and not vthe 1y bound wiater in Lbhe monomolecular region,

in Tect, it tekes only a swall awmount of The "free" moilsture
) - ol B — - : . Ty ! i - ey O ) - ;
to puff the whole structure, e.g. 2.420 at 5507C and only

1.51% at 65000, AT higher temperatures the time taken to
fully puff the zel is so shoxt thalt the heat energy
accumulated is insufiicient To evaporabe The more bightly
bovnd water. The higher moisture retained may contribute
i

to o slightly softer product texture and the collapse of

e N o I
some bubbles at &507C.
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20

VOL./WGT.(c.c./gm., WGT. BEFORE PUFFED BASIS)

0
350 350 450 550 650
TEMPERATURE,°C

FIG.22 Eftect of mutftle furnace
-temperature on puited volume

of caseinate gel



iii) Volume and bexture: The puffed volumes lncrease with

lncreasing temperavures up (o s maximvm then decrease as
has been shown gr cally in Fig. 22. Note that under
the fat-fried volume. This mey be due to the
rformer consists of wigger buobles with thicker walls which
mostly are still intsct., while the latter consgists of
smaller and evenly distribuved bubbles with thinner walls,
iany of the Thin walled bubbles are broken or have collapsed
(See Fig. 21 (e) and (g)), permitting ebgorption of liguid

fat.

The btextures of the puffed gels are clearly shown
in Tig. 271 To vary with puffing Cewnperstures. The vesicles
are becoming smaller and mors numerous as the Gemperature

rature of 650°C (Pig. 2 (£)), bhe

o)

lncreases. AT & tempe
texture very closely resemoles That of the Tat-fried product,
i,8. Lhe vesicles are uniform and minute and more evenly
digtributed. #ith The right combination ol temperature

and btime to which The zel is subjected, thersfore, a pulfed
product of comparable texture and volume can be produced,
with perhaps, certain addii 1onal superlorities using radient

1. L. Tal

heat from a source such as a nmuiffle furnace.

v} Rehydretion characteristics: The radiant heat puffed

-

. rehydrates extremely fast even in

sodium caseinate

I_l

Le

03

- Fal
iR

cold water. In fact, the product bDecomes completely

e s

dissclved after a few minutes contact with a sullicient

L=l

amount of water, wesulting in gluey solubtion. The gluinsss

)



o

of The solution, however, is inferior to the sclubtion of the
sodium caseinate powder in water., PThis is, of course, due

to some protein densturstion which undoubtedly takes place

during puffing at high Temperature. Hhe resull is the

change or loss in some original properties of the probteins.

The gels puifed at higher temperatures rehydratbte

I

and dissolve faster than those puifed at lower temperaturs

il
£z

. )
FaLS

o

The reactions Take nlace so fast vhabt the rates o
rehydiration cannot, with sbandard tests, bve recorded wo

any reasonable sccuracy.

However, the experiments on ithe rehydration ratoes
of other radisnt heat puffed products which do not dissolve

=d in

et

in water have Dbeen carried oulbt, and results are repor

the nexlt section.

v) ITmprovement of the technique: Iiuch can be done to

improve the radiant hegating lechnicue by a muffle furnace

Co sult the puffing purposes.

Ha

=

1 {35) suggests the circulation of air in the

heating chamber To reduce and control the surfacs temperabture

19
e |
of The product., This will provide means o

the loceglized scorching of the product due Lo

o3
o
=
e
cu
l_l.
A
o
J_l-
o
=
w
o
{':'\\_:
«
&}
n}
<
o
o
o
I_I-
o)
=
;_.l-
[
.y
2
'_J
I.,_l
C:P‘I
D
&)
=
[0}
L0
[
Hy
E-.-J
[
‘_l
@
Eh
ot

and uniform.
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Joslyn and Heid (45) suggest the heating and drying

tidn products on conveyor belts. The belt, set at an

O
=

appropriate spreed, will eansure the durabion of
which the product is subjected to

particular temperature 8o thalt the pulfing 1s cowmplete and

S0 the radistion/convection hesting chamber, whos

temperature can he raised up to zbout 70000, with an endless

o

conveyor belt whose speed can be varied will be a very

suitable form of instrument fox radient-heat puliing.

(d) Conclusion: ERadiant-heat ouffing Gechnigue has

proved Lo be a very efficlent means of puffing food gels.

Tte products are of comparable cuality with fat~fried vroducst
2s fsr as Ghelr veolumes and LTexture are coancerned. The
products may be of superior guality in some respects such

23 bthe speed with which they rehydrate, and the likely

improved keepiang quality through the ebsence of fat pick-up.

The nrepsr combination of temperatures and btime under

which bhe product is puffed 1s vhe most important factor

o obtein the best pulfed products and this may vary for
Gifferent Types of food gels,

Improvemenlts in Lechnicues for obtaining maximum
hest transfer efficiencies a2nd the means ¢f conveying the
L}

puffing »roduct tThrough a heating chamber alb a sultable

speed is of prime importance to obbain maximum gquality of



product, The cowmbinetion of radiation and convection heat
transfer by circulating air in a radiating chsmber coupled

with Ghe use of a conveyor belt is recommended.

[

2 Studies on Rehydration Halbes of Radiant-flealt Pufled
Products:

(a) Tntroduction: Dehydration of food products hes

peen a subject of intensive resegrch for a number of years.
'gpods are dried to preserve a perishable raw material zgeinst
deterioration or spollage under the lntended storage
condivions and for eventual ussge; and/or vo reduce the

cost or dirficulty of packeging, hendling, storing and
transporting of the material. Conversion of a moist food

to a dry solid condition reduces its weight and in many

insbences also 1ts volume (80).,

Arising, principally, from the need duriag Jorld
wars to supply armies with foods that keep well, took
litble spece, and were easy to serve, many dehydration
techniques were developed. Among these were spray-drier,
roller crier, vacuum-puld drier, znd freeze drier, L0 name

a few (80). Continuing reseavch is devoted to find new and

efficient technigues to produce better dried producis.
ain aims in development oif improved dehydration methods

are o easure bthe retention of fresh gualitles in the

ried product and raster and more complete reconstitubion

jo N

of the dried product,.
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In puffed products the {ivst aim may not be
melt since The physical ana some chemiceal properties of the

Tood may have to be altered in prepvarabion of a gel. For

instance the texbure of meat and fish is destroyed in the
peste and the gelavion of the paste is induced by pb
adjustment. Also during puffing proteins may be denatured

and 1ndeed the produclt 1s eyuivalent Lo a fully cooked one.
Fiowever, an ilmprovement in reconstituvlon characteristics
is the more important aim expected Go be achieved by

puflfing technicgue,

~
L

Froblems in rehydirations of dried [oods may include

the lrreversible changes thet vake place durving the dehydralb-
icn process which oiten prevent Ghe resbsorption of the

waber. The irveversible changes of the colloidal conscitucents
of both animagl and vegetable Tissues zare shown bo Lake place

5

1 the malerial is held at high temperature for a period

of ¢ime., The elasticity of cell walls and swelling power

of starch gel, both important for good rehydration, are also

reduced by heabt tresitment (80). rFrotein denstursvion during
drying of mealt causes the loss of water-holding capacity

1

pv muscle proveins. This leads Lo an incomplete reabsorption

u

-

off waber of the dried meat on rehydration resulbing in

tougher and drier texbture (7).

llany processes have been experimenied with flish snd
meat Tto produce dried productes that will rehydrate well.

However, no dehydrabted produclt hes
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texture is complevely indistinguishsble from ©
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fresh »product (13).

Cubting et al (16) reported that air dried, minced,
cooked white fish and minced, cooked, smolked white fish
picked up about 2.5 times thelr weight of water on steeping
in c¢old water for 10 to 15 minutes. Cooked fish pressed
before drying absorbed only aboult 1.9 vtimes its weighlt of
water and was far too Tough to be palatable. Rellev-dried

cod zbsorbed nearly 5

oF

imes its own weight of water and

became too moist to e made into satisfactory dishes,

FPreese-drying technigues sve, perhsps, the most

£

satisfactory methods so far. rroducts obbalned are generally
recognized as closgely approaching the ideal Type of dehydrated
product (13). bLven so cerbain products, such as Ireeze-

dried fish fillets sftier reconstitution, are still nolticeably

r 1

tougher and drier im texture. This 1is pbelieved to be large

|_l
|
=~

3 i

due to the denaturation of the maln structural protein

complex of muscle, achomysin, on drying (14).

N

with the dehydration

o

Ballantyne et al (1) sxperimente

1

ducts and concluded thst hot-air dried

@]
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O
=
o
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=
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o

cooked ground beel was an accepbtable item and rehydrated
quickly. They also reported Tthat freeze-drying sppeared
to be of little or no advanbage for chis type of product.

The process was more swlisble for either raw or cooked

meat pieces such as chops or stesks.

Ty
¥
l
i

‘he superiority of freeze-dried products lies in
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formation of an open porocus structurse free from impermeable

barriers. Smithies (74) states vthalt on vehydration of

o

freeze~dried meat slices it sppears, &t the microscopic

level. thalt water penetrates the dried strucivure DY
: : J

capillery action alded by the ability of tThe muscle protein
to be wetted. OCcculusion of gas in the dried structure

£

does not gppear to restrict the rapid rchydration of The

4]

hat

=y

product prepared under good conditions. He suggests

fireeze~dried raw meat slice should rehydrete in less Than

A

5 minutes and taste panels should be unable to detect gross

differences from o frozen contrcl sampla.,

Considering Tthese facts it iz perceivsable then That
the puifed products whose texbure is exfremely porous and
are basically of gelatiocuous structure should rehydrate
very well. f#Whe fab-fried products, however, may have Their
disadvantages in that they are generally coated thinly with
fat picked up during pufiing, and hence Their repydration

ay be barred by the hydrophobic anature oi the fat. ULhe
radisnt~heat puffed products, on the other hand, do not
neve this disadvantage, and so should be able Lo rehydrate
very well, That this is so has been guanbtatively confirmsd

by our experiments on bthe rehydration characteristics of

the radisnt heat puffed sterch gel and Lish product.

(b) Experimental:

Frocedure;

1) Btarch gel: A 10% stawrch gel was prepared by

0

heating a suspension of 10 parts wheaten cornflour in 100
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parts of water until 1t gelatinized and bhecame a Thick

el

W
&

paste. The paste was gpread thinly on plastic trays ¢

o Oin o e o - ]
dried at 1M07F for %6 hours. The dried gel was left i

I
—

T .

the atmosphere overaight for moisture cquilibration.
The gel was then:
puffed in the deep-fat frier at 375 for 20 zeconds,
puffed in the mufile furnace at 600°C for 5 seconds,
and,

for 10 secondsz,

G
o
o
=
<
O
Cx

puffed in the muifle lTurnace

Ly

The molsture conbents and volumes

<t
Gl
13

[
®
=
&
]
=
o
i)
-ty

putfing viere recorded.

The rehydration rates of the products puffed in the
mufTle furnace and of the control {(unpuffed gel) were
determined (See Appendix for the procedure of rehydration

rabe detCerninabion),

1d) Figh produvct: Gurnsard [ish flesh viss used.

The processing wmethod hasg been described in Zection II
pegel®B, Tri-sodiuvm phosohate soluvion was used Lo adjuet the
pH ¢f the pasve Lo 7.5, and Tthe dried paste was le

the sir overnight for moisture eqguilibration befcre pulfing

in the muffle Turnace at 400°¢ for 10,15, and 17 seconds.

gre andag after

1~y

The moisture contenlts, volumes De

puffing, snd the rehydration rates were deltermined as were
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Unpufifed

60000/5 aec,

60000/40 sec.,

Deep~fat fried gel.
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FIG. 258 Radiant Heagt ruffing of Fish Froductk:

(a)  Unpuifed

(b)  400°C/10 sec.

(¢)  400°¢/15 scc.

(&) 400°c/17 sec. (fully puffed).
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Hegult: The results of the molsture contents and the volumes

of the products are tabulated in Table 12. The corresponding

)
O

m

unpuffed and puffed products are shown in &

I..l

ig. 254 and 235,
1lustr
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(¢) Discussion:

i) General: Different furnace bemperatures were employed
7o pulfil starch gel and Lish produckt. This 1s becanse after

' ! - o

a few trials at different temperatures for cach product it
was Tound That Gemperatures of 600°¢ for starch gel, and
4OOOG for fish products were optimum conditions and it was
found that the time of exposure could be used to manipulate
the degiee of puffing. Further, when The producis were
fully puffed at the chosen temperatures their pulfed texture

resembled closely those of fab-fried products, which was

-
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zybitrary but it indicates relatvive values to show variaeii

o
h

within one producty o Lo compare products ol a similar nature.

extents are typified by Fig. 244, The fully puffed product

. o . S PRSP f b e 4 .
(E007C/10 sec.) reconstitubes The Tastest, the lightly

in Ghe first 10 sinutes afber which the re-absorntion of
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vater slows down., after 20 minu 1y pufied gel

1 . LT Il '

hreorbs twice 1ts welghv of waver, while tue convrol

nroducts slso show their capabillty to absord mors water
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e et~ 400° C /10 sec,
—O——0— 400° C/15 sec,
! I —xm-—ac-- 400° C /17 sec.
o 10 20 30 VCOOKED
SOAKING TIME, min.
FliG.24C Rehydration of tish product.
3.0 | | cooked

20

v

30 min. soaking
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O min,

/ S min. i
1.0 _ |

! ] ] f
2 4 6 8

VOL./WGT(cc./gm. WGT. BEFORE PUFFED BASIS)

FiG.24D Plutted volume and rehydration
of fish product.
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half-pufied absorbdbs 75 times, and the control absorbs about

2,75 times 1Ts welght of water.

Fig, 248 shows the increass in water asbsorbed by the

]_l

products with increase in thelr puffed volumes. This again
shows Thal at every stage of reconstibtution process tne
product with a bigger puffed volume is superior in absornt-

ion of water.

A somewhat similar trend is experienced in the case

I fish products which is illustraved in Fig. 240 and 240,
The fully puifcd produvet shows 1ts superiority over tihe

contbrol at every stage of Lhe renyvdralbion vrocess, bulb the

o lesger exbents, however, show their

by the Tact that ln the less pulfed products the heab

! o

inflicts two wypes of guality damage. (a) 1Ib mevely dries

the product further while the characteristices of its

texture vremain The same or the porosity of the product is

ntly increased to efficiently aid the rehydrat-

temperature dengtures the proftein Lo an

'_l
O
0
L
~—
o
et
=
o}
i
2
og
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apprecianle exibent and causes Lhe product vo lose 14s

original water-holding capescity. Heznce, when these products
are reconscituvted 1t is extremely difficult for water o
diffuse into vheir svructure, i.e. in the caze of the

product pulfed at 4007C for 10 seconds. .Lhen the waber

manages to diffuse through some open vexbure, as in case

O

of the product pulfed at 4007C for 15 seconds, the abgorpt-

Lo}
]

CILL

i

lon of water level very cuiclkly zfter the initial high
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rate of absorption because the product loses its waber-

o

holding capacity, In fact, when this product is boiled
for 10 minutes (fully rehydrated) it tends to lose some of

its previously absorbed moisture (Wig., 24C).

In case of the fully puffed product (400°C/17 B2C. ),

the Ddroduct vexture is extremely porous with numercus pores

throughout the structure. Hence The nroduct possesges a
grester suriface Lo absorb wabter. The oroduct exhibilits
very rapid initial rate of rehydration in first 10 minutes
-

ol immersion uvnder water., This

:_.l
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o

of water belng carried inco L

action of the pores, Dus Lo large surface area exposed Lo

]

cl
i
o

the water, a larger amount of water can then be held by
1y puffed product than that by the control, even after
J ok k 2

1
full rehydration.

wed

The plots in Flg. 24D illustrabed similsr trends
to those in Fig, 248, i.e. the producus of lerger puifed
volumes show higher capacities to absorb tThe moisture at
21l stages of rehydration. The increase in volume scewms
to have more effect on the incresse in absorbed water in

this cage, however, than in puffed starch gels.

vacuum contract plate dried (V.C.D.) cod, and freeze-dried
cod, the freeze-dried cod rehydreted the rastest, the
V.2.0., cod the second -~ slightly inferior to the frseze-

dried product, and the sir-dried cod was the worst product
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§.WATER /9.DRY SAMPLE
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%’" v
3
4
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50 75 100 25728

SOAKING TIME min. b

FIG.25 Reconstitution of dehydrated cod (Connell, 1957).
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gir-dried at 30°C

V.C.D. 131/565

V.C.D. 342/53

freeze-dried from air-blast(-30%frozen cod
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C02— ethanol(-80°)"
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with mesgpect to rehydration (Fig. 2%). He advocated that
this was due to the "micro-structural' differences among
the products, AllL the samples snowing fresze-dried

characterigtics exhiblt an enormously rapid initial ratbe

1=
e

of rehydration. Thiz is due vo wabter being carried

o)
o)
@

kn}

into the pilece by the capillarity of an extensively

remifying system of spaces permesving the whole structure

With a compact tisgue like air-dri

[0

d cod, waber vernetrates
mostly to The centre of large pleces by diffusion through

the provein of the fibre itself. This process 1is very slow

40
T
53
o
4
i_:.
=
H
4
i
=
}._..I

in the cezse of dried nmuscl: ving in very slow

rabe of rehydration. He2 also stated That the micro-structur—

o
.
oY
1=
a
()
[
]
@

znces accord wWith bhe general textural experience
of The palate. 4 highly compscbed preoduct like ain-dried
COd.fCelS tougher than a lesg compact one 1like V.C.D, cod
1

and in turn this 18 more tough than a very finely structured

product like freeze-dried cod. The tenderness expesrienced

-

in fresh cooked fish is losgt in most dehydrated products.

freeze—dried cod fel® more fibrous and dry in the

l"‘t;

“ven Lhe

dried

h

nouth, presumably because the individusl [libres of th

product were less soft and less completely hydrated than

1 o =

hose of fresh fish. This, he stabed, was due nob only to
the differences in microscopicsl structure, bub alsc o The

differences in water-binding capacity of bthe producis

caused by denaturation or The muscle proteins.

oked

ed-fish, though not perticularly dry

”“1

ufl

o

and tough, was rather spongey., This is presumably due tTo

+

the fact that the individual fibres of the fish have been
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nearly completely destroyed during the process but are
reunited together again into one continuous piece by the

gelation process brought about by pH adjustment and drying.

The rehydration rates of the puffed-iish products
25 shown in PFig., 24C are closely comparable with that of

the dehydrated cod as shown on Fig. 25. The smaller overall

o

values of water absorbed by the puffed product (compared
with those of dehydrated cod) can be attributed to tGhe

fact thatv the method Tfor rehydration rate determination
employed by Connell 1s slightly different from the method
employed in thig experiment. Connell lightly blotted his
rehydrated samples with filter paper hefore re-weighing
them, while in this experiment the rehydrated samples were
dried by centrifugiang For a standard time before being re-
weighed., Hence the esxcesgive re-absorbed water would be
expressed out more by thisg method resulving in lower values

Tor water of rehydration.

The other difference bebtween our experiments on
pufTfed-Trish product and Those uvndertaken on dehydrated cod

concerns the thickness of the product. The puffed product

“+

5}
i

is very thin, i.e. gbout 2 - 5 mm, thick compared to

1.5 %2 5 x 10 cm blocks of the cod fiesh as used by Connell,
The thin puffed oroduct would be exupected to show more

v

rapid absorption in the initial stag

[0

5 of rehydration as
it has less depth for water to penevrate Ghrough, and hence

reguliring less time bto sbtain complebe hydration.,
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Considering the product as a whole, the puffed

o

products may be considered as in the seme or comparable

fal e

s freeze-dried, or V.C.D, products as far as

W

category
rehydration characteristics are concerned. However, the
final rehydreted products are quite different. The
conventional fried-~dried, or V.C.D. products can be in
elither raw or cooked state, while the puffed products are
alwaye cooked arter the process., Hence Tthelir utilization

may ve diffesren

Fuifed foods may be ground snd used as =z congtitbtuent
for other types of roods such as soups, or may be used as g
protelin supplement or Ilavouring material., The rehydrated
puifed foods might be used in a variety of recipes for

consumer use and would be guite acceptable to Asisn Gaste,

Rehydrated purfed fish, for example, is very much like one

O
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o
H
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ot
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d ingredients used for Chinese noodle

(d) Conclusion: The combination of temperature

4

and time must be decided for each Type of food gel o

obbalin the best radiant-heat pufied product with optimunm
rehydration charactberistics. fThe best renydrsitlion rate

is vally obtained from the fully puffed product. However,
care must be taken in The caseg of protelin foods thet the
denzturstion of the proteins does nolb occur alb too greab

ent such Thal Uthe proteins Jose most of Ttheir orxriginsl
water-holding capacity and resulting in dry and tough

rehydrated products,



The radiant heat puffed fish p

|4

oducts rehydrate ab

-

reeze—-dried, or V.(C.B, products

sl
ke

comparable rates as do

but the final products obtalned msay be quite dirferent.

Wew ways of utilization of rehydrated puffed foods
may heve to be devised, however, out their prospect is good
as a rehydrated ingredient for Asian dishes, and for some

Europ@aﬂ t;}:'pes of dishes.
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Analytical methods employed in experiments:

. Moisture Determination:

o]

Aluminiumn moisbure dishes were heabed in a hot air

oven to 105°¢ for ab least one hour, then cooled in a silica

gel desiccator to room Temperabure, Approximacely 2 gm.
samples were weighed accurately into The dishes. The

0, . : o
C overnight, cooled

sanples were dried in the oven at 105
in the desiccabor and re-welghed. The molsture concent was

expressed in percenbtage of the wet weight of the samples.

Measurement of Volume of Unpuffed and Lulfed Products:

H
£

The volumeiric measurements were made in a graduated

250 ml. cylinder by displacement in petroleum ether,

The product was subnmerged into the known volume of
the pebroleum ether by the z2id of =2 ¥thin rod with a circular

1

hesd loosely £id

v

ting the size of the cylinder. The voluite

of the rod and its head was proviously calibrated., The

increase in volume when the seample was submerged was notved.

5

The volume was Iirstly expressed as the ratio of c.c, of
the volume to the weight in gm of the sample {c.c./gm).

Thig is called the volume '"as is". TFThen, in the case of

Bt

he puffed samples, the volume was also expressed aos the

1)

tio of ¢.e. of the volume to The weight in gm of the

5

o
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prior to pulfing. This is called the volunme "wgl.

before puffed basisg’,

The latter expression was chosen so thatb:

1)  The increase in puifed volumes with the seme type of

)

product could be compared between themselves reasonably

accurately as Ghey all were calculated on the basis of the
original volumes prior to puffing and which were found to

be guite consistent in =ach product,

u .

2) The problem in the discrepancy in the weight of

s
o
o

pick-up, and in the varying levels of moisbure contents

of the puffed product which arose in Lhe sxpressicn of

i——<

"ag is" wvolumes could be aveoided,

By this expression comparison of the puifed volumes
of different types of preduct could also e made sabtisiact-

Jos .o
iR

orily allowlng for Thelr difference in unpuffed volumes,

II7T. Molsvure Eauilibration of the Food Gels prior to

humidity they exert at 5000 listed below asre taken Lfrom :

Ugrr, D. and Herris, B. (9) end Fervry, J.:5. (61).
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It was found bthat alfter 5 days in the Jars equilibrat-

ion was complete in all food gels used in the experiments.

“hen Samples were taken oulb of the jars and used in
subseguent experiments such az volume debermination, moisture
determination and puffing. delay wag avoided to ensure that

no noisture was lost to or gained from bthe atmosphere,

IV, method of Deep Fsel Frying:

A emall, electrically heated deep fat fryer wss used.

The fat used was a commercial hydrogenabtsd oleo 01l under
the trade name "Chefade'.
The btemperature of the fat could be Taised to 500
and was Thermesbtaticolly controlled. However, the fav
temperabure was checked, agsainst that registered on the
on/off switch, by a sbandacd mercury-in-glass thermometer

T . O___
whose btemperature range was 0 - 6007F.

[}

The food gels of known weight and volume were fried

in g sbtainiess steel basket immersed in fat., 4 lew puffing



1-1

trials were conduchbed Tor each type of Tood before the
actual experiments were carried out, to decide the moss
suitable length of time of preoduct immersion in the hot
fab. This was bto ensure thalb fully puffed, but not burnt,
products were obtained. Subseauent pulfing Trials were
dene under conditions representing the selected combination

~

of tempersture and time.

“hen the product was fully puffed, it was lumediately

Gaken out of the fat in the

o
o

asket., mxcessive fat was
drained or shaken out before being tippned out onbo a tray.
<hen the product cooled down to room temperabure subsequent
tests, such as volume measurement and moisture determination,

were proceeded with ilmmediacvely and deflore the producs

couvld wak slgnifi 1T amount: I atmospheric molsture.
could ke up significant amounts of mospheric moisture

Ve Determination of Rehydretion Rabtes:

Immedistely alter being radiant-healt puffed,

rehydretion rates for products were delbermined as Ffollowg: -

: U S P & : 5 - TR : :
500 wl. tap wster (70°F) in a beasker and the lmmersion
period was debermined with & stop wa
The product was Ilamedlstely taken out of the water
after Uhe set tlme ended znd was wrapped up in a nylon

centrifuged for 1 minuvte in a "Debonalir =Spindryesr"

0

o get vid of excessive water on the surface.



The product was then rewelighed., The rehydrabion

in terms of welght of water absorbed

3
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e

welght of tThe product

vefore rehydration.

Ihe rehydration rate of The control (unpuffed
product) wes elsc defternined in pavallel for comparison

puTrposSEs.

4

The product which was immerssd under water

B}

or th

5

longest periocd was further employsd to determine the amount

T el

I water abscorbed when ifully rehydrated. This was done

O

by dinmersing the product in boiling waber for 10 minutes

¥ o

before 1t was baken out to be censrifuged and reweighed.
some products were so lighv vhav they floated on the

In these cases a small welghiu was

-

surface of The wabe

placed on top of The product in cthe besker so that it was

Fully submerged over the whole period of Time.
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