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One readily demonstratable effect resulting fran the prolonged heat 

treatment of milk is browning. A form of non-enzymic browning due to inter-

action of aldoses with free amino-groups occurs in many foods, and hence this 

reaction is of broad significance in the food field; e.g., dry milk products (29), 

processed potatoes (95), dried fruit (-l 02), dried whole eggs ( 73), dried meat (99), 

and. liquid and. concentrated milk products (33,83). fue significance of browning 

in food technology has two aspects - the desirable and the undesirable. 

In many areas of the world today people are undernourished, malnourished, 

and. even starved. At the same time in other parts of the world, food is abundant 

to the point of substantial excess. Although many factors contribute to this 

unbalance, food spoilage is an important considers.ti.en. Sane emess food oan 

be processed and. stored in a practical manner involving little or no deter­

ioration, but sane of it faces spoilage despite man's preventive efforts. One 

vexing problem of food spoilage is browning 'Whi~h may atteot many food. products. 

1hese include dried food such as milk, eggs, f'rui ts, fruit juices, meat, fish 

and vegetables ( 12) ; canned milk, fruit, and vegetables; and. other foods such 

as molasses. Loss of palatability and nutri ti.ve value as well as undesirable 

ohanges in physical properties frequently attend the brOWling of f'ood. to va.ry.i.ng 

degrees of' intensity, depending an the stage to llhich the reaction has progressed. 

~s is the undesirable aspeot of br01llling. 

On the other hand, the Maillard reaction can make a positive cantributicn 

to food. technology by producing desirable colours, flavours and arcmas in ~ 

foods auoh as re~to-serve oereal.s, toffees, roasted coffee, malted barley, 

and baked goods (65). ibasting, bald.ng, roasting, and frying are processes 



aimed at intentionally browning the f'ood.. Although there is acme loss of amino 

acids llhen these flavours are produced, the loss is not usually of much import-

8ll0e and is accepted as a price 1'0rth paying. 'lhe Maillard. reaction can be 

explai ted for particular purposes by the ad.di ti on of reduoing agents to the 

food. For example, the inclusion of milk powder in a loaf of bread peDrl. ts 

more even toasting at a lower temperature because of the presenoe of lactose. 

Another example is the production of chiaken and meat-like flavours by heating 

amino acids w1. th pentose sugars and. aldehydes. 'lhe distinotive caramel and 

buttersootoh flavours derived frc:m dairy produots result from the bro"WDing of 

milk or milk cc:mponents. 'Illus, i t is clear that bro..Ung has two aspects, both 

of "filioh canoern the acceptability of man• s food. 

It is the latter aspect ooh is of principal interest in the present 

work. By prc:moting browning i n milk solids to varying degrees of intensity, a 

range of palatable caramel flavours may be obtained. It is clear that dairy­

caramel flavours are appetizing by the fact that caramelized milk products are 

very popular, and are eaten extensively in South America, India, and Europe. 

Tradi ti anal products produced d.onestioally include 'Dulce de leohe' (Argentina, 

Uruguay), 1Manyar blanco' (Cbile), and 1Khoa 1 (India). In Argentina, 2,800 tons 

of 'DuJ.oe de leohe' are camnercially produced per annum; 98% of this produa:tian 

is consumed intenial iy. Clearly then, many people enjoy d.airy~aramel flavours 

"lilen purposely produced. With the realization that a potential market is 

already present, the purpose of this thesis is to explore the possibility of 

diversifying New Zeal.and. dairy produots by the prcmoted oaramelisatian of 

milk solids. 

A review of previous research into the browning reaotiai in milk showed 

that muoh 'WOrk has been done and copious literature exists, but most of this 

neglects the beneficial effects of nai-enzymio browning in millt and oanoentrates 



on the deteriorative effects. Consequently, methods of measuring bl'O'ming 

mainly involve measurements of the reactants and early intemediates as a basis 

for inhibiting the early stages of browning. As a result· of this bias in 

previous research, the first task of this study was to develop a method of 

measuring pranoted browning ("caramelization") in milk. '.!he method finally 

chosen was the reflectance measurement of colour. 

A reliable method of measuring pranoted browning made possible a study 

of the factors affecting pranoted browning, and caramel f'lavour development, 

in S11eetened condensed milk. fue study was restricted to br01ll'li.ng in "liquid" 

systems as the factors affecting browning in "dry" milk powder have been well 

documented (65,83 ). In this context, there were t\'IO principal areas of interest 

with regard to browning and associated changes in milk systems. One is practical 

and conoerns the manipulation of prooess and produot variables suoh as tempera­

ture, time, pH, and moisture content, to obtain a controlled amount of browning. 

'.!he other is f'und.amental and concerns me.king the knowledge of milk and its 

behaviour as canplete as possible. 

Without incorporation into palatable food structures and textures any 

flavour is of little value as food. Henoe, the remainder of this thesis is an 

exploration of the possibilities ot incorporating dairy caramel flavours into 

conventional food textures, struotures, and types ?ihich are of proven palat­

ability. A survey of present food tonns marketed, . and a consideration of recent 

trends in food marketing suggests that the following product types are of proven 

consumer acceptance and worthy ot further study and development. 

1. Sweet caramelized spread for use in the same way as 

jams; i.e., spread, pie filling, cakes, etc. 

2. Porous waf'er or bisoui t type of product - pe:rilapa for 

use as a high protein supplement in a form llh:i.ch the 

consumer is familiar with. 



3. Concentrated dairy caramel flavour in pawder or liquid concentrate 

foxm for general food flavouring. 

4. Oanfeotions - sweets, toffees, milk caramel, hokey-pokey, etc. 

( fue production of caramel confections is '91811 documented and 

was not studied further.) 

With an aim of developing these general produot types a :f'undamental study 118.S 

undertaken to define the factors affecting flavour, colour, and texture of 

browned milk solids. 
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I. INTRODUCTICN 

In the scope of the present work, there are two principal areas of interest 

with regard to brov.ru.ng and associated changes in milk. One is practical, and 

oonoerns the manipulation of process and product variables such as temperature, 

time, moisture content, to obtain a controlled amowit of browning and caramel 

flavour. The other is fWldamental, and concerns making the knowledge of milk 

and its behaviour as complete as possible. This review summarizes previous know­

ledge in the field of the browning of dairy products and fozms the basis for the 

direction of f'urther research into the promoted oaramelization of sweetened 

condensed milk and similar dairy prod.uots. 

Fundamentally, there appear to be three main types of browning in food 

systems (55) :-

1. Caramelization or non-amino browning of sugars. 

2. Amino-sugar or Maillard-type browning. 

). Oxidative browning. 

Caramelization brov.ni.ng may be defined as the 'heat decanposi tion' of 

sugars as a f\mction of pH and buffers in the absence of amino oanpoWlds. 

Caramelization requires a relatively high order of activatianal energy. On the 

other hand, M:a:i.lla.rd-type bro\11ll.ing requires a relatively low order of energy for 

its ini tiatian and exhibits autooatalytio qualities once it has started. It 

may be defined as that broming whioh results from the interaction of amino 

canpounds (proteins, amino acids etc.) with reducing sugars. This is by far 

the most important type of browning in the food field and is the type whioh 

prevails in milk and its products. Oxidative browning, W'i th which we are not 

directly concerned here, is typified by the colour change that occurs when the 

surf'aoe of fruits or vegetables is bruised. 
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II. RUOTMfTS AND KEOHANISll 

A. Reactants 

Much of the difficulty and oonf'usion resulting from studies of brom­

ing in heated milk is due to the dynamic state of the delicately balanced bio­

chemical system; i.e., the oanpletion of one step is not essential to the 

initiation of the next, and many chemical reactions are proceeding at onoe. 

Also, "lhile amino groups may disappear in the primary stage, they may reappear 

or regenerate in the ID8Dller of a true catalyst. 

In his thorough review of browning in milk products, Patton (83) oca­

oludes that the literature clearly indicates that the two principal reactants 

in the browning of milk systems are lactose and casein. Neither casein nor lac­

tose brown readily when heated alone but they do so men heated together (83,46). 

Considerable evidenoe supports Maillard-type browning in milk. '.!he 

independence of bro111ling an oxygen level (83 ,4-9), and the acknowledged import­

ance of casein in the disoolouratioo, discount the possibility of oxidative 

bro18ling or pure sugar oaramelizatiai browning. Evidence fran three distinctly 

different areas of study point to the *E-amino groups ot lysine (in oasein) as 

key reaotants:-

1. Autoclaved systems containing casein and a reducing sugar consistently 

show the greatest amino losses in lysine (36 ,68). 

2. ~a and Hannan (67) have daanatrated that in the "dry" state glucose 

reacts wi. th the free amino groups of oasein in a 1 :1 ratio, that these amino 

groups are made up almost entirely of E..am1 no groups of lysine, and that the 

ocmplex so f'ormed browns readily under suitable oonditicns of temperature and hum­

idity. Other basic amino acids are involved secondarily in the reaction {68,69 ). 

3. Patten (81,82,85) has noted that the decc:mpoaiticn of lactose in 

• B = e, ,epsilon 



heated milk and in casein solutions appears to be base catalysed. 'Ille tree 

amino groups of casein are the logical oatalysts in this instance. 

Ehosphates and the milk butter system are ot secondary, it any, import­

ance in the browning ot milk products (83,86) oanpared with the primary react­

ants - lactose and casein. 

B. Meohanism 

'Ille chemistry of brow'li.ng in foods is highly complex. In an effort to 

unravel the problem, model systems haTe been used by many investigators. In 

place of the canplex media presented by foods, simple, aqueous solutions ot 

a sugar, usually gluoose, and various amino canpounds, particularly amino acids, 

have been employed to study the reacticn types responsible tor broming. 'lhese 

aoattered disclosures ot reaction types are capable of an orderly arr&1Jgement 

and a. perspective view of the entire group of chemical reactions known a.a brown­

ing may be dram (.50). 'lhe findings f'rcm these simplified systems are very can­

prehensive in contrast to the limited findings of milk. 1}lose interested in 

the baai.o chemistry ot bra.ming should ocmsult the review ot Hodge (.50), 

Danehy and Pigman (31 ), Reynolds (90,91 ), and Burton and McWeeney (22). Brom­

ing ot milk and its products has been reviewed by Patton (83). Indications 

are that browiing in milk closely parallels the pattem which ooours in mod.el 

systems, although the ccmplete mechanism is as yet tar tran eluoidated. 

Between .the established fact that casein and. lactose a.re the primary 

reactants and that a. brown product is a resultant of the reaction, there lies 

an area of chemistry that is largely unknown. 'Ille ini ti.al reaction, at least 

in the dry state, between glucose and casein involves a 1 :1 reaction ot the 

gluoose with the E-amino group of lysine (67). Such a 1 :1 reaction between 

these ocmponents has not been demonstrated in an aqueous system; presumably due 
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to the instability of the ad.di. ti.en produo.t under such oondi ticns (55). In 

addi ti.on to the amino groups of }3si.ne, the other basic amino aoids, arginine 

and histidine mAy be involved seoondarily (83,69). 

'lhe precise nature of the interaction between the laotose and amino 

groups of lysine has not been established. Ri.ohard.s (93) has shown that for 

laotose-oasein and skim-milk in the •dcy" state during storage, there is 

ini ti.ally a close relationship between the f'omatian of 1-amino-1-deoxy-2-

ketoses and a decrease in free amino-Di trogen. 'lhis conforms w:l. th an Amador! 

rearrangement ot an 1ni ti.ally fOl'llled laotose-protein ocmplex. CJlange in 

colour is rapid cnl.y atter there has been a rapid f'ormaticn of' 1-emino-1-deoz;y-

2-ketoses and a corresponding decrease in tree smino-ni trogen. rus oanf'oms 

w:l. th browning being due to the breakdown of the Jmadori rearrangement oaaplex. 

'lhe reaaticn soheme in Figure 1 has been established as representative 

ot the early reacticns between reducing sugars and amino can.pounds. 'lhis 

integrated scheme was proposed by Gottschalk and Partridge (41 ) , and sub­

stantiated by Hodge and Rist (51 ), and Rioharda (92,93). 'lhe aoheme is 

believed to be applicable in explaining the early reaotians in natural sugar 

amine syst.a (50,92). Acl.aohi (1) has identified fraoticns representative 

ot II and III in evaporated milk and ncm.-tat dry milk. Potter and Pattcm. (87A) 

have identif'ied 5~drax:ymethylt'urf'ural (HlilP) (V) in eva:porated milk. Whether 

the principal route ot pif!P1ent tomaticm. is by reduotcm.e and. fission prodl.Cts 

or by mm' tonna.ticn. is not clear. A reoent review by Reynold.a (90.91) quotes 

the work ot Anet (8,9,10) in support of reductcne and t'issicn products being 

the main route, 111hile Hodge (50) emphaaizea the HMF route. However, all 

these studies have been en mod.el systems and the ocmplex reaction in milk 

beyand: the fozmaticn of compound III has not been elucidated. 

It is pertinent to note that browning in milk is a oatalytio prooess (83) 
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and. that amino canpounds catalyse the Amadori rearrangement, and possibly the 

subsequent degradation, f~entation, and condensation. 1heref'ore, one might 

strongly suspect that browning in heated milk involves catalytic decanposi tion 

of lactose by the E-amino groups of lysine (in casein). 'lhis may help to 

explain the inconsistent relationship between lactose disappearance, or destruc­

tion, and the loss of' amino groups that has been observed in heated milk (83). 

Much work has been done on oo:noentrated and dry products because of 

their susceptibility to browning (Lea et al, 44,4.5,49,63,65,67,69, 72). The 

basic meohanism demonstrated in dry systems has been demonstrated in liquid 

systems except that there is a more dynamic and progressive fonna.tioo. of' melan­

oidins in liquid systems. 

Patton (83) introduoes the concept of surface catalysis and adsorption 

by the milk proteins. 'lhi.s is supported by the fact that about one third of' 

the lactose-casein complex is stable to further heating after 20mins/122°C (83). 

Lea and Hannan (67) have provided further experimental evidence in support of' 

catalysis in a model system of casein and glucose. Under favourable oondi tions, 

and in the presence of excess sugar, glucose continues to disappear f'ran the 

system after the reaction with amino groups has virtually ceased. This extra 

glucose, canpa.rable in amount to that oanbined with amino groups, is found to be 

'bOWld • to the protein, but the nature of the union vd th the protein has yet 

to be established with certainty (67). Alternative possibilities are:-

1. A chemical reaction between glucose and reactive groups in the 

protein other than free amino groups. 

2. Caramelization of' glucose, catalysed in some way by the protein 

and followed by adsorption of the caramelized product on to the 

casein. 

Similar reactions may be responsible for the strong binding of the degraded 

lactose by the protein. 
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In essenoe, the phenanenan appears to be a catalysis, by the amino 

groups ot oasein, of the deoanposi ticn of lactose. Deoanposi tion of the lactose 

involves dehydratioo, fragmentation and condensation reaotions, leading to the 

formatian of brat11 pigment, and many assooiated changes. 

c. :Brom Piseent 

'lhe most important meni.festaticn of the canplex and poorly understood 

chemistry ot browning is the pigment. Binding of the pigment by milk proteins 

and its absence from soluticn in milk serum is characteristic (83). Kass and 

Palmer (59) have viewed the assooiation of the pigment "fti th protein as a 

result of an adsorption prooess. However, the pigment oamiot be remOV'ed f'ra:n 

the protein wi. th.out destroying it. ~s suggests that, at least in part, the 

binding is chemical rather than purely physical (83). '.Ibis difficulty e:r.olud.es 

any analysis of C:N ratio or other properties of the pigmented polymer. 

llI. HimCllENA ASSOCIATED WI 'lH BRO'llNING 

'lhe progressive deoanpos:l. ticn of a reducing sugar in the presence of a 

protein is aooanpan:i.ed by many changes, ally a:ie of Wlich is browning. Most 

ot the changes are considered deleterious, and may include any of the 

followlng (65) :-

1. developnent of a browi diacolouratian ranging f'rcm a pale oream 

or biacui t shade to nearly blaok; 

2. prodl.lCtian of stale "caramelized" or bitter odours or flavours; 

3. loss of solubility of protein leading to a deterioration in te~ 

and. a failure of dried foods to reoonsti tute properly wi. th wate~; 

4e a reduction ot pH and the prQduotian of carbon dioxide and •ter; 

5. enhanced reducing properties; 



6. an increased tendency to troth and fou.; 

7. the development of the property of fluorescing in ultra-violet 

light; and finally I 

8. a loss of nutritive value of the protein resulting frcm a reduced 

availability of certain of the essential amino acids and a destruc­

tion of ascorbic acid and some of the :B-vi tamins llhen present. 

In sane heat processed foods and in most of the stored produots {e.g., milk 

powier) in llh:i.ch changes of this type occur, the effects an navour and colour, 

and sometimes en texture, solubility or nutritive value, are undesirable and 

much effort is made to avoid them. On the other hand, non-enzymio browning 

reactiens produce desirable colours, aranas and flavours in many cooked and 

processed foods where they contribute variety and appetising quality to the 

diet. It has been kn09ll for a long time that amino-aldehyde reaotiens con­

tribute to the desirable aromas and flavours of many baked, roasted, fried or 

toasted foods, but a knowledge of the mechanisms and canpound.s involved still 

remains rather eoanty. One of the most obvious results of incorporating skim 

milk powder in bread is the produotion of a loaf with better toasting quality. 

Similarly, intentional "caramelizatian" of sweetened condensed milk yields a 

palatable produot. ni.e teolmologioal importance of some of the associated 

reaotions of brO'fllning to the development of a desirable caramel flavour in 

dairy products is now disoussed. 

A. Ccmpound Forms.ti.en 

A substantial number of canpounds, which are largely lactose fragments, 

have been revealed to result fran the prolonged high temperature treatment of 

milk {55). J1.an3 of these carxpound.s such as butyrio, propianio, acetic, f ondo, 

lactic, and pyruvic acid as well as aoetaldehyde and aoetol, are higb.ly flavoured 
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compounds llbioh undoubtedly contribute, in part, to the caramel flavour of 

heated millc. 

B. Reducing Substances 

Heated and dried milks contain a canplex reduoing system involving 

sulpbydryl oanpounds, aaoorbio acid, and substances associated with the bro-m­

ing reacticn (83). Although the reduotone-like reducing substances are formed 

during browning, their structures are not knom. ~eir presenoe as a result 

of browning is the basis for the acid terri.cyanide method of measuring the 

rate of brO'Mli.ng (25,26). 

~e presence of these reducing substances would probably eliminate or 

minimize the inoidence of oxidised flavours in "caramelized" milk products. 

c. Strecker Degradation 

1be best lm01111 meohanilllll by llhioh highly odorous canpounds can arise 

from amino-sugar interac.tion is the so-called •streaker degradation". This 

reacticn is of demonstrated significance in simplified browning systems, but 

there is little direct evidence of it occurring in milk (50,97). In esaeme, 

it accomplishes the conversico of an amino acid, by deamination and decarboxyl­

ation, to an aldehyde of less than one carbon when the amino acid is heated 

with certain types of dioarbooyls; it may be represented as follows:-

Heat 

0 0 



As shown, the reaction requires a dicarbanyl caupound confonning to the 

following type of structure in which n may be zero or an integer (98):-

0 
II 

- c - (c 
0 
11 

= C) ~ C -n 

11 

Sugar :fragments suoh as methylglyoxal and pyruvio acid, which have been ident-

ified in milk, fulfil these structural requirements. 

'lhe sensitivity of the palate in detecting some of the volatile flavour 

substances (e.g., aldehydea), produced in this reaction, is extremely great (70). 

Henoe, fran a practical standpoint, this reaction may be important in convert-

ing non-odorous amino acids into flavourful aldehydes llhi.oh have extremely low 

taste thresholds. In addition to producing volatile aroma constituents, which 

may contribute, in part, to the desirable flavour of caramelized sweetened 

condensed milk, the browning reaction can probably also contribute bitter tast-

ing non-volatile products of high molecular weight ( 70 ). 

D. wss of' Nutritive Value 

While the interested reader should consult the exhaustive review of Kon 

and Henry ( 61 ) , Patton's ( 83) brief summary makes clear that lowered nutri ti~ 

and biological value is a distinct possibility in food products which have 

undergone a noticeable degree of browning. 'lb.is is of real importance in the 

present work where browning is promoted because it yields a desirabl e caramel 

flavour. However, with the lowering prioe of amino acids and increased 

nutritional knowledge this problem may be overcome by supplementation and 0001-

plementation with other foods. Food acceptance is of primary importance, and 

nutritive value can be adjusted as a matter of secondary importance. 
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E. I..oss ot Protein Solubility 

During the earlier stages of the interaction be't19een casein and lactose, 

the rapid canbinatian of lactose with the protein tree amino-groups, "flhioh 

consist mainly of the E-amino groups of the lysine residues, predood.nates over 

other reactions; the ratio of amino-groups destroyed to lactose bound is 

practically 1 :1 (67,93,q.9,69). ~e protein-lactose canplex at this stage of 

the reaction is still colourless and. soluble, and the formatiai of the cClllplex 

corresponds to an increase in aoid terrioyanide reducing po...er (65,4-9,63 ). 

Subsequently, progressively more oarbOOydrate beoanes attached to the protein 

than can be aooounted tor by oanbinaticn wi t.h free amino groups, and other 

reactive side chaina, including those of arginine and histidine and probably 

also of tyrosine and methiooine, beoane involved (67,681 69). 1he protein 

canplex at this stage has beoane brown in colour and insoluble over a wide 

pH range (69). 

'lhe situation, after the initial phase ot the reaction, is obviously 

caaplex, with the possibility of protein groapa reacting ( 69) :-

1. directly with glucose; 

2. by cross-linking wL th oarbroydrs.te already attached to the amino 

groups ot the protein; or 

3. with reaotive deoanposi ti on products ot glucose. 

A catalysed "oaramelizaticn• of the sugar, follo...ed by adsorptiai on the protein 

is also possible. Henry et al (~) proposed the theory that the aoca:npaeying 

insolubility is a result ot an induced denaturaticn of the protein molecule, 

cm· clegrad.e:tim of the protein-sugar oa:nplex by secondary reaotiais between t.he 

now adjacent protein molecules and carbohydrate cha.ins. 

b ef'teot of sugars on the development of insolubility of the protein 

is oa:nplex and baa not been f'ully elucid.atecl {6J). IAa (63) suggests that at 
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least two mechanisms are involved. ~e potential aldehyde group of reducing 

sugars combining w:L th free amino-groups tends to destabilize the protein and 

produce insolubility. It is not clear 'Whether this is achieved by acceleration 

of the nonnal process of denaturation, (itself far from completely understood), 

or is the result of a bridging or other chemical action involving the sugar 

molecule and reactive groups in the pr otein. Glucose shows this type of 

reaction predominantly and its effect is definitely harmful (63). 

In addition to this action, disaccharides when present in relatively 

high concentration, show a retarding effect on the development of insolubility. 

Lactose appears to be even more effective than sucrose in combating glucose­

induoed insolubility, probably as a result of suocessful canpeti tion with 

glucose for the amino-groups of the protein, but i n the absence of added glucose, 

lactose is less beneficial than the inert sucrose, presumably because of the 

harmful effect of its own aldehyde group (63). In general, sucrose has a 

protective effect on the protein and tends to prevent insolubility when present 

in high concentrations (63). 

IV. CARAMELIZED FLAVOUR 

Flavour is one of the most impart ant practical considerations with any 

food commodity. ~e changes of flavour in milk products upan heating are 

largely responsible for the acceptance or rejection of the product by t~e 

consumer. A concomitant of the bro'Wili_ng of milk is caramelized flavour. Often 

it is objectional and coincident to faulty processing or product deterioration, 

but in the present study dnelopment of this distinctive flavour is promoted 

purposely. At present there is no clear or simple explanation of its origin, 

but rather it appears to be the result of several possible reactions. 



As heat treatment of milk intensifies beyond 75°0, volatile sulphide 

evolution declines and oooked flavour slowly gives way to caramelized flavour 

(83,55). '.!here appears to be no cause and effect relationship bet...een these 

two flavours at this time 8lld the chemical nature or origin of caramelized 

flavour is unkno-.i (55). In general it is indicated that the degree of caramel­

ized flavour is correlated positively with the degree of browning 8lld related 

changes (83). Hence, a measurement of colour in a given system is also an 

indirect measure of flavour development. Patton (83,55) proposed a tentative 

definition of caramelized flavour, by listing four components:-

1. caramel or malty, resulting from sugar deccmposition and Streaker 

degradation of amino acids; 

2. stewed meat, arising from methionine deoanposi tion and the presence 

of H2S; 

3. hydrolytio rancidity oaused by fat hydrolysis; and 

4. coconut-like, resulting f'ran the :formaticn of a lactcne in the 

milk fat. 

'.lhe importance of fat in imparting flavour is uncertain as skim milk powder will 

yeild caramel flavour of' a type. It is kn.om that oasein is directly involved, 

and. is essential to this flavour development, and Patton (84) has discussed 

the poasibili ty of & -decalaotone and. ketones being 811 integral part of the 

caramel flavour in whole milk. '.lhere is no question that chemistry is bound 

to play an important role in the soience of' flavour and odour, as volatile 

org8llio compounds provide a basis for stimulation of the flavour and odour 

receptors. However, it i• not Jc:nom just what oanpounds are respcnsible tor 

the integrated flavour response Im.own as milk caramel :flavour, aor have the 

oompounds been identified 11hioh are responsible for the bitter flavour often 

associated with caramel flavour developnent. 
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V • FAO'roRS AnECTING THE lW.'J OF '!HE BROINING RRACTI~ 

Frcm studies an the gl.uooae-oasein system {66), milk {82,19), and milk 

powder (49), a general picture of the qualitative effect of process and product 

variables mq be deduced. In a system mere the oODOentratiana of casein and 

lactose are approximately constant, the prinoipa.l variables affecting the rate 

of broming are: (1) moisture, (2) temperature, (3) pH, (l+) reducing sugar, and 

(5) ions. 'lhe quail tative etteo.t of these variables is now discussed briefly. 

A more detailed dieoussicn of the theories associated vd. th the effect of these 

variables appears later in SICT'ICfi III. 

A. Kaisture Content or Water Ao ti vi ty 

A striking thing about the reaoticm ia that progress is not rapid in 

dry solid (65,66). 'lhe peak is actually at about 65 - 7CJ1, RH corresponding to 

a moisture oootent of 13%. In the very dry solid or in aqueous solution the 

reaction is very slow (55,65,66). 'lhe expl.anatic:n of this is not very clear. 

Although Lea (66) proposed quite a plausible theory, more research is required 

to d.etennine if this is in fact an adsorpticn effect or llhether water is 

required to be present for bro-tming to take place. 

B. Temperature 

Over the range of 0 - 90°0 the reaoticn oonfo:rma to the Arrhenius 

equaticn (66); i.e., the plot of the logarithm ot the _rate of _browning veraua 

the reciprocal of the absolute temper&~ ·is a straight line. 

o • .Pl! 
'lhe rate of the reaoticm i.noreaaes approximately line~ly wi. th 

~ .. - . . . . . - . . . -



16 

Above pH 8 rate measurement is difficult because of its rapidity (66,65,82,19). 

'1he reaction is very dependent on pH and acid-base catalysis ( 83). Mohammad. 

et al (77) found brovming is accelerated by increased alkalinity. Barnes and 

Kaufman (12) found the rate of browning is doubled at pH 6 as canpared with pH 4. 

D. Sugar 

'1he reactivity of the carbohydrates in brom.ing parallels the general 

reactivity of the carbohydrate compounds (12,65). 'lhe aldopentoses react more 

rapidly or at a lower temperature than the di-, tri-, or polysaccharides. 

Carbohydrates having the necessary free aldehyde group naturally react more 

rapidly than those sugars (e.g., suorose) that have to be hydrolysed, or other­

vd.se have to be broken down, to release this group. 'lhe effects of canbinatians 

of pentoses, gluoose, and di saccharides on solubility and colour changes is 

poorly understood. 

E. ls!!!! 

'1he effeot of citrate, phosphate, and calcium ions have been investigated 

by Burton (20). 'lhe effect of these ions on brom.ing acts mainly through a 

change in pH. 
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VI. SALimT FEATURES OF PREVIOUS W<EK 

From the review of previous research into the browning of dairy products, 

several salient features of the reaction are apparent:-

1. Y\lCh work has been done and. copious literature exists on non-enzymio 

browning , but much of this neglects the beneficial effects of reactions 

of this type and concentrates on the deteriorative aspeots. Research 

has been mainly limited to the factors influencing the undesirable ocour­

renoe at bromii.ng in "dry'' milk pawder, sterilized and evaPorated milks. 

As a result, research has centred on the earlier stages of the reaction 

as a basis for preventing the oocurrenoe of browning. Li. ttle work has 

been done on promoted browning, or "caramelization" in dairy products. 

2. '!he primary reaction in milk has been shown to be an amino-sugar or 

Maillard-type browning involving lactose and the E-amino groups of lysine 

(in casein) as key reactants. 

3. Browning in foods is highly ccmplex and much of the present knowledge 

of t he chemistry of browning has been gained from a study of model 

systems. Indications are that broyming in milk closely parallels the 

pattern disclosed by model systems. However, between the established 

faot that oasein and lactose are t he primary reactants and that a brown 

product is a resultant of the reaction, there lies en area of chemistry 

that is largely unknown. '!he initial reaction in t he "dry" state involves 

a 1 : 1 reaction of lactose with the E-amino groups of lysine to form the 

aldosylamine. J.Pollowi.ng this reaction there is a close relationship 

between the fonnation of 1-amino-1-deoxy-2-ketoses and a corresponding 

decrease in free amino-nitrogen. ~s Amad.ori rearrangement ccmpound. 

is believed to undergo dehydration fragmentation and condensation to 
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yield brom pol3Jaers and tlavoor oanpound.s, with an accompaeying loss 

in solubility. 

4.. Browning in milk appears to be a catalysis ot the Am.ad.or! rearrangement 

by amino compounds (ot oasein), followed by an adsorption ot the poly­

meri.zed lactose fraginents (brown pigment) by the oaaein molecules. 

5. nie moat important phenanena ot practical signit'ioanoe associated wi. th 

broming are:-

1) oanpound tomaticn responsible tor the brown 

pigment and oaramel flavour. 

ii) loss of' nutri.tive value. 

iii) loss of' solubility ot the protein to a varying 

extent, depending en the type ot sugars present. 

iv) inoreased tend.enoy to troth and foam. 

6. Caramelized flavour is a ooncc:m:l. tant ot the broming reacticn and the 

degree of' •oaramelizatlcn•• is oorrelated positively with the degree ot 

browning and related ohanges. Often the flavour i s objeotioo.able and 

oainoident to faulty prooesaing; e.g., milk powder, but in the oase of 

sweetened ocndensed milk the promoted caramel flavour has ccnsumer appeal. 

7. '.Die pri.noipal factors af'teot:i.ng the rate of' broming in mill: prod.uots 

are:-

i) llaiature oontent 

ii) Temperature 

iii) pH 

iv) T3Pe ot -.z-
8. Aa very little research ha.a been reported on prcnoted browning in dairy 

products, there is a wide aoope tor investigation into prmoted brown­

ing, and associated flavour and texture oh.llllgea, in prod:uota such aa 

neetened condensed milk. 
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Basic to a fundamental study of browning in condensed milk systems, is 

a precise and accurate method of measuring the degree of browning. Methods for 

the estimation of bro'Wrling are well documented. However, as most research has 

been done on the chemistry of browning in the earlier stages of the reaction, 

the methods available are mainly based on a chemical ana.J.ysis of the reactants 

and earlier intermediates of the reaction. llie most important methods for the 

measurement of the progress of the reaction are reviewed with an aim to finding 

the method most suitable for measuring advanced bro.Ung, or promoted browning, 

in concentrated milk systems. 

I. CHEMICAL METHODS 

A. Literature Review 

In the study of the various systems, both wet and dry, a number of 

different methods have been made to determine the progress of the reaction. 

~e most important chem:i.oal methods used are discussed below. 

1 • Measurement of Free-Amino Groups 

a) llie moncmetric method of Van Slyke ( 105), virl.ch measures the nitrogen 

evolved on reaction of a free-amino group with nitrous acid, has lcng 

been known as a rapid and sensitive method for the estimation of amino 

acids. Lea (64) demonstrated that wi. th ad.equate precautions, Van 

Slyke determinations of the free amino-nitrogen content of casein, fresh 

and deteriorated milk protein, yield quite reproducible results. 'll:ds 

method was used widely by Henry et al (49), Lea (66), and Richards (90), 

in their studies of the early stages of the reaction between the free­

amino group of casein and lactose. 

b) llie f'omol titration has been used extensively for measurement of 
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free amino-nitrogen in highly heated milks, but with questionable 

success as results showing both increase and decrease have been reported 

(83). 'lhe reasons for this are not clear. Increase in free amino­

nitrogen by hydrolysis on heating and the probability that the amino 

groups of casein are still basic after reaoticn with glucose are two 

probable explanations (49,83). 'lhe first would probably apply to the 

Van Slyke method (64.). Another cause of difficulty is the Possibility 

of regeneration of amino groups in the d3namio medium (83). 'lhe Van 

Slyke •et.hod is ccnsidered to give a more useful picture ot 'free amino­

m trogen changes in dry po11der ( 49). 

o) 'lhe Method of Carpenter (23) for estimation of free E-emino groups 

of lysine has been used in studies an loss of available lysine (90). 

!Drl.s method is fairly long and it does not appear to offer any advant­

ages for the present work. 

2. Lactose Determination 

'lhe other primary reactant in the llaillard-brmmi.ng reaction of 

milk, is lactose and. other minor reducing sugars. Hence, lactose 

disappearance is an obvious possibility for measuring the progress of 

milk browning. Determinatioo of lactose by several different methods 

has not been found to be entirely satisfactory (35). With _methods 

based en the reducing power of lactose, the reducing substanoes formed 

in milk by heating interfere. It is also possible that some products of 

the laotose~asein interaotion interfere with the pola.rimetrio deter­

mination of lactose (62). 

a) 'lhe Method of Fearon (37) for reducing disaooharides, as moclified by 

Howl. tz (54), has been suggested as a possible method for the detemina:tim 

of lactose in milk (85). Results for the standard curve were highly 
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reprodwible and the method appears to be quite simple if interfering 

compounds can be removed. 

b) Another method which is inoorwenient in a number of respects is the 

chromatographic method of Honer and Tuckey (53 ). 'lhis is the most 

accurate method. 

o) Henry et al (49) used the method. of Somogyi (101) for the estim­

ation of the combined sugar. The copper reagent is known to oxidise 

sugars fairly selectively. 'lhe milk was first dialysed and the sugar 

remaining in the undialysable fraction was estimated. If the dialysis 

was replaced by precipitation and washing as in the ferricyanide (26) 

method, the methods would be fairly similar as both measure the reduoing 

power of the insoluble fraction of milk. 

d) Larsen and Gould (62) showed that the picric acid method as developed 

by Dehn and Hartman (32) and modified by Bierman and Doan (13) was com­

parable with the copper reduction method described in A.O.A.C. (11). 

e) An indirect method of measuring cooibined sugar is the measurement 

of the increase in undialyseable fraction as applied by Henry et al (4-9) 

in their study of changes in milk powder during storage. 

Similar methods as those outlined above were used by Lea et al (67) for the 

measurement of glucose in casein-glucose systems. While precise, accurate 

measurements for the detennination of changes in free amino-nitrogen and com­

bined lactose are available in the literature, thei;r main value is in following 

the earlier stages of the browning re~tion in milk. For the ~resent work, a 

method of followi~g the more advanced stages of browning is required. 'lhe 

chemical methods available are llO\V discussed.. 

3. Reduoing Value 

It is generally known that reduoing groups, ... vhich may consist 0£ 
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sulphydryl. groups derived f'ran protein denature.ti.cm and as yet partially 

identified canpound.s resulting fran the bro"Mling reaction, are produced 

in the heat treatment of' milk. Studies of Chapman and lk>Farlane (2q.) 

and. Crowe et al (30) have sh01Sl that the amount of reduced ferrioyanide 

inoreased 'Wi. th inoreasing heat treatment ot the milk. Chai et al (26} 

modified the method of Chapman and lloParlane (2q.) f'or mole milk to the 

a.aid preoipi tated protein curd. ~e method is quite sensi. tive to light 

and heat treatments. ~s method does give a more general indication 

of the degree of browning, but appears to be most usetul during the 

earlier stages of bro-ming (90). 

q.. 5-Rydrox.ymethyl.f'urtural (HMJ'} 

Keeney and Basette (60) presented a quantitative method for 

detennining HMF and/ or its precursors by speotrophotcmetrio measurement 

of the 2-thiobarbi turio acid (mA) reaction product. Hl4F is accepted 

as being one of' the principal rea.otioo. products in browning and immed­

iately precedes condensation to brown aelanoidin polymers (60}. Henoe, 

it is to be expected that the level of HMF is more likely to be cor­

related to the incidence of brown pigment formatioo. during high levels 

of browning, than any measurements of' earlier intermediates. It was 

for this reason that this type ot measurement was chosen as a chemical 

method of measuring the rate and degree of browning in concentrated 

milk systems llhioh had lmdergme advanced broming. 
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From the literature review on methods of measuring the advanced steps 

of the browning reaction, measurement of HMF development would appear to be the 

method most likely to be correlated with incidence of brown pigment and flavour 

formation. EMF measurement by 1% Resoroinol in concentrated hyd.rochlorio acid 

has been used in wines by Amerine (7). However, after repeated unsuccessful 

attempts at adapting this method to sweetened condensed milk, it was concluded 

that the method was only useful for clear, relatively simple foods. As the 

method of Keeney and Basette (60) has been shown to be applicable to non-fat 

dry milk,_ and whole milk powder, it was decided to use this method to develop 

a technique of measuring HMF in sweetened condensed milk. 

From preliminary experiments it was found that a thiobarbi turic acid 

{TBA) derivative of HMF could readily be obtained from browned sweetened con­

densed milk. After a few modifications of the original method, a method was 

adopted which was shown to be both precise and a good indicator of the rate of 

browning. 'lhe method used is described in APPENDIX I and experimental evidenoe 

for the precision of the method is given below. 

1. Precision of the Method 

~e precision of the method, when used on sweetened condensed 

milk, was tested by two experiments. 

a) 'lhree samples of sweetened condensed milk were heated simultaneously 

at 120°0 for one hour. The absorbance of the '!BA derivative of eaoh 

sample was then detennined by the metl:,iod desc_4bed in APPENDIX I. 

Results are recorded below in Table I, page 26. 
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OF THE TBA DERIVATIVE. 



Fran Table I it is clear that despite the multiplicity of operations 

involved in the method, the method is quite reproducible. 

TABLE I • 

.ABSORBANCE OF 'llIE TBA DERIVATIVES OF SWEETENED 
CCNDF:1SED MIIK SAMPLES ~ERGOING m:E SAME 

HEAT TREA'IMENT OF 120 C FOR cm; HOUR 

SAMPLE No. .ABSORBANCE 
(Duplicate Determination) 

1 •• 0.52 ; 0.52 

2 •• . . • • . . o. 51 0.52 

3 .. 0.52 0.52 

26 

b) 'lhe filtrate from step (2) of the method (.APPmDIX I) was taken and. 

serial dilutions ot O. 9 to O. 1 at intervals of 0.1 were prepared. 'Jhe 

absorbanoe of the TBA derivative was determined in the usual manner 

(APP.mDIX I), and the results plotted on the graph appearing in Figure 

2. On the basis of these results, the method shows considerable accuracy 

and obviously follows Beer-Iambert' s law. 

i.e., Absorbanoe 
(of the TBA derivative) ex: Concentration of HMF 

(dilution of milk) 

J'urtbermore, the plot of absorbanoe versus time of heating is linear. 

'lhis relationship is demonstrated later in Figure 6, on page 35. 'lhis 
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substantiates the olaia that the Keeney and Basette (60) method ot 

measuring HMF is a good inc11.oator of the progress of the browning reac­

tion during heating and may be used to determine the rate ot browning. 

2. Discussion of the .Kethod 

~e method. used measures the free HMF in the origi.nal sample ( 60). 

~e method is somellhat arbitrary as the Maillard. reaction is so complex 

and ~o that any attempt at stoiohianetric measurement of a single 

symptom should be applied with oautioo.. '.!he purpose of this disoussion 

is not to discourage the quantitative applioaticn of the HMF test, but 

merely to point out its limitations, since the test is a measure of 

early tranai tory intennediates in the Maillard. reaction. Even if the 

method does measure an early transitory intemed.iate ot the reaction, 

it would appear to be at least as reliable as the measurement of the 

initial reactants - free amino-nitrogen groups and/or lactose. 

Despite the above limitations ot the method, the indirect measure­

ment ot HMF by the absorbanoe ot its mil derivative is directly related 

to the time ot heating (Figure 6, page 35), and it is hence a d.ireet 

arbitrary measure ot the degree ot browning and heat treatment. 



II. DEVEU>.Bl1IiT OF A METHOD OF MEASURING PRODUCT COI.DUR AS .AN INDEX 

TO THE PROGRESS AND RA1'E OF mE BROINING REACTICN 

A. Literature Review 
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The browning which ocours when milk is heated is now generally considered 

to be an example of a general class of condensation reactions between amino 

acids (E-a.mino group of lysine in casein) and aldehyde reducing groups (lactose) 

to form dark coloured pigments as end products (83). It is generally agreed 

that the brown colouration is so closely associated with the protein that only 

by rendering the protein itself' insoluble can the colour be released into 

solution for measurement by conventional oolorimetric methods. 

Several methods for the measurement of the degree of brownness have been 

suggested and used in investigations of the reaction. Doob, Willmann and Sharp 

(33) used a method of alkaline extraction to obtain the pigment in clear solu­

tion. A more satisfactory way of obtaining the coloured material in solution 

for colorimetric estimation is the method of trypsin digestion of the protein 

used by Choi et al (25). 

However, methods of oolour measurement not involving chemical procedures 

would be simpler and of more practical value for routine examination and process 

control. Webb and Holm (108) used the :Munsell colour system for work on evap­

orated milk. The I.ovebond Universal Tintometer, using similar principles, was 

tried by Burton (19) but was found not to be sufficiently sensitive for the 

measurement of slight colour changes. 

Since the colour of an opaque medium is in fact a oharaoteristio spectral 

distribution of ligJlt refleoted frcm it, the epeotral distribution of refleotance 

is a statement of the colour of the medium. '.!his method. of colour detemination 

was used by Nelson (78, 79) in work on evaporated milk. The prel~minary experi­

ments reported by Burton et al (21 ) showed that the method was equally suitable 
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for use with sterilized milk. Burton ( 19) used two different instruments, a 

Beckman spectrophotometer with reflectance attachment, and an EEL reflectance 

spectrophotometer. 

The Beckman spectrophotometer system was suitable for precise work with 

monochromatic incident light over a wide range of wavelengths. It was not, 

however, convenient for large numbers of samples where less precise results 

can be tolerated and some degree of portability in the apparatus is an advan-

tage. 

n-ie EEL spectrophotometer was fitted with a series of nine filters with 

transmission maxima at various points in the visible spectrum. It was there-

fore not capable of giving continuous data over a wide range of wavelengths. 

It was, however, simple, portable, and convenient to use, and gave results 

generally to a suitable degree of accuracy. 

B. Development of a Method for the Measurement of Browning - Based on Product 

Colour 

Af'ter a few preliminary trials, the EEL spectrophotometer was found 

to be suitable for studies on advanced browning in sweetened condensed milk and 

related systems. 

'lhe arrangement of the reflectance head of the EEL spectrophotometer is 

shown in Figure 3, page 30. 

The milk was contained in a shallow square container having a depth of 

at least 1 cm. so that the measurements were not affected by light reflected 

from the bottom of the container. The milk surface had to be about 2 mm. below 

the level of the top of the dish to prevent fouling of the bottom of the spectro­

photometer. The reflectance obtained was affected by the milk level, so the 

same volume of milk waa placed in the dish at ea.oh measurement. 
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~s instrument requires a stand.a.rd reflecting surface with which the 

1()0}& reflectance point at any wavelength can be detennined. A block of mag-

nesium carbonate is the acc epted standard. of reflectance, but it is dif ficult 

to maintain in good condition, and a piece of 3/16" while opal glass is more 

convenient and satisfactory for t his type of work. 

LENS 

BARRIER-LAYER 
PHOTOCELL 

FIG. 3. ARRANGEMENT OF 'EEL' REFLECTANCE HEAD 

llle refleotances were measured with the EEL spectrophotomet~r using a 

No. 601 filter having a peak of transmission in the extreme blue part of the 

spectrum at 426 millimiorons. While the maximum ohange in refleotanoe occurred 

at 380 millimiorons, the 426 mi~limicrons filter was used as this was th~ stand­

ard. filter, supplied with the equipment, which had the lowest yravelength, and 

the general trend of results were unaf'fected when a standard wavelength was 

used. All results are given relative to the reflectance of opal glass. 
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c. A New Method of Plotting Refleota.nce Results to Determine the Rate 

of Browning 

32 

A plot of % reflectance versus time of heating appears in Figure 4A. '.!his 

plot indicates that browning proceeds in such a manner that there is an expon-

ential fall in reflectance with time. On theoretical chemistry grounds this 

was to be expected (39 ). 

If it is assumed that in the limit as time of heating tends to~ the % 

refleotance tends to O, then the plot of % reflectance versus time (Figure 4A) 

may be considered to be a plot of unaccomplished change in % reflectance versus 

time. I:f at time = O, the unaoccmplished change is made equal to 100, and all 

the other values of unaccomplished change at time of heating = T are expressed 

relative to the unaccomplished change at time = O, then a plot of % unaccom-

plished change in reflectance versus time . results • . 'Jhis plot appears in .Figure 

4B and still is apparently of an exponential nature. 

'lhe exponential curve (.Figure 4B) may be expressed by the general 

equation:-

the ref ore 

where Y = % unaccomplished change in % reflectanoe 

a = constant 

e = exponential number 

K = constant which depends on the rate of 
the reaction 

T = time (hours) 

log Y = log a + KT log1oe 

and log Y = log a + Kr T 
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Figure 5, page 33, derived frcm Figure 4B, verifies that a plot of log Y 

versus T yields a straight line of slope Kz.· nie straight line relationship 

only holds true during the first 2 - 3 hours of browning. nie reason for this 

is discussed later in Section III, Part III-0, page 63. nie value of Kr is 

given by the expression -

= 

'.Ibis value, denoted as Kz., is a measure of the rate of change in reflect­

ance, vdlich is in fact a measure of the rate of browning. Hence, the measurement 

of % reflectance, by the method described on page 29, during the progress of 

browning give s a simple reliable method of measuring the rate of browning. 

Incidentally, the rate of browning measured by this method is . directly propor­

tioned to the rate of browning as measured by the chemical determination of HMF. 

~is correlation is discussed later in Part III, page 36. 
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III. CORRELAi!W BETREm CHEMICAL (HMF) .AND :EHYSICAL (REFLECTANCE) 

ME'IHOOO FOR '1HE MEASUREMmT OF THE RATE OF BROWNING 

During the development of the reflectance measurement of browning, and. 

the chemical dete:cminatian of EMF formation during brovming, it was found that 

both lo~ 0 of the % unaocanplished change in reflectance, and the absorbance of 

the 'IBA derivative were directly proportional to the time of heating. Hence, 

it, -was deduoed that both the chemical and the physical method of measuring the 

rate of browning were directly related. It is the purpose of this section to 

demonstrate the correlation between the chemical (HMF) and the physical (reflect­

ance) method for measuring the rate of brovming. 

A. Experimental Method 

Cans of canmercial sweetened condensed milk were heated at a retert 

temperature of 100°0. At knOWl ti.me intervals of 0.5, 1.0, 1.5, 2.0, and. 2.5 

hours, the cans were removed from the retort and. cooled rapidly in cold water. 

'.!he following measurements of the bro'Cling reaction were made:-

1. HMF as detennined by the mA method. of Keeney and Basette (60) described 

in APP.ENDIX I. Results were expressed in te:rms of absorbance as the 

concentration of HMF had been previously shom to be directly propor­

tional to the absorbance. (Refer to Figure 2, page 25.) 

2. nie % reflectance as described in SECfiOO II, Part II - -B and. o. 

B. Results 

Figure 6 smmnarizes results expressing the inorease in HMB' conoentraticn 

of 8118etened ocndensed milk w:l.th ti.me of heating at a retort temperature of 

100°0. 
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Figure 7 summarizes the changes in% unaccomplished change in reflect­

ance of sweetened condensed milk heated at a. retort temperature of 1 oo0c. fue 

initial reflectance of the sweetened condensed milk before heating was 34%. 

c. Discussion of Results 

As both the plot of absorbance versus time (Figure 6, page 35), and log 

% unaccomplished change in reflectance versus time (Figure 7, page 35), are 

linear, the plot of log % unaocanplished change in reflectance versus absorbance 

must also be linear as demonstrated in Figure 8 which is derived fran Figures 

6 and 7, page 35. Hence, there is a definite proportional correlation between 

the accepted chemical measurement of the progress of the reaction and the 

convenient physical measurement of the same reaotion. 

As described in APPENDIX I, the determination of EMF concentration, 

(by measuring absorbance of the TBA derivative), is quite a lengthy time-consum­

ing procedure which requires intricate equipment. On the other hand, the 

reflectance measurement is quick, simple, reliable, and the equipment used is 

inexpensive and robust. Also there is nothing to suggest that reflectance 

measurement is less accurate or precise than the HMF method. On the other hand, 

from Figures 6 and 7, page 35, it would appear, in fact, that the HMF method. 

gives a wider scatter of points than the reflectance method. 

The reflectance measurement of colour is also an indirect measurement 

of caramel flavour as the one is closely associated with the other (83). 

'lberefore, it appears that the reflectance method has obvious advantages for 

quick routine measurement of the reaction progress in fundamental studies, arid 

in commercial practice. It was for these ~asons that this method was used 

throughout the present studies on browning. 
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'IV• StJIOIARy 

Before a tundamental study of' the factors atfeoting browning in sweetened 

condensed milk (and related ayatema) could be undertaken, a precise and aoourate 

method of measuring the degree ot bro18ling had to be either developed or adapted 

tran previous 110rk. A literature review ot previously used ohemi.oal and physical 

aethods aooentuated the taot that moat method.a had been developed to study the 

early stages ot the browning reactien. Despite this bias in the study ot the 

browiing reaoticn, both a ohemioal and a physical method at measuring reaotien 

progress were t'oond to be adaptable to studies en pranoted browning in llilk 

systems. 

1. 1he ohemioal detenninatian of' 5-hydroJcymethylfur:t'ural (EMF) and/or its 

precursors by speotrophotanetrio measurement of the 2-tbiobarbi turio 

acid ('IBA) reac ti an produot, as developed by Keeney and Basette ( 60), 

•• found to be a good arbitrary measure of' the degree at pranoted 

bro18ling. 

2. 1he physioal measurement ot oo1our by determining the ~ re:f"leotanoe 

(as oaupared with an opal gla.as standard.), wi. th an EBL re:f"leotanoe 

apeotrophotaaeter, gave a direct measure ot ene ot the praninent assoc­

iated changes in pranoted broming, and •s also an indirect measure 

of' flavour development. tis method es based en previous work by 

Burtoo (19) en «W&porated llilk. 

Further investigatim ot these two method.a at meaauring prc:moted browni.ng 

in milk ayateaus led to the seleoticn of the physical aeasure.ent of colour 

(ref'leotanoe) as the key to turther basin and teobnologioal studies on broming. 

1. A new aethod of plotting ret'leotame results to give an arbitrary aeuure 

ot the rate of' br011Ding ._. developed. tis -thod involved the plotting 
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of the log "unaccanplished change in refleotanoe versus time. nie slope 

of tbi s plot gave an arbitrary measure of the rate of browning. 

2. Further investigatian showed that there 1'8.s a linear correlation between 

the chemical (HMF) and pb.ysioal (reflectance) methods of measuring the 

rate of bro'WDing. nlls correlation indicated that both methods were 

measuring the progress of the same overall reaotion and :f'urtb.er, that 

ei th.er method could be used to measure the rate of browning. 

3. 'lhe physical measurement of colour (reflectance) •• ohoaen for further 

studies as it had several advantages l'lhen can.pared wl. th the chemical 

method. 

a) Beflectame measures an end product of browning - not 

a transient intermediate, such as HMP. 

b) From a oanparison of P.Lgure 6 and Figure 7, refleotanoe 

measurements appear to be at least as accurate as the 

chemical {HMF) method. 

o) Bef'leota.noe gives a direot measurement of colour and is 

henoe an indireo t measure of flavour develo.pment. 

d) Beflectame measurements are quick, simple, and are equally 

applioable to quality control of pranoted braming in 

camneroial prodmtian, as to a study of f'mMJ=ental aspects 

of braming. 

!Ille IilY'sioal mea1rt1rGent of col.our (retleotame) is used as an index 

to brollling throughout both the basio and technologioal sections which follow. 

!lhe slope of the plot of the 1' unaocauplished ohange in reflectance versus 

time is expressed throughout this thesis as !%- - an arbi trar;y aeasure of the 

rate ot bl'OWDing. 
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From the literature review on factors affecting the rate of the browning 

reaction in gluoose-casein, milk, and milk powder systems, it was found that 

for a system where the concentration of casein and lactose are approximately 

constant, the principle variables affecting the rate of browning are:-

1. Temperature. 

2. Moisture. 

3. pH. 

4. fype of reducing sugar. 

While it is expected that the qualitative effects of these variables on 

browning in sweetened condensed milk will follow the same pattern as that 

described in the literature for related systems (82,65,66,19), the author is 

not aware of any literature describing the quantitative effects. 'lhis lack 

of information made necessary a study of the quantitative effects of tempera­

ture, moisture cootent, pH and sugar on the rate of promoted browning in 

sweetened condensed milk and closely allied systems. 'Illis basic information 

is essential to controlling promoted browning in milk systems so that the 

desired caramel flavour is obtained in the most efficient way - with due 

consideration for desired texture, appearance and prooess econcmics. 

Although the accent of the present work is on the manipulation of 

prod.uot and prooess variables to obtain a controlled amount of browning, it is 

hoped that this work will contribute substantially to making the knowledge of 

milk and its behavicxu- more complete. It is 1Vi th this latter thought in mind 

that theories and results arising out of these studies are discussed in detail 

so that the fundamental knowledge of the browning system in milk will become 

more ccmplete. 



I. SWDIIS ON 'lliE EFFECT OF '!'Da'ERATURE 

C!f mE DEVEUlBCENT OF DAIRY CARAMEL 

1+3 

Pran early observaticm, it was obvious that the rate of broming 

increased wi.th temperature in neetened condensed milk. Lea and Hannan (66) 

found that the ef':f'eot of' temperature could be smmnall!i zed in an ArmeDius plot 

for the close~ related system of oasein-gluoose, and Burton ( 19) has dscn­

strated a similar relationship for broming in milk. 

1he purpose of the present study •a to verify this relationship, and 

to determine the qwmti tative etfeot of temperature en the rate of dairy 

caramel developnent in sweetened condensed milk. 

A. Experimental Method 

Standard OCllllleroial sweetened condensed milk ot 25" moisture content 

was plaoed in test-tubes and heated in a •ter bath the:naostatically ocntrolled 

at the required tmperature .±. 1°0. A steam retort 118.8 used :f'or. temperatures 

greater than 100°0. 1he tubes were taken fran the bath at intervals after 

knoWl times of heating, and oooled rapidly in refrigerated •ter. A sample 

was then taken from the tube and the " refleotame detendned by the method 

desoribed in SECTICN II, Part II - B, page 29. 

B. Results 

Besults expressing the rate of change ot ref'leotanoe &a· attected by 

time and temperature are 8\1111118rlsed in Pigure 9. 'lb.e iDi tia1 refleotanoe ot 

sweetened oondensed milk before heatlng •a 3~ "tilen the No. 6o1 tilter•• 

used. All resul.ta are expressed a.a the " unaoocmplished ohang• in retleotame 

(i.e., as a peroentage of 31+) versus ti.Ile. Hence, Pi~ 9 is, in tact, a plot 

ot log Y versus T, as explained in 8mTICli II, Part II • o, page 32. 
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It is apparent frcm Figure 9 that the linear relationship, between log 

% unaocomplished change in reflectance and. time, holds ,.ell over the earlier 

section of the curve but that after sane time the rate of browning appears to 

have slowed down. ~e reason for this is discussed later in S:OOTICN III, Part 

III - C, page 63. 

Fran the ourves in Figure 9, the values ot Xz., (the em.pirioal ind.ex of 

browning rate), at various temperatures may be derived to plot the Ar.rileniua 

plot of log R%- verBUS the reoiprooal of the absolute temperature. 'lhi.s data 

appears in Table II, and the Arrhenius plot appears in Figure 10. 

Temperature 

oc 

70 

80 

90 

95 

100 

110 

120 

TABLE II 

DATA DERIVED FRCM FIGURE 9 FOR 'lHE 
~US PWT IN FIGURE 10 

Temperature 

343 

353 

363 

368 

373 

383 

393 

Reoiprooal of 
absolute temp. 

1/°K or 1/t 

2. 92 x 10-3 

2.83 

2. 75 

2. 72 

2.68 

2.61 

2.55 

Rate of Browning 

0.018 

o.06 
0.17 

0.24 

0.31 

o.85 

2.0 
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c. Discussion of Results 

On a theoretical basis the plot of log ~ versus 1 /°K. was expected to 

give a straight line aocord.ing to the Arrhenius equation:-

where Kr = reaction rate 

A = constant 

R = gas constant 
(1.987 oal/mole °.K) 

t = °K or absolute temp. 

therefore, log Kr = log A - E 
2.303Rt 

Also, over the small range of temperatures (70 to 120°0) 'Which was used, a 

plot of log~ versus temperature (0 o) is approximately a straight line, and 

is a more convenient plot in practice. lliese results from the present study 

on the effect of temperature on browning agree, in general, with the kinetic 

studies that have been done on browning in different systems. 

4-7 

illus Mohammad et al ( 77) have demonstrated this relationship for a model 

bovine serum albumin-glucose system, and the same relationship holds for a 

complex homogeneous system containing amino acids and glucose extracted from 

cod muscle. lea and Hannan (66) have demonstrated this relationship in a 

oasein-gluoose system and Burton ( 19) has demonstrated it in milk. In oontrast, 

Lewin ( 71 ) showed a non-linear plot over part of the 20-50°0 scale for model 

glucose-histidine systems. 

In Figure 9, a reduction in the rate of browning was observed during 

the latter part of the run; i.e., after browning had occurred to a considerable 



extent. ~s phenanenan is thought to be due to:-

1 ) a reduction in pH caused by a build-up of acid products "fihi.oh retard 

the rate of browning. 'lhis is later shown to occur in fa.ct, and is 

discussed in SEC'nON III, Pa.rt III - C, page 63. 

2) reduced a.oouraoy of reflectance measurements (± 2%) at low refleotanoe 

levels lilioh results in large errors in the plotted figure of~ 

unaooanplished change in reflectance. 

'lb.is problem was overcome by pla.oing less "weight" an the latter points 

v.hen drawing the cw:ves ot Figure 9. Hence, the values of Kz. derived fran 

Figure 9 are considered to be a reliable index of the relative rates of brow:dng. 

D. Conclusions 

It may be conolud.ed t'ran the present work that the Arrhenius plot for 

sweetened condensed milk yields a straight line relationship. Fran the slope 

of Figure 10 an aotivaticm energy ot -26,000 calories may be deduced. ~a 

value agrees favourably with the value ot a.bout 29 ,CXX> obtained by Ula ( 66), 

and later by Burtcm (19) on .,.aporated milk systems. 

In practice the rate ot brc>Wling approxi.ma.tel.y doubles for a 10°c rise 

in temperature between 1 oo0c and 11 o0 c. 



II. STUDY OF THE EFFmT OP MOISTURE CCNCiiNTRATICN CN TEE 

RATE OF BROWNING OF SWEETmED CCNDnfSED MIIK 
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It is well known that in dried foOds there is an optimum moisture oon­

tent, of 10-1.5%, at which browning is a maximum. At higher or lower moistures 

the rate of' browning deoreases. However, most work has been done on the rate 

of browning of milk powder and. other foods in the dry state. Except for the 

knowledge that browning in liquid systems is favoured by inoreasing solids 

concentration (55), little is known of:-

1. the effect of water on browning in liquid systems; 

2. the role of water in the browning reaction. 

'Ihe present study was undertaken in an attempt to fill this lack of 

knowledge en the eff eot of water on bromiing in liquid systems similar to 

that of sweetened condensed milk. Naturally, at the same time quantitative 

data was oolleoted on the effeot of moisture content on the rate of browning 

in sweetened condensed milk. 

A. Effect of lLoisture Conoentration on Browning in Sweetened Condensed lrfilk 

1. Experimental Method:-

Standard. sweetened condensed milk was taken and diluted to 

the desired moisture content. Samples were plaoed in test-tubes 

0 0 and heated in a water bath at 90 0 z 1 C. At known time intervals, 

samples were removed, rapidly oooled, and. the % refleotanoe deter­

mined by the method described in SBCTICN II, Part II - B, page 29. 

2. Results:-

Results were plotted as % una.ooomplished change in reflect-

anoe versus time in the marmer deaoribed in S.OOTICN II, Part II - C, 



.50 

l.J 
u 

9 

8 

70 

50 

z 50 
~ 

~ 
4. 
l.J 40 
Cl: 

.,! 
0 

10 0 

~--v ·-- - . 
--------- -. .., x------~ -_ ~URE 

0 .......... v ----------}( 

•\~ • ~URE 
~ . . . 

0 

• 35°/o MOIST UR~ 

'I' 

3<Y'/o MOISTURE 

• 

2 3 4 5 5 
TIME HOURS 

FIG. 11 . RATE OF COLOUR(REFLECTANCE) CHANGES 
EFFECT OF MOISTURE CONTENT 
(SWEETENED CONDENSED MILK AT i10°C) 



51 

page 32. 'lhis plot of %unaccomplished change in reflectance 

versus time appears in Figure 11 ; from it a measure of the rate of 

browning, :Kr, may be derived. 'lhe plots in Figure 11 are based 

upon an initial reflectance of 34% for 22% moisture; 45% for 30% 

moisture; 40';& for 35% moisture; 46% for ~ moisture; and 48% for 

50}6 moisture. 'lhe initial reflectance is expressed as 1 ~ unacoom-

plished change in reflectance in Figure 11. 

'!he relationship bet-ween Kr, and moisture content, is shown 

later in Figure 13, page 54. 

B. Effect of Moisture Content on Browning in a Model System Containing Skim 

Milk Powder 

Because of lactose and sucrose crystallization, it was not possible to 

reduoe the moisture of sweetened condensed milk below 2~ and yet maintain it 

in the liquid state. In an attempt to overcome this problem, glyoerol was 

chosen to replace sucrose. 'lhe reason for this choice is discussed below. 

1. As sucrose is a non-reducing sugar it takes no part in browning and 

only functions in the oapaci ty of increasing the solids content. 

2. 'lhere is no evidence that glycerol is involved in browning and 

hence , it may be used to replace sucrose as an inert diluent to 

increase the solids content. 

3. Glycerol is miscible with water and hence is capable of maintaining 

a solution of skim milk pmder and water in the dispersed, liquid 

state - even at negligible moisture levels. 

Lactose is still soluble in glyoe~ol at 90°0 although only to the 

extent of about 5 gm. per 100 gm. of .slyoerol as com.pared 1!'i th 

1 40 gm. per 100 gm. pf water at the same temperature ( 110). 
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1. Experimental Method 

'..!he solution was made up in a standard manner as follows:-

31% f'ul.l cream milk powder 

6 9-J$ glycerol 

~ water 

53 

'.!he mixture was vigorously dispersed in a Kenwood Chef'ette at top speed. 

Samples were plaoed in test-tubes and heated in a water bath at 90°0. 

At known times of heating, samples were removed, rapidly cooled, and 

the % reflectance detennined by the method described in SECTICN II, 

Part II - B, Page 29. 

2. Results 

Results were plotted as % unaccomplished change in refleotanoe 

versus time after the manner described in SECTIOO II, Part II - c, on 

page 32. 'lhis plot appears in Figure 12 where the % unaccomplished 

change in reflectance is based upon an initial ref'leotar_10e of 6~ for 

3% moisture; 66% for 15% moisture; 55% for 25% moisture; 55~ for 4DJ(. 

moisture; and .58% for 45% moisture. '.!he initial refleotenoe is ex­

pressed as 100% unaooanplished change in ref'leotanoe in Figure 12. 

A measure of the rate of browning, Kr' was derived :f'ran the 

slope of the curves, and the relationship between Kr and moisture con­

tent is summarized in Figure 13, on page 54.. 
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c. A Proposed ~eor;r to Explain the Eff eot of Moisture Concentration on 

Browning in Liquid Systems - Arising out of the Previous Stud.y of Sweetened 

Condensed Mille and Gl;yoerol-Milk Powder Systems 

Jones (57) stated that "browning in heterogeneous systems is :maximal 

at a low critical moisture level, the exaot value of 'Whioh varies from system 

to system. In general, systems of carbonyl oomp01.mds of high moleoula.r weight 

are in equilibrium with a higher relative humidity (moisture content) at the 

point of maximum browning than reaction mixtures with relatively simple oan­

pound.s". Lea and Hannan (66) studied the ef':f'eot of water activity on the 

primary reaction between oasein and glucose in the rta.ry11 state - a system quite 

similar to skim milk powder in '4tlch oa.sein and lactose a.re the prinoipal reao-

tants. 'nle general trend. of their results is represented by the dotted lines 

in Figure 13. They found a sharp maximum rate of browning at about 13-1 ~ 

moisture or 7<Y/o R.H. , and a rapid. decrease in browning with any increase or 

decrease in moisture content fran title figure. At ()}&moisture, the reaction 

rate would be approximately zero. To explain this phenanenon, they developed. 

the following theory as to the eff'ect of water on the rate of browning:-

~e relative humidity at which the reaction rate reaches a maximum 

corresponds with the end of the approximately linear portion of the adsorption 

isotherm for oasein, above which the curve swings steeply upwards. Bull (17) 

has suggested, on the basis of the general multilayer adsorption theory of 

Brunauer et al ( 15), that this point on the isotherm of proteins represents 

the oanpletion of a double layer of water molecules between the protein 

planes, and probably also represents the point at which the exposed polar groups 

of the protein have become saturated with water. Under these oond.itions the 

:f'orce of attraction between the protein moleoules will be greatly decreased and 

their oapaoi ty for movement and rearrangement increased. Mellon et al ( 76) oon-
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oluded that at very low water vapour pressures (0 - 6% R.H.) one molecule of 

water is probably held between two amino groups. As the water vapour pressure 

increases, the qu.anti. ty of water held by the amino groups increases linearl.y 

to reach saturation of the hjdrogen bonding capacity, (about 2~ molecules per 

amino group), at 60 - 7CJI, R.H. Above '](1%,, and particularly above 80% R.H., 

there is a rapid increase in the water adsorbed on the amino groups, probably 

by oondensatian of water on water molecules already bound. A fraction varying 

from one quarter to one third of the total water held by the protein at various 

humidities was oonsidered to be assooiated with the amino groups, but this 

included naie of the water responsible for the phenc:menan ot hysteresis. 

On the basis ot these data it was not dift"ioult for Lea et al (66) to 

acoount for an increasing rate and extent of the reaction between casein amino 

groups and glucose with increasing R.H. up to 65 or 7C$ but it was l ess easy to 

understand the marked falling off in reaction rate as the humidity continued to 

increase beyond this paint. It may be that a simple dilution effeot •s caning 

into play after sufficient •ter had been added to bring all the glucose into 

solution, or that an increasing thickness of aqueous film -was tending to keep 

apart amino and potential aldehyde groups 11hich, lilile both hydrophilic, had 

no great aff'ini ty for one another as evidenced by their slow and inoanplete 

reaction in aqueous solutioo.. Separate experiments by Lea (66) showed that 

the rate of reaction at 7CJ1, R.H. oan be considerably increased by inoreasing 

the concentration of glucose. 

solubility theory. 

'Ibis would seem to mill ta.te against the simple 

While the above theory appears to be a plausible explanation for the 

role of water in the brotming reaction of proteins (casein) in the aolid state, 

it cannot explain canpletely the results ot the present 110rlt llhi.ch is con­

cerned with browning in the liquid phase. 
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1he results :f'rcm the present study o:f' sweetened condensed milk and glyoerol-

milk pcmler systems, illustrated in Figure 13, show that for the liquid system 

of glycerol-skim milk powder bro11D.ing increases linearly w.i. th decreasing 

moisture content to a maximum at OJ' moisture. Also, the hypothetical extra­

polation of the liquid sweetened condensed milk line suggests that a maximum 

browning rate 1IOUl.d also be reached at OJ' moisture i:f' the system could be main­

tained in the liquid state. Hence, it 'WOUl.d appear that the rate of browning 

is directly related to the moisture content. 'll'lis suggesticn is supported by 

the statement o:f' Hodge (.50) that ketoseamine formation (i.e., the initial 

reaction between lactose and the E-amino group of lysine in casein) is favoured 

by low moisture and high pH. Furtb.ennore, many o:f' the postulated intermediate 

reactions leading to melanaidins evolve water (50,69 ). 1hese facts indicate 

that bro1Eling as a reaction in a liquid system would be favoured by the 

absence ot water. 

So tar, this theory ot the importance ot water explains the ino~ase in 

browcing w.L th reduced mai sture content but does not explain the decrease in 

broming below 701/o R.H. (or 13% moisture) in "dry" systems. While the theory of 

JAa et al (66) may be applioule, it seems likely that the movement ot dissolved 

lactose to the amino groups is so restricted at moistures below this that brown­

ing is reduced. '.Ibat is, broming is not reduced simply by the decrease in 

water but because of the imD.obili ty ot lactose, a principal reactant. Henoe, 

if the milk powder is dispersed in an anhydrous system -Ml:l.ch wl.11 dissolve 

lactose (and thus make it available to reaot) the obsexvaticn (Figure 13) ot 

an increasing reaction rate is ocmpatible with the theory that, browning is 

favoured by ocmplete absence of water. 

Conclusion:- Fran the above diaoussian, it is suggested that a minimum of water, 

or ccmplete absence of water, maximizes the . browning rate as long as lactose 

is still mobile and made available to reaot. 



D. Changes in Moisture Concentration During Browning of Sweetened 

Condensed Mille 
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:U,a (69) showed that the average amount of water liberated by glucose 

in becoming bound to oasein was of the order of one molecule of water per 

glucose residue in the earlier stages of the reaction, although it showed 

signs of increasing later. Furthermore, many of the Postulated intennediate 

reactions leading to melanoidin foxmation evolve water (50). In view of these 

facts, it was decided to investigate the extent of moisture increase, if any, 

during the 11oaramelization" of sweetened condensed milk. 

A. Ex:perimental Method. 

Sweetened condensed milk having a moisture content of 22. 7fo was filled 

into oans and heated in a retort at 1 oo0c. At known time intervals of 2, 3, 4, 

5 and 6 hours, the cans were removed frcm the retort, cooled, and their moisture 

content dete:tmined by two methods. 

1. A sample of 2 gm. was smeared evenly over the bottan of a moisture 

dish and vacuum dried at 30°0 for 4.8 hours. 'lhe % moisture was 

determined by an accurate measurement of the weight difference, 

before and after drying. 

2. Dean and Stark toluene distillation at 11 o0 c. 1his method is 

described in .APP1im>IX v. 



B. Results 

Results frcm the moisture determinations are summarized below in 

Table III. 

Time of Heating 

TABLE III 

THE EXTENT OF CHANGES m :MOISTURE DURING 
HEATING OF SWEETENED CClIDENSED MIIK 

Initial Moisture Moisture after Heating 
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V81Juum Toluene Distillation 

Hours 

2 

3 

lt-

5 

6 

22.7 

22.7 

22.7 

22. 7 

22.7 

c. Discussion of Results 

22.6 

22.8 

22.6 

22.7 

22.8 

22.5 

23.0 

23.0 

22.5 

23.0 

It is olear, fran the results recorded in Table III, that there is no 

significant inoreaae of moisture oantent indicated by the techniques of measure-

ment employed. !Ille apparent diacrepanoy between these results and the published 

results of r.a et al (69) may be due to any one of the following reasons. 

1 • r.a et al (69) used a "~' oasein-glucoae system of low moisture 

content llhioh is distinot from the liquid system of oasein-laotose 

whioh exists in sweetened ooodensed milk. 



2. 'lhe method.a of moisture determinaticn used in the present work 

were not as acourate as those employed. by ~a (69 ). The vacuum 

method has an acouraoy of .!. o. 1 % and the toluene distillation 

method has an aooura.cy of + O. 5%. Henoe, very small changes in 

moisture oontent would not have been detected by these methods. 

3. While it appears from the literature that water is liberated 

during some of the initial reactions of browning (50), it may 

well disappear again in the seoondary and final reaotion stages. 

D. Conclusion 
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There is no signifioant increase in moisture content during the heat 

"caramelization" of sweetened condensed milk. 



III. STUDIES CN THE EFFECT OF pH CN BROWNING 

IN SWEm'&fED CCNDENSED MIIK 

61 

The ma.in body of evidenoe indicates that, in general, Maillard-type 

reactions increase in rate with increasing pH (e.g., 111,31) and that amino acids 

do not react in the cationic fonn, only slightly in the zwi tterion form, and fully 

in the anion form. The rate of fonnation of ketoseamines increases with pH and 

is subject to acid-base catalysis (90 ). 

At present there is littl~ doubt as to the way in which pH affects the 

rate of browning in milk systems. Lea and. Hannan ( 66) have shown that the 

browning of dry casein-glucose mixtures inoreases with alkalinity, and Patton (82) 

has shown a similar relationship for autoclaved separated milk by using the trypsin-

digestion method. of brmmness determination. Using a reflectance method. of me8'U1'9-

ment, Burton (19) obtained a curve very similar to that obtained by Patton (82). 

The purpose of this study was to verify the above general trend in sweet-

ened condensed milk, and to detennine the average rate of browning over_ 1 - 2 

hours at a temperature of 90°0 for an initial pH which varied f'ran pH 5.4- to 

pH 9.5. 

A. Experimental Method 

Samples of sweetened condensed milk were ad.justed to an iJ;li tial pH 

ranging from 5. 4-5 to 9. 5 with 1N solium hydroxide or. 1N oitrio acid. The samples 

were heated in 1" test-tubes in a water bath at 90°0. At mown time intervals 

samples were removed, rapidly cooled, and the % refl~otanoe detennined by the 

method described in SECTICN II, Part II - B, page 29. 
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B. Results 

Results were plotted as % unaoccmplished change in refleotanoe versus 

time after the manner described in SECTICN II, Part II - C, page 32. These 

results appear in Figure 14 where the % unaccanplished change in reflectance 

is based upon an initial refleotance of 4lt% for pH 5.45; 3l4' for pH 6.4; 3~ 

for pH 6.8; 34% for pH 7.4; 45% for pH 8.5; and 3~ for pH 9.5. 'lhe initial 

reflectanoe is expressed as 1 OCJJ' unaoocxnplished change in reflectance in 

Figure 14. 

A measure of the rate of browning, K , was derived fran the slope of r 

the curves in Figure 14 (see SECTIW II, Part II - C, page 32) and the rela-

tionship between Kr and pH is expressed in Figure 15 on page 64. 

c. Discussion of Results 
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By comparison of the results of the present work (s1..1IlID.arised in Figure 

15) with the results of Burton (19) and Patton (82), the rates of browning 

above pH 7.0 are low as related to the rate at pH 6.4, (natural pH of condensed 

milk). The reason for this is quite simple. 'lheir (19,82) samples were only 

heated for short time periods 'Whereas in these experiments the rate was measured 

over a period of 1 to 2 hours for a particular initial pH. If browning has 

been allowed to progress to an advanced stage, the f orma.tion of acid degradation 

prod.uots of lactose and. the loss of the strongly basic amino groups inevitably 

oauses the pH to drop (55 1 66 ). Table IV demonstrates that there is a marked 

drop in pH during the 0 oaramelization" of the sweetened oandensed milk system 

used in the present study. Due to the rapid drop in pH f'ran the initial value, 

the brown:illg reaction rate decreases. Henoe, the average rate determined over 

1 - 2 hours must be less than the real rate far the same initial pH determined. 

over a short initial period. 
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Nonetheless, these data amply demanstnate the importance of pH in the 

brovming of milk during prolonged heating. Nomal. sweetened condensed milk 

having a pH of 6.q. to 6.5 falls at a oritioal point an the curve - relatively 

minor variations in pH towards greater alkalinity increased colour si.gn:fioiantly 

while corresponding changes towards more acid values gave appreciable reduotic:n 

in colour. 

TIME (Hours) 
Heating @ 90°c 

pH: Batch No. 1 

Batch No. 2 

TABLE IV 

pH CHANGES OCCUBRING IN SWEETJ!tiED 
COODENSED MIIK DURING HEAmiG 

o.o 0.5 1.5 2.0 

8.3 7.3 6.8 6.7 

6.4 6.3 6.1 6.o 

(Initial pH) 

2.5 3.0 

6.4 6.1 

5.8 5.6 
(Final pH) 

In practice this effect of pH is most likely to be of importance in 

chemical leavening of milk-solid foams and in the addition of sodium bicarbonate 

for the manufacture of caramel "hokey-pokey". 

D. Conolus:i. ans 

'.lhe rate of brollOing in sweetened condensed milk increases rapidly with 

increasing pH up to pH 9.5, and. most probably continues to increase vd.th increas­

ing pH beyond this. 

'.lhese results are in agreement with the findings fran studies an model 

systems "lilich have sham that it is the anion, not the zwl. tteric:n, of the amino 



acid Wlioh :t\mcticns as the catalyst (50). 

NB2 - ~ - OCX)-

1 
R 

Anion form of amino acid 

nie anion form of the E-amino group of lysine (in oasein) becomes 

increasingly dissooiated vd. th increasing pH and henoe is better able to 

catalyse the browiing reaction. 
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Although browning is not likely to be controlled in practice by ad.just-

ing pH, it is of praotioal signi:f'ioanoe where milk solids are heated with 

alkaline ohemioal leavening agents. 

IV. COMPARISON OF THE EFFECT OF '!WO SUGARS ON THE 

BROWNING REACTION Ili CONCENmATED MILK 

A. Effect cm the Bate of BromiDB 

In a product such a.a sweetened condensed milk, or similar swetened 

milk produo t, there a.re only two sugars WU.oh 'WOU1d be of any real ooumeroial 

use - glucose and sucrose. aa (63) has sham that glucose is tar more rapid 

than lactose in its reaction with casein. Suorose is inert and gave no bros 

disooloura.ticn lib.en heated with pure oasein. !Ille purpose of this section is 

to oan:finn tha~ aa • s oOl_lOlusicns apply to _sweetened qQn~nsed igilk and to 

detemine the .,.nti tative etteot ot sucrose and glucose an this system. 

1. . Ext>er.Lmental llethod 

Two systems were prepared.in the following Dl8Dle~:-

a) Standard sweetened ccnd.ensed milk of ocmpoai ti.en: - . - ' - . - .... - . . -

•ter 2,5%; suorose 44%; and milk solids 31~ 
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b) Sweetened condensed milk with pure glucose completely 

replacing the sucrose. Hence, t he composition was water 

25%; glucose 41$; and milk solids 31%. 

Samples of both systems were placed in t est-tubes and heated in a water 

0 bath at 90 c. At known time intervals, samples were removed, rapidly 

cooled, and the % reflectance determined by the method desoribed in 

SECTION II, Part II - B, page 29. 

2. Results 

Results were plotted as % unaccanplished change in reflectance 

versus time after the manner desoribed in SECTIOO II, Part II - C, page 

32. These results appear in Figure 16 where the% wiacoanplished change 

in reflectance is based upon an initial reflectanoe of 34% for the 

sucrose-sweetened system and 45% f or t he glucose-sweetened system. 

3. Disoussion and Conclusions 

It is obvious f rcm the results shown in Figure 16 that glucose 

and whole milk browns about twice as f ast as sucrose and whole milk. 

This conclusion is in general agreement Yith the work ot Lea (63). 

Although glucose-sweetened condensed milk browns more rapidly 

than sucrose-sweetened oandenaed milk, the resultant oarameli~ed product 

has a pronounoed "malty" off-flavour which is slightly bitter. 'lb.is 

off-flavour is quite unpalatable and it is produced even when only sma.11 

amounts of glucose are substituted for sucrose. The oause of the off-

flavour is not known but it is probably due to the fact that the frag-

mentatiai products resulting fran glucose-casein "oaramelization" are 

quite different fran the fragmentatiOll products of leotose-oasein "cara­

melization". 1he nature of the various fragmentation end/ or oandens-

atim prodmts responsible tor the various flavours is not known. 
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B. Rate of Solubility Decrease 

Lea (93) has demonstrated in the oasein-laotose system that glucose 

increased the loss of solubility of the protein 'While sucrose appears to protect 

the protein fran insolubility - even during severe brOTining. 'llle decrease in 

solubility ot sweetened ocmdensed milk upon browning is now canpared, using 

glucose and sucrose as the sweetening agent. 

1. Experimental llethod 

Two mixtures were prepared as follows:-

a) Standard sweetened condensed milk of canposi tian: 

41.% sucrose; 31% milk solids; 25% we.ter. 

b) Sweetened condensed milk with glucose syrup replacing 

the 44% sucrose. 

Samples •re heated at 100°0 in 301 x 409 oans for known periods and the sol­

ubility index detenni.ned according to the method desoribed in APPENDIX II. 

2. Results 

18.ble V compares the results of the solubility index deteminations. 

A high solubility index denotes high insolubility. 

TABLE V 

COMPARISON OF '.ffiE SOWBII.il:TY CHANGES IN SUCROSE -
.AND GLUCOSE-SWEETENED cammsEO MILKS 

fime of ~ating 
at 100 C 

Hours 

0 
1 
2 
3 
q. 
5 

Solubility of 
Glucose Sample 

mls. ot sediment 

o.s 
1.1 
2.0 
3.0 
4-0 
5.0 

Solubility ot 
Sucrose Sample 

mls. of sediment 

0.10 
0.2 
0.25 
0~3 
0.5 
o.a 
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3. Discussion and. Conclusions 

In agreement with the work of Lea (63), glucose promotes insolu­

bility and sucrose inhibits insolubility of the protein during browning. 

'.Ihis fact could be of real practical significance v£i. th respect to nu­

tritive value and where dilution of the caramel to a soluble drink may 

be desired. 

V. SUllMARY OF FAD'.OORS INF!lJmCING BROWNING 

m SWEEmraD CClIDl!'liSED MILK 

'Ille reflectance determination of colour (SECTI:Cli II, Part II - B and c, 

pages 29-34) was used for all studies on the factors affecting the rate of 

browning in sweetened condensed milk. While the accent of this section has 

been an obtaining basic knowledge on the effect of product and process var­

iables an the rate of brovming, results are discussed fully in the hope that 

the knowledge of the browning reaction in milk may become more complete. 'Ille 

salient conclusions are now summarized. 

A. Tempera. ture 

At constant moisture and ini ti.al pH, there is a linear relationship 

for the Arrhenius plot of the rate, Kz., versus reciprocal of the absolute 

temperature. 'lllere is a temperature coefficient of 2.3 between 1 oo0 c and 

110°c. 

B. Koisture CODOentratian 

Evidence suggests that a. minimum or complete absence of water maxi.mises 
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browning in a liquid milk solids system, provided that lactose is still soluble 

and available to react. '.Ille rate of browning in sweetened condensed milk 

doubled if' the moisture oontent was reduced f'ran 3°" to 2(),L 

'.Ihere is no significant increase in moisture coo.tent during the "oaramel­

izatioo." of sweetened condensed milk. 

c • .E!! 

'lhe rate of browning in sweetened condensed milk inoreases rapidly w:i. th 

increasing pH fran pH 5.4 to Iii 9.5, and most probably continues to inorease 

wi. th inoreasing pH beyond this. 

Although the pH falls during bro'Wning to a neutral pH of about 6.0, an 

ini. tial pH 0£ greater than 7.5 causes permanent damage to the flavour of the 

caramelized product. 

D. Canparison of' Sucrose and Glucose 

Suorose is inert in the browning reaotian of lactose and casein. 

Substi tutian of sucrose 1li th gluo-ose results in a doubling of the rate of 

bro&ng. Although the ad.di ti an of glucose accelerates bro..Ung, its use in 

practice is not possible, due to the bitter end products and byproduata result­

ing fran its reaction 1li th casein. 

Gluoose pranotes insolubility and suarose inhibits insolubility of the. 

protein during broming. 



PART B 

(SOO'!CCNS IV, V, VI) 

DEVELOPME NT OF NEW P R ODUCTS 

By 

PROMOTING BROWNING IN MILK SOLIDS 
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IN'mODUCTION 

It is •ll lmom that caramelized milk products are a very popular food 

eaten extensively in South America, India and Europe. On the basis of these 

faots, investigation of the possibility of oawerting oamneroial.ly available 

milk prodl¥lts to caramelized forms would be a timely step towards diveraif'ying 

New 1'ealand. dairy products. Such caramelized dairy prod.uota have export poaa­

ibili ti.ea as well as sane potential en the heme market. 

Ideas for the type of caramelized product to develop arise frcm an 

appraisal of the •Yin llilioh this type of product ia uaed traditiooally, and by 

atuc\Ying the eating ha.bi ta and trends o:f the consumer market for llhioh the pro­

duo t is intended. It is frcm auch a study that the followl.ng produot types 

were suggested f'or t'urther st\ld3 and developnent:-

1. Sweet caramelized spread, for use in the same •Y' as jams; 

i.e., spread, pietilli.nga, cakes, eto. 

2. Water or bisoui t type of prod.uot - perhaps for use as high 

protein supplement in a fora wl.th llilioh the oonstDer ia 

familiar. 

3. Coooentre.ted dairy caramel f'lavour in the form of a powder 

or liquid concentrate, for additicn to drinks, diluticn to 

topping, general food flavouring of such products as ice-

cream. 

4. Oanteoticna - the produoticm of caramel confeoticms is •ll 

documented and •s not studied :f'urtber. 

With these general types of prod.uot as a basis, it •a decided to 

undertaa a flmdamental study of the taotora atfeoting f'lavour, colour, and 

texture of selected cameroialJJ' &Yailable llillc prod.uota wl. th an aim to achiev­

ing the above prod11ct types. 
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I. IN'lRODUCTICE 

Caramelized milk products are very popular in South America and Europe. 

Tradi ticnal. products produced danestioally include 'Dulce de leche • (Argentina, 

Uruguay) and 'Ma.nyar blanco 1 (Chile). A recipe used danestically is to add 

1 Kg. of sugar to l+ litres ot milk and a little sodium bicarbonate. 1he mix­

ture is boiled slowly for 2 hours and constantly stirred.. Va.nilla flavouring 

is added to taste. Such a product is used as a spread cm bread, as a o~e 

tilling or topping, and in the flavouring of bakery goods and ioe-oream. 

tis product is obviously very similar to jam - a product oanBUllled in 

large amounts throughout the European world. Caramelized dairy spreads are so 

popular that they e.re made danestically f'ran sweetened ocmdensed milk in 

countries mere there is an absence of cCJ1111ercial prod.uoticn. In f'aot, a very 

a.ooeptable product may be ...a. by heating canmercial sweetened condensed milk 

for 2 hours at 1 oo0c. Consequently a readily available oClllneroial sweetened 

condensed milk was used in the present study. 

Al.though the method ot product preparation is tradi ti.anally well estab­

lished, it •s considered that a study of the :f\mdamental factors affecting 

flavour and texture woul.a be essential to a suooessf'ul oanmeroial applioati.cn 

ot these variables to produce an acceptable prodllot. With this thought in 

mind the basic theory of texture and caramel flavour develo:pment in sweetened 

condensed milk is fully discussed.. P.ran an understanding of the basis ot 

texture and flavour development, methods . ot measuring changes in them may be 

developed. Fran measurements ot texture, _ and f4vour changes, en under.standing 

of' the effects, and teohnologl.oal signifioanoe, of' prod.uot and processing 

variables is -48 possible. 

It is by msnipulaticn ot product and process variable• th.at "t!he desi1_"8d 



product flavour and texture is obtained. Possible camnercial producticn 

methods and their effect an product oharaoteristics and quality may be dis­

cussed on the basis of a basic understanding of the effect of prod.uot and 

process variables. 

II. FLAVOUR DEVELOPMENT 

A. Theory 
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The development of this distinctive dairy caramel flavour is an import­

ant consideration in the acceptance or rejection of the product. Although the 

chemical nature or origin of the flavour is unknown, its development is a con­

comitant of the browning of milk and, furthermore, the degree of caramelized 

flavour is correlated positively with degree of browning and related changes 

(83). It follows from this that a measurement of colour development is an 

approximate measure of flavour development. It is believed that the caramel 

flavour is a result of the end products and/or by-products of the browning 

reaction initiated by the condensation reaction of the E-amino group of lysine 

(in casein) with lactose, or other reducing sugar present (see SECTICN I for 

detailed discussion). Hence, generally the factors affecting browning will 

similarly affect the flavour development. 

1. Factors Affecting Flavour Development 

The variables affecting browning and flavour development in 

sweetened condensed milk are well dooumented and discussed in SJOC:TICN 

I II, page 41. The salient conclusions are summarized again here, but 

SECTICN III should be .consulted for a more detailed presentation and 

discussion of results. 



n 
a) Temperature 

1he rate of browning imreases with increasing temperature in 

aocordanoe with the Arrhenius equation. In praotioe, the rate of 

brO..U.ng inoreases about 2.3 times for a 10°0 rise in temperature 

between 1 oo0o and 11 o0c. '.lhe higher the temperature, the more readily 

bitter flavours tend to develop. 

b)~ 

Flavour intensity inoreases linearly with time of heating to 

about 6 hrs./100°0. Beyond this, bitter flavours develop lbioh are 

masked, to a greater or lesser extent, by the sweetness of the sucrose. 

o) lloi sture 

Rate of flavour development inoreases rapidly w:i. th decreasing 

moisture content between 50J' and 20% moisture. 

d) lil 

Any increase in pH markedly increases the rate ot flavour 

develO,Plllent. Any decrease in Iii markedly reduces the reaction rate. 

e) Sugar 

Sucrose is inert in caramel flavour develO,P111ent but provides 

the essential 911eet background flavour. Beplaoement of suorose 

wL th invert sugar or gluoose results in a sickly sweet product. '.lhe 

presence of glucose causes rapid browning l'ilich is not accanpanied 

by a pure oaramel flavour, but gives rise to bitter canpound.s which 

are quite unpalatable. 

f)~ 

Fat imparts a ~th rich flavour llhioh is absent in sweetened 

condensed skim milk. Hence, this product is of neoessi ty a full 

oream produot. 
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2. lleasurement ot Flavour Develo:pnent 

As caramel flavour developnent is directly related to browning in 

sweetened oandensed milk, colour measurement of the degree of browning 

110uld be an indireot measure of flavour develop:nent. '.lhe modified 

reflectance method of Burton (SECTION II, Part II - B, page 29) appears 

to be quite suitable for this purpose. Hence, refle.ota.noe measurement is 

a useful method of oooi.paring the flavour intensity developed in samples 

of different time-temperature trea'bnents. 

While the objective method. described abOV"e would be of real 

benefit in routine qua.li ty control, its usefulness may be further 

imprOV"ed by relating reflectance measurements to a subjective flavour 

assessment soore. Subjeotive assessment is very important - only by 

this method can the :full-bodied caramel flavour of :full cream sweetened 

condensed milk be readily distinguished frCID. the inferior flavour of 

caramelized sweetened ocmdensed skim milk. 

B. Teohnologl.oal Applications 

Fran the basic theoretical study (in SEO'.crm III) of the factors 

atteoting flavour developnent, the sigrll.fica.noe and manipulation of these factors 

to obtain an acoeptable oaramelized sweetened condensed milk product, on the 

canmeroial soale, may be diaoussed.. 

1 • Temperature 

llbile brovrrl.ng would be more rapid at high temperatures, this is 

not the only oonsidera.tion in choosing the temperature for prodUO;tioo. 

At pra:essing temperatures above 100°0, the f'ollowi.ng factors must be 
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oonsidered:-

ADVANTAGES DISADVANTAGES 

1. Shorter processing time 1. Possibility of bitter oc:mpound. 
development 

2. Greater throughput per oapa.oi ty 2. Expensive pressure processing 
of heating equipment equipment 

3. Smaller fa.otory floor space 3. Less tolerance on any variation 
required for a given capacity in the time of heating 

A consideration of these factors suggests that atmospheric steaming (100°0) 

is the most suitable method of heating for small to medium sea.le production. 

2. Time of Heating 

'!he time required will depend on the temperature used. From 

subjective assessment, a flavour development equivalent to a process­

ing of 2 hours at 100°0 was considered to give a product of optimum 

flavour. However, it is expected that the intensity ¢ caramel flavour 

oonsidered as optimum will vary from person to person. .'lh~ optimum 

flavour for marketing must be detexmined by consumer tests. 

A problem arises when it is necessary to brown to a vecy intense 

caramel flavour for use as a flavouring or other special uses. While 

a good caramel flavour may be intensified by b~9wni:ng f .or 5 - 6 h,o~ 

at 100°0, beyond this heat treatment bitter flavours tend to develop. 

Table VI tabulates the heat treatments "Which . may be tolerated before 

there is an incidenoe of bitter off-flavours. 
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The refleotanoe corresponding to this bitter flavour development varies 

fran less than li% up to 6%. 

TABLE VI 

TIME TEMPERATURE REQUIREMENTS FOR THE 
DEVEWPMENT OF BITTERNESS 

Temperature Time of Heating Required 
to Develop Bitterness 

100°0 

110°0 

120°c 

(Hours) 

As the principal objective of this stucly is to pranote browning, 

the ad.di tion of sodium bicarbonate, or other agent to increase the pH, 

would be desirable. Table VII demonstrates the flexability allowed in 

adjusting the pH as an aid to increase browning rate. 

Initial pH 

6~4 
1.0 
7~5 
8.0 
B.3 

TABIE VII 

EFFECT OF INITIAL pH CN THE FLAVOUR OF 
CARAMELIZED ~ CClIDENSED MIIK 

Final pH 
after heating rgr 

3 hours at 100 C 

5~6 
5~8 
6~0 
6~0 
6.1 

Flavour Score 

Gooi 
Gooc;l 
Good. 

Slight off-flavour 
Marked ammonia.cal 

off-flavour 
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It is obvious from Table VII that the pH should not be increased 

beyond about pH 7.5, as beyond this, changes ooour in the protein 'Which 

have undesirable effects an flavour and texture. It is pertinent to 

note that the final pH o£ the caramelized product is neutral deapi te 

a high ini tia.l pH be:f'ore browning. 

4. Jloi sture 

While a decrease in moisture increases the rate of :flavour 

developnent, it has more important disadvantages. 

a) 'lhe less water, the greater the product oosts and the 

greater the probability o:f' lactose orystallizatian. 

b) I:f' the moisture cmtent is reduced much below 25%° the 

excellent spread.ability and smooth texture o:f' the 

product rapidly deteriorates. 

Subjective assessment indioates that the optimum moisture for an accept­

able prod.uot is 25 - 30%. 

5. Sugar 

lhile glucose syrup and invert syrup increase browning, they 

cause unacceptable changes in flavour and texture. For this reason their 

use in the making o:f' the oaramel spread is not reoamnend.ed. 

Sucrose provides an essential backgrcnmd flavour to the dairy 

caramels. Levels o:f' 30 - 40% are reocmnend.ed for caramel spread manu­

facture. 

As tat is an integral part of :flavour development, it is reocmnend.ed 

that tull cream milk (at least 26% milk solids as :fat) solids be used. 
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FIG.17. PLACEMENT OF THERMOCOUPLES IN A 
301 x 409 CAN 

FIGURE 18. ~e 'BRISiOL' reoorder, 301 x lt09 o~ fitted wl. th thermo­
couples, and retort 'Which were used for heat penetration 
studies en sweetened oondenaed milk. 



III. TEX'IURE DEVELOBmNT 

A. 'lheoretical Study 

1. Studies Leading to a Postulated 'lheor.y for the Mechanism. ot Gels.ti.an 

in Heated Sweetened Condensed Milk 

It was apparent from visual inspection that the texture of 

sweetened condensed milk changed, an heating at 100°0 for 2 hours, frail the 

viaooua f'low texture oharaoterlstio of fresh sweetened condensed milk to a 

smooth, spreadable gel texture. It would have appeared at first glance that 

the meohanism was very similar to the sugar-pectin gelatian of most jams. 

However, l'bile sugar-pectin gels only occur an cooling af'ter heating, the 

swsetened condensed milk system had already gelled 'When the can was opened 

iDDnediately af'ter heating for 2 hours at 1 oo0 c. 

If there is a large change in texture frc:m a viscous liquid to a gel 

wl thin a oan of sweetened condensed milk, it logically follows that there 

will be some change in the rate of heating of the can. To determine the 

temperature at l'bioh this oba.nge in texture ooourred, heat penetration data 

was obtained by the method described below. 'Jhe signif'ioanoe of the results 

obtained are discussed with referenoe to the literature and a postulated 

theory is presented to explain the oauae ot the thickening or gelation. 

a) Eq>erimental Method 

A 301 x l.t09 oan -.a titted. with thermocouples posi tianed as 

aham in IP.Lgure 17. 'lhe oan was then tilled wi. th sweetened condensed 

milk and s~aled. ~ thermocouples were connected to a 'BRIS'.roL' 

temperatuIW recorder "tilioh recorded the T, 0 and B temperatures as 

well as the steam temperature within the pressure cooker (retort). 

'lhe can, titted with thennooouplea, was then heated at the desired 
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retort temperature. A continuous record of the changing temperatures 

within the oan was kept by the 'BRISTOL' recorder. Figure 18 portrays 

the type of equipnent used. 

b) Plotting of Results 

The curve in Figure 19 typifies the shape of the heating and 

cooling curves obtained when temperature is plotted as a function of 

time on rectangular co-ordinate paper. 

A conventional plot of time-temperature heat penetration data on 

semilogari thmio graph paper yields a straight line described by two 

parameters f'h and j (56 ). nie majority of heating curves when canventicn-

ally plotted yield a straight line which may be described by the 

equation 

log (RT - T) = - t/fh + log j (RT - IT) 

Where the cane-up-time of the retort is very rapid ( 1 - 3 minutes), j 

tends to 1.0, and the equation now beccxnes (56) -

log RT - T = - t / fh 

RT - IT 
where RT = Retort temperature 

IT = Initial product 
temperature in the oan 

T = produot temperature in 
the can at time t 

t = time of heating of the 
can 

fh = heating rate 

For a given "run" at constant retort temperature, RT - IT is constant. 

Henoe, by plotting the conventional plot of 

log RT - T vs. t 

the heating rate within the can, fh, is simply derived by determining the 
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slope of the ourve. 

While the majority of cooling curves, when plotted on semiloge.r-

ithmic paper, oan be represented by a straight line, there are products 

which have a heating or cooling curve where the initially straight line 

abruptly changes slope or "breaks". Such a curve requires two straight 

lines to represent these data and. is called a broken heating curve. 

Such curves are illustrated in Figures 20, 21, and 22, on pages 87, 88, 

and 89. Broken heating curves are usually due to the nature or consist-

ency of the product. For instance, in "cream style" corn the heating 

rate, fh, is initially quite rapid due to a predaninance of convection 

heating. After the gelation temperature of the starch has been reaohed, 

a gel forms and the slower conduction heating results. A similar change 

in texture is believed to be the cause of the broken heating curve of 

sweetened condensed milk. 

c) Disoussian of Results 

A conventional plot of time-temperature heat penetration data 

0 
appears in Figures 20, 21, and 22, for the retort temperatures of 100 C, 

110°0, 120°0. '!he obvious broken heating curve represents a sudden 

change in the heating rate of the oan contents. Under the steady state 

conditions of heating that prevailed, this sudden change in the rate of 

heating could onl7 be caused by a change in state of the oan contents, 

with a resultant change in thermal conductivity or mode of heating. 

Suoh a change in state is most probably due to the gelation of the viscous 

liquid. Before the break in the curve, convection heating predominated 
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FIG. 20. PLOT OF HEAT PENETRATION DATA FOR 
SWEETENED CONDENSED MILK RETORTED AT 100°C 
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aa T ::>-0 >B. '.!his indicates that the typical conveotian oiroulatian 

of a viscous liquid was occurring. Refer to Figure 23. 
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FIG23. CLASSICAL CONVECTION CIRCULATION OF 
A LIQUID WITHIN A HEATED CAN 

After the break in the curve, conduction heating predaninated as:-

1. heating rate, f'h, was markedly reduced; 

2. both T & B > c, indicating that convection ciroulatian of 

the liquid had ceased. 

Furthermore, the change in state occurs rapidly as is indicated by:-

1. the sharp break in the curve; 

2. visual appraisal of the change in consistency (tran a 

viscous to a gel texture) ot the sweetened condensed milk 

after opening cans immediately prior to, and after the 

change in state indicated by the heating curve. 

90 

Figures 20, 21 , and 22, show that the change in state occurred at vary-

ing times of heating, depending on the retort temperature, bu~ in all 

oases a produot temperature of 85°0 was reached before the change in 
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state ocourred. Fran this it was ocmcluded that Wien the product 

0 has been heated to at least 85 C, gelati.on ooourred, and any tu.rther 
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heating occurred at a al.mer rate by simple heat oond.uotian through the 

oan and produot. 

No ohange in state occurred during cooling as indicated by the 

unbroken cooling curve; see F.i.gure 24. 

d) Postulated 'llleory of the Cause of Gelati.on 

On the basis at this experi:aental evidence, a tentative 

explanation of the gelati.on of heated sweetened condensed milk is poss­

ible. '.Ihe above evidence supports the theory that at 85°0/20 m:lna., 

/<.-casein and j3-laotoglobulin interact oompletely to give a ccmplex of 

lawer eleotrophoreti.o mobility, 111hi.oh may be due to an increase in 

molecular size or ohange in molecular oonfigurati.an (48). It is suggested 

here that this ocmplex f'omati.on, as manifested in sweetened oandensed 

milk, is the major oause of the marked ohange in consistency from a liquid 

to a gel texture. Ccmplete knowledge of 1'hat happens to the protein 

molecule during gelatian and the part that acids, salts, and sugars have 

in this prooess, is lacking (74). Coagulation of casein is ruled out 

as it takes 12 hours at 100°0 for denaturaticn to occur (107). 'Ille 

canplexing of' the k-oasein and the ,9-laotoglobulin could quite likely 

form a three dimensional network. Suorose and water could fill the inter-

vening spaces and thus impart the obsexved plasti.o consistency to the 

gel structure. 

2. Jleasurement of Gel Texture 

On the basis of the classi:t'ioati.on system for food texture pro-
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PIGUBI 25. 10!.Nm.&L' penetrcmeter model used for the determination ot the gel strength of 
caramelised sweetened condensed milk. Both the omplete unit (lett) and. a 
closer view ot the type ot plunger used (right) are aham. 

~ 

B 
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posed by Katz (75), the caramelized sweetened condensed milk is a gel; i.e., the 

predaninant influence on texture is a two phase colloidal system with a high 

degree of interface between a continuous, or at least intermeshed, system of 

solid material holding an aqueous phase which may also be continuous or finely 

dispersed. A oertain degree of structural rigidity is contributed by the 

extended skeleton of the protein continuous phase so that the system as a whole 

possesses many properties of a solid; e.g., rigidity, and elastic response to 

applied distorting surfaces. 

It is these properties of the gel which are the key to an objective 

measurement of gel properties. A detailed review of methods for detenni.ning 

jelly properties oan be found in Joseph and Baier (58). For the system under 

discussion, the most convenient method appears to be the measurement of the 

resistance offered by the gel to penetration by plunger, probe, or paddle. 

An empirical method of measurement based on this principle is described below. 

a) Egui;pment 

\ I 
Equipment used was the oanmeroially available CENTRAL pene-

poneter mod.el shown in Figure 25 A and B. n-ie plunger used was a oustan­

made stainless steel cone of dimensions shown in Figure 26, page 95. 

b) Preparation of Sample and Method of O,Perating Eguipment 

0 i) A sample ot the spread to be tested was equilibrated at 30 c. 

ii) ~e surfe.oe o:f the sample was then scraped until a fresh surface 

was exposed. 

iii) ~e plunger was fitted to the 'cENTRAL' me.chine; and then allowed 

to just cane in oonte.ot with the surface of the gel. 

iv) Button at left (Figure 25 A) was then pressed, allowing the plunger 
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WEIGHT : 23•1 grams 

ffi.26. DIMENSIONS OF' THE CONE-SHAPED PLUNGER 
r1TT1NG F'OR THE ·cENTRAL. PENETROME T ER 

• 

• • 

• 

AERIAL VIEW OF CAN 
CONTAINING GELLED 

CONDENSED MILK 

FIG, 27. OlsTRIBUTION OF' THE POINTS AT WHICH THE 
PENETROMETER READINGS WERE DETERMINED 



96 

to fall freely under gravity for an automatically detennined time of 

5 seconds. 

v) !!he ob jeoti ve ind.ex of texture was then obtained by turning the pointer 

until its attached rod just came into contact with the top of the 

plunger attachment. Readings were obtained by reading directly frcm 

the soale of the penetration depth. 

vi) 'lhis procedure was repeated until five measurements were obtained at 

different points on the gel surface, aooording to the pattern shown 

in Figure 27. 'Ille measurement had to be taken at least i" from the 

side of the can to prevent the side of the oan from interfering with 

the measurement. 

vii) The mean of the five readings was taken. Any given reading must not 

vary more than .:t 15 uni ts fran the mean if the reading is to be 

accepted as a valid index of the texture of the bulk spread. 

o) Test of the :Method 

Cans of sweetened condensed milk were heated for known time 

intervals and the gel strength detennined by the penetraneter method 

deaoribed above. 

Besul ts of time of heating versus penetraneter reading are plotted 

in Figure 28, page 97. 

It is apparent fran this graph that no appreoiable gelaticn 

occurs until qo mins./100°0. At this paint, a marked "Knee" occurs in 

the curve and the rate of gelation falls off at about 3 hours/100°0, 

whereupm little f'urther increase in rigidity of the gel ocours. The 

"knee" in the curve coincides with a completion ot the change Jn state 

of the can contents a~ indicated by the heat penetration curve. Refer 

to Figure 20, page 87. 
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~le VIII shows that the objeotive measurement ot gelaticm ia also 

o.orrela.ted wL th subjective assessment ot spread.a.bill ty. 

TABLE VIII 

RSLA'liCfiSHIP BETIEEN OBJECTIVE AND SUBJEC'liVE 
ASSESSKBNT OF SPREADABILI TY 

Penetraneter 
Beading 

>200 

160-200 

<160 

cl) Oonol¢gns 

Sub jeoti ve Spreadabili ty 
Assessment 

too thin 

good 

too thiok 

It wq be oonsidered that this method.:-
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i) does measure the ohe.nge in state ooourring during heating; 

ii) provides an objective measure ot spreadabili ty. 

3. :hotora .Atteoting Gel Structure DevelOf!!&nt 

1ran a know:ledge of the f'aotora atteoting the :f'cmu.tiai and nature 

of the gel, the produot and prooeaa variable• uy be manipulated to 

yield the desired texture. It •• tor this reaaai that the etteot of 

aenral T&l"iablea ._. studied. 

a} 1'1•-tem>eratun 

At a gt.Tm temperature, the rigi.d.itJ' of the gel texture 

iDoreuea with ti.Ile ot heating (Pigure 28) until a stage is reached 
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where the gel becomes too rigid for convenient spreading. Subjective 

assessment indicated that the time required to reach this "too thick" or 

11too rigid" stage deoreases with increasing temperature of heating. 

b) Aeration 

Aeration during gel fonnation disrupted the gel structure, 

and yielded a grainy, visoous texture which had a penetrcmeter reading 

of >600. 

Aeration before gel formation resulted in a semi-porous frothy 

texture which increased in density towards the bottan of the can; i.e., a 

non-unifonn product resulted which was considered to be unsuitable f or a 

a consumer market. 

o) .Agitatiqn 

.Agitation during gel fonnation is most probably the cause of 

the effect observed when the produot is aerated. A grainy, viscous 

liquid results which tends to be free flowing; i.e., it has lost its 

gel properties. 'Ibis is presumably due to a continuous breakdown of 

the gel structure as it fonns. 

d) Sugar 

The ad.verse effect of gluoose and invert sugar on caramel 

flavour development made any further study an the effect of these sugars 

oo gel texture ot academic interest only. 

e) Solids Conoentratioo 

Table IX demonstrates that, for a standard process ti~e, with 

inoreasing moisture content there is a decrease in gel strength. 

MASS~ UNIV!;'RSITY 
LIBRARY 
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e)~ 

Fat was an integral part of the smooth texture, and henoe, full 

cre8lll milk was used. 

TABLE IX 

THE EF~T OF MOISTURE CONTENT ON GEL STRENGTH OF SWEETENED 
CONDENSED MII.K AFTER 2 HOURS HEATING / 1 oo0c 

Moisture Content 
% 

25 

30 

35 

4D 

B. Teohnological Applications 

Gel Strength 
(Penetraneter Reading) 

150 - 160 

200 

24D 

>600 

Fran the basic study of the theory and factors aff eoting gel formation, 

the manipulation of prooess variables to obtain the desired texture may be 

discussed. 

1 • Ti.me - tem,perature 

'lhe optimum time of be.at~ at .any given temperature . should be _ 

such as to give a produot of Penetrometer Reading 160 - 200. 'lhis was 

the P.R. fcnmd to correspond to the optimum texture as evaluated sub­

jectively. At 100°0 this degree of gelation is accomplished by 2 hours 

heating. 
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2. Agitation 

Even with gentle stirring, the gel structure, typical of sweet­

ened condensed milk heated in the oan, is broken, and a grainy, lumpy, 

texture results. To eliminate the grainy, lumpy appearance, the product 

may be hcmogenized to a thick, viscous, free-flowing dairy caramel syrup. 

A gel texture is completely absent in this type of product and its use 

as a spread is limited. However, it may be used as a free-flowing 

caramel concentrate for use in jam spreads, toppings, ice-cream flavour­

ing, etc. 

Full cream milk is a necessity if the smooth spread character­

istics of the gel is to be maintained. 

4. Koi sture Content 

Any reduction in moisture content of either the gelled product 

or the viscous liquid :f'onn (produced by agitation during beating) would 

increase the problem of "graining" or orystallizaticm of lactose. Hence, 

a moisture ccntent below 25% is to be avoided in practice. 

Increasing the moisture content decreases the strength of the gel. 

A moisture ccmtent of 25 - 3<$ yields an optimum gel texture of Pene­

trometer Reading 160 - 200 after 2 hours heating at 1 oo0c. 



102 

IV. l?OSSIBLE COMMEOOIAL PRODUCTION B'llIODS 

Having discussed the factors aff eoting the laboratory prod.u::tion of a 

dairy caramel spread. having aooeptable flavour and texture,, it is now possible 

to discuss and compare possible c001D1eroial production methods. Whatever the 

method used, the aim is to develop an acceptable caramel flavour by heating 

sweetened condensed milk to the equivalent heat treatment of 2 hours at 100°0. 

Although flavour development is an important consideration, attention must 

also be given to the effect of the produotion method. an the texture of the 

finished product. In heating any food product, there are two possible methods 

(56). 

1 • Heating the food in the container; and 

2. heating the food in a heat exchanger prior to filling the product 

into the container. 

In the present discussion, the food is sweetened condensed milk and the 

purpose of heating it is primarily to develop caramel flavour, and secondarily 

a gel texture. An important result of the heating process is pasteurization of 

the milk. 'lhe high solids content (75%) prevents the growth of spoilage bac­

teria not destroyed by pasteurization treatment. Any moulds or yeasts whioh 

may grow at this level of solids are quickly destroyed at the temperatures of 

90 - 100°0 used to caramelize the sweetened condensed milk. 

'lhe suitability of two methods of heating (to develop flavour and tex­

ture) are now discussed on the basis of previous studies on the effects of 

product and prooe ss variables. 

A. Oaramelizatian in the Packaging Container 

Basically this method entails filling sweetened condensed milk into 

the eontainer to be used for marketing - either a oan or glass container. 'lhe 
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can is then given the heat treatment necessary to yield the desired caramel 

flavour. Heating of food produots in containers is, in general, a slow and 

inefficient process compared with heating in a heat exchanger. However, the 

problems encountered in manipulating some types of f'oods auoh as asparagus 

or pickles, and the inability to pump other types of food products through 

heat exchangers due to their physical consistency, are reasons Why most foods 

are sterilized in the container after packaging. In the case of sweetened 

condensed milk, any agitation during heating disrupts or prevents gel formation 

and the unique gel texture, which is excellent for a spread, is destroyed. 'Ille 

only way to evenly heat such a product without agitation is in the oan. '?he 

heat treatment and other factors required to uniformly develcp optimum flavour 

and. texture in the can contents is now d.isoussed.. 

1. Effect an Flavour 

Table X expresses the nature of % reflectance changes of sweet­

ened condensed milk retorted in a 214 x 301 can at 1 oo0c. 

Time 

TABLE X 

REFLECTANCE CHANGES OF SWEETENED CONDENSED MIIK 
HEIDRTED:· AT 1 oo0c m A 214 x 301 CAN 

of Heating @ 1 oo0c. % Refleotanoe 

Hours Using "EEL" Filter No. 601 

0 34 
1 20 

2 11 

3 9 

4 7 
5 6 
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Subjective assessment indicated that fran 2 to 3 hours heating at 100°0 

yielded the optimum dairy caramel flavour. 'lhis may be objectively specified 

as a % reflectance of 9 to 11 when using "EELn Filter No. 601. 1he relation­

ship between time of heating and optimum caramel flavour development for oan 

sizes other than the one listed could be readily detennined. 

Unifonni ty of heat treatment throughout the can is very necessary if' a 

uniform product is to obtained. Fortunately cans as large as the 301 x l.i09 

showed a remarkable uniformity of browning throughout the can af'ter 3 hours of 

heating at , 1 oo0o. A slight variation in browning oocurred fran centre (light) 

to the outside (darker) of the can when a higher retort temperature of 120°0 

was used. '.I.he explanation of these observations is as follows. 

a) At a retort temperature of 100°c the product slowly heated by 

convection to 85 - 95°c before gelation occurred. After gelation, 

canduotion heating predaninated and the product near the outside 

of the can quickly reaohed 1 oo0o. However, sinoe the difference 

between the centre temperature and the can wall temperature was 

comparatively small for the last 2 hours of the 3-hour heating 

cycle, there was no more than 1% differenoe in % reflectance 

between the product at the wall, 8Ild the product at the centre, of 

the can. Suah a small diff'erenoe in % reflectance was not visible 

visually. 

b) At a retort temperature of 120°0, the product reached. 85°0 more 

rapidly, and conveotian heating stopped before the can contents had 

a uniform temperature distribution. Hence, at the advent of conduc­

tion heating, the product nearest the wall rapidly reached about 

120°0 while the centre product was only at 100°0. From Figure 10, 
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page 46, it is apparent that browning oocurred seven times as fast 

at 120°0, as compared with 100°0. As this di:fferential in the rate 

of browning persisted for 20 minutes of a 60-minute processing cycle 

(Figure 22, page 89) it was not surprising that there was a visual 

variation in colour from the outside to the centre of the can. 

'lhis problem of nan-wll.form browning throughout the can will increase 

with:-

i) inoreasing can size 

ii) increasing retort temperature 

'.Ibis means that for small can sizes up to 301 x 409, there is little 

problem of uneven browning even at a retort temperature of 120°0. 

However, for large cans, the temperature of the centre will lag well 

behind the wall temperature. 'Ibis problem could be minimized by 

slowly heating to 85°c by convection heating so that the whole can 

contents are unifonnly heated to 85 - 95°0. Hence, at the advent 

of conduction heating, after gelation, there is little temperature 

difference between the centre and wall of the can if the retort temp­

erature is as low as 100°0 (or slightly less). At the start of 

conduction heating, the wall s are at 100°0 while the centre is at 

about 90°0 and this differential is reduced to an insignificant 

5°0 within a few minutes. 'lhis technique of using a low retort 

temperature could possibly be used to uniformly brown sweetened 

condensed milk in an A10 can for use as a caterers paok. 

0 While the A10 can must be heated at 100 C the smaller cans may be retort-

ed at higher temperatures. A oanparison of the rates of browning at 

various temperatures appears on Figure 10, page 46. However, there is 

no real substitute for prooessing trials which determine the time 



required at a given retort temperature to achieve optimum caramel 

development; i.e. , 9 - 11% reflectance. 

2. Effect on Texture 
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'lhe gel texture which results when sweetened condensed milk is 

"caramelized" is an important :factor in the popularity and aooeptance of 

the produot as a spread. 'Ibis phenomena of gelation is also a very 

important consideration in processing so that the can contents are evenly 

heated (i.e., caramelized). At the advent of gelation, oonveotion heat­

ing oeases and the slower oonduotion heating results. It is this change 

from oonveotion to conduotion heating which is largely responsible for 

the previous consideration of non-unifonn browning throughout the can. 

It is now well established that the produot must be heated to 

85°0 before gelation will occur. 'lhe relationship between inoreasing 

gel strength and time of heating in a 214 x 301 can at a retort tempera­

ture of 100°c has been well documented in Figure 28, page 97. Subjective 

assessment of spreadability on bread, indicated that a Penetraneter Bead­

ing (P.R.) of 160 to 200 corresponded to optimum spreadability. From 

Figure 28, it is apparent that this texture is obtained by 2 - 3 hours 

retorting at 1 oo0c in the 214 x 301 oan. Th.is time of heating tortuna.tely 

corresponds w.i. th a CODQurrent optimum :flavour development. Two to three 

hours heating in the larger 301 x 409 can at 1 oo0o also yields a product 

of optimum flavour and texture. 

'lhe relationship between time of heating and texture for other 

oan sizes could be .readily determined by silli.lar teclmiques to that 

described an page 96. 

To summarize, this method of dairy caramel produotion has been 

well documented by present studies using a laboratory scale retort. 
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Furthermore, this method of production has been shown to yield a product 

of good texture and flavour by retorting at 100°c for 2 hours in a 301 x 

214 or 301 x 409 can. As the reooounended retort temperature is only 

1 oo0 c, either glass or metal containers could be used. A screw-top 

glass container is reoanmended far marketing as the product surface 

dried out and crystallized into a hard. cake when a can was opened and 

left to stand far a few days. 

B. Caramelization Before Packaging 

It is much easier to heat a food product that can be pumped through 

a heat exchanger than to heat it after it has been sealed in a container. 

Under a given set of conditions the rate of heating a product depends upon 

the distenoe the heat has to flow (rate of heat flow varies inversely with the 

square of the thickness) and the degree of agitation or mixing. In heat ex­

changers, the distance heat must flow is small, and the rate of fluid flow of 

both the heating medium and product are as high as econanical pumping will 

permit, since short heat flow distances and high velocities produce the high­

est heat transfer rates. The chief limiting factor is that the product must 

be of such consistency that it can be pumped through the heat exchanger. Camnon 

types of heat exchangers are:-

1. The tubular heat exchanger (round or flattened tubes are used 

and the product normally flows ~hrough the tubes and the heat­

ing medium surrounds the tubes). 

2. Plate heat exchangers - a series of plates are built up with 

appropriate openings and gaskets so that the heating medium is 

on one side or the plate and the product is on the other side. 



3. Soraped-surfaoe heat exchangers are in reality large diameter 

tubular heat exchangers in which there is a meohanical scraping 

device to help agitate the product and keep the product next to 

the wall continuously scraped away from the wall and mixed with 

the remainder of the product. Scraped surface heat exchangers 

have very large heat transfer coefficients. 'lhey are mainly 

used for difficult materials which are very viscous and tend 

to foul other types of heat exchangers (56). 

Another type of scraped surface heat exohanger 'Which has a smaller 

heat transfer ooeffioient is a steam-jacketed pan fitted with a 

double action stirrer. 
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Sweetened condensed milk is a viscous food v.hich may be pumped at room temp­

erature. However, it tends to gel when heated to temperatures greater than 

85°0. 'lll.is gelled fonn of sweetened condensed milk tends to cling to the 

side of the pipe when it is pumped through the pipe \lllder viscous (Newtonian) 

flow. Hence the product tends to "burn-on" to the side of the pipe, reduce 

the heat transfer, and thus cause uneven heating of the produot. Beoause of • 

this property of heated sweetened condensed milk, the only t;ype of heat ex­

changer sui.table for efficiently heating the product is a soraped-surfaoe 

heat exchanger. 

Initial experiments to detennine the effeot of continual agitation 

during heating were conducted in a stainless steel beaker fitted with a motor­

d.riven low speed scraping agitator. Fat or boiling water was used as the 

external heating medium for the beaker. 1hese experiments indicated that the 

product prepared by this method differed widely in textural characteristics :fran 

the product prepared by heating in the can. '.Ihe changes in flavour and texture as 
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a result of heating the product in a scraped-surface heat emhanger are now 

discussed. 

1. Effect on Flavour 

'.lhe time-temperature effect of heat an flavour development is 

well dooumented in the baaio studies of SECTICN III, pa.ge 43. ~e most 

desirable flavour was obtained by heating tor 2 to 3 hours at 1 oo0c. 

'.!his corresponds to an objective index of 9 - 12% retleotame. ~e time 

required to achieve the same flavour at higher temperatures may be 

derived tran Figure 10, page 46; and Figure 9, page l+l... Generally, there 

is no di:tterenoe in flavour produced by this method when canpared 'Wi. th 

the flavour resulting f'ran heating in the can. 

2. Effect en Texture 

One of the most important physical factors affecting gel texture 

tormatim is sti1Ting or agi. tatian. As previously discussed on page 99, 

even gentle agi ta ti an of sweetened condensed milk during heating either 

prevents the gel texture frc:m forming or breaks up any gel that does 

fom. '.lhe result is a caramelized product having a grainy, lumpy appear­

ance. As such a product is unaoceptable, it was hanogenized to yield a 

thick, viscous liquid which flowed freely. While such a product is 

unsuitable as a caramel spread it may well be used as a dairy caramel 

ccmcentrate for flavouring purposes. '.!he free-flowing nature of such a 

product facilitates handling by pumps and easy filling into any type of 

container 'fthich oan be pasteurized. Ms type of production bas the 

advantages of bulk prooessing and packaging. Packaging in ~Y' container 

such as glass, metal or films is possible so loog as the packaging 

material can tolerate being filled at pasteurizing temperatures. 
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\ 

~: Typical gel produots obtained from heating sweetened 
condensed milk (f~ left) in the can for 1, 2, 3, 4, 
and 5 hours at 100 c. 

Right: Viscous liquid formed by heating sweetened condensed 
milk in bulk (with stirring) for 3 hours at 100°0. 

FIGURE 29. nie two basio caramel products - gel spread and viscous 
liquid. 
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c. Possible Commercial Produot Ty;pes 

The prod.uot (farmed by heating standard. sweetened condensed milk in 

the can) has a texture and flavour which makes an excellent spread. 'lhere is 

a host of possibilities of varying and improving the flavour of such a product. 

Some of the possibilities which have been explored, are discussed below. 

1. Vanilla at low levels of 0.1 - 0.2% adds a pleasing baokground 

flavour which enhances the basic dairy caramel flavour. 

2. Spices such as cinnamon, mace, and cloves, at low concentrates 

may appeal to some palates. 

3. There are numerous possibilities of modifying the flavour by 

adding fruit pulp (jam) or flavouring essences. 

The thick viscous dairy caramel base formed by heating in bulk, is not ideally 

suited for use as a spread. This type of product could be flavoured in any 

of the methods described abOll'e. The addition of jam or similar additive would 

thicken the product to a spread consistency. 'lhe caramel base could be used 

as jam in cake fillings, ice-creem flavouring, and cake toppings. 'lhe basic 

caramel flavour could be favourably incorporated into many desserts. 

Figure 29, page 110, demonstrates the basio chara.oteristic product 

types discussed in this section. It is from these basic product types that 

a host of variations in flavour and texture is possible. Hence 1 this allows 

sane lati tu.de in developing a "tailor-madeu product to comply with given 

market specifications. 



V. STUDIES ON 'lliE CHANGES OCCURRING DURING STORAGE 
OF CARAMELIZED SWEE.'l.'ENED CONDENSED MIIK 

A. Introduction 
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The suoce ssful marketing of any food product depends on the customer 

r eceiving the product in the same condition that it passed factory quality con­

trol standards. To determine the changes occurring in the product during 

storage and transit, the product must undergo storage trials. These storage 

trials are a crucial part of the :final steps in developing a new prod.uot for 

marketing, and. the prod.wt must not be marketed until its behaviour under 

expected storage conditions has been evaluated. Consequently the next logical 

step in the study of caramelized sweetened condensed milk was to investigate 

the changes which oocurred in the product during storage. 

Early observations indicated that caramelized sweetened condensed milk 

(3 hours/1 oo0 c) developed large lactose crystals after 1 0 week storage at 

ambient temperatures (about 20°0). Although these crystals could be readily 

"crunched" between the teeth they detracted from the pleasant smooth gel 

texture, characteristic of the freshly prepared. product. 'lhe cause of this 

crystallization is believed to be explained by the following .facts. 

1. During the manufacture of sweetened condensed milk, the super­

saturated solution of lactose formed is seeded with crushed lactose 

crystals. 'lhe seeding precipitates the crystallization of the 

supersaturated solution of lactose into numerous microscopic 

crystals which are unable to be detected by the sensory organs 

of the mouth (i.e., crystal size is less than 50 microns). 'lhis 

is the reason for the apparent absence of lactose crystals when 

canmeroial sweetened condensed milk is tasted. 
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2. When the sweetened condensed milk is heated fran about 20°0 to 1 oo0c 

for the purpose of caramelizing it, the solubility of lactose inoreases 

frcm 20 i!JIA. per 100 gm. of' water to 160 gm. per 100 gm. of water (110). 

'lhis marked inorease in solubility results in a redissolving of the 

microscopic lactose crystals. 

3. Upon cooling of the caramelized condensed milk, the solution (gel) 

again becomes supersaturated with lactose as the solubility is 

reduced frcm 160 gm./100 gm. water to 20 gm./100 gm. water. At 

the first opportunity this lactose crystallizes. Crystallization 

may be precipitated by factors such as:-

a) seeding (heterogeneous nucleation) 

b) homogeneous nucleation due to the cri tioal supersolubili ty 

limit being reached 

c) heterogeneous nucleation by minute inclusions 

In the case of slow cooling of a supersaturated solution, hcmogeneous 

nucleation occurs and a few nuclei form. Subsequently, these few 

crystals grow as lactose precipitates frcm the supersaturated solution. 

In the final stages of growth these crystals beccme large enough to 

be a very important factor affecting the textural changes occurring 

during storage. 

Lowe (74) has reviewed the factors affecting sugar crystallization in 

super-saturated solutions. The principal factors which could be altered to 

inhibit the fonnation of large crystals are:-

1 • Temperature of storage. Lo~ temperatures increase supersaturation 

and favour crystallization. 

2. Mixture of sugars. Crystallization of a mixture of sugars is slower 



than that of a single sugar. 

3. Conoentration of sugar. 
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These factors are capable of manipulation in an attempt to control crystalliz­

ation of caramelized sweetened condensed milk which has been processed in the 

can. 

Dairy caramel produced in bulk by heating before canning shows no large 

crystals. nie possibility of agitation during crystallization and the practice 

of seeding ensure that only microscopic crystals form. Hence the problem 

resolves itself into a study of the possibilities of preventing the fonnation 

of large lactose crystals in dairy caramel formed by heating in the can. 

B. Experimental Method 

To overcome the problem of lactose crystallization in sweetened 

condensed milk heated in the can, some of the standard methods of inhibiting 

crystallization used by confectionary manufacturers were tried. The methods 

used were:-

1. adjustment of the solids concentration. 

2. partial substitution of the sucrose solids with other sugars 

such as invert sugar and glucose. 

3. temperature of storage. 

To determine the praotioal feasibility of these methods, the following experi­

ments were conducted. 

1. Samples 

'lllree groups of samples were prepared as described below: 

a) Solids Conoentration 

Samples of ccmmeroial sweetened condensed milk (75% solids) 

were diluted to the desired solids concentrations of: 75% (standard 
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or control), 70/., 6.9'/C, and 60J'. Samples were filled into cans, 

0 labelled, and retorted for 3 hours at 100 c. 

b) Substitution of Sucrose with Glucose 

Commercial swe et ened condensed milk is canposed of 25% 

moisture, 31% milk solids, and 44% added "sugar solids" which is 

usually in the fonn of suorose. Glucose syrup was added to oanmer­

oial sweetened condensed milk in such a way that the 44% "sugar 

solids" was made up by the desired ratio of gluoose:suorose. Both 

the milk solids conoentration (31%) and moisture concentration (25%) 

were unaltered. 

T.ABLE XI 

PROPORTIOO OF GLUCOOE:SUO.RCSE IN THE 44% "SOOAR SOLIDSu OF 
SWEETENED CCl'IDENSJID MIIK STORAGE TRIAL SAMPLES 

Sample No. Parts of GLUCOOE Parts of SUCROSE 

1 

2 

3 
4 

5 
6 

7 

(control) 0 10 

1 9 

2 8 

3 7 

4 6 

5 5 
6 4 

Table XI shows the range of samples that were prepared having a 

glucose: sucrose ratio ranging fran 0:10 to 6 :4. Samples were canned, 
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labelled, and retorted for 3 hours at 100°0. 

c) Substitution of Sucrose with Invert Sugar 

Invert syrup was added to commercial sweetened condensed milk 

in such a way that the 44% "sugar solids" ot sweetened condensed milk 

was made up by the desired ratio of invert sugar : sucrose. Both the 

milk solids concentration (31%) .and moisture concentration (25%) of 

standard sweetened condensed milk were una.l tered. Table XII shows 

that a range of samples were prepared having an invert sugar : sucrose 

ratio ranging from 0:10 to 6:4. 

TABLE XII 

PROPORTIOO OF INVERT SUGAR : SUCROSE IN THE 41+% "SUGAR SOLIDS" OF 
SWEETENED CONDENSED MI IK STORAGE TRIAL SAMPLES 

Sample No. Parts of Parts of 
SUCROSE INVER!' SUGAR 

1 (control) 0 10 

2 

3 

4 

5 

6 

1 

2 

3 

4 

5 

9 

8 

7 

6 

5 

0 
Samples were canned, labelled, and retorted for 3 hours at 100 c. 

2. Storage Conditions 

The three groups of samples, (prepared as described above), were 
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stored at 5°0 for 12 weeks. The low storage temperature of 5°0 was chosen 

as it was thought that this would inorease the supersaturation o:r the 

sugars (decrease solubility), and hence accentuate the problem of 

o rystallizati on. 

During the same period of 12 weeks, control samples of standard 

t 0 0 swee ened condensed milk heated for 3 hours at 100 C were stored at 5 C; 

ambient (approx. 20°0); 37°0; and 45°0. 

3. Methods Used for Examining The Sam.ples 

At the temination of the 12 weeks storage, the sample cans were 

opened and the following types of measurements ta.ken. 

1. Subjective assessment of the degree of crystallization 

2. Subjective assessment of flavour 

3. Subjective and/or objective assessment of colour 

4. Penetrometer readings on sane of the samples having varying 

moisture contents. 

c. Observations on the Condit~on of Samples Af'ter Storage 

1. Effect of Storage Temperature 

This discussion is based on observations of the oondi ti on of 

caramelized standard. sweetened condensed milk (3 hours/100°0) after 

storage for 12 weeks at s0 c, ambient (20°0), 37°0 and 45°c. Results 

expressed in Table XIII show that the samples stored at s0 c, 37°0, and 

45°0 exhibit less severe crystallization than the sample stored at 

ambient - in fact, the 5°c sample showed very little crystallization 

and was quite aooeptable. 
0 0 As the temperature control of the 5 C, 37 C, 

and 45°0 storage environments was quite aoourate, it is considered that 

the fluctuating temperatures of the ambient environment is the oause of the 
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2. 

3. 

4. 
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f onnatian of the larger crystals in the sample stored at ambient 

temperatures. 

TABLE XIII 

EFFECT OF STORAGE TEMPEP.ATURE ON TEE INCIDENCE OF CRYSTALUZATION AND 
ON CHANGES IN CO:WUR OF CARAMEUZED SWEETENED CONDENSED llII.K 

Storage 
Temperature 

5°c 

20°0 

37°0 

45°0 

Incidenoe of 
Lactose Crystals 

few macroscopio crystals 

- product is of acceptable 

quality 

large number of very large 

macroscopic crystals 

Changes in Colour 

No change in colour 

No change in colour 

- unacceptable product quality 

a few large crystals but not Slight darkening in 

as bad. as in 2. colour 

- acceptable quality 

a few large crystals but not Marked darkening in 

as bad. as in 2. colour 

- acceptable quality 

Table XIII also shows that at the higher storage temperatures (37°0, 

45°0) there is a marked inorease in intensity of ''oaramelization" during 

storage. 'lhis is aooaapanied by an inoreased intensity of oaramel 
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:flavour. Such colour and flavour changes are important factors Vlhen 

considering the possibility of marketing and storing the product under 

tropical conditions. 

2. Effect of Solids Conoentrati on 

'lhe following observations are based on the condition of sweet­

ened condensed milk samples, (having solids contents of 75%, 65%, and 

60)?; -(see Part V - B, 1, (a), page 114), after 12 weeks storage at 5°0. 

Table XIV compares the effect of solids concentration on three main 

properties of the product - colour, gel strength, incidence o:f large 

lactose crystals. 

1. Reducing the solids concentration has little effect an 

crystallization tmtil the solids is reclu:led to as low as 

60}&. Although the sample having only 60}& solids had not 

crystallized, this system failed to fonn a gel with good 

spread characteristics. 'lhese results demonstrate that 

reducing the solids concentration is not a practically 

feasible method of producing a quail ty spread free from 

crystallization during storage. 

2. 'lhe colour was unaltered during storage, but there is the 

usual :hnorease in browning with i:ooreased solids concen­

tration. 'lhis effeot is described more fully in SECTICN 

III, Part II - A, page ~9. 

3. 'lhere is a decrease in Penetrometer Reading (increase in 

gel strength) with increasing solids concentration. 'lhis 

effect has been discussed oo page 99. 



TABLE XIV 

EFFECT OF SOLIDS CWCENTRATI<li ON mE FINAL QUALITY OF 
DAIRY CARAMEL AFTER 12 WEEKS S'.roRAGE AT 5°0 

Solids 
Concentration 

75% (control) 

7~ 

65% 

60}& 

Incidence o£ 
Lactose Crystals 

few maorosoopio orysta.ls 

- prod.uot is of accept-

able quality 

II II 

It II 

no crystals present 

Penetraneter 
Reading 

150 - 160 

200 

240 

:;>600 

3. Partial Substitution of Sucrose with Invert Sugar and Glucose 

120 

Colour 

Decreasing 

Degree 

of 

Browrmess 

In all the samples tested (Refer Part V - B, 1 (b) & (c), pages 

115, 116) there was no improvement in the incidence of la.otose crystals 

compared with the standard sweetened condensed milk control. Even with 

small add.i tions of glucose or invert sugar there was a pronounoed off-

flavour. 'lltls flavour resembled a "malty•• flavour rather than the 

characteristic caramel flavour, and tended to have a "sickly-sweet" 

taste which was quite unacceptable. '.!his off-flavour effect is discussed 

more t'lil.ly in SECTICti III, Part IV - A, 3. 

D. Diaoussion and Conolusim 

From the storage trial results it is clear _that the main defect oocur-

ring in caramelized sweetened condensed milk during storage is, the formation of 
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large lactose crystals. In an attempt to eliminate this crystallization several 

variables were studied and it was concluded that: -

1. Substitution of sucrose with invert sugar or glucose did not 

decrease the incidence of large crystals. Moreover, the resultant 

flavour is quite undesirable if the sweetened condensed milk con­

tains even small quantities of invert sugar or glucose. 

2. Decreasing the solids concentration to 65% did not help. A solids 

concentration of 60}& eliminated crystallization, but this solids 

ccncentration was too low for the characteristic gel formation to 

ooour. Also the microbiological stability of sweetened condensed 

milk having only 60% solids is doubtful. 

3. High (45°C) or low (5°0) storage temperatures do not prcmote 

crystallizati an. 

4. Fluctuating storage temperatures appear to be the main cause of 

orystallizatic:n. As this is unavoidable in practice the cnly 

solution at present appears to be a control of prod.uct tUinover. 

Some crystals may form at ambient temperatures after 8 - 12 weeks. 

High temperature storage (37°0 and 45°0) causes further browning in the product 

which results in an appreciable increase in intensity of the caramel flavour. 

nrl.s problem would have to be considered when detennining the optimum process 

times for dairy caramel intended for marketing in the tropics. 
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VI • SUlD4ARY 

'lhis section describes the development of a dairy caramel which was very 

similar in flavour and texture to the indigenous caramelized dairy products of 

South .America and India. Fran a basic study of the cause of the charaoteri stic 

flavour and texture, methods of measuring changes in these characteristics were 

developed. Further study of the integrated effect of product and process 

variables, production methods, and storage on the final product quality, led to 

the conclusions and recanmendations summarized in Table rl. 

A. PRODUCT VARIABLES 

TABLE X!l 

PRINCIPAL FACTORS OF IMPORTANCE 
IN DAIRY CARAMEL MANUFACTURE 

Initial pH before heating may be adjusted to as high as pH 7. 5 

without flavour or texture changes. pH adjustment is not 

reocxmnend.ed. 

2. Moisture Content 

Optimum product moisture is 25 - 30%. Above 30J' gel texture 

becomes very weak. Below 25% lactose crystallization during 

storage becomes a serious problem. 

3. Stigar 

Sucrose provides essential background. flavour - 30~ is the 

recommended concentration. Glucose and invert sugar substitution 

of sucrose has no advantages and a bitter flavour results. Hence, 

this practice is not reconunended. 
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Fat is an integral part of the smooth texture and. flavour of 

the product. 'lhus, the dairy caramel is of necessity a full 

cream milk product; i.e. , 8% fat or 26% of the milk solids. 

B. PROCESS VARI.ABLES 

1. fime-temperature 

Equivalent time-temperature heat treatments ranging fran 

1 hour/100°0 to 6 hours/100°0 will produce palatable products. 

Heat treatments equivalent to 7 hours/100°0, or more, produce 

a bitter flavour. Recommended optimum is 2 hours/100°0. 

2. Agitation during Heating 

Agitation during heating disrupts the gel texture and makes 

pcssible two basic types of products. 

i) No agitation - gelled spread 

ii) With agitation - viscous flowing caramel base. 

C. PRODUCTICN ME'IHODS 

'lhere is basically two types of methods: 

i) Heating in packaging container - no agitation during 

heating. 
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ii) Heating in bulk by heat exchanger prior to packaging -

agitation during heating which disrupts any gel fonned. 

D. PRODUCT TYPES 

1. Two basic types of product, depending an whether agitation 
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ooourrea during heating. 

i) gelled spread type (No agitation) 

ii) viscous flowing oaramel (With agitation) 

2. To these two basic forms of dairy oaramel may be added spioes, 

essenoes, jam, eto., to fonn a. large range of products to comply 

with diverse market requirements. 

E. STORAGE STABII.irTY 

1. 'lhe main problem is the fonnation of large lactose crystals. 

No known method of control and some crystals may form at 

ambient temperatures after 8 - 12 weeks. 

2. Tropioal storage (37°c) causes further browning and increases 

the intensity of caramel flavour. Overccme by adjustments in 

process time-temperature. 



SECTION V 

STUDIES ON THE DEVELOFMENT 

OF 

A FOROUS WAFER FROM MILK SOLIDS 
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I. m1B>DUOiI<m 

Foams include those food.a in wbioh small bubbles of gas oonsti tute a 

major porti.m of the volume. ~ese pro:luots consist of' a disocnti.nuous piase 

of gases (usually those of air) and a continu.ows solid phase 'Which supports 

end maintains the strl¥Jture. 

~ ccmaeroially important foods rely on a f'oem structure for consumer 

aooeptanae. Sane of the most important types of foods included in this category 

are meringues, mousses, souf'f'les, 11hipped toppings such as 'tlhipped oream, "f'lutt" 

desserts or chitton, marshmallow, and. leavened bakery products. Leavened bakery 

products are probably more important eooncmioally than all the others combined. 

Prodllota in this group range in texture from the soft heavy texture of' bread 

and light spongy texture of sponge cakes, to the orisp short texture ot biscuits 

having little entrained gas and low moisture. 

New foods vbioh have made an impaot on the consumer market frequently 

feature a porous or :foam texture. A large group of breakfast cereals, includ-

ing pu;f'.fed rioe, putted lllheat, eto., have a porous structure. 1oam struotures 
I 

figure praninently in many snack foods and confeotiais; :for example, hokey-pokey, 

"Cheez-pops•, popped oom, dessert bisoui ta, honey--canbed ohooolate. 

It is apparent that there are many foods having a foam texture 'fthioh are 

familiar to, and accepted by the consumer. Hence, in an attempt to diversify 

the use of milk solids, it appears that the development of a porous milk 

solids water ha.a oonsiderablo potential in the light of present oonsumer 

trend.a. To develop such a texture from milk solids, the problem resolves it-

self' into a basio study ot the faotora attecting the f ()Nlli ng ot milk solids 

concentrates, followed by a stud3 of possible method.a of stabilizing this 



127 

II. THEORETICAL BACKGROUND DISCUSSION 

A. Bubble Mechanics 

Fundamental to the development of a porous structure having maximum 

sta.bili ty is a basic knowledge of bubble mechanics. Randleman et al (43) have 

provided an excellent discussion of bubble mechanics in cake batters while the 

texts of Bikerman (14) and Adamson (3) furnish a more general treatment of the 

subject. Most of the following analysis is derived from these three sources. 

For a single submerged bubble in an ideal thiok""W8.lled foam:-

F1 = 77 r 2 P, ( 1) 

F2 = 2 TT r ~, (2) 

F3 = 4/37Tr3 g (,,1' -~ ), and (3) 

F4 = 6?Tr J v (4) 

In these expressions:-

F1 = force tending to expand the bubble; 

F2 = force tending to contra.ct the bubble; 

F3 = buoyant fo.rce tending to make the bubble rise; 

F4 = frictional force exerted against a spherical body 

moving in a viscous fluid (Stakes' law); 

r = radius of bubble; 

P = pressure of gas in bubble in excess of the hydrostatic 

¥ = 
g == 

;; = 
;f = 

} = 
<T = 

pressure; 

surface tension at the gas-liquid interface; 

gravitational constant; 

density of gas in bubble; 

density of liquid i:t;l foam; 

Newtonian viscosity; 

rate at which the sphere moves in the fluid. 
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Equating the expression for F1 and F2 and solving for P, it can be shown that, 

for a bubble in equilibrium (3), 

p = 2 c¥ (5) 
r 

From equation 5, it is apparent that, as bubbles become extremely small, their 

internal pressures become exorbitantly large, so that spontaneous nucleation 

of bubbles in a continuous fluid is extremely unlikely. One proof of this 

statement is based on equation 5. 1be dissolved gas of the solution, being in 

equilibrium with a gas at pressure P, would lose gas to a bubble in which the 

partial pressure of the gas is less than P and would take up gas from bubbles 

in which the partial pressure is more than P. 'Iherefore, it is clear that 

bubbles can only grow when 2j'/r is less than P. 'Ihe surface tension remain-

ing the same, P becomes less likely to be reached as r becomes smaller. 'Ihus, 

for infinitely small values of r, only infinitely large values of P will permit 

the formation of bubbles. 

This difficulty in creating a foam is overcome by injection of gas through 

small orifices from outside sources, chemical or steam leavening, and by mechan-

ical agitation. In the latter case, bubbles are drawn into the material by 

the paddle and are trapped on the surface as the plastic material folds in 

upon itself to form cavities. 'lhese bubbles then provide the majority of sites 

for collecting leavening gas and/or water vapour as they are evolved. If the 

number of nucleating sites is few, then individual cells will tend to be large 

and the foam structure will be open-grained. Conversely, with a large number 

of sites available to be inflated, the cells will be small and the grain fine 

or olose. In viscous systems undergoing agitation by any method, the bubbles 

in the centre of the mass tend to become subdivided and approach a more unifonn 

size. In a system a.t rest, large bubbles tend to increase in size at the expense 



129 

of the smaller bubbles. Also, leavening gas is expelled into bubbles of low 

pressure; that is, large bubbles. This conclusion follows frcm the equation 

quoted previously, 2 't/r = P, which shows that higher pressures are present 

in smaller bubbles. Hence, the more uniform the bubbles are, the more stable 

the foam will be. 

If the expressions for F3 and F4 are equated and the expression solved 

for v·' it is found that the terminal rising velocity of a bubble is -

<J = 2 g x2 (if- if) /Cf J (6) 

Equation 6 shows that, in a liquid of given viscosity, the rate of rise of a 

bubble due to its buoyancy is proportional to the square of the bubble radius 

and is inversely proportional to the viscosity. These relationships show that 

a f oam composed of small bubbles suspended in a viscous Newtonian fluid would 

be more stable with respeot to buoyancy-induced segregation t han a foam com­

posed of larger bubble s in a less viscous Newtonian fluid. 

During the drying ot a milk solids foam, rapidly rising bubbles cause 

loss of volume and "layering"; i.e. , a gradient in wafer texture, varying from 

tight at the bottan to open at the tap of the wafer. Fewer bubbles should 

reaoh sufficient size to rise out of the batter during baking (or drying) when 

the number in 'Which the leavening gas or steam collects is large, than in the 

oase where only a few bubbles are available to serve as nuclei. rus is assumed, 

because, if only a few sites receive all the gas, these sites must eaoh attain 

a relatively larger size. An increase in viscosity should also reduce volume 

loss by increasing the critical size which a bubble must attain to rise rapidly. 

Yield values of a non-Newtonian liquid should have the same effect of stopping 

bubble movement as very high visoosi ties. 

Foams are spontaneously destroyed by collapse and drainage. Collapse 
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results from rupture of the bubbles at the surface or elsewhere, with c onsolid-

ation of gas spaces or loss of gas to the atmosphere. Collapse generally oauses 

the remaining bubble walls to become thicker. Drainage is the thirming of the 

bubble walls resulting from the outflow of fluid under the influence of gravity 

or suction. Suotion effect at the periphery of the film (Plateau's Border) (3) 

due to the high curvature of the film, has a more pronounced effect than gravity 

which results in a pronounoed thinning adjacent to the concave edge of the foam 

film. 'lhese thin portions of the film situated between thicker 1patches are 

unstable and rise in the film until they reach a stable position in a portion 

of the film the same thickness - so drainage continues. Suction increases 

with inoreasing diameter. 

Summary of Bubble Mechanics 

1. Systems of uniform bubble size are more stable than those having a wide 

range in bubble sizes. In systems with mrl.form bubbles, the system 

having the smallest bubbles will tend to be more stable. 'lhe stability 

has been empirically estimated to be inversely proportional either to 

the diameter of the bubbles or to the square of their diameter. 

2. Increased viscosity, or the presence of a yield strength in the foam li-

quid increases stability. Although many phenomena with conflicting effects 

result from temperature changes in foams, these systems a.re usually more 

stable at the lower temperatures due to the increased visoosi ty. 

3. Substances which affect interfacial tension can exert pronO\moed eff eots 

on foam structure, but the gross results of these changes are difficult 

to predict. Generally, decreased interfacial tension makes the fonn-

ation of' a foam easier; 

i.e. , P = 2 'ti 
r 

but need not improve foam stability. 
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B. Foam Preparation 

Preparation methods for food foams always involve two stages; an 

aerating step in which a liquid of relatively low visoosity is filled with 

bubbles by whipping, by injection of gas, or by evolution of dissolved gas; 

and a fixing phase which gives the product sufficient rigidity to withstand 

handling and transportation (75). '.[he aerating stage can usually be sub­

divided into two phenomena which often overlap or even occur more or less 

simultaneously. 'Jhese are the introdwtion into the fluid of bubbles having 

widely varying dimensions, and a reduction process in which these bubbles are 

subdivided \llltil they reach a smaller and more nearly uniform size. In 

whipping, t he two stages overlap but in chemical leavening the second phase 

occurs separately, if at all. 

The fixing phase involves a firming or hardening of the continuous 

phase as a result either of denaturation of the protein component, or of a 

hardening due to drying or cooling of a plastic mass. During the drying of 

a milk :foam, denaturation may ocour by thermal treatment and/or surface energy 

absorption. However, the principle factor in stabilizing the foam would appear 

to be simply the drying of the continuous phase to a rigid framework. 

With these basic steps for the formation of a stable foam briefly defined, 

a study was undertaken to apply these steps to the development of a porous milk 

solids struoture. '.lhe study was divided into two broad fields:-

1. Methods of, and :factors affecting the incorporation of air into a 

stable milk solids concentrate foam. 

2. Methods of, and factors affecting the drying of this stable foam 

to a solid porous structure. 



III. STUDIES ON METHODS OF, .AND FACTORS AFFECTlliG AERATION 

01!' MILK SOLIDS SOllJTIONS 

A. Methods of Aeration 
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.AB discussed previously, the f'irst step in foam formation is aeration. 

Aeration may be acccmplished by any one of the following ways:-

1. Whipping and/or injection of gas. 

2. Chemical leavening. 

3. 'lhennal liberation of' moisture vapour. 

4. Vacuum liberation of moisture vapour and expansion of' 

entrapped gases. 

Experiments were tll1dertaken to determine the practicability, and relative 

advantages of' each of' these methods. A review of the results and conclusions 

from these experiments follows. 

1. Whipping and/or Injection of Gas (Air) 

'lllis is one of the most ccmmonly used aerating methods in both 

commercial and domestic use. It is particularly used in whipping of 

confections such as marshmallow, meringues, eta. , and of course the 

method by which whipped cream and egg foams are obtained. Whipping 

of concentrated (45% solids) skim milk solution in a Kenwood Chefette 

indicated that this method was particularly sui. table for this system. 

Aeration by injection of air or beating under pressure is a further 

possibility but it was not pursued in the present study. 

2. Chemical Leavening 

'lllis is a commonly used method f'or cake, bread and biscuits. 

Extensive experiments were conducted on the use of leavening agents 
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A :a c 

D E 

'fy"pical st.ruotures obtained f'ran the oven drying of' 45% skim milk 
powder solutions (0.2% Edifas :a) using the f'ollowi.ng levels ot 
leavening agents:-

A. o.4% ammonium bioarbaiate. 

:B. Control - 45% skim milk powder solution with 0.2% Edifas B 
and no leavening agent added. 

c. 0.3% sodium bicarbonate and o.6% gluocno- l -lat:Jtone. 

D. 0.16% sodium bicarbonate and 0.3% tartario at:Jid. 

E. 0.67}6 sodium bicarbonate and 1.0% tartaric aoid. 

FIGURE 30. Ef'feot of' ohemioal leavening agents (pH) on the final texture 
ot oven dried (hot air) skim milk povder teams. 
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as an aid to increasing the aeration of the milk foam during drying. A 

45% skim milk foam was formed by beating at top speed in the Ken'WOOd 

Che:f'ette for 2 - 3 minutes and a known amount of leavening agent and 

o.2% Edi.fas B added. 'lhe foam was then poured on trays at a loading 

of 1.2 lb./tt
2 

and dried in a 200°F oven. While the :foams oontaining 

only 4~ skim ml.lk and Edifas B remained stable throughout drying, no 

foams oantai ni ng any leavening a.gent were stable to any appreciable 

extent. 'lhe exact reason for this is not olear but the following 

factors ID.83' be signifioant:-

i) Upoo heating, the leavening gases are liberated and the 

previously formed bubbles expand. During this expansion there 

is a balance of forces between expansion and oontraotian at any 

instant of time. However, as more gas is liberated and expansion 

increases, the bubble becanes so large, and the walls so thin 

that the resisting or ocntracting force approaches zero and the 

bubble •explodes•. 1his is not likely to be the case as the 

very little expansion caused by o.16" sodi\Dll bioarbcnate (N~) 

still results in partial foam oollapse (Figure 30 D). 

ii) It is possible that the liberated gases 'Whioh expand. the 

struoture may escape before the bubble -Us are sufficiently 

stabilized and he:noe the oontraotian forces cause collapse as 

the expansicn foroes deorease. 'lhe :f'aot that slow leavening 

throughout drying wL th gluo..- f-laotone EU?-d Na.HOo, d:i.d ~t 

improve stability appears to mill tate against this theory. 'lhe 

effect of glucone-8-181Jtane and NaH003 on texture is demonstrated 

in Pigure 30 o. 

iii) A mare plauaible __ th~ory_ is that th~ _alkali leav~ agen~s 

such as ~ and UDDaTlua bicarbonate (NH,._aoo3) oauae a t;ype of 
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peptisatian ot the surfaoe aotive milk proteins during heating. 

Figure 30 E shows the coarse gelatini.zed f'oam which resulted when 

only o.6"?,C NaHC03 was used. If' denaturatian of the protein is 

obvious at this level, it is quite possible that even small amounts 

of' alkali could cause denaturaticn ot the surface active proteins. 

'lhis theory ia substantiated by the fact that foaming of 45% skim 

milk powder is markedly inhibited by raising the pH above 6.4 - 6.5. 

Refer to page 153. 

B)r comparing the control sample (Pigure 30 1\) wl.th the other tex­

tures formed by adding leavening agents, it was apparent that all 

the leavening agents tried were unsuccessful. It was oonolud.ed 

fran these studies that chemical leavening was an unsuccessful 

method. of aerating milk-solid foams. 

3. ~annal Liberation of Ko:Lsture Vapour 

'lhis method. ot obtaining a porous struoture il[S used in popped~orn, 

putted gels, etc. To obtain any significant volume of increase of the 

wafer by thennal expansion of dissolved gases and liberation of steam, 

temperatures in excess of 250°F are required. HOVleVer, at this tempera­

ture the brOllDing 119.s extremely rapid, and as heat and moisture transfer 

through the foam film was slow, the foam structure fomed at temperatures 

greater than 250°p had not dried suf'fioiently to be stable before the 

toam surtaoe .had beoane dark brom or charred •. 

Henoe, at present this method of aeration must be disoarded as 

being impracticable. 

4. Vaouum Ex,Pansion 

It is known that dissolved and entrapped gas will expand und.er 
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vacuum according to Boyle 1 s Law (39). If the vacuum is sufficiently low, 

the vapour pressure of the moisture in the food exceeds the pressure in 

the vacuum chamber. When this oocurs the f'ood moisture flashes off into 

a:ny entrapped gas vesicles or forms bubbles of water vapour - the liquid 

food puffs and fonns an expanded honey-combed structure. For a :food at a 

temperature of 50°0, simple vacuum expansion occurs at a pressure o:f 760 mm. 

of Hg. down to 93 mm. of Hg.; below 93 mm. of Hg. moisture vapour flashes 

off, (i.e., liquid boils), and "vacuum-puffing" of the liquid occurs. In 

general, vacuum-puffing may be defined as the :formation of a highly 

expanded sponge-like structure of dried material from a liquid concentrate, 

under cond.i tions of high vacuum and low temperature. 

While vacuum expansion has not been used to obtain a porous biscuit 

(or wa:fer) as such, vacuum-puffing is widely used to obtain a porous, 

soluble powder :fran liquid concentrates. Copley et al (28) have reviewed 

the early developments in vacuum drying of fruit and vegetable powder 

and the work of Morgan et al (38,47) demonstrates the modern application 

of vacuum puffing in the form of Foam-Mat and Micro-flake drying. Foam-Mat 

drying has recently been successfully applied to the drying of milk ( 100 ). 

Laboratory trials indicated that a 45% skim milk concentrate, with 

or without Edifas B as stabilizer, could be suooessfully puffed to four 

times the original volume and dried without foam collapse. 'Ill.is process 

was ,lli?1 "vacuum-puffing" as previously defined. At all times the vacuum 

chamber pressure was higher than the moisture vapour pressure of the 

liquid concentrate and hence expansion was almost wholly due to expansion 

of dissolved and entrapped gases. 

'.Lhis method was investigated further and a detailed discussion of 

its successful application appears in SECTION V, Part IV - B, page 167. 
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B. Factors Affecting Aeration 

1. Introduction and Literature Review 

Fundamental to the development of a porous structure was the 

ability to incorporate air into the milk solids. Initial experiments 

with sweetened condensed milk indicated that, despite the use o£ a wide 

variety of foaming agents, foaming (by whipping) to a foam density less 

than 90 gm./100 ml. was not possible. A foam structure was achieved by 

vacuum-puffing. 

'lhis difficulty in foaming sweetened condensed milk led to a 

study of the parameters affecting the foaming of "made-up" concentrated 

skim milk powder solutions. Whipping at atmospheric pressure was used 

as the aerating method because this method of aeration was more sensitive 

than the vaouum method to successful foaming and drying. 

'lhe following parameters were studied:-

1. Heat treatment of the powier 

2. Milk solids concentration 

3. Temperature of foaming 

4. Fat content 

5. pH 

6. Addition of other solids; e.g., sucrose 

7. Foaming agent 

8. Stabilizing agent 

Holden et al (52) found that very little information has been 

gathered concerning milk concentrate foams and not much has been learned 

about any dairy product from the standpoint of determining how foaming is 

affected by physical properties. Other workers (34, 96) using a variety 

of foam tests, have investigated relationships existing between the foam-
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ing properties of dairy products and the various protein fractions, fat 

levels, and minor chemical constituents encountered in these products. 

Most of these investigations have been carried out on either unconoentrated 

fluid milk or water solutions containing specific milk constituents near 

the levels in which they appear in fluid milk. 'lhe effects of physical prop­

erties on foams have also been studied. However, these studies have been con­

fined in most cases to detergent-water solutions (18), which are not compli­

cated by the great profusion of chemical constituents found in dairy products. 

Pure liquids do not foam, nor does the f'onnation of a stable foam 

depend on a low surface tension since many pure liquids possess this prop­

erty. Broadly speaking, a good foaming agent must be adsorbed at the 

air-water interface and it must have a structure that endows the layer 

with certain mechanical properties (16). Foams are formed by mechanical 

means, and in order to avoid rupture of the films by local stresses during 

fonnation it is necessary that, (a) a stretching of the film should rapidly 

increase the surface tension and a contraction should rapidly lcnver it, or 

(b) that the film should possess sane of the properties of an elastic or 

plastic solid. 'lhe first factor appears to predominate during the fonnation 

of soap foams, and the second during the fonnation of many protein foams. 

'lhe maintenanJe of the foam involves additional factors, and foaming power 

and foam stability do not always go hand in hand. 

The surface properties of protein foams were investigated by 

Ramsden (88) in 1903, and later work has amply confirmed his original 

conolusions. He found that soluticns of proteins showed a superficial 

resistance to shear that could only be attributed to a solid coating or 

a highly viscous and. coherent coating on the surface. By purely mechan­

ical means, it was possible to sweep up these coatings into visible 
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aggregates 11hioh were wrual.ly permanently insoluble; e.g., egg-albumin. 

Goagulatian is caused by adsorption, denaturaticn, and aggregaticn of 

the protein at tresbly made surfaces. 

It is now known (2,4) that molecules of globular protein (e.g., 

lactalbumin) become tmfolded when they enter an air-water interface, 

presumably by means of the resident asymetric forces, and that, in con­

sequence, the thickness of the adsorbed protein layer is approximately 

that of a single polypeptide chain lying with its long a.xis parallel to 

the surface. When a. few molecules are placed an the surface, a coherent 

surface layer results. 'lhese surfaces or fi1ms are better characterized 

by surface elastioi ty than by sur.f'aoe tension. 'lhe marked stability ot 

many protein foams is attributable to the faot that the :films behave as 

elastic or plastio solids. 'lhe mechanical strength may also be rein-

f oroed by the tendency of proteins to f onn polymolecular surface layers. 

Talmud (103) relates the maximum foam stabilicy to the concentration that 

allows for maximal hydration at the interface. At the optimum concentra­

tion the protein molecules are orientated, inclining a.t a certain angle 

to the surface and interlacing with each other to fonn a kl.nd ot gel 

structure or a film with the highest tensile strength. El-Rafey (34) 

discussed the stability of protein foams by a consider~tion of mioella.r 

size, solubility, orientation, anQ. degree of hydration. 

Even though the experiments presented in this section 1'9re under­

taken to gain informa1;ion fo~ direct application to foaming of milk solids 

for drying to a orisp, porous structure, any infomation obtained about 

milk oono.entrate foams should be applicable to other d~ry operaticns _ llhere 

foaming ot a milk oonoentrat~ is encountered. . In fact, tjl.e infoma:ti_on __ 

could also assist, at least quali?t;ively, _i~ _unQ.ers~ng ~e p;ropertiea 

ot foams tonned fran any proteinaoeous material ot high viacosity. 



140 

8 

7 

0 

~ 
z 
vi 

Eo 
"' -z 
ti. 
E 
I 4 
z 
w 
\!) 
0 
a: 
I-

z3 
z 
w 
I-

~ 
CL 2 

>-
w 
J: 
3: 

\ 

• 

• 

65 70 75 80 90 
FOAM DENSITY - gm.1100 ml. 

FIG.31. EFFECT OF HEAT 
POWDER ON THE 
ITS SOLUTION. 

TREATMENT OF MILK 
FOAMING ABILITY OF 



2. Experimental Studies 

a) Effect of Whey Protein Nitrogen (W.P.N.) or Heat Trea'bnent of the 

Sld.m Mille Powder on the Foaming Ability of its Solution 

During early preliminary experiments it was found that 

evaporated skim milk (46% total solids) taken fran a triple effect 
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evaporator, prior to preheating for drying, yielded a foam of density 

57 gm./100 ml. In contrast, a sample of milk powder (having a W.P.N. 

of 3.0) 'When made up to a 45% solids solution yielded a foam of density 

76 gpi../100 ml. ~s large differenoe in foaming ability es thought to 

be due to the denaturatian of important surface active oansti tuents (34) 

during the preheating and drying of the milk powder. 

It was 'With this thought in mind. that a study 118.S undertaken to 

detemine the effect of heat treatment of the powder an the foaming 

ability of its solution. 

i) Kethod. 

Samples of skim millc powders which had undergone a range of 

heat trea'bnents were oolleoted and. their W.P.N. detemined as an index 

to the degree ot heat treatment (6). A 135 gin.. sample of powder was 

reoanstituted in 165 gin.. of water (28 - 30°0) by beating at speed 1 

in a Ken110od Chetette until the powder dissolved, f'ollowed by roam­

ing at speed 3 (top speed) for half' a minute. Within one minute the 

foam density was measured by the method described in APPENDIX III. 

ii) :Results 

Results are summarized in Table XVI an page 142, and :f'urther 

1mplitied in Figure 31. 

iii) Disouaaian of Results 

Fran Figure 31 there ia apparent a definite relationship of 
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increasing foam density with increasing heat treatment (decreasing 

W.P.N. ). Hence, the original supposition that the cause of the large 

difference in foam density between 46% T.S. evaporated skim milk and 

reconstituted powder solution would appear to be correct. 

TABLE rrI 

BFF'ECT OF HEAT TREATMENT (w.P.N.) ON THE FOAM DmSITY 
OF WHIPPED 45% MILK SOLIDS SOWTIONS 

Sample No. W.P.N. Foam Density 

gm./100 ml. mg. N. / g;n. S.N .F. 

1 0.48 83 

2 o.66 86 

3 1.1 78 

4 1.4 76 

5 1. 5 76 

6 2. 9 76 

7 3.0 72 

8 1. 5 - 5. 99 71 

9 4.65 68 

10 5.7 65 
11 7.11 64 

12 8.0 63 

13 6.0 64 



iv) Conclusion 

As the foam density is directly dependent on the W.P.N. of 

the milk po"Wd.~r used, a powder having a W.P.N. of at least 

4. 5 mg. N./gm. S.N.F. is neoessary to yield a foam of minimum density 

for drying to a porous structure. 

b) Effect of Mille Solids Concentration on the Foaming of Skim Mille 

Powder Solutions 

Preliminary experiments indicated that milk solids concentration 

was an important factor affecting foam density, and particularly foam 

stability. 'lhe effect of rnille solids concentration in the range 30 - 55% 

is discussed below and the optimum solids concentration for minimum 

foam density and maximum foam stability determined. 

i) Method 

A sample of powder having a W.P.N.of 5.7 mg. N./gm. S.N.F. 

wa.s dissolved in the required amount of water and then foamed at a 

temperature of 25 - 30°c. Speed 1 of a Kenwood Chefette was used 

until the powder was dissolved, followed by foaming at speed 3 (top 

speed) for half a minute. '.!he foam density and stability was deter-

mined by the method described in .APPENDIX III. 

ii) Results 

Results are recorded in Table XVII and Figure 32. 

iii) Discussion of Results 

Fran Figure 32, there is evident two definite relationships. 

1. 'lhere is a sharp minimwn foam density at 45% milk solids. 

2. Foam stability increases rapidly with increasing% of' milk 

solids between 40% and 5~ milk solids. 
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A detailed explanation of these results is not possible due to the 

pauoi ty of information available. However, it is suggested that the vis-

cosi ty effect may provide a possible explanation. With inoreasing milk 

solids concentration, the fluid visoosi ty inoreases. 'lhis vi.soosi ty 

inorease readily explains the increasing foam stability with increasing 

concentration but does not obviously explaL"'l the sharp maximum in foam 

density at 4-5% solids concentration. It is probable that with increasing 

viaoosi ty the foaming ability increases to an optimum, but any :t'urther 

increase in visoosi ty makes foam formation increasingly dif'tiOUlt. It 

appears that 4-5 - 46% solids coooentraticn a:o?Te.sponds to such an optimum 

viscosity. 

TABLE DII 

DATA W 'lHE EFFECT OF MIIK SOLIDS CONCENTRATI CN TO '1HE FOAM 
DENSITY AND STABILITY OF MIIK FOWDER SO!lJTIClfS 

Solids Content Foam Density Stability 

" gin./100 ml. mls. ot liquid separated 

30 64- 60 

35 69 60 

40 70 58 

4-3 69 52 

4-5 65 20 

4-7 67 5 

50 72 3 

55 82 1 

!QI!: A low figure for stability; e.g., 1 ml. of liquid separated, 
indicates a foam of high stability and vioe versa. 
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iv) Conclusions 

A milk solids oonoentratian of 45% corresponds to a foam 

of mini.mum foam density and good stability. With the use of a suit­

able stabilizing agent, the problem of stability would not be great 

between 40';& and 50% solids. In drying, the greater the initial can-

centration, the shorter the drying time. Henoe, the maximum foama.ble 

ooncentratian would be used in praotioe. Fortunately, 45% solids 

not only foams well, but is sufficiently concentrated for drying. 

o) Effect of Temperature an the Foaming of a Solution of 45% Skim 

Milk Powder 

i) Jlethod 

A sample of powder having a W .P.N. of 5. 7 was made up to a 

45% solids solution and adjusted to the required temperature. 'lhe 

solution was then foamed in the same manner as in the previous experi-

men ts (page 143). lli.e foam density and the stability after 3 hours 

was measured (APMIDIX III). 

ii) Results 

In Table XVIII are recorded the results for the effeot of 

temperature an the foam density and foam stability of 45% skim milk 

powder solutions after 11hi.pping under standard oondi ti.ans. Figure 

33 portrays the ef'f'eot of temperature an the foam density of a 45% 

solution of milk powder having a Y.P.N. of' 5. 7 mg. N./f!Jll• S.N.J'. 

iii) Discussion of Results 

Fran Figure 33 and Table XVIII it is apparent that wi. th 

increasing temperatures fran 28°0 - 65°0 there is an increase in 

foam density and a decrease in foam stability. 

Holden et al (.52) have reported a mini mum in the tendency of' 
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whole milk concentrate to foam (i.e. , maximum foam density) in the 

region of 70°F (21°0). Rogers (94) has similarly reported a minimum in 

the tendency of unconcentrated whole milk to foam at temperatures be­

tween 68 - 86°F (20 - 30°0). El-Raf'ey and Richardson (34) also found a 

minimum in their foam parameter, (half volume time), in the region 

about 70°F followed by an increase in foaming with increasing temperature 

to 55°0. 

TABLE XVIII 

DATA ON THE EFFECT OF TEMPERATURE ON THE FOAM DENSITY AND STABILITY 
OF A SOLUTION OF 45% SKIM MILK J?OWDER 

Temperature 
00 

Forun Density 

gm./100 ml. 

Stability 

mls. of liquid separated 

25 

28 

46 

56 

65 

64 

65 

72 

79 

82 

12 

12 

20 

In apparent contrast with these results of previous workers, the present 

~esults indicate that for the foaming of reconstituted skim milk powder 

solutions, foaming ability and stability decreases with increasing temp-

erature. 'lllis apparent anomality may be explained as follows:-

1. 'lhe systems deaorl.bed in the literature are for whole milk 

containing a large % of solids in the form of fat. 'lhis fat is 

responsible for the minimum foaming in the 20 - 30°0 range. (34). 
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'Ihe system used in this study was reconstituted skim milk powder 

solution with very little fat present and hence the effect of fat 

is reduced, if not covered by other factors which have a greater 

effect on foaming. 

2. El-Rafey (35) concluded fran his studies with undenatured milk 

protein systems, that the foaming properties of skim milk are 

due to the presence of calcium caseinate, lactalbumin and milk 

fat. 'lhey concluded that calcium caseinate was the foaming 

substance of milk at low temperatures while lactalbumin is the 

substance contributing to the foam at temperatures above the 

melting point of milk fat. 

In the system used for the present experiments the whey protein 

(i.e., la.ctalbumin) has been denatured to a greater or lesser extent 

during the drying of the skim milk powder, as is indicated by the reduced 

Whey Protein Nitrogen value. At the same time the calcium caseinate 

would be denatured during drying also. As the whey protein has lost much 

of its foaming ability, due to denaturation, the foaming characteristics 

of the reconstituted skim milk powder solution is moat probably character-

ized by the remaining major foaming protein - partially denatured sodium 

oaseinate. 

El-Ra.fey (34) has shown .that solutions of partially denatured 

oaseinate prepared by the Van Slyke and Baker (106) or Cohn and Hendry 

(27) methods yielded foams which increased in density and decreased in 

0 0 stability as the temperature increased from 5 C to 55 c. 'Jhe greater 

the extent of denaturation, the poorer the stability of the foam. nrl.s 

agrees with the conclusion of Section 2 (a), page 141. 

It is believed that the foregoing discussion explains vlny the 
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partially denatured protein system used in these experiments yielded 

foams which increased in density and decreased in stability as the 

foaming temperature increased. In this case the effect of temperature 

most likely acted through viscosity changes in the milk concentrate. 

iv) Conclusions 

The lower the temperature, the lower the foam density and 

the better the foam stability. However, as the foam was to be sub­

sequently dried, foaming at room temperature (20 - 30°c was used to 

obtain the best foams for further drying. 

d) Effect o:f Fat Content an the Foaming Ability of 45% Skim Milk 

Powier Solutions 

Full cream milk powder yielded foams having very high foam den­

sities of 80 - 100 gm./100 ml., while the skim milk powder foams had a 

foam density of 65 - 70 gm./100 ml. Hence, it is apparent that fat content 

is a major factor in the ability of a reconstituted milk powder system to 

foam. The actual effect of fat content on foaming at room temperature is 

demonstrated below. 

i.) Method 

Skim milk powder (w.P.N. of 5. 7 mg. N./gm. S.N.F.) was dis­

solved in water at 28 - 30°0 until a 45% solution of milk powder was 

obtained. The powder was dissolved by beating at speed 1 in a Ken­

wood Chefette. The desired amount of butter. fat was added and the 

mixture was then foamed by beating at speed 3 for half a minute in the 

Kenwood Chefette. 'Ihe foam density and foam stability were then deter-

mined by the method described in APPENDIX III. 



ii) Results 

Be sul ts are tabulated in Table XIX. 

TABLE xrx 

EFFECT OF BUTTER FAT ON THE FOAM DFlIBITY AND STABILITY 
OF A 45% SKIM MIIK POWDER SOllJTIC!f 

Fat Content 

% 

0 

0.3 

1.0 

4.0 

iii) Discussion 

Foam Density 

gm./100 ml. 

65 

70 

74 

80 

Stability 

mls. of liquid separated 

20 

30 

4fJ 

50 

'lhese results agree with the work of El-llaf'ey (35). He 

has clearly demonstrated that the presence of any fat, in model 

milk constituent systems, has a depressant effeot upon foaming. 

He also showed that this effeot inoreased with inorea.sing fat 

content. 

iv) Conolusions 
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As any fat present has a depressant effeot on foaming, it 

was decided that skim milk powder should be used and that n<? fat 

be added when preparing the solutions for foaming and subsequent 

drying to a pcrous wafer. 
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e) Effect of pH on the Foaming of 45% Skim Milk Powder Solutions 

It has previously been stated (on page 139) that the form­

ation and stability of protein foams is dependent on rnicellar size, 

solubility, orientation, and degree of hydration of the protein at the 

air-water interface (34). Hence, it is expected that slight changes 

in the oharge of the polar groups could radically alter the ability of 

the protein to form an elastic coherent film. pH will affect the charge 

of the polar groups and thus alter the foaming characteristics of the 

milk. 

i) Method 

A standard. 45% skim milk powder solution (W.P.N. of 5. 7 

mg. N./gm. S.N.F.) was prepared in the Kenwood Chefette, and adjusted 

to the desired pH with 1N ci trio acid or 1N sodium hydroxide. 'lhe 

solution was then foamed by beating at speed 3 (top speed) for half' 

a minute and the foam density determined (Refer to APPENDIX III). 

ii) Results 

Results are plotted as pH versus foam density in Figure 34. 

iii) m.scussion of :Results 

It is apparent frcm Jl.i.gure 34 that any change in the natural 

pH of the skim milk concentrate causes a change in the nature of the 

protein film which decreases the foamabili ty. The exact nature of' 

this change in the protein, and whether other physical characteristics 

such as viscosity are affected also, is not known. 

iv) Conclusion 

'lhe natural pH (6.2) of the skim milk concentrate is the 

optimum for foaming. 



f) Effect of other Solids an the Foaming Properties of 45% Skim 

Millt Powder Solutions 
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It was anticipated that, in the formulation of a solution for 

foaming and drying to a porous wafer, other ingredients, such as sweet-

eners, would have to be added for flavouring. It was with this thought 

in mind that the following experiments were l.Uldertaken to determine the 

quantitative and qualitative effect of added sucrose and invert sugar 

on the foam density and stability. 

i) Method 

Skim milk pcwder (w.P.N. of 5. 7) was used to make a solution 

having a canposition of 45% milk solids; 55-X% water; and J% sugar. 

'lhe solution was foamed at 28 - 30°0 according to the standard 

procedure and the foam density and stability determined (Refer to 

APPENDIX III). 

ii) ~sults 

In Table XX are recorded the results for the effect of added 

invert sugar and sucrose on the foaming properties of a 45% skim milk 

powder solution. 

iii) Discussion and Conclusion 

It is apparent that any added sugar increases foam density 

and stability. 'lhe effect could possibly by due to an increase in 

viscosity beyond the optimum for foaming. (Refer to Part III - A, 

2 (b), page 143). Invert sugar has less effect than suorose. Also, 

because of its greater sweetness its use would be preferred in the 

formulation o:f a wafer having a minimum foam density. 
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2. 

3. 

4. 

1 • 

2. 

3. 

4. 

TABLE XX: 

EFFECT OF ADDED INVERT SUGAR AND SUCROSE ON THE FOAM DENSITY 
AND STABILITY OF A 4-5% SKIM MIIK FOWDER SOLUTION 

% Sucrose 

0 

5 

10 

15 

% Invert Sugar 

( 75% Solids) 

0 

5 

10 

15 

Foam Density 

gm./100 ml. 

65 

71 

75 

81 

65 

68 

71 

77 

Stability - 3 Hours 

12 

6 

3 

1 

12 

7 

3 

1 

g) Effect of Foaming Agents on the Foaming Properties of _45% Skim 

Mille Powder Solutions 
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Although millc contains its own foaming agents it was thought 

that the foam obtained fran the reoonstituted millc solution could be 

improved by the ad.di ti on of oanmercially available foaming agents. To 

check this, cc:mmercially available foaming agents were obtained and 

tested under standard conditions. 

i) Method 

A 45% skim millc powder (W.P.N. of 5. 7) solution was foamed 



156 

at 28 - 30°0 with the addition of known amounts of foaming a.gent. 

Foam density and stability were me a.sured. (Refer to APPENDIX III.) 

ii) Results 

Results a.re summarized below in Table XXI. 

TABLE XXI 

EFFECT OF ADDED 00.MME.RCIAL FOAMING AGENTS ON THE FOAMING PROPERTIES 
OF 45% S:KIM MILK R>WDER SOLUTIONS 

Foaming Agent 

45% S.M.l?. Standard 

Hy:foama. 

La.ct albumin 

Sodium Caseinate 

Edif'as A 

% Foaming 

Agent Added 

o.o 

0.5 

1.0 

1.5 

2.0 

1.0 

2.0 

1.0 

2.0 

1.0 

2.0 

Foam Density 

gm./100 mls. 

65 

65 

62 

63 

62 

66 

69 

67 

71 

71 

82 

Stability 

mls. liquid separated 

12 

12 

6 

2 

1 

5 

2 

5 

3 

10 
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iii) Discussion 

The only foaming agent which improved the foam density at 

this temperature was Hyf'oa:ma. - even this improvement was very slight. 

Hyf'oama. is a special multipurpose foaming agent made by controlled 

hydrolysis of casein. 

iv) Conclusion 

Mille contains sufficient of its own surface active agents 

to yield a near minimum foam density. The addition of commercially 

available foaming agents resulted in insignificant changes in foam 

density and only slight changes in stability. Hence, the cost of' 

addition is not warranted. 

h) Effect of Stabilizing .Agent on the Foaming Properties of 45% Skim 

Mille Powder Solutions 

While the millc solids system is capable of yielding a foam of 

near minimum foam density, without the addition of foaming agents, there 

is scope for improving the stability. The 45% milk solids foam suffered 

extensive collapse at the temperatures of 8o0 c to 1 oo0 o required for 

drying the foam. In an attempt to develop a foam of minimum density 

and yet sufficiently stable to withstand drying at 100°0, the ccmmer-

cially available stabilizing agents - ~fas B and Alginate - were 

tested. 

i) Method 

To a 45% skim milk po"Wd.er (W.P.N. = 5. 7) solution was added 

the desired amount of commercial stabilizing agent. 'lhe mixture 

was foamed at a temperature of 28 "."' 30°0 by beating for half a minute 

at speed 3 in the Kenwood Chefette. Foam density and stability were 



measured by the methods described in APPENDIX III. 

ii) Results 

Results a.re summarized in Table XXII. 

TABLE XXII 

EFFECT OF EDIFAS B AND ALGINATE STABILIZING AGENTS ON THE 
FOAMING PROPERTIES OF 45% SKIM MILK POWDER SOWTION 
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Type of 

Stabilizer 

% 
Stabilizer 

Foam Density Stability 

ml. liquid separated 

1. 

2. 

Edifas B o.o 65 12 

0.17 64 0 

0.33 66 0 

0.50 71 0 

Alginate o.o 65 12 

0.22 66 7 

0.37 68 10 

iii) Disoussian of Results 

While Alginate makes no significant improvement in foam 

density or stability, the addition of o.2% Edifas B causes a slight 

decrease in foam density and completely stabilizes the foam. An 

oven drying test at 100°0 on the foam, verified that O. 2% Edifas B 

imparted a rigidity to the foam which enabled complete drying with 

little collapse of the foam. It is pertinent to note that Edifas B 



is a commercial preparation of carboxymethyl cellulose. 

iv) Conclusions 
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Edifas B is not only suitable, but necessary for complete 

stability during drying of the foam at temperatures greater than 80°c. 

3. Conclusions 

Fran the foregoing basic studies of the factors affecting foaming 

and stability of aerated concentrated skim milk solutions, conclusions 

may be drawn as to the optim\.UII. manipulation of these variables to obtain 

a stable foam for drying. 

From a review of the data., the :following variables are specified 

to obtain the optimum foam for drying. 

1. W.P.N.; as high as possible and at least )>4. 5 

2. 

3. 

4. 

5. 

Solids Concentration: 4£% milk solids 

0 
Temperature: 25 - 30 C 

Fat content: nil, or as little as possible 

pH: leave at natural pH 

6. Other solids: as little as pcssible 

7. Foaming agents: none necessary 

8. Stabilizing agent: 0.2% Edifas B 

'Jhese specifications are very necessary for successful. oven dry-

ing of the milk :foam. Although foam formation and drying in vacuum of 

full cream milk conoentrates may be successful if variables such as 

vacugn~tellperature oyole are carefully controlled, the above specifications 

should yield a more stable system which would make the vacuum-temperature 

cycle less critical. 
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A B c 

To a 45% solution of sld.m milk pOllder was ad.ded:-

A. 0.2% Edifas B (uneven brollni.ng). 

B. 17% invert sugar (even browning). 

c. 17% suorose (slight variation in browning). 

FIGURE 35. 'fy'pioal foam structures obtained fran oven drying a. 
foamed 45% skim milk powder oonoentrate (0.2% Edifa.s B). 
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IV. ME'lHOD OF DRIING ro A SOLID EU.AM 

'lhe stable foam (developed in the previous section) needs to be dried 

to yield a crisp porous wafer. Of all the techniques available, only two 

methods were chosen for further stuccy-. 

1 • Oven or hot air drying 

2. Vacuum foam drying 

'lhe oharaoteristios, and operational variables, of these two methods were 

studied and the results are reported below. 

A. Oven or Hot Air Dryi.ng 

1. Method of Drying and Characteristics of the Dried Foam 

To accomplish hot air drying on the laboratory scale a thermo-

statically controlled electrical oven was used. 'Ille concentrated milk 

solids foam (by lE.ipping) was spread on a tray at a loading of 1 lb/ft2 

0 
and at a temperature of 30 C. '1he loaded tray was then dried in the 

0 oven at a temperature of 100 C until the foam structure had becane 

brittle; i.e., about 2 - 4% moisture. 

A foam prepared according to the speoifioations listed an page 159 

and dried by the method described above, yielded a foam of texture shown 

in F.igure 35. Fran this photograph, it is apparent that a dense, f'ine 

foam with a solid impermeable upper layer is the result. A varia:ticn 

of brown colour from dark brown at the bottan to pale brmm or Wrl te 

at the top is also apparent. A very important characteristic of the 

foam dried in suoh a manner is that little variation is possible in 

foam structure, clue to:-

a) any increase in oven temperature to cause steam leavening, 

accentuates the uneven brolllling of the foam. 
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b) There is a very definite limit to the minimum foam density 

which may be obtained by whipping. 

2. Factors .Affecting Drying and Characteristics of the Dried Foam 

It is by manipulation of operational and product variables that a 

range of foam structures and characteristics may be obtained vlhile still 

minimizing the drying time. Some of these variables are now discussed. 

a) Oven Temperature 

While increased oven temperature might be expected to increase 

the drying rate, the temperature cannot exceed 1 oo0 c if a marked 

difference in brown colour between the bottom and top of the wafer 

is to be avoided. 

A possible explanation of this problem is discussed below. 

1. 'Ille top of the foam collapses and fonns a condensed 

impermeable layer, and all moisture vapour must pass 

from the bottom of the foam through this layer. 

2. After a short period of time the top layer dries out to 

below 10)6 moisture, and less as drying progresses. At 

this low moisture content, browning is very slow (66) -

even at 100°c. 

3. Meanvb.ile the und.erlayers approach oven temperature 

(100°0), and as the moisture content is reduced a long 

period of drying occurs between 25% and 14% moisture 

content. 'lhis moisture content corresponds to the 

optimum for browning. 'lherefore at the end of the dry-

ing cycle browning has progressed more near the bottom 

of the foam than the top. 



'lhis problem also precludes the possibility of forming a lighter 

foam by steam leavening at temperatures in excess of 100°0. 

b) Loading 
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'lhe greater the tray loading (or thickness of foam) which must 

be dried, the longer becomes the drying time (104). Rlcperiments 

showed that the problem of uneven browning of the wafer became greater 

as the loading was increased. Both the increase in drying time and 

the problem of uneven browning is most probably associated with the 

increased resistance of the structure to the escape of moisture 

vapour. These factors place an economic limit on the thickness of 

wafer which may be dried; i.e., the thinner the wafer t hat is accept-

able, the better t he economics of production. 

c) Effect of the Foam Density of the Initial Liquid Concentrate on the 

~xture and Density of the Dried Foam 

Milk-solid foams were prepared from three milk powder samples 

by v.hipping a 45% solution of the powders. The foam density before 

and after drying was determined and the results are summarized in 

Table XXIII. 

Milk Powder 

Sample No. 

1 

2 

3 

TABLE XXIII 

DATA FOR THE EFFECT OF INITIAL FOAM DENSITY 
ON THE DENSITY OF THE DRIED WAFER 

Density of Foamed Density of Dried Wafer 

Conoentrate (45% solids) gm./ml. 

6.7 • 33 

8.5 .42 

10.1 .50 
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These results are also plotted later in Figure 38, page 171. 

From the plot for a vacuum chamber pressure of 760 mm. of Hg. (i.e., oven 

drying at atmospheric pressure) it is clear that the density of the dried 

wafer is directly proportional to the foam density of the milk solids 

concentrate prior to drying. 

It may be concluded that, within definite limits, the density 

of the dried wafer may be varied (from 0.33 gm./ml. to 0.5 gm./ml.) 

by manipulating the foam density of the milk solids concentrate. 

d) Addition of Sweetener 

Any addition of sweetener during whipping increased the 

density of the foam before and after drying. However, the sweetener 

is necessary to make the wafer palatable. Sucrose end invert sugar 

were used. Sucrose yielded a sweeter vvafer of increased density. 

Invert syrup increased the browning and caramel flavour intensity 

llhile less was required than sucrose to achieve the same sweetness . 

.Addition of invert sugar also yielded a more evenly browned product. 

of lower density than the addition of suc r ose. Refer to Figure 35, 

page 160. 

e) Browning Before Drying 

To overcome the uneven browning in the wafer it was thought 

that either browning before drying, or addition of a dairy caramel 

conoentrate to the foam would minimize this problem. 'Ihis possibility 

was investigated but was found. to be unsatisfactory for the following 

reasons. 

1. Any browning or heat treatment of all the milk proteins 

reduced foaming ability and increased foam density to 

an unacceptable level. 
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2. Addition of a concentrated caramel flavour (of the desired 

intensity) to unbrowned skim milk powder solution also 

increased foam density to an unacceptable extent. 

3. To achieve even browning the oven temperature must be 

0 reduced to below 80 O. 'lhis temperature drop causes the 

drying time to increase from ~ hours (at 100°0) to 7 

hours (at 80°0). 

From Figure 35, page 160, it would appear that the addition of invert 

syrup yields the most evenly browned wafer. 'lhe invert sugar also 

imparts an acceptable flavour. 
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F'IGDRB 36. ~oal foam struotures obtained by evolution of' water­
vapour tran a deaerated oonoentrate (bottaa), and by 
expansioo. ot entrained gas of' low solubility (top). 
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B. Vacuum Foam Drying 

1. Method of Drying and Characteristics of Dried Foam 

While vacuum of itself wil l develop a foam structure by evolution 

of water-vapour from a deaerated concentrate, the structure thus fo:nned 

is characterized by large, non-uniform bubbles and a preponderance of 

unpuffed intercellular material. (Refer to Figure 36.) 'lhis texture 

was unacceptably coarse in appearance and mouth-feel. The foam structure 

formed by expansion of entrained gas of low solubility (e.g., air) is 

characterized by small, uniform bubbles and a minimum of unexpanded 

interoellular material (Figure 36 ). The latter texture is obviously the 

more desirable. (100). Hence, the sldm milk concentrate was prepared 

according to the specifications of page 159, and whipped as for oven 

drying. 

'Ihe whipped foam was loaded onto trays at the desired loading and 

at a temperature of 30°0. The foam was then dried at 80°0 under vacuum. 

'Ihe vacuum could be adjusted to yield the desired foam density. The 

effect of vacuum is fully discussed below. However, in any vacuum 

small uniform bubbles were formed, the size of which varied with the 

vacuum. As in the case of oven drying, there was a solid impermeable 

skin formed on the upper surf ace of the wafer. 

2. Factors Affecting Drying and Characteristics of the Dried Foam 

It is by manipulating temperature, vacuum, tray loading, and 

the addition of flavouring agents that a range of textures and flavours 

are possible. Hence, from the wide range of flavoured structures so 

produced, a wafer may be chosen to comply with given market requirements. 

a) Temperature 

As in the case of oven drying, high temperatures resulted in 
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Size of waf'ers formed by vacuum foam awng the aerated milk 
concentrate (tray loading of 9 gm./in. ) at chamber pressures 
of .500, 360, 240, and 110 mm. of Hg. 

Size and texture of waf'ers formed by vacuum foam ~ng the 
aerated milk concentrate (tray loading of 7 gm./in. ) at chamber 
pressures of 500, 360, 240, and 110 mm. of Hg. 

FIGURE 37. Effect of vacuum an the volume and texture of the vacuum foam 
dried wafer. 
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uneven browning of the product. 0 0 A temperature of 85 O to 90 C gave 

a good drying rate without unevenly bro18ling the prodmt. 

b) Vacuum 

It is well known that dissolved and entrained gas will expand 

under vacuum according to Boyle• s Law. Henoe, it is to be expected 

that the volume ot a given weight of original foam will inoreaae with 

increasing vacuum. Figure 37 illustrates the ef:t'eot ot vacUUlll en 

both volume and texture of the wat'er. 'lhese samples were prepared 

by beating 200 gm. of 45% skim milk powder solution wi. th 200 gm. of 

oaramel oanoentrate (Canpositicn: 33% skim milk powder, 40}& suorose, 

2°" eter - heated for 3 hours at 100°0). 'lhe resultant aerated con­

centrate had a foam density of about 80 gm./100 ml. 'lhe foamed oon­

oentrate was loaded onto small pans at a tray loading of 7 gm./in. 2 

and then dried at the desired vacuum with an oven temperature of ao0c. 

P.l.gure 37 demonstrates that a whole range of foam textures 

may be obtained by ad.justing the vacuum. 'lhis is ot real ad.vantage 

in the marketing of such a prodl,lOt llhioh often has to be • ta.i.lor-411Ad.e • 

to suit the market requirements. 

It is also apparent fran Figure 37 that as the vacuum is in-

creased there is an increasing tendenoy for the centre ot '!;he 1'8.f'er 

to collapse. 'lhis problem is mainly one of vac\WDl control. 'lhe 

chamber pressures ot 500 mm. . of Hg. and 36o mm. ot Hg. were quite 

easy to control and main~, but the lower pressures of 240 mm. of 

Hg. and 110 um. ot Hg. were difficult to. control in. the laborat~ 

vaouun oven. rus is the rea~ for the partial _ ool~pse 9f the . 

s8lllples dried at low oven pressures (Refer to 1'.i.~e 37 Q). -~~ 

collapse is belisved to be due to the followl.ng series of events. 



1. During the early stages of the drying cycle, the vacuum 

slowly increases aue to the decreased water vapour load. 

As the outer layers dry first, they will be "set 11 to a. 
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solid structure at a lower vacuum than will the inner layers 

of the wa.f'er. It may be possible to eliminate this effect 

by good control of conuneroial vacuum uni ts, but on the 

laboratory vaouum oven (used for these experiments) any fine 

adjustment of the vacuum caused a significant drop in 

vacuum with a resultant partial collapse of' any undried 

foam. 

2. If, (in the process of controlling the vacuum), there is a 

significant drop in vacuum, the wet centre of the wa.f'er 

recedes from the dry "crust" and partially collapses. This 

means that the wet centre becomes partially deaerated and 

any further increase in vacuum will not fully restore the 

collapsed foam. Hence, the hollow centres of foams dried 

at higher vacuum. 

'lhis problem is minimized, or eliminated, if the vacuum is 

very carefully controlled and any significant drop in vacuum 

is prevented. Control is much easier at pressures higher 

than 360 Illl1. of Hg. 

c) Effect of Foam Density of the Initial Liquid Concentrate on the 

Texture and Density of the Dried Foam 

Samples of 45% skim milk powder foamed solutions were prepared 

with foam densities ranging from O. 7 gm./ml. to 1.0 gm../ml. 'Ille foams 

were dried at pressures of 500 mm. of Hg. and 240 mm. of Hg. in a vacuum 
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chamber. 'lhe foam density before and after drying was determined and 

the results are summarized in Table XXIV. 

TABLE XXIV 

DATA FOR THE EFFECT OF INITIAL F'OAM DENSITY 
ON THE DENSITY OF THE VACUUM-DRIED WAFER 

Sample No. Density of Density of Wafer Density of Wafer 

1 

2 

3 

Foamed Concentrate. 

gm./ml. 

0.7 

o.8 

1.0 

Dried at 500 mm. of Hg. Dried at 240 mm. of Hg. 

gm./ml. 

0.21 

0.26 

0.32 

gm./ml. 

0.13 

0.14 

0.20 

'lhese results are also plotted in Figure 38 where it is clear that, for 

both atmospheric and vacuum drying, the density of the dried wafer is 

directly proportiooal to the foam density of the milk solids concentrate 

prior to drying. Figure 38 demonstrates the wide range of wai'er densities 

(and textures) which are possible by controlling both the initial foam 

density of the milk concentrate and the vacuum used for drying. 

Figure 39, page 1 73 shows the large difference in texture between 

a foam density of' O. 7 gm./ml. dried at a vacuum chamber pressure of 500 mm. 

of Hg to yield a wafer density of 0.13 gm./ml., and a foam density of 

1. 0 gm. /ml. dried at the same vacuum to yield a wafer of density O. 20 gm. /ml. 

Figure 39 demonstrates that, for a given vacuum, the lower the initial 

density of the foamed concentrate, the more porous will be the texture of 



~: wafer of density 0.20 ga./ml. resulting from the drying 
ot a foamed conoentrate of density 1.0 gin./ml. in a vacuum 
ohamber pressure of 500 mm. of Hg. 

Right: 1'8f'er of density 0.13 gin./ml. resulting from the drying 
ot a foamed concentrate of density o. 7 gin./ml. in a vacuum 
chamber pressure of 500 mm. of Hg. 

FIGURE 39. Ef'feot of foam density of the 45% skim milk canoentrate cm 
the texture and density of the dried foam. 
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Size of "WBfers formed byvaouum foam drying the aerated 
oanoentrate at a chamber pressure of'

2
360 mm. ot Hg. and 

tray loadings of 5. 7. and 9 f!Jll•/in. • 

Size and texture of -.f'ers formed by vacuum foam drying 
the aerated ocmoentrate at a chamber pressure °2 2.40 mm. 
of Hg. and tray load; ngs of' 5, 7, and 9 gin.fin. • 

• FIGURE 40. Etteot of tray loading en the volume and texture ot 
the vacuum foam dried .ter. 
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the wafer when dried. 

'Ihese results are for studies on skim milk concentrates only; 

foaming of full cream milk concentrates was not studied in detail. 

d) Tray Loading 

Increased tray loading markedly increased the drying time and 

consequently increased the oost of vacuum drying. Figure 40 shows 

that the size of the dried wafer is approximately praportional to the 

tray loading. 

Figure 4D also shows that the texture varies with tray loading. 

'Ihere are two principal changes in texture with increased tray 

loading. 

1. With increased loading, the pore size increases. 'lb.is is 

believed to be due to a slow increase in the vacuum through-

out the drying cycle. 'Jhis means that foam layers which 

dry, or "set" first, will have a smaller pore size than 

those which dry at the latter part of the drying cycle. 

2. A more obvious effect of increased tray loading is the diffic­

ulty of preventing foam collapse in the wet centre. 'Ihe 

greater the loading, the longer the drying time, and hence, 

the greater the chance of vacuum changes causing collapse 

of the large volume of wet foam encased in the dried crust. 

e) Browning Before Drying 

Vacuum drying at temperatures below 80°0 resulted in very little 

browning. Hence, the product must, of' necessity, be browned before 

drying to develop the dairy caramel flavour. A satisfactory prooedure 
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was to foam a mixture of 200 gm. of 45% skim milk powder solution 

and 200 gm. of dairy caramel concentrate (sweetened condensed milk 

heated for 4 hours at 100°0). 'lhe resultant foam could readily 

be vacuum-dried to a palatable wafer. 

V. POSSIBLE COMMERCIAL ASPECTS OF THIS 

WAFER TYPE OF PRODUCT 

This major section of the work has traced the basic and technological 

studies undertaken to develop the porous milk-solids wafer or biscuit. .All 

work has been carried out on a small scale with laboratory-sized equipment, 

and hence, there will likely be problems in scaling up these well-defined 

laboratory operations to commercial equipment. No attempt is made here to 

outline canmercial detail. However, it is possible to comment and make 

suggestions on the basis of these laboratory studies. 

A. Texture 

'lhe most outstanding feature of the milk wafer is its texture. 

SECTION V, Part IV, has discussed and illustrated the wide range of textures 

which are possible. 'lhe principal variables which may be controlled to 

produoe a product of the desired texture are: -

1. Foam density of the 45% milk concentrate prior to drying. 

2. Vaouum at llhioh the wafer is dried. 

3. Tray loading. 

It is by manipulation of these variables that a whole range of product textures 

a.re possible with densities ranging frcm less than 0.1 gm./ml. for a. foam dried 
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at a pressure of 110 mm. of Hg. , to o. 5 gm. /ml. f'or a foam dried at atmospheric 

pressure. (Refer to Figure 38, page 171.) 

'.llle texture oan be best described as orisp and orunohy to the bite with 

a smooth "melting" mouthf'eel. 'llle only undesirable textural characteristic is 

the tendency for the milk solids to cling to the teeth and. palate. 1his 

problem was overcome to some extent by the addition of sucrose. 

B. Flavour 

As in the oase of the caramelized dairy spread, there are hosts of 

possibilities of varying and. improving the flavour of the wafer. Some of the 

suooess:f'ul possibilities explored are enumerated below. 

1. Vanilla at low levels of o. 1 - O. 2% adds a pleasing baok­

grOWld flavour 'Which enhanoes the oaramel flavour. 'llle 

intensity of the oaramel flavour may be adjusted by con­

trolling the amount and intensity of the caramel oonoentrate 

added to the milk concentrate foam before drying. 

2. Spices suoh as ginger, cinnamon, cloves, eto., at low con­

centrations may appeal to some palates. 

3. Sugar is a necessary part of the flavour. Either invert 

sugar, glucose, or suorose may be ueed as sweeteners - less 

invert sugar or glucose being neoessary for a given level 

of sweetness. 

4. 1lhere is also the possibility of developing a wide range of 

flavours by use of the wide range of oamn~roially available 

natural and synthetio flavouring essences. 
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o. Use of Full Cream Mi.lk Solids 

Just as the presence of milk fat enhances the flavour and texture of 

the oaramelized dairy spreads developed in SECTIW IV, so its presence also 

enhances the flavour and mouthfee1 of the porous wafer. It is true that, for 

all the studies of foam drying disouased here, sld.m milk solids were used - in 

faot, the use of skim milk foams was essential to . m$ta.i.n a stable porous 

structure throughout oven (hot air) drying. However, in the case ot vaouum 

drying, a foam structure may be deve1oped and maintained by careful control 

of the vaouum during drying. ~us, vaouum drying enables a :f'Ull. cream milk oon-

centrate to be :foamed and dried to a porous wafer. Preliminary investigation 

ot this possibility indioated that sweetened oondensed mole milk oou1d be success-

fully vaouum dried to a porous wafer. It was impossible to foam and dry this 

product at atmospherio pressure without forming a collapsed hygroaoop.l.o mass. 

While the foemi ng and vaouum-drying of whole milk concentrates to a 

porous wafer was not studied further, it is olear that this is a definite 

product possibill ty. ~e wafer product formed fran lilole milk ocnoentrates 

has an improved flavour and texture canpared with the product formed f'rom skim 

milk oanoentrates. ~e undesirable tendency ot the milk solids to oling to . 

the mouth is substantially decreased by the presence ot milk fat and sucrose. 

D. Paokafd ng and Storye 

fime did not permit either a study of packaging materials ~ tech­

niques or a study of the effect ot various storage oondi ti.ans ai the quail ty of 

the product. nie purpose of this study was pri~ipally to suggest and develop 

new product possibilities. 'lhe speoitic detail.• of prod.~tj,.on and paokaging 

were unab1e to be studied in the time avail~le. 'lhere are, hQ1'9Ver, a few 

p:i"ocluot charaoteristics 11bioh would ~c~t~.• to a ~8:1'.S~ ~~te~t_, the nature of 
.. .. - . .. - -· . 

packaging required to nd m mi mi ze the lhY&ical and ohemioa1 damage oocurring during 



hand.ling and storage. 

1. 'llle hygrosoopici ty of dry milk solids and sugar would 

neoessi tate the use of a packaging material having high 

moisture barrier properties. 

2. 'llle wafer foam structures are quite robust and oan with­

stand considerable mechanical shook. Hence, it would 

seem that the standard. oommeroial teohniques of paoking 

baked biscuits would be applioable. 

3. While it is certain that a paoka.ging material having a low 

moisture pe:nneabili ty is required, the importanoe of 

excluding oxygen has not been detemined. 'llle rate of 

autooatalytio oxidation will most probably be quite low, 

or inhibited, due to the presence of reduoing substanoes 

fonned as a result of the non-enzymio browning reaction. 
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'lhere is no substitute for proper packaging and storage trials before any attempt 

is made to prod.uoe or market the product on a oommeroial scale. 
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VI. SUMMARY 

New foods appearing on the oansumer market frequently feature a palatable 

porous, or foam, texture. Henoe, in an attempt to diversify the use of milk 

solids a study was undertaken to develop a porous wafer from milk solids. 'lhis 

involved two steps: -

1. Aeratioo. of the milk solids oonoentrate. 

2. Stabilization and drying of the foamed oonoentrate to a 

solid porous milk wafer. 

Aeration of milk concentrates could be acoanplished by either whipping or Y&CUum 

expansion of entrained gas. 

A. S,peeif'ioaticns For a Stable Foamed Milk Conoentrate 

A basio study of the factors a.fYecting the foaming and stability of 

aerated oonoentrated skim milk solutions enabled speoitioation of the variables 

necessary to fo:nn a stable foam which could be oven dried to a porous structure. 

1. Whey Protein Nitrogen (of milk powder) 

2. Solids Ooocentratian 

3. Temperature 

'4-. Fat Content 

6. Other solids; e.g., sucrose 

7. Foaming agents 

8. Stabilizing agent 

as high as possible and 
at least >4. 5 

: '4-5% skim milk solids 

: 25 - 30°0 

NIL, or as little as possible 

: leave at natural pH 

use as 1i ttle as possible 

none neoes~ 

O.~ Edifaa B 

While these speoif'ioaticns are necessary for aucoesatul atmospheric ~en dry­

ing ot the milk f'oem, vacuum drying may_ be sucoesatully applied _to tull oream .. milk 

oonoentratea if' the variables suoh as vacuum-temperature oyole are carefully applied. 
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B. Drying of the $peoified :Milk Conoentrate Foam 

'lhe foam prepared aooording to the above speci:fioations was suooess­

:f'u.lly oven or vacuum dried and a study was undertaken of the factors a:ffeoting 

drying and the oharacteristios of the dried foam. A wide range of textures 

were possible by oontrolling :-

1. Foam density of the 45% milk oonoentrate prior to drying. 

2. Vaoutn at whioh the water is dried. 

3. Tray loading. 

c. Camneroial Aspeots of the Wa:f er 

As in the oase of the oaremelized dairy spread (SEC'.IION IV), there is 

a host of possibilities for improving the flavour of such a product. '.!he wide 

range of textures which may be developed by controlling the method of drying, 

together with the large choice of wafer flavours, make the developnent of a 

commercial product very flexible. '.!hat is, the wafer texture and flavour 

may, to a large degree, be 'tailor-made' to comply with specific market spec­

ifioati cns. 

A full cream water may be made by vacuum drying under care:f"ully controlled 

oondi tions. While some full oream wafers were made, the details of the variables 

affecting their production were not studied. 

In the absence of storage trials, i't is suggested that these wafers oould 

be packed in the same way as baked biscuits. A packaging material 11hich is 

impermeable to moisture vapour would be a necessity. 



SECTION VI 

STUDIES ON THE DEVELOPMENT 

OF 

A CONCENTRATED CARAMEL FLAVOUR BASE 
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I. IN'mODUCTION 

As the milk caramel flavour is very palatable, another fonn in whioh it 

could be marketed is a concentrated liquid or flavoured powder. In such a 

form the concentrate could readily be dissolved or diluted for use as a flavour­

ing agent in drinks, desserts, ccnfections and bisoui ts. 

Many common flavours are marketed in the liquid concentrate or powdered 

form; e.g., vanilla, malt, strawberry, etc. It is possible that the distinctive, 

desirable flavour of milk caramel in a coo.oentrated, readily dilutable form, 

could :find a market alcmg with these types of products. Also, a caramel powder 

could be added to water to give a beverage of 20% solids. Suoh a product could 

form part of light-weight rations of high energy food for use by trampers, 

campers, and the amed services. With these thoughts in mind, the possibility 

of producing either a liquid conoentrate or caramel flavoured pawder was investigated. 

II. LIQUID CCNCENTRATE 

'lhe developnent of a suitable caramel base for flavouring milk was 

developed during World War II by Webb and Huffnagel (109). ~ey f~ that the 

best oaramel flavour was developed when a milk and sugar mixture was concentrated 

by boiling in an open kettle by methods similar to those used by caramel manu­

f'aoturers. 'lhe formula for the base :finally developed by them is give~ in 

Table 'X:J3. Factors a:ffeoting the . formulation of this caramel concentrate are 

discussed in the literature (109). 

Initially, the caramel base was developed to flavour sterilized milks 

(109). A 1 :6 dilution of' caramel base wlth milk yielded a caramel milk which 



184 

possessed an attractive flavour when served either hot or oold. While the 

oaramel flavour is most suited to milk products, there is undoubtedly use for 

such a oaramel oonoentrate in the flavouring of other types of foods. As a 

suitable caramel canoentrate had already been developed, further work was not 

pursued in this area of study except for the obseI'V'atian that sweetened con­

densed milk heated for 3 hours at 1 oo0o yielded a very soluble, attractively 

flavoured, milk caramel cC1JOentrate. 'nle oaramel flavour was intensified, 

(without any oocuiTenoe of bitterness) by heating to 100°0 for 6 hours. Suffice 

to say here that a liquid caramel canoentrate is a praotical possibility w:L th a 

potential market. 

TABLE XXV 

FORMULA FOR CARAMEL FLAVOUR BASE 

Ingredients 

Cream (30% fat) 

Weight ot 

Ingredient 

lbs. 

33.3 

Condensed skim milk (.30%. solids) 15.0 

Com syrup 45.0 

Sucrose 14.3 

Salt 0.1 
TOTAL 108.~ 

Weights of Canponents 

Fat SNF T.S. 

lbs. lbs. lbs. 

10 2.1 12.1 

4.5 4.5 

36.0 

14.3 

0.7 

10 6.6 67.6 

Heat the . complete mixture with stirring to 160°0, _and hanogenize at
0
2,500 lbs. 

pressure. Cook in a oendy kettle with double aotian stirrer to 238 F, cool 
slightly and add 8.\ lbs. of water and '!'anilla flavouring to suit the taste. 
Stir well and pour into a suitable receiver. Approximately 84 pounds of base 
oontaining 20% water ld.11 be reoovered. 
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llI. POWDERED CARAMEL FLAVOUR 

A readily soluble powder has several ecananic and practical advantages 

when compared with a liquid canoentrate. 'lhe principal ad.vantages are:-

1. Ease ot reconsti tutian and dilution. 

2. While cost ot production may be higher, paolcag:i.ng and 

storage is cheaper due to the greater ca10entration ot solids. 

3. Cheaper and easier transport by the user; e.g., troops, 

hikers. 

Hence, the development ot a milk caramel flavour in a suitable powiered form 

is an important market possibility. With this aim in mind, two methods of 

obtaining a caramel po"Wder were explored: -

1. Heating ot dry milk powder. 

2. Heating ot milk canoentrate, followed by vacuum drying. 

A. Heating ot Dry Milk Po!der 

Wright (112) has clearly shown that at 13 - 11$ moisture where brown­

ing is a maximum, cmly 0.5 seconds heating at 100°0 is required to induce 50;C 

insolubility of' the milk solids. Even at .50°c, where the broeing is extremely 

slow, only one hour is required tor ~ insolubility to occur. 'fright _ ( 112) 

presents evidenae llhich indicates that this insolubility induceQ. by liquid or 

moist heating is due to dena.turatian of the milk proteins, and particularly of' 

casein. 'lhere is every reason to believe that the produoticn of an insoluble 

form ot protein during the prooess ot milk drying is identical in nat'Gre to the 

ordinary heat ooagulaticm ot a protein, suoh as occurs, for instance, i_n the 

manufacture of' evaporated milk. It is unlikely that broWning has a great in­

fluence on this de~turatim process _11hioh i~ almost c~lete ~ 8~ milk solids 

after 1 hour heating at 51:Po - a heat treatment during 'lhich little browning 
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would have taken place. 

It is obvious from the above discussion of the literature that any 

heating of milk powder, reconstituted or dry, 'Will result in denaturation and 

insolubility long before there is appreciable 11caramelization11
• !Jh:i.s conclusion 

is supported by the many futile attempts of producing a soluble "caramelized" 

milk powder. Both 'Whole milk powder and skim milk powder at a range of moisture 

contents, with or without the protecting influence of sucrose an protein 

solubility, were heat "caramelized". But in every oase where appreciable 

"oaramelization" occurred the milk protein became canpletely insoluble. 

After a consideration of such experimental results and the available literature, 

any further attempt at prod.uoing a caramel po'Wder by heating dry milk powder 

appeared to be futile. 

B. Heating of Mille Canoentrate Followed by Vaouun Drying 

During previous studies on sweetened condensed milk it '\'IB.s obsezved 

that even af'ter 6 hours heating at 100°0 or 1 hour at 120°c the resultant_ 

caramelized sweetened condensed milk had a solubility index as low as o. 7 - 0.8 

ml. 'lhe excellent solubility of this caramel concentrate hints that if the 

soluble conoentra.te was dried under mild condi ticns the desired soluble dairy 

caramel powder would result. 

0 "Vacuum-puff" drying at 70 C and a pressure of 4 mm. of Hg. 118.s selected 

as a mild method of drying. To obtain a range of dairy caramel concentrates for 

drying, samples of sweetened condensed milk were heated for 1 hour at 100°0 and 

6 hours at 1 oo0 c. 'lhe concentrates were then vacuum dried and the solubility 

index of the powders determined by the method described in APPENDIX II. :Results 

are recorded in ~ble xx:v:r which shows that both the low heat (1 hour/100°0) and 
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high heat (6 hours/100°0) samples showed no increase in solubility ind.ex (i.e., 

deoreased solubility) during drying. 

TABLE XXVI 

EFFECT OF DRilNG ON THE SOLUBILITY OF 
D.AIRY CARAMEL CONCENTRATE 

Heat Treatment 

of Caramel 

1 hour at 1 oo0 c 

6 hours at 100°0 

Solubility Ind.ex 

Before Drying 

0.1 - 0.3 

o. 7 - o.8 

.A:f ter Drying 

0.2 - 0.3 

0.1 - o.8 

Furthermore, the crushed caramel pawder readily dissolved in water to 

give a pleasant tasting caramel drink. Because of its exoellent solubility, 

the powder would also be suitable for use as a general flavour concentrate. 

!!Q'!!: BOth the liquid oa10entrate and the oaramel powder 
studied and disoussed in this seotion, are, of 
neoessi ty, :f'ull oream milk produots. ~e milk fat 
is an integral part of these caramel flavours. 



SECTION VII 

SUGGESTIONS 

FOR 

FURTHER STUDY 
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nie studies described in this thesis are very broad in scope and touch 

on several fields of investigation. As a consequence of this aoope, it clearly 

was not possible to study every phase of the work in great depth or detail. 

Arising fran these studies on promoted "caramelization" and texture developnent 

in milk solids, were several questions 'Which required :t\lrther study. It is the 

purpose of this section to outline sane of the limitations of the present work, 

and to suggest fields of f'urther study 'Which would contribute in a practical 

way towards food technology generally, and speoifioally make the knowledge of 

milk more canplete. 

I. BASIC STUDIES O!' PROMOTED BROINING IN MIIK SOU:DS 

1. It is true that both the development of brown colour and caramelised flavour 

are closely associated reactions of the non-enzymic bl'O'lming reaction in 

milk. In general, it is indicated that the degree of caramelized flavour 

is correlated positively wi. th the degree of browning and related changes 

(83 ). 'lhis is easily verified subjectively by the observation that as the 

brown colour of sweetened condensed milk becomes darker, so does the inten­

sity of' the dairy caramel flavour increase. nie question arises, however, 

as to how closely colour (as measured by reflectance) and flavour are 

correlated. 'lhis could best be deteimined by caref'ul.ly controlled taste 

panel correlations of caramel flavour intensity with the objective measure­

ment of colour (refleota.noe). 

2. Patton (55,83) has proPosec:t a tentative definition of caramelized flavour 

by listing tour components (Befer to page 14). It is lmown that casein is 

directly involved and is essential to flavour developnent. Patton (84) 

has diaoussed the possibility of several aranatic canpounds being an 
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integral part of the oaramel flavour in vb.ole milk. However, it is still 

not ~own mat canponents are responsible for the integrated caramel fla­

vour response known as milk caramel flavour. 'lhe paucity of infomatian 

in this field still leaves the following questions unanswered:-

a) What canpounds are responsible for caramel flavour? - could 

they be blended artificially to give a synthetic dairy caramel 

flavour? 

b) lhat are the bitter canpound.s formed in advanced browning? Are 

these bitter compounds associated with the bitter by-products of 

gluoose-oasein "caramelization11 ? Could caramel flavour be 

intensified without the fozmation of bi ttemess? 

3. 'lhe study of the effect of moisture concentration on the rate of browning 

in sweetened condensed milk (SEC'.crOO' III, Part II, page 4-9) has injected 

new ideas into the conoept of the browning mod.el at low moisture contents. 

'lhe theoretical discussion on pages 55 - 57 conoluded that in "liquid11 

systems browning was favoured by a minimum, or canplete absence, of water 

provided that the lactose (or reducing sugar) was soluble and available 

to react. While it is possible that the model proposed by Lea and Hannan 

(66,67) could well apply to the reaotion between proteins and reduoing 

sugars in the "art' state, evidence suggests that a different model is 

applicable to the "liquid" system. 'lllere still remains the questian:-

Is the role of mai.sture in the dry systems of Lea (66,67) 

one of adsorption and attraction between protein mole­

cules or does water £\motion merely as a solvent for 

laotose? 

Present evidence suggests the latter to be the oase - browning being fav­

oured by a canplete absence of "9.ter so long as lactose is dissolved in a 
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suitable solvent which maltes it available to reaot. More study of 

mod.el "liquid" and "dry" protein-reduoing sugar systems is needed to 

determine which view is more likely to be correct. 

4. 'lhe present study of the effect of gluoose and sucrose on the rate of 

solubility decrease during browning in sweetened condensed milk (SECTION III, 

Part IV - B, page 69) has added little to the observations of Lea and 

Hannan (63) en the reaction between milk protein and reduoing sugar (glu­

cose) in the "dry" state. '!hey (63) obseIVed that the canbining of the 

potential aldehyde group of reduoing sugars with the free amino-groups 

tends to destabilize the protein and pro:luoe insolubility. 'lhe mechanism 

of producing insolubility is far from canpletel.y understood.. Gluoose 

shows a definitely hann:ful effect on solubility virlle disacoharides (e.g., 

suorose) when present in relatively high concentrations, show a retarding 

effect an insolubility whether aldose or not. Similar effects of the 

same sugars ooour in dried egg systems. 

A further study of the mechanism of sucrose protection fran insolubility, 

would undoubtedly eluoid.ate much of the mechanism of denaturation. While 

the protecting effect of sucrose en pretein insolubility is of real teoh-

nological importance, a study of the protein chemistry involved is beyond 

the soope of the present study. 

II. QUESTIONS .ARISmG OUT OF THE STUDIES ON THE DEVELOP.MENT 

OF A C.ARAVET·IZED DAIRY SPREAD 

1. While a good deal is known about the mechanism and. faotors respansible for 

the flavour of oaramelized sweetened condensed milk, knowledge of the gel 

texture (fo:nned during heating of sweetened condensed milk) is very meagre. 
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A ccmparison of the heat penetration studies with existing knowledge on 

the heat reactions of milk proteins suggests that the gel texture is a 

result of an intera.otion between K-casein and ,P'-laotoglobulin. While 

it is quite likely that the complex formed by this interaction could 

fonn a three-dimensional gel network, the present evidence is purely 

circumstantial. 

Further study is needed to determine if .K. -casein and ,,.6'-laotoglobulin, 

are, in faot, the proteins responsible for the gel network. Also, the 

role of sugar, moisture, fat, and ions in the fonnation ot the gel is 

unknown. ~ere is a paucity of reported work on this gel f'o:nna.tion and 

its study would be a significant contribution towards making the kno,,... 

ledge of milk and its behaviour more canplete. 

2. Possible oanmeroial production techniques of produoing the caramelized 

spread have been di soussed in SEC TI 00 :rv, Part IV, page 102. ~a dis-

cussion has been based oanpletely on laboratory-sea.le trials and a know-

ledge of the .oamneroial handling of similar food products. Pilot plant 

trials would be required to detennine the relative advantages of' the 
; 

possible production techniques before such a product oou1d be manufactured 

oamnercia.lly. While the broad types ot equipnent have been described and 

suggested, the details of' bandli ng, filling, etc., remain to be detennined. 

3. ~e range of possible camnercial prod.uot types has been suggested (SEC~CN 

IV, Part IV - O, page 111) and the reoCllllllended control of product and 

process variables to yield an optimum dairy caramel flavour has been 

SUIDlll&l".i.zed in Table rt, page 122. ~ese reoamnendaticna a.re based purely 

an the subjective aaaeaament of flavour and texture by the experimentor, 

and it is obvious that consumer preferences wl.11 vary f'ran that of the 
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experi.mentor. Hence, a consumer survey or market needs and preferences 

ww.l.d be en essential step in the final stages; of developing a product 

for a given market. 

4.. Storage trials of sweetened condensed milk "caramelized" in the can 

(SECTION IV, Part V, page 112) indicated that the most serious change 

occurring during storage 'W8.S the fomaticn of me.oroeoopic crystals. ~e 

nonnal methods of inhibiting the formation of these large crystals proved 

tmauocessful or impraotioable (Refer to Part V - D, page 120). One Poss­

ibility would appear to be the removal ot most of the lactose frcm the 

sweetened condensed milk prior to "oaramelizaticn" in the can. It is 

suggested that this could be done by pranoting the formation of large 

lactose crystals in Slfeetened condensed milk and then removing them by 

centrifugal soreening. Studies an the feasability ot such a technique 

may supply the answer to this important practical problem. 

III. QUESTIONS ARISING OUT OF STUDIES ON THE DEVELOPMENT 

OF A POROUS WAFER FROM MIIK SOLIDS 

1. Foam Formation and Drying 

~e speoifioaticn of produot variables to Qbtain an optimum foam has been 

very empirical. 'While El-Rafey (34,3_5) has made a detailed study of factors 

affecting foaming in milk, there is a pa.uoity of infonnation an foaming in 

concentrated milk systems. 'lhe present study (SECTICN V, Pa.rt III - B, page 

132) has defined the qua.li tative effects of several variabl~s an the foam 

stability and density of concentrated milk 1?0WC1er solutions. However, muoh 

work remains to be done in determining the quantitative effects of these 

variables on the surface active proteins of concentrated milk syst~ms. !Ill~ 

present study has concentrated on studying "made-up" concentrated soluticna 
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fran a supply of milk powder having unifonn quality, but indications are 

that concentrated fresh milk may behave in quite a different manner. 

'lhe present study has been restricted to the atud.y of factors 

af'fecting the porous wafer struoture fonned by drying foams of "made-up" 

concentrated skim milk pow:ler. A few experiments with concentrated fresh 

milk indicated that porous wafers formed from it had different textural 

and mouthfeel characteristics. 'lhis is most probably due to the solu­

bility of suoh a wafer - wafera formed f'ran "made-up" concentrated skim 

milk powier solutions are quite insoluble. Obviously much 1V0rk remains 

to be done on the relative advantages of using "made-up" milk powder 

solutions or concentrated fresh milk. 

SEC'fi<N V, Part IV, page 161, has described the possibility of 

developing a 'Vd.de range of' flavoors and textures WU.oh should be capable 

of slight modification to oanply wi. th a given market speci_fioation. 'lhe 

present study in this field has been limited and a greater study of' the 

eff'eot of' ad.di tives an bubble and pore fonna.tion is required. 

A brief study of vacuum drying of sweetened condensed milk indi­

cated that full cream milk oaioentrates could be successfully vacuum 

dried to a porous wafer. Henoe, it is quite possible to develop a whole 

range of porous wafers having a range of' desirable fat contents - depend­

ing an consumer preferences. To achieve this a :further study would have 

to be undertaken to detennine the manipulation of process variables to 

achieve the desired texture. 

'lhe possibility of achieving a wide range of wafer textures and 

flavours has been outlined. Fran this range, a product may be selected 

to meet specific market requirements. 'lhe purpose of' this study was to 

develop and demonstrate the range possible, and c*1ly a consumer survey 

could answer the question as to 11hioh wafer was the moat desirable. 
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I. DETERMINATICfi OF 5-HIDROXIME'mYLFURFURAL (HMP) BY SPECTROHIOTOMETm:C 

MEASllREldmT OF THE 2-'lmOBARBI'lURIC ACID (mA) REACTictJ PRODUCT 

Notes:-

'lhis method was originally developed by Keeney and lSasette (6o) and 

has been sucoesstul.ly used by Riohard.s (93) for his quantitative stW,y an 
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bro..U.ng in "dry" skim milk and laotose-oasein systems. 'lhe method was found 

to be directly applicable as a chemical measurement ot the rate of browcing 

in sweetened condensed milk. 'lhe standard method used in the present study 

is basioally the Keeney and Jasette method. (6o), except for a few minor 

modifications in the method of obtaining the mA extract. 

Method:-

1. 20 SJl1• of caramelized sweetened oond.ensed milk was dissolved in 

180 ml. of water by beating for 2 mi.ns. at top speed in a Ken-

1IOOd Cb.efette. 

2. 'lhe resultant soluticn was oentrifuged at 2000 BBi in a centrifuge 

of 19i "head diameter" (distance betlleen inside bottoms of 

oppoai te oups measured through the centre of rotation of the 

centrifuge, 11hile the oups are horizcmtally extended). 'lhe 

supernatant was then deoanted and filtered through Whatman No.1 

filter paper. 

3. 10 ml. of filtrate was pipetted into a 50 ml. test . tube. 

q. 10 ml. of ~ triohloroaoetio aoid soluticn (40 SJl1• roA diluted 

to 100 ml. wi.th water) was added to the filtrate f'ran a burette. 

,5. !!he contents of the tube were mixed well and filtered through 

Whatman No.Lt2 tilter paper. 

6. q.o ml. of filtrate was pipetted into a test tube 8l1d 1.0 ml. ot 
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0.05 N 'mA added. (o. 72 gm. 2-thiobarbi turio a.aid in 100 ml., solu­

tion prepared by wanning slightly and oooling to 25°0 before use.) 

7. 'Ille tube was then plaoed in a 40°0 water bath for 30 - 40 minutes. 

8. 'Ille tube was then removed from the bath and rapidly oooled to room 

temperature (20°0) before measuring the absorbanoe at 453 milli-

microns. 

('Ille absorption spectrum of the TBA derivative of sweetened con­

densed milk, obtained by the above method, is shown in Figure 41. 

'Ille peak a.bsorbanoe is at 453 millimicrcns.) 

9. llle optical density of the solution was measured against a blank 

prepared in the same way as the sample except that 10 ml • . of water 

is substituted for the 10 ml. of milk extra.at in step (3). 

II. DETERMINAT!Cfi OF SOLUBILITY INDEX 

Notes:-

'lb.is is an adaptation of the method outlined by the American Dry Milk 

Institute, Ino. Bulletin 916. (5). 

Prooedure :-

1. To 200 ml. ot -1;~r at 60 - 70°P add a sample oontaining 20 gm. of 

skim milk solids; i.e., a ~ample of 13 gm. tor :f'ull cream milk !>09-

der. For aweetened ocm.denaed milk, a sample ot 60 gm. was used. 

2. Add 3 drops ot an antitoaa (optional) 

3. Disperse the mixture in a Kenwood Chetette at speed 1 tor exactly 

90 seoonda. 

4. Allow ~e s~le to stand tor a. period. _ ~o't . to e:xoeed 15 minutes. 

Mix the sample thorougbly and till a ocm:i.oal graduated centri-
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f'uge to the .50 ml. mark with liquid. 

5. Centrif'uge the tube for 10 minutes at 1000 RBI in a centrif'uge of 

"head diameter'' 19-i inches. 

( ~e "head diameter' is the distance between the inside bottans 

of opposite cups measured through the centre of rotation of' the 

centrif'uge '\'bile the cups are horizontally extended.) 

6. Immediately siphon off the supernatant liquid to within 5 ml. of 

the surface of the sediment level, using care not to disturb the 

sediment layer. 

7. Add about 25 ml. distilled water at 60 - 70°F and shake the tube 

gently to disperse the sediment, dislodging it if necessary vd. th 

a wire. 

8. Fill the tube to the 50 ml. mark with distilled water at 60 - 70°F. 

9. Again centrifuge at 1000 REM for 10 minutes. 

1 O. Hold the tube in a vertical posi ti an wL th the upper level of the 

sediment on a level wi.th the eye and report the millilitres of 

sediment in the tube to the nearest graduated scale division. 

'Ille sediment is easily distinguished llil.en the tube is held between 

the eye and a strong source of light. 

III. KEASlJREMil{T OF FOAM CHARACTERIS'.CTCS 

~e two basio parameters of a foam are its volume, or foam density, and 

its stability. Simple techniques of measuring these t'WO parameters are described 

below. 

A. Foam Density 

Foam density 11&.s measured simply by pouring 100 ml. of foam into an 
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A • 0 D 

Demanatraticn ot the dittere:nce between en Unstable foam 
(A, B, and 0 with 65, 54, and 52 mls. -ot -liquid separated) 
and a stable foam (D, with only 10 m.ls. ot liquid separated). 
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100 ml. measuring cylinder and detem:i.ning the weight of this volume of foam. 

Foam density is hence expressed as HJll•/ml. of foam, or gm./ml. 

B. Foam Stability 

Several methods have been desori bed for measuring foam stability, 

some of 'Which depend. an the measurement of halt-.rolume time, rate of collapse, 

and rate of drainage to the bottan (3). In the present work a simple measure 

of drainage of liquid to the bottan of the foam was found to correlate well 

w.L th the stability of the foam to oven and vaouum drying. 

1he method simply consists of allowing 100 ml. of foam (fran foam density 

measurement) to stand at room temperature for 3 hours in an 100 ml. measuring 

cylinder. After 3 hours, the volume of liquid separated a.t the bottcm of the 

foam was recorded as mls. of liquid separated. 

Figure 42 demonstrates the simplicity of this measurement. Samples 

A, B, and. C are unstable foams of 25 - lJJ1, milk solids solutions. '.Ille instab­

ility of these foams is evident by the high drainage of 51+ - 65 mls. of 

separated liquid, and the collapse of the upper foam layers. Collapse and 

drainage is complete in these samples after 6 hours. 

Sample 0 is a 50% milk solids solution showing very little collapse or 

drainage. Henae, it is obvious that this is a very stable foam. 

~=-

'.Ihe greater the mls. qt _ liquid separated in 3 hours, the less is the 

foam stability, and vioe versa. 
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IV. MKASUJm4ENT OF WAFER (DRIED roAM) D~SITY 

'Die density of the dried foam was simply measured by taking a known 

weight of foam and measuring its volume by volume displaoement of rape seed. 

'lhe denai ty is then expressed as g111./ml. 

V. TOllJENE DISTJ:LLA'l1CJf DETERMINATION OF MOISWRB CONTENT 

'Ill.is was determined by the standard method described by the American 

Dry Milk Institute, Ino. , 1954. Standard Methods of Analyai s. Bull. No. 911 , 

page 18. 
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