
PHYSIO-CHEMICAL CHANGES IN INDIGENOUS 
WHOLE MILK POWDER BULK PACKED AND STORED 

UNDER COMMERCIAL CONDITIONS 

THESIS SUBMITTED TO THE 
NATIONAL DAIRY RESEARCH INSTITUTE, KARNAL 

(DEEMED UNNERSITy) 
IN PARTIAL FULFIMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF 

DOCTOROFPHYLOSOPHY 
IN 

DAIRY CHEMISTRY 

BY 

RA VINDER KUMAR, M.Sc. 

DNISION OF DAIRY CHEMISTRY 
SOUTHERN REGIONAL STATION 

NATIONAL DAIRY RESEARCH INSTITUTE 
(l. C. A. R.j 

BALGALORE - 560 030 

1990 
REGN. NO. 86-P-DC-27 



PHYSICO-CHEMICAL CHANGES IN INDIGENOUS 
WHOLE MILK POWOER BULK PACKED AND STORED 

UNDER COMMERCIAL CONDITIONS 

THESIS SUBMlTTED TO THE 

NATIONAL DAIRY RESEARCH INSTITUTE, KARNAL 

(DEEMED UNIVERSITY) 

IN PARTIAL FULFILMENT OF THE REQUIREMENT 

FOR THE DEGREE OF 

IN 

DAIRY CHEMISTRY 

By 

RAVINORA KUMAR, M. So. 

DIVISION OF DAIRY CHEMISTRY 
SOUTHERN REGIONAL STATION 

NATIONAL DAIRY RESEARCH INSTITUTE 

(I. C, A, R.) 

BANGALORE - 560 030 

1990 

REGN. NO 86-P-DC-27 





C E R T I F I CAT E 

This is certify that the thesis entitled "PHYSICQ-

CHEMICAL CHANGES IN INDIGENOUS WHOLE MILK POWDER BULK PACKED 

AND STORED UNDER COMMERCIAL CONDITIONS It submi t ted by 

MR.RAVINDRA KUMAR in partial fulfilment of the requirements 

for the Award of the DEGREE OF DOCTOR OF PHILOSOPHY IN DAIRY 

CHEMISTRY OF National Dairy Research Institute (Deemed 

University), Karnal (Haryana), India, is a bonafide research 

work carried out by him under my supervision and guidance 

and no part of the thesis has been submitted for any other 

degree or diploma. 

Members, Advisory Committee: 

1. DR.C.P. SINGHAL 

2. DR.R. BALACHANDRAN 

3. 

4 • 



ACKNOWLEDGEMENTS 

I express my deep sense of gratitude to Dr.H.K.Rama Murthy, 
Principal Scientist and Head Dairy Chemistry Section, Southern 
Regional Station, National Dairy Research Institute, Bangalore, 
for his valuable guidance, keen interest, constant encouragement, 
unstinted support and constructive criticism during the course of 
this investigation and write up of this thesis. 

I thank Dr.R.K.Patel, Director, National Dairy Research 
Institute, Karnal and Dr.~1.N.Sinha, Head, Southern Regional 
Station, National Dairy Research Institute, Bangalore for 
providing the facilities for carrying out this research work. 

lowe my profound gratitude to members of my Advisory 
committee, Dr.O.P.Singhal, Principal Scientist and Head Dairy 
Chemistry Division and Dr.R.Balachandran, Principal Scientist 
Dairy Technology Division, N.D.R.I., Karnal for their valuable 
suggestions during the planning and execution of this work. 

I am thankful to Mr.K.G.Rudrreshappa, M.D. Dharwar Milk 
Producer's Union and the National Dairy Development Board, Anand 
for providing the packaging material and samples needed for the 
research work. 

I also wish to record my sincere thanks to 
Dr.(Mrs)B.K.Wadhwa, Scientist (S.G), D.C. Division 
Kumar, Research Scholar, N.D.R.I., Karnal for their 
and encouragement during the course of this work. 

and Mr.Naresh 
generous help 

Help so kindly rendered by 
Dr.V.Unnikrishan, Dr.M.K.Bhavadasan, 
Dr.B.Surendernath, Dr.Satish Kulkarni and 
sincerely acknowledged. 

Dr.A.M.Natarajan, 
Mr.P.C.Pantulu, 

Mr.E.G.Jagannath is 

r-1y sincere thanks 
Mr.S~Bhagvan, for the 
analysis of the data. 

are also due to Prof.J.Sitaramaswamy, and 
services rendered in the statistical 

It is my great pleasure to acknowledge the cooperation and 
help extended during the study by the staff of Dairy Chemistry 
Section. 

I am grateful to National Dairy Research lnsl,ftute, Kurnal 
for granting me the senior Research Fellowship during the tenure 
of my research work. 

My thanks are due to Mrs.S.Shashikala for the 
processing of the thesis. 

word 

Finally, I wish to express my sincere gratitude to my 
brothers Hr.Devendra Kumar and Mr.Rajendra Kumar for their moral 
support and encouragement given to me to complete my study. 

r, ' A .. (.,;~n"m~ 
K(]Vil'/" 

(RAVINDRA KUMAR) 



1 -

PHYSICO-CHEMICAL CHANGES IN INDIGENOUS WHOLE MILK POWDER 
BULK PACKED AND STORED UNDER COMMERCIAL CONDITIONS 

NM1E: RAVINDRA KUMAR 

ABSTRACT 

Whole milk powders (WNP) of buffalo milk were packed in 

high density polyethylene (HDPE) bags encased in hessian 

laminated kraft paper bags and stored at 20°C as well as at 

ambient temperature and humidity for a period of 12 month8. 

The ambient temperature ranged from 23°-38°C and relative 

humidity 

initially 

from 

and 

18 to 

during 

100%. Tho 

storage 

powders were examined 

for physico-chemical, 

bacteriological and organoleptic changes. 

The WMPs had high initial organoleptic scores (8.5 to 

8.8) . The scores decreased wi th storage period. However, 

the powders stored at 20°C remained acceptable even at the 

end of 12 months of storage. The powders stored at ambient 

temperature developed or tended to develop off-flavour at 

the end of 9th month of storage. The moisture content of 

WMP increased at an average rate of 0.06% at 20°C and 0.09% 

at ambient temperature and it was not influenced by relative 

humidity. Development of off-flavour started when the 

moisture content of the powder exceeded about 4%. Based on 

initial moisture content, guidelines were suggested for 

predicting storage stability of WMP. The increase in 

titratable acidity was very small and caused no problem in 

stored WMP. The solubility index of WMP increased at a slow 

rate during storage. But it increased rapidly when the 

moisture in WMP exceeded 4%. Chang~s in solubility was due 

to browning reactions. The FFA content increased slowly and 

was influenced by the temperature of storage. Rapid 

increase occur'red when the moisture content of WMP exceeded 

4%. The lactic acid content did not increase as there was 

no bacterial activity in the powder during storage. The pH 

of HMP decreased gradually during storage. A sudden 

decrease in pH coincided with development of off-flavour in 

HMP. The heat stability decreased considerably at a steady 
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rate which was influenced by the temperature of storage. 

Onset of off-flavour in WJ>1P coincided with a sudden decrease 

in heat stability. The changes in viscosity was small as 

long as the powders remained organoleptically acceptable. A 

sudden change in viscosity occurred with the appearance of 

off-flavour. A large number of lac tones present in the 

powder did not show any change during storage. Autoxidative 

changes occurred in WMP throughout the storage period as 

evidenced by changes in diene conjugation, peroxide value, 

TBA value, UV absorption at 280 nm and carbonyl profiles. 

Changes in diene conjugation was not helpful in predicting 

onset of oxidutive spoilage in WMP. Peroxide values, 

determined by either iodometric or colorimetric method, were 

not consistent. A TBA value of above 0.05 could give 

detectable oxidiscd flavour in WMP. Determindtions of total 

carbonyl value, monocarbonyl and steam volatile monocarbonyl 

contents were not helpful in knowing the oxidised status of 

fat of WMP. The levels of n-alkanals aod unsaturated 

carbonyls 

Wr-IP. The 

help in detecting onset of 

OD at 280 om showed high 

oxidative spoilage in 

correlationship with 

organoleptic scores (r = - 0.96) and sudden increase in this 

value coincided with appearance of off-flavour. Free fat 

content increased markedly when the moisture content crossed 

4%. The free fat was more prone to autoxidation than total 

fat. The peroxide value obtained on free fat was 

consistent. Browning changes occurred in WMP as revealed by 

increase in total hydroxymethylfurfural (HMF), free flMF, 

reducing capacity, colour index and decrease in SH- groups. 

Changes in total HMF and reducing capacity showed 

correlationship with the development of off-flavour. Tile 

number of bacteria decreased in the powder during storage. 

The quality of WMP manufactured indigenously Wi.l.S of 

good quality and storage stability. Gas packing had no 

significant effect on shelf-life of WMP. The powder packed 

in HDPE bags remained as good as that packed in tins for 

nine months when stored at ambient temperature. 
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INTRODUCTION 



1.0 INTRODUCTION 

Production of milk in our country is increasing 

considerably every year duc to rapid development taking 

place in dairying. Production of milk being seasonal, 

manufacture of dried milk is the only practical means of 

conserving surplus milk. Hence, dry milk industry is 

developing in a big way in the country. 

In order to meet the demands of market supply of lLli lk 

uniformly throughout a year and in places of scarce milk 

production, it has become necessary to use milk powders 

for preparation of recombined milk or reconstituted milk 

to supplement the shortage of fresh milk. Fot:' this 

purpose at pre~:;ent mostly recombined milk is prepared from 

skim milk powder (SMP) and butter oi1/ white buttur. In 

the preparation of recombined milk use of a homogenizer is 

essential. Besides, for storing and transporting of 

butter oil or white butter, stringent cold stordue 

conditions are necessary. 

smaller dairies is not 

lience, its 

economicaL 

prcpara t ion in 

However, the 

preparation of reconstituted milk from whole milk powd0r 

(WMP) is simple and economical. It does not need the use 

of a homogenizer and also it avoids problems associated 

with the storage and transport of butter oil or white 

butter need(;:;d in the case of recombined milk. Thus, there 

is a good scope for use of UMP in our country. 

StoralJc stability of HMP is an important factor for 

its practical use in our commercial conditions. !\ stored 
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powder should retain, as much as possible, its original 

flavour, taste, reconstitutable property and heat 

stabil i ty. The l<1MP, as compared to SMP, has a much lower 

shelf life mainly due to the susceptibility of milk fat to 

autoxidation during storage resulting in the development 

of off-flavours. There are a number of factors affecting 

the shelf-life of HMP such as temperature of storage, the 

degree of pre-heat treatment of milk, packaging, addition 

of antioxidants, the initial quality of milk, etc. In our 

country most of the WMP is made from buffalo milk and this 

may also show a significantly different shelf-life as 

compared to that of WMP of cow, as it is well established 

now that the keeping quality of cow milk fat is better 

than that of buffalo milk fat. 

In packaging of WMP, the main consideration is to 

prevent absorption of moisture, oxygen and external odours 

by the powder from the atmospher.e. Tin is the ideol 

packing for WMP as it fully meets all the above mentioned 

requirements and, in addition, in tins the powder can be 

gas packed. 

uneconomical 

Dut tin packaging is very costly and 

for bulk packing and transport of WMP. 

flexible packaging materials are much 

Recently PFA rules stipulated that HMP 

Alternatively, 

cheaper than tin. 

may be bulk 'packed in flexible bags encased in hess ian 

laminated kraft naper bags, provided the packs are stored 

below 20°C. Flexible films may not provide complete 

barrier properties against absorption of moisture and 
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gases by the powder under different conditions of relative 

humidity and temperature of storage. Also it is difficult 

to gas pack the powder in flexible bags. Therefore, the 

effect of these two limitations, in the case of flexible 

packaging, on the shelf-life of WMP has to be studied in 

relation to that of HMP stored in tins. 

It is generally believed that gas packing of powder 

provides better oxidative stability to the powder. 

However, such differences in the oxidative stabilities 

between gas packed and nongas packed may become minimal if 

high preheating conditions arc used before drying of milk 

into powder. Based on soluble whey protein nitrogen 

content (whey protein nitrogen index), which is inversely 

related to the intensity of preheat treatment, the powders 

are classified into low, medium or high heated type. 

In order to introduce the use of Wfo.1P in our dairies 

for preparing reconstituted milk, the dairy industry in 

the country is keenly interested in knowing the 

suitability of using food grade polyethylene lined kraft 

paper bags for bulk packing, storing and transportation of 

indigenously produce-' WMP at ambient temperature as it is 

the most economical method of handling WMP. Also, in order 

to amend the present food laws (PFA 1955) to permit the 

use of food grade polyethylene lined bags for bulk packing 

and storage of WMP for use in reconstituted milk, data are 

required. Keeping in view of these above mentioned facts 

the present research .work was undertaken. 
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2.0 REVIEW OF LITERATURE 

The main objective of converting milk into dry pm/der 

is to enhance its keeping quality. The keeping quality of 

powder depends on the initial quality of raw milk used, 

processing variables, packaging and storage conditions. 

Considerable research work has been done on all these 

aspects which has been reviewed here giving critical 

comments wherever needed. The scope for further work on 

the subject is also indicated. 

2.1 QUALITY OF RAW MILK AND SHELF LIFE OF DRIED mLK 

Fresh raw milk with a low bacterial load is ideal for 

obtaining hiUh quality dairy products including dried milk 

But in practice under commercial conditions, raw milk of 

varying initial quality would be available for 

manufacturing dried milk. The raw milk may have high 

developed acidity due to improper handling and lack of 

cold storage conditions. An initial high bacterial load 

in the raw milk results in the powder with high initial 

count (Findley et g. 1946). 

Although initial lactate content in powder is of 

major concern, its development during storage is not 

significant. Apart from the presence of tligh amounts of 

lactate, the presence of several other substances in whole 

milk powder (Wf1P) may indicate the quality of raw milk 

used. Presence of hi~h amount of ammonia (Helaine, 1977), 
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histamine and tyramine (Askar, 1979) may serve as an 

additional quality index of raw milk used. 

In properly cold stored raw milk, if the storage 

period is prolonged, although development of lactic acid 

is arcested other defects may arise due to growth of 

psychrotropic bacteria which are likely to produce heat 

stable proteolytic and lipolytic enzymes (Law, 1979). 

Sometimes raw milk having high developed acidity is 

neutralized before drying which may ultimately affect the 

shelf-life of dried powder. 

The effect of above mentioned changes on the keeping 

quality of WMP during storage has not been fully 

understood. This aspect of study is particularly of 

interest in our country as our raw milk has not roached 

expected bacteriological standard (Reddy et ~., 1989). 

Jensen (1970) observed that storage of whole milk for 

3 days at SoC prior to spray drying promoted oxidation and 

lipolysis in WMP after 12 months of storage in tins at 

Brush and Jaartsveed (1971) reported that powder 

made from high count milk developed tallowy flavour 

earlier than did the powder from low count milk. They 

attributed this to th~ possible presence of substance of 

bacterial origin. 

Poulsen et ale (1971) compared the storage stability 

of WMP manufactured from fresh raw milk and milk kept at 

SoC for 3 days. They found that after storage at 30°C for 
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12 months the powder manufactured from milk kept for 3 

days had significantly lower score of flavour as compared 

to that of the powder made from fresh raw milk. 

Development of free fatty acids and compounds resulting 

from oxidation was also more pronounced in the powder made 

from the stored milk. 

It appears from the limited data available that the 

quality of raw milk has an influence on the shelf-life of 

WMP, but further investigations are needed to establish 

definite correlation between these two aspects. 

2.2 INFLUENCE 
QUALITY Or' 

OF 
WMP 

PROCESSING VARIABLES ON THE INITIAL 

The initial physico-chemical properties of WMP are 

considerably controlled by various processing steps 

involved in the conversion of milk into powder. Changes 

in these properties of powder during its storage may also 

be influenced by some of these processing variables. 

2.2.1 PREH8AT TREATMENT 

The raw milk is first subjected to preheat treatment 

with three objectives tl) to reduce bacterial load in the 

powder (2) to increase the heat stability of milk in 

subsequent concentration and drying steps and (3) to 

enhance autoxidative stability of WMP. 

Various time-temperat'xe combinations have been tried 

for preheating milk. Temperatures between 75 and 95 Q C 

w;~h holdina oeriods up to 30 min have normally been used 
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(Griffin et a1., 1976). Higher preheating temperatures of 

99 to 120°C with shorter holding periods of 30 to 120 5 

have also been applied commercially (Newstead et ?l., 

1975). 

De vilder and Rimbawan, (1978) observed that some of 

the initial physico-chemical properties of the powder such 

as free 5ulphydryls, reducing properties, HMF content and 

viscosity varied due to preheating conditions. They found 

that these parameters directly increased with the increase 

in preheating temperature from 70 to llaoe. They also 

found a marked increase in HMF value and viscosity with 

the increased heating of milk concentrate from 65 to 8Soe. 

The other chemical changes caused due to preheating 

of milk are denaturation and aggregation of the serum 

proteins (Davis, 1959), formation of colloidal calcium 

phosphate and consequent reduction in calcium ion 

concentration (Davis and White, 1959). The reduction of 

calcium ion concentration increases the heat stability of 

milk (Walstra and Jenness, 1984). 

Preheating caused formation of disulphide bonds 

between p-Iactoglobulin and k-casein (Lyser, 1972) which 

increased the heat stability of milk (Newstead ~ ~~., 

1977). Preheating of milk also activate sulphur containing 

compounds especially SH-groups. Such groups have been 

intensively studied for their antioxidant effect (Mattick 

et £1., 1945; Harland et al., 1952; Boon, 1976). 
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2.2.1.1 HEAT CLASSIFICATION 

American Dry Milk Institute (ADMI, 1971) classified 

SMP on the basis of its content of denatured whey protein 

(WPNI, ~'lhey Protein Nitrogen Index) which depends on the 

heat treatment given to milk: 

Low heat more than 6.0 mg N/g fat free dry matler 

Nedium heat: 1.51-5.99 mg N/g fat free dry matter 

High heat below 1.51 mg N/g tut free dry matter. 

This classification was also applied to WMP by 

Baldwin et~. (1981) and on the basis of which the 

storage stability of WMP was predicted to be 4-6 months 

for low heat, 6-8 months for medium heat and more than 12 

months for high heat powder. 

2.2.1.2 PREHEAT TREATMENT AND STORAGE STABILITY 

Poulsen et ale (1971) stated that a heat treatment of 

95°C or above should be used for manufacture of \VMP with a 

good storage stability. Jensen et ale (1973) preheated 

milk at 65° to 125°C for 200 to 20 s and the powder made 

was examined before and after 3 to 18 months of storage at 

They observed that heating whole milk at 95°C or 

above was necessary to avoid oxidation and hydrolysis of 

fat during storage. 

Boon (1976) found that a heat treatment of skim milk 

at 120°C/12 5 combined with heating of cream at 93°C/IO s 

followed by 120 oC/4 s resulted in a best stability of \-JMP. 
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Tuohy and Kelly, (1981) reported that a heat treatment of 

120°C results in a better storage stability of WMP than 

one of 80 or gOoe. 

Findley et a1. (1946) observed that reduction of 

bacterial load in preheated milk was proportional to the 

temperature of preheating from 71-94°C for 20 s. The 

suitability of dried milk for reconstitution purposes 

depends upon viscosity and heat stability characteristics 

which are influenced by temperature of preheating (Mec 

Donala and Griffin, 1974). 

2.2.2 CONCENTRATION 

The preheated milk is concentrated to a total solids 

(TS) content ranging from 40 to 50 per cent before spray 

drying (Knipschiedt, 1966). This step of evaporating 

water in a vacuum pan or evaporator gives greater economy 

as compared with spray drying. 

De Vilder et a1. (1979) observed that heating the 

concentrate from 50 to 80°C lowered its viscosity which 

was substantial when the TS was high. The viscosity of 

the concentrate is of vital importance in determining 

various properties of WMP such as moisture content, 

solubility index, particle size distribution and free fat 

content (De Vilder et ~., 1979; Baldwin et ~., 1980, 

Knipschiedt, 1986; Ipsen, 1989). 
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Baldwin et~. (1980) noted that the level of concen­

tration as well as holding time of concentrate before 

drying greatly influenced the viscosity of the 

concentrate. lrlhen the TS contents were 43.8 and 48.2 % 

the viscosities of the concentrates were 0.7 and 1.5 poise 

respectively and on holding this for 20 min the 

viscosities increased to 1.6 and 6.8 poise respectively. 

2.2.2.1 INFLUENCE OF CONCENTRATION ON PROPERTIES OF WNP ---

Van Den Berg (1970) indicated that a higher viscosity 

of concentrate resulted in a powder of higher moisture 

content due to coarser atomization which caused difficulty 

in drying. De Vilder et a1. (1979) observed that a change 

of viscosity from 0.2 to 6.4 poise of the concentrate 

increased the moisture content of dried milk from 3.4 to 

3.8 %. Baldwin et~. (1980) observed that as the 

viscosity of the concentrate changed from 0.7 to G.B 

poise, there was only a small increase in the moisture 

from 2.1 to 2.6 %. 

De Vilder et al. (1979) observed that as the 

viscosity of concentrate increased from 0.2 to 6.4 poise 

the solubility index increased from 0.05 to 0.60 ml. 

Baldwin et a1. (1980) also observed that when the 

viscosity of· the concentrate increased from 0.7 to 6.8 

poise there was corresponding increase in solubility index 

from 0.4 to 2.6 mI. Sa100ja (1983) found an inverse 
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relationship between viscosity of the concentrate and 

80lubility index of the powder. 

Strakhov and Favstova (1971) observed an increase in 

bulk density and mean particle diameter of the powder, as 

the viscosity of the concentrate increased. Jensen and 

Hansen (1974) observed that increase in viscosity of 

concentrate increased bulk density due of the powder to 

decrease in enclosed. air and vacuole volumes. De vildcr 

et a1. (1979) found that increase in viscosity of 

concentrate from 0.2 to 6.4 poise increased bulk density 
3 

of WMP from 0.51 to 0.61 g/cm Kerekrcte (1980) found 

that concentrate with higher viscosity resulted powder 

with high bulk density. A slight increase in particle 

density of milk powder was observed when more viscous 

concentrate was employed for drying (Baldwin et ~l., 1980; 

Snoren et ~., 1981). 

De Vilder et a1. (1979) reported that as the 

viscosity of the concentrate increased from 0.2 to 6.4 

poise there was a decrease in the free fat content of WHP 

from 11.0 to 4.7 %. 

2.2.3 HOMOGENIZATION 

Homogenization of concentrate before spray drying is 

an optional step in manufacture of WMP. Homogenization 

mainly helps in reducing free fat content of the powder by 

reducing the size of the fat globules (Burna, 1971a). 

However, the homogenization effect in reducing the free 
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fat is substantial, only when concentrates are having low 

TS content. At higher TS, its effect is reduced and it 

'.$ not significant when the TS exceeded 50 to 52 % 

(De Vilder et ~., 1974). 

2.2.3.1 INFLUENCE OF HOMOGENI ZATION ON PROPERTIES OF ~IMP 

De Vilder et a1. (1979) reported that homogenization 

caused only a small increase in viscosity when the TS in 

the concentrate was low (43.2 %). When the TS of the 

concentrate was higher (49.1 %), two stage homogenization 

caused a very little increase in the viscosity (0.8 to 1.0 

poise) but one stage homogenization increased the 

viscosity drastically (0.8 to 8.3). However, when the TS 

content was very high (54.7 %) the change in the 

viscosity, either 

homogenization, was 

due 

very 

to one 

high 

stage or two 

(0.8 to 78 or 44 

stage 

poise 

respectively). Hence homogenization cannot be adopted 

when the TS is very high. 

Mol (1975) observed that homogenization of concen­

trate had an adverse effect on the solubility of WMP. 

This was attributed to the adsorption of casein micelles 

on the surface of newly formed minute fat globules derived 

from disruption of original fat globule, due to 

homogenization. 

Hall and Hedrick (1975) reported that WMP made from 

homogenized concentrate had better keeping quality, 

prevented fat separation during reconstitution process and 
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lower viscosity (of reconstituted milk) as compared to one 

made from unhomogenized concentrate. Zbikowski et al. 

(1978) determined certain chemical changes in the WMP made 

from homogenized concentrate milk (110-130 atm at 50-60°C) 

and control. There was decrease in free fat content from 

17-37% to 5 to 6% of the powder, due to homogenization. 

After storing the powder for 6 months, the short chain 

fatty acid content was higher and the poly unsaturated 

fatty acid (PUFA) content was lower in WMP made from 

homogenized concentrate than in control. 

Rotkiewicz (1979) that due to homogenization, the 

moisture content decreased from 3.99 to 3.54%, 

ferricyanide reducing value from 5.92 to 5.67 and free fat 

from 35.6 to 15.4 when compared to control. However, he 

observed that the WMP made from homogenized milk had a 

lower oxidative stability as compared to control. This is 

in contradiction to the observation made by Hall and 

Hedrick (1975). Mathur (1984) reported that 

homogenization should not cause undue increase in 

viscosity of the concentrate as it would cause problem 

during spray drying. 

2.2.4 SPRAY DRYING 

The conditions of spray drying such as inlet and 

outlet air temperatures, the type of atomizer, and the 

temperature to which the powder is cooled affect the 

physico-chemical properties of the dried milk. Recent 
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innovations in the spray drying process such as two stage 

and three stage drying methods to achieve better thermal 

efficiency in drying process have also helped in obtaining 

powder with improved solubility and free fat 

characteristics (Ferrgusson, 1989). 

2.2.4.1 EFFECT OF INLET AIR TEMPERATURE ------

The inlet air temperature determines the major energy 

input into the drier. Inlet air temperatures may range 

from 145 0 to 260°C. King and Sanderson (1970) indicated 

that a high inlet air temperature gave a powder with lower 

bulk density which they attributed to sudden evaporation 

of moisture. 

Verney (1972) observed, during manufacture of SHP, 

that when the inlet air temperature was raised from 120 to 

150°C, it increased the vacuole volume, moisture content 

and solubility index and decreased bulk density and mean 

particle density of the powder. It also decreased 

permeability of nitrogen into the powder. Bloore and Boag 

(1982) observed that higher inlet temperature (225°C) 

affected adversely the solubility index, bulk density, and 

particle density. They attributed this to greater heat 

damage to the powder at high inlet air temperature. 

Knipschiedt (1986) observed that increasing inlet air 

temperature from 170 to 225°C and keeping the outlet 

temperature constant at 90°C caused an increase in 

moisture content (2~6 to 3.3%), solubility index (0.05 to 
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0.30 ml) and decrease in free fat content (6.6 to 4.1%) 

and bulk density (0.68 to 0.62 g/ml). The increase in 

solubility index and decrease in free fat content was 

attributed to the formation of hard particle surface of 

the powder due to higher inlet temperature. The decrease 

1n bulk density with increasing inlet air temperature, 

inspite of increased moisture content, was believed to be 

due to increased entrapped air in the powder particles. 

2.2.4.2 EFFECT OF OUTLET AIR TEMPERATURE 

The outlet air temperatures of 72-100oC are employed 

in the manufacture of various dried milk products. Mol 

(1974) observed that an increase in moisture content and 

decrease in solubility index and bulk volume were due to 

lowering of outlet air temperature of drying. 

De Vilder ~ a~. (1976) noticed that increase in 

outlet air temperature from 70 to 105°C, while keeping the 

inlet air temperature at 195°C, decreased the moisture 
3 

from 5.96 to 1.66%, bulk density from 0.66 to 0.54 g/crn , 

mean particle density from 1.14 to 0.98 and increased 

solubility index from 0.1 to 2.2, nitrogen penetration 
3 

from 1.0 to 5.16 cm / 100 g, vacuole volume from 8.25 to 
3 

24.43 em 1100 9 and free fat from 7.42 to 29.44%. 

Brummelhuis (1975) found that when the outlet air 

temperature was raised, there was an increase in 

solubility index and free fat content and decrease in 

moisture content and a particle density of the powder. At 



caused not only denaturation of whey 

'adversely affected the solubility index, 

proteins, which 

but also caused 

expansion of the air vacuoles, which resulted in a lower 

bulk density and lower mean particle density. 

free fat content and high penetration of nitrogen into the 

powder was ascribed to vacuole expansion which caused 

formation of cracks on the surface of the particles of the 

powder. 

In order to control the moisture content of the 

powder, a balance between inlet and outlet air 

temperatures has to be maintained. As a rule, the outlet 

air temperature must be increased by 1°C for each Soc 

increase in inlet air temperature (Knipschiedt, 1986). 

2.2.4.3 EFFECT OF ATOMIZATION 

The dtomization conditions are central to ""pray dr-y­

ing process, and they play an important role in defining 

such powder properties as particle size, particle density 

and bulk density through their }nfluence on drop10t size. 

These powder properties also lepeno on viscosity, 

temperature, concentration of the material being dried and 

inlet air temperature (Bloore and Boag, 1982). 

The effects of atomizing pressure and noz2le orifice 

size on the phys leal character i 5 t les of ~mp were 

investigated by Tracy £1 ~!. (1951) uzing sprayin{J ::;y~tl~1II 
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8X type nozzles. They found that for a constant nozzle 

size, the bulk density increased with increasing atomizing 

pressure and decreased with increasing nozzle size at 

constant pressure. When the nozzle size was increas~d at 

constant feed rate and the pressure was allowed to fall, 

the bulk density increased. 

De Vilder et~. (1976) obtained lower moisture 

content in the powder, without changing the inl~t or 

outlet air temperature, but by increasing the degree of 

atomization of concentrated milk. This was attributed to 

larger surface area which caused a quicker evaporation of 

water. They also found that increasing the degree of 

atomization improved the solubility of the powder. 

aowever, free fat content and nitrogen penetration of the 

powder were unaffected. 

2.2.4.4 EFFECT OF COOLING 

Dry milks should be exposed to least amo,'nt of heat 

once the desired moisture content is reached. In WMP the 

cooling becomes indispensable as prolonged exposure to 

heat after manufacture induces discoloration and fast 

oxidative reaction during storage (Hunziker, 1949). Such 

exposure also significantly increased the free fat content 

of WMP (Hall and Hedrick, 1975). 

Kunkel and Coulter (1947) showed that flavour of 

spray dried ice cream mix was adversely affected by 

holding the powder at 54°C for 36 hours or at 60°C for 24 
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hours. 

dried milk and subsequent conditioning treatment to melt 

the milk fat gave an improvement in the dispersability 

which lasted during 6 month storage at 6°C. 

Kliman and Pallansch (1968) demonstrated that holding 

of SMP at elevated temperatures immediately after drying 

had no significant effect on its quality if the moisture 

content of the powder was less than 4%, provided holding 

temperatures was not more than sooe and holding time not 

more than 24 hour~. 

2.3 CHARACTERISTICS OF IVMP 

The desirable characteristics of freshly made WMP may 

be described by a number of physico-chemical parameters. 

Mainly they are moisture content, pH, acidity, bulk 

density, particle density, wettability, dispersability, 

solubility, flowability, whey protein nitrogen index and 

free fat content. All these properties in the powder are 

controlled by adopting suitable processing variables 

(Woodhams and Murray, 1974; De Vilder et ~., 1976). 

2.3.1 CHEMICAL COMPOSITION 

The quality of WMP is defined by certain 

specif ications'. These specifications are requirements in 

terms of maximum and minimum contents of some components, 

minimum level of desired characteristics and maximum 

levels of possible defects. In this regard different 
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countries have evolved their own specifications either to 

meet the demands of international market or for utili-

zation within the country to suit for intended final use. 

Some of the national and international standards for 

spray dried whole milk powder are given below. 

Table I: Indian Standards for spray dried WMP 
(IS: 1165-1975, IS: 1165-1986) 

Flavour and Odour Clean 

Moisture per cent by mass, max. 

Total solids (milk solids and min. 
added salts) per cent by mass, 

Sc>lu.bility index (ml ) max. 

Total ash (on dry basis) max. 
per cent by mass, 

Fat, per cent by mass min. 

Titratable acid (lactic acid) , max. 
percent by mass 

Bacterial count per gram max. 

Coliform count per gram max. 

4.0 

96.0 

2.0 

7.3 

26.0 

1.2 

50,000 

90 

Table II: ADM! Specifications for spr~y dried WMP 
(ADMI,1971) 

-----------------------------------------------------------
Premium Extra Stundi.lrd 

----------------------------------------------------------
Milk fat, % 26.00 26.00 26.00 
Moisture, % 2.25 2.50 3.00 
Titratable acidity, % Q. ~ 5 0.15 0.17 
Bact. estimate per g. 10,OuO 50,000 100,000 
Solubility Index, ml 0.50 0.50 1.00 
Scorched Part, mg. 7.5 15.00 22.50 
Copper, ppm 1.5 10.00 15.00 
Iron, ppm 10.0 10.00 15.00 
Oxygen, % * 2.0 3.00 
----------------------------------------------------------
• Requirements for gas packed products only. 
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2.3.2 MICROBIOLOGICAL QUALITY 

The usual manufacturing procedure for WMP results in 

the destruction of most of the micro organisms present in 

the original milk. A greater destruction of micro 

organisms is brought about by the use of high preheat 

treatment of the milk or concentrate. Those micro 

organism which remain in the powder do not show any 

activity because of low moisture content of the powder 

(Findley et ;U., 1946). 

The microflora of spray dried milk are made up of 

thermoduric micrococc i, thermoduric streptococci and 

corynebacteria, aerobic spore formers and miscellaneous 

organisms. The Prevention of Food Adulteration Rules 

(1955) prescribe a maximum count of total bacteria of 

50,000 and coliform of 90 per gram. Indian standards 

Institution (IS: 1165-1975) also specify 

microbiological standards for milk powder. 

2.4 CHANGES IN PHYSICO-CHEMICAL CHARACTf."ISTICS Of 
HI LKS DURING STORAGE ---

similar 

DRIED ---

Ouring storage the various characteristics or 

propert ies of lr'IMP may change depend ing on the cond i t ions 

of storage causing deteriorat-_ion in the quality of the 

powder. The 'conditions of storage are temperature of 

storage, puckaging and relative humidity. The changes in 

some of these parameters In dried milks are reviewed 

hereunder. 
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2.4.1 MOISTURE 

Moisture appears to be the major factor which caUBes 

significant changes during storage. In general, for Yl'JlIP 

to have good keeping quality the moisture content is kept 

below 4%. Packaging is the most important factor to 

prevent absorption of moisture from surroundings. The 

amorphous form of lactose in dried milk, makes the product 

hygroscopic (Hunziker, 1949). 

Tarassuk and Jack (1948) found that moisture content 

of above 4% was not desirable as it caused accelerated 

oxidative and browning reactions in WMP, resulting in off­

flavour development. Henry at al. (1948) stored SMP of 

high (7.3%), medium (4.9%) or low (2.9%) moisture contents 

at 20°, 28° and 30°C and concluded that moisture had the 

greatest effect on the storage life of the powder. 

Absorption of moisture during storage has an adverse 

effect on the properties of the powder. Boon and Woodhzlms 

J (1974) observed that absorption of high amounts of 

moisture (S.5 to 7.0%) during storag~ led to crystalli­

zation of lactose which in tern caused lumpiness and 

accelerated browning reactions. 

Kopecky (1978) reporte 1 that absorption of moisture 

increased free fat, favoured I rowning reactions and also 

decreased SOlubility of WMP. Warburton and Pixton (1978) 

detected crystallization of lactose when the moisture 

content of the powder was between 7 and 9.5%. 



22 

Burna (1966) and Warburton and Pixton (1978) studied 

the physical structure of dried milk particles by Scanning 

Electron Microscope and found that microstructure of 

powder particle was considerably changed by absorption of 

moisture during handling and storage of the powder. 

Woodhams and Murray (1974) showed that large particles 

contained a high amounts of moisture. Thus, if WMP of 

large particles arc produced during spray drying, eithc~ 

due to inadequate atomization or it is dono deliberately, 

it contains high amounts of moisture. 

Ardito et al. -- (1980) compared the relative rate~> 0f 

increase of moisture content in SMP packed in thn::e 

different packaging materials namely nitrogen flushed 

tins, pigmented low density polyethylene film of 95 micron 

thick and paper LDPE-AL-LDPE laminates and stored at 23°C 

and 30 0 e with relative humidities 65 and 80% respectively. 

They observed, that after six months of storage, the 

moisture content did not increase in tins, but in other 

packagings it increased 2.8 to 5.3%. 

In foods, water activity (aW) rather than the tc..tal 

moititure content is more closely related to physico-

chemical reactions and biological activity. The aWof the 

food is defined as the ratio of vapour pressure of water 

in food to the vapour pressure of pure water at the sallie 

temperature (Labuza, 1980). 
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During storage of spray dried milk powder, lactose 

which is in amorphous state shifts towards aw more 

crystalline thermodynamically stable state. As crystals 

bind less water than in the amorphous state, the vapour 

pressure of the powder shifts towards a higher value on 

crystallization, thereby increasing the water activity. 

Van Den Berg (1987) reported that a moisture content of 

3.5% in milk powder corresponds to ~ of 0.1. Morr (19U9) 

reported that dried milk products with aI,J of about 0.1 

were readily susceptible to lipid oxidation and associated 

off-flavour development. 

2.4.2 TITRATABLE ACIDITY AND LACTIC ACID CONTENT ------ --

Determination of titratable acidity or lactic acid 

content is mainly concerned with the initial quality of 

dried mi lk I as bacterial activity and consequent 

production of lactic acid is not expected in dried milk 

during storage. The titratab!e acidity of WMP of good 

quality should not exceed 1.2% (IS; 1165-1975). 

levels of titratable acidity indicate the pr~sence of 

developed lactic acid in the raw milk used. ;lowever, 

titratablc acidity is not dependable when neutrali ·rs are 

used to reduce the acidity of raw milk. Therefore, 

determination of lactic acid content has the adv\ntagc 

that it is not affected by neutralization of raw milk 

(Lawrence, 1970). The EEC specification for SMP 

prescribed 1.50 mg lactic acid/IOO 9 as maximum IL.it. 
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This corresponds to 1.1 mg lactic acid/IOO 9 of l'JMP 

(Pisccky, 1987). 

Henry.£! a1. (1948) found that nitrogen packing and 

low storage temperature reduced the rate of ch':lO(Je of pH 

during storag~. However, there was a gradual increa~e in 

titratable acidity during storage. Coulter at a1. (1951) 

attributed such increase in titratable acidity to the 

possible tying of amino groups of protein with lactose 

during storage. 

Korhonen et 0.1. (1976) found no change in lactic acid 

content during storage of dried milk packed 

polyethylene for 3 months at 30'C and 43-84% 

in 

RH. 

Pijano~ski et al. (1978) found that the lactic acid 

contents of HMP manufactured in Poland ranged from 46 to 

614 mg/l00 9 powder. Further they observed that the 

lactic acid content correlated directly with free fat 

content and inversely with solubility index. 

Whole milk powdct:' stored in polyethylene bags at room 

temperatures for 6 months showed practicdlly no change in 

acidity (Vasic et ~*I 19711 Valent, 1917). Skim milk 

powder stored in 0.3 mm thick p()lyethylene films and in 

tins showed only a slight increase in acidity (Peschck, 

1983). The WMP stored for 8 months at ambient temperature 

showed a very small increase (0.1%) in acidity. A gradual 

decrease in pH from 6.80 to 6.69 was noted in hitJh heat 

SMP on storage for 12 months at 30°C (Kiescker and Clarke, 

1984). 
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batches of WMP from buffalo milk and 

titratablc acidity ranged from 0.63 to 
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prepared five 

found that the 

0.72%. Arora 

(1989) found that the titratable acidity widely rarlgcd 

from 0.22 to 2.44% in different brands of spray dried SMP 

manufactured in India. 

2.4.1 SOLUBILITY 

SolUbility is one of the most important properties of 

milk powder as it is directly related to the rcconstituta­

bility of the powder. Whole milk powder of very high 

solubility is now produced because of advances in spray 

drying process. Low solubility in powders is encountered 

only in the case of roller dried powders due to extensive 

denaturation of proteins (Woodhams and Murray, 1974; 

Baldwin et £1., 1981; Ferrgusson, 1989). 

Litman and Ashworth (1957) reported that solubility 

of Wr-tP was unaffected when stored at low temperature but 

was decreased when stored at high temperature. The 

protein-carbohydrate interaction (Maillard browning) was 

reported to cause decrease in solubility during storaDe of 

dried milks (Henry et ~., 194B; Litman et ~., 1956; 

Cobos, 1979). 

(1982) observed an increase in Mrithyunjaya 

solubility index from 1.07 to 1.80 ml in buffalo WMP on 

storage at 30°C for 6 months. An increase in solu~ility 

index from 0.09 to 0.77 ml was observed in low lclctose 
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infant formula on storage at 30°C for 12 months (Paul, 

1984). Solubility index (expressed as Insolubility Index) 

in high heat SMP increased from 0.48 to 0.83 on storage at 

30 0 e for 6 months (Muir at a!., 1986). 

Kieseker and Clarke (1984) reported that initial 

solubility indices for low- and medium- heated SMP were 

less than 0.1 mI. This value did not change with low heat 

powder irrespective of storage temperature, while small 

increases were noted with medium- heat SMP held at higher 

storaue temperatures. The high- heat SMP showed an 

initial solubility index of 0.2 rol which virtually 

remained unchanged after storage at 10° and 20°C for 12 

months. The same powder held at 30 0 e showed slow increase 

in solubility index to 0.4 ml in 12 months, and powder 

held at 40°C reached 1.0 ml in 6-8 months. 

2.4.4 FREE FAT 

Usually free fat is defined as that fraction of the 

fat which can be extracted from WMP with organic solvent 

under standardized conditions. The free fat is also 

termed as unprotected fat or non globular fat (Burna, 

1971a). Considerable importance has beon given to the 

studies on initial free fat content and its development 

during storage in relation to the flavour deterioration in 

WMP (Burna, 1971d). 

Litman and Ashworth (1957) reported that temperature 

of storage had a significant effect on the increase in the 
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free fal content of WMP. Burna (1971c) observed tllat free 

fat content did not significantly influence the 

development of oxidation in lo-mp kept for 6 months in lhe 

presence of air at 30°C, but decreased solubility and 

wettability. Vasic et a1. (1971) -- found no change in free 

fat content in WMP stored in polyethylene bags for 6 

months at room temperature. Pijanowski at ale (1974) 

observed an inverse relationship between free fat content 

and wettability. 

puzikova and Efimova (1974) reported that the initi&l 

free fat content of \;JMP ranged from 0.6 to 22.7%. 

Uowever, Hiocinovic and Ostoj Ie (1983) rc[)orted a much 

narrow ranDe of 1.2 to 3.0%. Kopecky (1975) obscrvcJ ~r\ 

increase in free fat content from 4 to 22% durina ::;tor<l~J0 

with a considerable decrease in dispersabjlity. further, 

he found a higher rate of oxidation in free fat than in 

bound fat. IJowever, increased free fat content does not 

have a definite effect on the quality and shelf-life of 

W~1P stored under normal conditions. 

Burna (1971b) reported that the free fat content was 

higher in roller dried than in spray dried milk powder. 

Truyen and Orsi (1977) observed that free fat contained 

more unsaturated fatty acids than did the bound fat. Tran 

The Truyen (1977) indicated that higher Rn and hi\jhcr 

temperature of storage significantly increased the free 

fat content of the WMP. Rotkiewicz et al. (1978) atlri-

~utcd this increase in free fat content to crystallization 
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-of lactose due to absorption of moisture by \-.JMP from the 

surround ings. However, the moisture absorption during 

-.torage was directly related with temperature of storage, 

.RH of the surroundings and packaging material. Further 

Rotkiewicz (1979) reported the absence of lactose crystals 

in fresh WMP. During storage of WMP in polyethylene bags 

at 20°C and RH of 88%, the moisture content increased 

from 3.80 to 5.0% and ~-monohydrate crystal influenced not 

only the free fat content but also other physico-chemical 

properties of the powder. 

Burna (1966) reported that particle size of milk 

powder strongly influenced the free fat content. Reinke 

et a1. (1960) obtained ~vMP with low free fat level by --
adopting lower preheat treatment of milk, using whole milk 

instead of recombined milk, lower he<:l.t tr0atment of 

concentrated milk and using large nozzle orifice at low 

pressure during spraying. 

2.4.5 HEAT STABILITY AND VISCOSITY 

The stored powder when reconstituted should show not 

only acceptable organoleptical properties but also good 

heat stability and normal viscosity, ~s the reconstituted 

milk is expected to be used in manufacture of various 

products. 

Heat stability of milk may be defined as the ability 

of milk proteins, particularly casein system, to remain in 

colloidal suspension when milk is subjected to heating. 
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It is determined as heat coagulation time (HeT) by heating 

the milk 

140°C) , 

at u particular temperature (120°, ]30 0 

in temperature controlled oil bath till there 

an appearance c·f first clot. 

0' Sullivan (1971) indicated that an acceptable 

stability characteristics could be obtained by using 

heat powders based on the classification established 

oc 

is 

heat 

hiah 

by 

this the American Dry Milk Institute (1971). However, 

method of selection was not reliable as the use of milk 

owders with 

whey prote in 

a HPNI of less than 1.5 mg 

nitrogen per gram of 

of undenaturt:d 

powder in many 

instances, 

viscosity 

resulted 

or which 

in evaporated milk with unacceptable 

coagulated during sterilization 

(Kiescker et ~., 1984). Recently, Kieseker and Aitken 

(1988) developed an objective method for assessment of 

heat stability characteristic of both SMP and WMP. This 

method is based on determining the time required for 26% 

dispersion of vlMP (8% fat and 18% SNF) to thicken or 

coagulate when held at 120°C. A minimum time of 21 min 

was found necessary for the manufacture of a product with 

acceptable viscosity and heat stability characteristics. 

Kieseker and Clarke (1984) reported that powders 

which have been subjected to high temperature preheating 

during manufacture only have a satisfactory level of heat 

stability. Further, they reported a decrease in heat 

stability of high- heat SMP from 27 min to 9 min during 
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maintained an acceptable standard of heat stability over 

the 12 months storage period. 

Kieseker et a1. (1984) observed that WMP made from --
unhomogenized milk had lower heat stability as compared to 

that made from homogenized milk. They concluded that 

while changes may occur in the heat stability 

characteristic of \-JMP, the powders can be stored 

satisfactorily at temperatures from 3 to 30°C over a 12 

month period. 

Sargent et a1. -- (1959) studied the relation betv/een 

the heat stability of reconstituted SMP and the degree of 

hardness of water used for reconstitution and found that 

the heat stabili.ty was adversely affected by high calcium 

and magnesium levels in water. Sweetsur (1976) examined 

the stability of instant SMP when added to hot coffee and 

showed that the formation of insoluble material was 

inversely related to the coagulation time of the 

reconstituted powder, measured at 140°C, and directly 

related to the casein number of milk protein. 

The heat stability characteristics of milk powder are 

largely determined by the heat st~bility of original milk 

and the nature of processing treatment (Muir ~t ~., 1978). 

Studies on variations in heat stability of milk and milk 

products have shown that there is a marked seasonal effect 

which limits the period during which heat stable SHP can 

be produced and this period may be further limited by 
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changes in weather conditions, where periods of drought or 

prolonged wet weather may cause a decrease in heat 

stability (Kieseker and Pearce, 1978). 

According to Muir et~. (1978) and Kelly (1981) the 

effect of pH on heat stability can be most marked, and 

small alterations in pH due to either seasonal variations 

or to heat treatment can be effective in changing the heat 

stability characteristics of milk. In fact the adjustment 

of pH either before or after preheating has been used with 

variable success to improve the heat stability of the 

powd~r. Other factors which may influence the heat 

stability of the powder, include adjustment of mineral 

content and composition (Newstead, 1977; Kieseker, 1982) 

addition of aldehydes and sugars (Holt et ~., 1978), 

addition of urea (Muir and Sweetsur, 1976; Muir et .9..:1..., 

1978) and hydrolysing the lactose (Kelly, 1981). 

The inherent viscosity of non fat milk powders, which 

is largely established during preheating stage in powder 

preparation, plays an essential role in the manufacture 

and subsequent viscosity pattern of reconstituted or 

recombined condensed milk. Unlike heat stability there 

exists no definite correlation between WPNI and viscosity. 

For this reason WPNI cannot be used as a reliable basis 

for selection of powder for manufacturing evaporated and 

condensed milk of desired viscosity (Kieseker, 1973). 
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Kiescker and Clarke (1984) showed that viscosity of 

SMP was affected during storage at different temperatures. 

The viscosity of low- heat powder, which was higher 

initially than medium- heat counter part, increased during 

storage at 40°C to such extent as to be unacceptable for 

further use within 4 months. The same powder held at 30°C 

reached the upper limits of the acceptable range of 

viscosity of 55-60 poise within 10 months. The medium-

beat powder while affected to some extent by storage at 

40°C remained practically unchanged when held at 20° and 

30'C. Although the reason for change in viscosity during 

storage is not known, Newstead et al. -- (1978) attributed 

this to possible decrease in pH during reconstitution of 

the powder. 

2.4.6 AUTOXIDATIVE CHANGES 

Autoxidation of fat is reported to be the major cause 

of flavour deterioration in WMP during storage (Coulter 

et al., 1948; Radema, 1954; Boon, 1973; Baldwin and 

Humphries, 1976; Baldwin ~ a1., 1981; Hall and Lingnert, 

1984; Renner,_ 1988). The course of autoxidative changes 

of milk fat in WMP is expected to be same as the one that 

occurs in anhydrous milk fat (Coulter ~ al., 1951). But 

the factors affecting the rate of autoxidation could be 

different as the milk fat will be in intimate contact with 

other components of powder which may directly or 

indirectly interact with autoxidative reactir IS. For 

instance the solid-not-fat in the powder may compete with 
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milk fat for oxygen absorption (Shipstead and Tarassuk, 

1953). Thereby, showing greater absorption of oxygen in 

powder which develops oxidation slowly than by one which 

develops oxidation at a faster rate. 

The autoxidative reactions in WMP are affected by a 

number of factors such as (i) quality of milk, (1i) 

preheat treatment given to the milk, (iii) addition of 

antioxidants, (iv) packaging and (v) temperature and RH 

during storage (Ipsen, 1989). The oxidative stability of 

WMP made from buffalo milk may be significantly different 

from that made from cow milk in view of the well 

established observation that cow milk fat is more 

resistant than buffalo milk fat against oxidation (Rama 

Murthy and Narayanan, 1974). This difference in oxidative 

stability has been attributed to the presence of higher 

amounts of tetraenes and pentaenes in buffalo than in cow 

milk fat and these fatty acids are highly susceptible to 

autoxidation (Rama Murthy and Narayanan, 1973). 

The rate of autoxidation is also shown to be 

influenced by the degree and nature of unsaturation of 

fatty acid. For instance, the relative autoxidation rates 

quoted for methyl ester of oleic, linoleic and linolenic 

acid are 1:12:24 and 1:100:1000 for methyl esters of 

sterate, oleate and linoleate (Gunstone, 195B). Seawson 

and Stein (1970) found that the comparative autoxidation 

susceptibility of fatty acid esters with 0 to 6 lJonconju-
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gated double bonds was a linear function of the number of 

double bonds. 

The typical pattern of behaviour of milk fat during 

storage is that it will show some inherent resistance 

against autoxidative changes during certain initial part 

of storage period. This part, during which there are no 

detectable autoxidative changes, is known as induction 

period. At the end of the induction period, autoxidation 

is initiated and thereafter the rate of autoxidation 

increases with increase in storage period (Badings, 1960; 

Frankel, 19791 Rossell, 1983). 

2.4.6.1 MECHANISM OF AUTOXIDATION 

The mechanism of autoxidation in milk fat is now well 

established. It is highly complex in nature which produces 

a large variety of pr imary and secondary ox ida t ion 

products. The present concept of autoxidation is largely 

based on the hydroperoxide theory propounded by Farmer and 

Sutton (1943). According to this theory, oxidation of 

unsaturated fatty acids proceeds through a free- radical 

chain mechanism involving initiation, propagation, and 

termination steps. 

The hydroperoxides are primary oxidation products. 

They do not possess any off-flavour. They are very 

unstable and readily undergo further reaction to give rise 

to mainly aldehydes belonging to the carbonyl ~lasscs of 

n-alkanals, alka-2-enals and alka-2,4-dienals. 
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carbonyls are mainly derived from PUFA dudng storage 

(Ellis et a1., 1961; El Negoumy et ~., 1961; Hammond and 

Hill, 1964; Raghuveer and Hammond, 1966; Kinsella, 1969). 

Table III shows decomposition products of oleic, 

linoleic and linolenic acids. Hence, it is evident that 

different PUFA can produce different carbonyls (Badings, 

1960) • Among the carhonyls produced the unsaturated ones 

possess strong off-flavours (Patton et ~., 1959; Swoboda 

and lea, 1965; Frankel, 1979). 

Table III: Decomposition products of hydroperoxides of 
oleic, linoleic and linolenic acid 

Fatty acid 

Oleic acid 

Linole ie ac id 

Linolenic acid 

Hydroperoxides 

a-COH 
9-00H 

lO-OOH 
ll-OOH 

9-00H 
13-00H 
lO-OOH 

12-00H 

9-00H 

12-00H 
13-0011 

16-0011 
10-00H 

IS-00H 

Secondary autoxidation 
products 

Deeanal, 2-Undecenal 
Nonenal, 2-Deeenal 
Octane, I-Octanol, nanenal 
Heptane, I-heptanol, oetanal 

3-Nonanal, 2,4-Decadienal 
Pentane, I-pentanol, Hexan~1 
2-0etene, 2,-Octen-l-ol, 
3-nonenal 
Hexanal, 2-Heptenal 

3,6-Nonadienal, 2,4,7 
deeatrienal 
3-IJexenal, 2,4-Heptadienal 
2-Pentcne, 2-penten-l-ol, 
3-hexenal 
Ethane, ethanol, propional 
2,5-0ctadiene, 2,5-
Octadien-l-ol, 3/6-nonadicn~1 
Propional, 2-Butenal 

2.4.6.2 METHODS FOR DETERMINATION OF OXIDATIVE CHANGES 

Measurement of autodixative changes in milk fat, in 

general, is carried out by either organoleptic examination 
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which is subjective in nature or by chemical methods which 

give objective assessment of deg~ec of oxidation. In the 

chemical methods either the primary oxidation products 

namely hydroperoxides or the secondary oxidation products 

mainly, the carbonyls are estimated. However, the 

detection of appearance of such products of oxidation, 

only indicate the end of induction period of milk fat and 

at that stage it would not be possible to prevent 

autoxidation which has already setin. Therefol·e, 

measurement of induction period by accelerated induclion 

period tests is of more practical use than measuring the 

products of autoxidation (Frank et a1., 1982). 

2.4.6.2.1 INDUCTION PERIOD 

Induction period in milk fat is measured by different 

accelerated tests such as, Schaal oven test, oxygen 

absorption method and active oxygen test (Williams, 1966: 

Rossell, 1983). The principle involved in these tests is 

the measurement of time required to start rapid absorption 

of oxygen when fat is exposed to oxygen at elevated 

temperatures and the extrapolation of the time observed to 

that at normal storage temperature of the product. These 

tests have been helpful in predicting shelf-life of stored 

milk fat (Hadorn and Zurcher, 1974; Frank et ~., 1982). 

However, the application of these methods have not been 

successful in the case of WMP because of absorption of 

oxygen by SNF of the powder during the tests. Th, longer 

the induction period of the fat oxidation, more oxygen is 
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relatively used up by the SNF fraction (Shipstead and 

Tarassuk, 1953). 

2.4.6.2.2 DIEN8 CONJUGATION 

Oxidation of PUFA is accompanied by conjugation of 

double bonds which can be measured by the increase in llV 

absorption at 233 nm due to diene conjugation. Farmer and 

Sutton (1943) i od icated that d iene conj uga t ion increased 

proportionately to the uptake of oxygen and to the 

formation of peroxides in the early stages of oxidation. 

On the other hand, Privett and Blank (1962) indicattid ttlat 

the plateau of the UV absorption curve always occurred 

just prior to the end of the induction period. Thus, they 

concluded that diene conjugation preceded the actual 

formation of detectable amounts of hydroperoxidcs. 

Inspite of these interesting observations there h.IS nut 

been any method to measure oxidc.ttive changes based on 

changes in diene conjugation either applied to the milk 

fat or to the WMP. 

nr"chkova (1976) determin~d the UV absorption of the 

fat extracted from dried milk products which were stored 

up to 30-60 days and observed a characteristic maximum at 

277 nm for all the products. In the products containing 

milk fat, only the maximum tended to increase with the 

increase in duration of storage. But in the siHnplcs 

containing 15% vegetable fat, the maximum was lower in 60 
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days than in 30 day stored samples. 
• 
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No organoleptic 

changes were detected in the stored products. 

Helal et~. (1976) observed an increase of diene 

conjugation in control as well as in samples containing , 
Nordihydroguaiaretic acid (NDGA) plus citric acid and the 

Tween 60 during storage for 6 months. They found an 

increase in diene conjugation value to 1.81%, 1.29% and 

1.45% respectively and concluded that addition of antioxi-

·dant or emulsifier to the milk powder retarded the 

formation of conjugated dienes. However, the emulsifier 

was less effective than antioxidant. 

Radaeva et a1. (1976) studied the changes in the 

ratio of saturated, unsaturated and polyunsaturated fatty 

acids in the fat of WMP during storage. They found a 

considerable decrease in the ratio of saturated and PUFA. 

El-Alamy et a1. (1979) reported that buffalo WMP with 

increased content of PUFA showed a poor oxidative 

stability as measured by TBA value. 

2.4.6.2.3 PEROXIDE VALUE 

Peroxides in milk fat can be estimated either by lhe 

iodometric method of Swoboda and Lea (1958) or by the 

ferric thiocyanate method of Loftus Hills and Theil (1946). 

The iOdometric method has been widely used in case of 

anhydrous milk fat or ghee because of good correlation 

between the developments of peroxides and off flavours 
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[Smith et.£..!.. I 1958; Pior-iti et a1., 1974; Narasimha 

1urthy, 1983). 

Coulter et ale (1951) doubted the suitability of 

:lpplying iodometric method to WMP becau.se of the problems 

;mcountered in the isolation of fat from the powder. The 

Eat isolation may be incomplete or the peroxides may be 

jestroyed during extraction. 

Loftus Hills and Theil (1946) applied the ferric 

thiocyanate method of determination of peroxide value to 

;iMP and found that the colorimetric method was suitable 

and also more sensitive than the iodometric method. 

Coulter et a1. (1951) also recommended this method for 

applying to HMP. 

Rotkiewicz (1979) reported an increase of peroxide 

value from 3.22 to 9.39 in WMP stored for 6 months at 

20·C. However, Mrithyunjaya (1982) found no peroxide 

development during storage for 6 months at 37°C. 

Kieseker et al. -- (1984) determined peroxide value by 

ferric thiocyanate method on fat isolated from low, medium 

and high- heat whole milk powders stored at 3°, 25° and 

30 0 e for 12 months. Lowest values were associated with 

high heat powder. On the other hand low and medium- he.Jt 

powders exhibited higher values which increased 

considerably as the storage period progressed. Within 

heat treatment, lowest peroxide values were assr..;iatcd 

with powder stored at 25°C with somewhat higher peroxide 
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levels developing in the same powder stored at 3 and 30°C. 

Although they found a correlation between peroxide 

development and flavour score, the flavour deterioration 

was not specifically characterised as oxidized flavour. 

During storage the flavour score decreased, but the 

high- heat powders were still regarded as acceptable even 

at the end of 12 month storage. The medium- heat powders 

became unacceptable after 8 months and low- heat powder 

after 4 months of storage. The flavour stability 

exhibited by high heat powder is presumably due to 

development of SH-groups during preheat treatment of the 

milk at high temperature. 

Tuohy et.£..!.. (1981) studied the peroxide value of \~HP 

at elevated temperature of 60 o e. They reported a peroxide 

value of 31 after 8 months of storage. But they did not 

observe any relationship between peroxide value and 

development of oxidized flavour. 

2.4.6.2.4 TBA VALUE 

The thiobarbituric acid (TBA) value is another 

commonly recommended method for the measurement of lipid 

oxidation based on the estimation of ma1ona1dehyde which 

is one of the- secondary oxidation products (King, 1956; 

Gray, 1978; Ward, 1985; Pikul et E..!.., 1989). 

Hamn et a1. (1968) found good cor.relation bet vleen TBA 

values and peroxide values during oxidation of stored milk 
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fat. Gaba and Jain (1973) found higher initial TOA values 

in fresh buffalo than in cow milk fat. 

Application of TBA value test to WMP has the 

advantage that it can be applied directly to the \'lMP 

without extraction of the fat, unlike in the case of 

peroxide estimation wherein fat has to be extracted. 

Mettler (1973) subjected WHP directly to steam distilla-

tion and applied TBA test to the distillate and suggested 

that the method was useful in following oxidative changes 

in WMP. However, he could not obtain a correlation 

between TBA value and oxidized flavour in the powder. 

Abd El-Salam et al. (1973) found that TBA value of 

over 0.080 coincided with the first appearance of 

oxidative flavour in buffalo WMP and infant food and 

hence, suggested that a TBA value of over 0.080 could be 

taken as an index of oxidative rancidity in WMP. 

Some authors (Harnn et aI., 1968; Phole et al., 1964~ 

Fioriti ~ al., 1974; Singh et al., 1979) found that the 

change in TBA value during storage of milk fat was quite 

erratic, inconsistent and showed no definite correlation 

with flavour and keeping quality of milk fat. In 

contrast, Dunkley and Jennings (1951), Gaba and Jain 

(1973) and Pokorny £! al. (1985) reported that TBA value 

was satisfactory for evaluating autoxidation in milk fat 

during storage. F\Jarasimha Murthy (1983) reported that the 

TBA value correlated well with the development of 
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oxidative flavour in both cow and buffalo ghee during 

storage. 

Dowrschak and Czuczy (1975) found a gradual increase 

in TBA value in baby food stored at room temperature for 2 

years. However, they have not indicated any correlation-

ship between TBA value and development of oxidized flavour. 

Valent (1977) observed that the initial TBA value of 

WHP ranged from 6.8 to 7.7 and it increased to 17.4 - 27.7 

during storage at 20°C for 7 month'3. In the powder stored 

at 37°C for the same period, the TBA value increased to 

26.1-31.3. Rotkiewicz (1979) also observed changes in TBA 

value in WMP stored at 20°C for 6 months and the average 

increase in seven different samples was 0.068. 

Tuohy et~. (1981) studied the oxidative changes in 

spray dried WMP packed under air in polyethylene bags and 

stored at 12°, 37° and 60°C. Very little change was 

::lbserved in powder stored at 12°C even .at the end of 12 

uonths of storage. In the case of powder stored at 60°C, 

extensive oxidation was noted at the end of 8th week. The 

rBA value went up to 0.30 and peroxide value up to 31.0. 

In the powder stored at 37°C the oxidized flavour 

:leve1oped at the end of 9 months when the TBA value 

=rossed 0.05. 

Ipsen and Hansen (1988) observed increase of TBA 

oIa1ue in WMP stored at 30° and 38°C. A signIficant 

interaction on the TBA value with raw milk quality, 
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preheat treatment, storage tBmperature and storage time 

was recorded. They found that medium- heat powder can be 

stored for 70 weeks at 30°C without a significant 

deterioration in flavour quality. 

2.4.6.2.5 CARBONYL CONTENT 

Several carbonyls are the natural constituents of 

milk fat among 

methyl Ketones 

(4%) and trace 

which monocarbonyls comprising mostly 

(80%), n-alkanals (12%), alk-2-enals 

amount alka-2,4-dienal are the major 

classes of carbonyls (Bhat et 2..!.., 1981). However, 

monocarbonyls are also produced during autoxida-tion of 

milk fat which are mainly made up of n-alkanals, alk-2-

eoals and alka-2,4-dienals (Lillard and Day, 1961; Lea and 

Swoboda, 1962; Boon et a1., 1976). Among the carbonyls 

produced during oxidation, the steam volatile n-alkanals 

and alka-2,4-dienals mainly contribute towards oxidized 

flavour. Therefore measurement of n-a!kanals and alka-

2,4-dienals may give a better index of oxidized flavour 

development in \\l'MP (Mettler, 1973). 

The investigations on carbonyls of WMP gained momentum 

and credibility after Schwartz et a1. (1963) developed a 

method for direct isolation of carbonyls from milk fat. 

Rama Murthy and Jain (1973) modified Schwartz procedure 

for routine estimation of total carbonyls in milk fat. 

This modified method gives results which are reprcFlucible 

to a higher degree than original Schwartz methorj. 



44 

Several workers have shown that cal:"bonyl contL:nt 

increased during autoxidation of milk fat or ghee (Fross, 

1964; Ahmed et a1. I 1969, Gaba and Jain, 1974; Bhat 

et ~., 19B1). 

Keen et a1. (1976) standardized a method for isola-

tion, separation and quantitative estimation of classes of 

monocarbonyls from WMP during storage by adopting the 

method of Schwartz. They found that the concentration of 

monocarbonyls in three air packed WMP samples after 

storage for one hour, 16 months and 5 years were 7.1, 

16.2, 48.8 uM/lOO 9 respectively. However, they observed 

that saturated aldehydes constituted the major class of 

monocarbonyls isolated from each powder and it does not 

help in differentiating carbonyls of oxidized and 

unoxidizcd fat in powders. 

Continuing this investigation, same group of workers 

(Boon et ill., 1976) further separZlted tht.: cl.:lsses uf 

carbonyls from WMP stored under nitrogen and air into 

individual components and identified them by thin layer 

chromatoaraphic method. They identified a wide range of 

methyl ketones (C to C ) in powder stored in nitrogen or 
3 15 

air for 16 months at 37°C. But the concentration of 

individual ketones in reconstituted milk from these 

powders were lower than their corresponding individual 

flavour threshold values. n-Alkanals (C 
1 

to C ) comprised 
10 

the major proportion of monocarbonyls in the 0" idized 

powder but were in minor proportion in powder stored under 
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nitrogen. The concentration of C 
5 

to C 
7 

n-aikanals in 

reconstituted milk from a 16 months old oxidizod powdor 

exceeded their individual flavour threshold values. 

unsaturated aldehydes were identified at low but 

organoleptically significant concentrations in oxidized 

powders. Undeca- 2,4-dienal was the most abundant 

unsaturated aldehyde identified, but other compounds 

considered to playa role in oxidized flavour included 

pent-2-enal, hept-2-enal, noo-2-eoa1, hepta-2,4-dienal and 

nona-2,4-dienal. The authors, although, did not indicate 

the peroxide value, oxidized flavour score and levels of 

n- alkanals of WMPs at regular intervals during storage 

they drew a general conclusion that there existed a close 

relationship among the three parameter mentioned above and 

hence suggested that estimation of n-alkanals would 

provide a good basis for the objective assessment of 

flavour quality of HMP. 

Temperature of storage was found to play a very 

important role in the production of carbonyl compounds 

during storage of WMP. Kopecky {1978} found that carbonyl 

content in WMP was more when stored at 30° to 60°C than in 

that stored at 20° to 23°C. This was obviously due to 

higher rate of oxidation at elevated temperatures. 

Hall et al. (1985) studied the relationship b~twecn --
oxidized flavour and volatile compounds in stored WMP and 

found that the formation of n- hexanal correla'-ed Well 



with oxidized flavour. The relationship showed an initial 

linear phase which gradually changed to exponential phase 

after 30 weeks of storage at 25 Q C. 

Tuohy et a1. (1982) isolated and estimated lotal 

carbonyls of fat extracted from WMP and found it to range 

from about 10-0 mM/kg fat in fresh WMP up to 2.9 m"1/kg fat 

in powder stored at 37 Q C for 44 weeks. The total 

carbonyls comprised mainly of saturated aldehydes. They 

also subjected milk powder to steam distillation and 

measured the UV absorption of distillate at 280 nm as a 

simple empherical measure of volatile carbonyl content. 

The UV absorption at 280 nm for fresh powder was about 

0.02 absorbance unit and it increased up to 0.20 

absorbance unit in powder stored at 37 Q C for 12 months. 

The volatile carbonyls also comprised mainly of saturated 

aldehydes. 

Tuohy and Barrett (1982) estimated the individual 

volatile carbonyls in stored WMP using HPLC. Quantitative 

and qualitative changes in individual volatile compounds 

were observed in WMP stored at 37°C for 12 months. The 

following aldehydes were tentatively identified: 

acetaldehyde, propanal, butanal, isovaleraldehyde, 

pentana 1, trans-2-hexanal, hexana I, octana I, non ana 1, 

trans, trans-2,4-decadienal and decanal. 
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2.4.7 MEASLJHES TO ENHANCE OXIDATIVE STABILITY Or' Wfv1P ---

It was mentioned earlier (cf. 2.3.1.2) that the 

preheat treatment given to milk before drying is an 

important factor contributing to autoxidative stability of 

milk fat in WMP during storage. The other factors that 

may enhance the autoxidative stability of WMP during 

storage are addition of synthetic antioxidants and packing 

the WMP under inert atmosphere. 

2.4.10.1 EFFECT OF PREHEATING 

During preheat treatment of milk p-lactoglobulin and 

other whey proteins are denatured resulting in the 

activation of sulphur containing compounds, specially 

SH-groups, which act as antioxidants (Coulter ct al., 

1951). 

Tamsma et £!. (1962) studied the changes in flavour 

of WMP prepared from preheated milk. They found that 

flavour stability of vacuum foam dried \~MP packed in air 

at 27°C for 6 months can be improved by heating milk to 

74°C for 30 min, 77°C for 6 min or 91° to 110°C for 15 5. 

Heating above these levels results in no further 

improvement of product since the high level of cooked 

flavour became objectionable. 

Kisza and Rotkiewicz (1974) found inhibition of 

oxidation in WMP with a high cuntent of free SH-groups but 

attributed the inhibition to the total reducin9 ab~lity of 



the powder, ra ther than only to the presence of 

SH-groups. They also found a good correlation between the 

amount of SH-groups and denaturation of ~-lactoglobulin. 

Maximum content of SH-groups was found at 90°C and holding 

time of 15 to 300 s. Kirch Mayer et a1. (1984) also 

recommended a heat treatment of 90 to 95°C in ot.-der to 

maximize the content of free SH-groups in milk prior to 

drying. 

Baldwin et al. (1961) proposed a method foe 

predicting the autoxidative stability of WMP on the basis 

of ~lPNI of the powder; storage stability of 4 to 6 months 

for low-heat, 6 to 8 months for medium-heat and more thuD 

12 months for high-heat powders. Kieseker et a1. (1984) 

observed that the reconstituted milk prepared from hiqh­

heat WMP showed maximum flavour stability and it waB 

independent of storage temperature. However, the flavour 

of reconstituted milk deteriorated as the storage period 

of the powder advanced, the powder was still regarded as 

acceptable at the end of 12 months trial. 

Ipsen and Hansen (1988) reported that flavour of WMP 

depended significantly on the interaction between 

temperature of storage and heat treatment of milk. They 

indicated that the powder manufactured from mj lk given a 

severe heat treatment (WPNI 3.8 mg/g) had better storuge 

stability interms of flavour than powder m~nufactured from 

milk given a less severe heat treatment (WPNI 5.9 mg/g)~ 
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This effect was most pronounced when the powder was stored 

at 30°C. At 20°C the heat treatment had little effect. 

2.4.7.2 EFFECT OF GAS PACKING 

To delay the onset of oxidised off-flavours, "VHP for 

retail market has for many years been packed under inert 

gas to achieve low residual oxygen content of less than 

2% in head-space which inhibited lipid oxidation (Coulter 

et a1., 1951, Tuohy, 1984). 

Tamsma et a1. -- (1961) reported that the shelf-life of 

WMP could be extended by reducing the oxygen levels in the 

packages below 0.5%. The WMP when packed in tins, which 

contained 0.1% oxygen, and stored for 6 months at 27°C was 

organoleptically superior to that packed in 1% oxygen or 

in air. 

Boon (1973) used PVDC coated polyethylene bags for 

packaging WMP with nitrogen. The bags were stored at 30°C 

for 7 months. During this time the oxygen concentration 

in heads pace increased from 2 to 8 %, and the samples were 

judged to be slightly better in flavour than control 

samples packed without nitrogen. Further storage (15 

months at 30°C and 22 months at 22°C) only led to a 

slightly oxidized flavour. 

Tuohy et al. (1981) mentioned a storage stability of 

12 months at 12°C for WMP packed in tins with unchanged 

atmosphere. Samples packed in barrier film had a 
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stability of about 38 weeks at 27°C. In.stant WMP 

exhibited a stability of 18 to 22 wQeks when pack~d in 

same films with unchanged atmosphere, a stability of 26 

weeks when packed using vacuum, and a stability of more 

than 22 weeks when packed with nitrogen. It was concluded 

that WMP packed under nitrogen was protected better than 

that packed in the film package. 

Driscoll ~~. (1985) observed that gas packing 

became more important as the temperature of storage 

increased. Similarly, Hall and Anderson (1985) found 

significant changes in the odour and flavour profile of 

WMP stored at 25°C for 84 weeks. However, these changes 

were effectively retarded when the powder was stored under 

nitrogen. 

2.4.7.3 EfFECT OF SYNTHETIC ANTIOXIDANTS 

In India no antjoxictant other than Butylated hydroxy 

anisole (BHA) is permitted in WMP under the provision of 

Prevention of Food Adulteration Rules (1955). Abbot and 

Waite (1962) found dodecyl gallate as a very effective 

antioxidant for \'JMP. Propyl gallate and NDGA also showed 

promising results. However, BHA was found to be 

ineffective towards improving the autoxidative stability. 

Tamsma et ale (1963) studied the storage stability of 

WMP containing antioxidants. The relative effectiveness 

of antioxidants in reducing flavour deterioration in 

stored samples was found to decrease in the [ollowing 
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order: 1auryl gallate, propyl gallate, NOGA, ascorbyl 

palmitate, BHA, ascorbic acid, dihydroquercetill, sodium 

diethyldithio carbamate, thiodipropionic acid, quercetin, 

dilauryl thiodipropionate. Largest flavour stabilizing 

effect was observed in air packed samples stored at 27°C 

for six months. However, they concluded that none of the 

antioxidants tested allowed the production of powder with 

greater storage stability than those obtained by drying 

milk preheated at 74°C for 30 min. 

Abbot (l971) found that a combination of citric acid 

and ascorbyl palmitate had a significant effect in 

improving the keeping quality of WMP stored at 37°C for 

6 months. Dravid (1973) observed that addition of BHA 

less than 0.01 %, had no antioxygenic effect in WMP. 

Radaeva et a1. (1974) found that WMP containing 

added quercetin kept for 12 months at 20<>C without 

development of 

powder developed 

storage. Helal 

citric ac id and 

any tallowy flavour.. But the control 

the tallowy flavour after 8 months of 

~ al. (1976) added NDGA (0.05%) plus 

Tween (0.1%) separately to \-V'HP and 

determined the changes in diene conjugation, TBA value and 

monocarbonyl content during storage. They concluded thut 

addition of ~ntioxidant enhanced the keeping quality 

whereas emulsifier adversely effected the storage 

stability of WMP. 
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Hall and Lingnert (1984) found that addition of 

Maillard RUdetien Products (MRC), prepared from histidine 

and glucose, when added to WMP were as effective as 

BHA/BHT in retarding the development of off-flavours and 

off-odours. Mrittlyunjaya and Bhanumurthi (1987) studied 

the autoxidative changes in spray dried buffalo WMP. They 

observed that TBA value increased from 0 to 0.05 in 

unprotected powder and 0 to 0.037 in powder containing I:3I-1A 

(0.01 %) on storage for 6 months. 

2.4.8 HYDROLYTIC RANCIDITY 

Formation of free fatty acids (FFA) due to hydcolysis 

of milk fat may result in the development of off-flavour 

which is termed as hydrolytic rancidity. Compared to 

oxidative rancidity, hydrolytic rancidity is not a serious 

problem in dairy products specially in WMP where the 

moisture content is very low. However, lipolytic enzymes 

can still be active in milk powders (Acker, 1962). 

2.4.8.1 MEASUREMENT OF HYDROLYTIC RANCIDITY 

Many methods have been suggested for estimation of 

hydrolytic rancidity in dairy products and all these 

methods 

lipids 

standard 

are based on the solvent extraction of total 

and subsequent titration of the 

alkali (Thomas et 31., 1954; 

extract against 

Frankel and 

Tarassuk, 1955; Deeth et 21.., 1975; Salih et ~., 1977; 

Driessen et ~., 1977). 
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There are two main problems in these methods. One is 

the recovery of all the individual FFA quantitatively, 

specially the short chctin fatty acids (C and C ) 
4:0 6:0 

which are volatile and hydrophilic in nature. The second 

is the avoidance of lactic acid, citric acid and 

phospholipids coming into the extract. The solvent 

mixture of heptane/ isopropanol/ sulphuric acid (40:10:1) 

suggested by Dole and Menertz (1960) appears to over come 

these difficulties to a large extent. Deeth ct ~. (1975) 

modified the above method by suggesting a mixture of 

petroleum ether/isopropanol/4N sulphuric acids (40:10:1) 

to obtain better recovery of the fatty acid in the 

extract. 

The spectroscopic methods suggested by several 

authors (Chakarbraty et al., 1969: Lowery and Tinsley, 

1976; Koops and Klomp, 1977) based on reaction of copper 

soap of fatty acids, with dithio carbamate is of doubtful 

value for milk powder as these methods do not estimate 

short chain fatty acids which are directly responsible for 

rancid flavour and hence titration methods are more 

reliable indicators of hydrolytic rancidity in milk 

powders. 

Although determination of individual free fatty acids 

by Gas Liquid Chromatographic method (Deeth et .~L., 1983; 

Needs et .9l.., 1983; Spangelo et al. 1986) offers a 

quantitative determination of FFA yet the extraction step 

involved prior to GtC may give rise to inaccurate , .. esul ts. 
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2.4.8.2 CHANGES IN FFA 

Nair (1930) found no lipase activity during storag~ 

of WMP made from milk preheated to 63° to 65°C for 30 min. 

Hetrjck and Tracy (1948) found that milk powder made from 

milk without preheating showed residual lipase activity as 

indicated by high free fatty acid values which increased 

with storage time. Conversely, the powder made from milk 

preheated at 60°C for 30 min did not show any increase in 

lipase activity during storage. 

Christensen et al. (1953) found that milk not pre­

heated becmne rancid in vacuum pan and po'tJder made from it 

was very rancid in taste. They further observed that 

heating milk to 65°C or higher for 20 min was sufficient 

to destroy lipase activity. 

Rotkiuwicz (1979) found an increase in FFA contunt 

from 0.97 to 1.74 during storage of UMP for 6 months ilt 

20°C. The development of FFA in stored WMP was also 

observed by Steen (l978), De Vilder (1982), Tuohy et aI. 

(1982), Allen (1983), Thompkinson (1984), and Ipsen and 

Hansen (1988). 

Ipsen (1989) found that lipolysis in stored WMP was 

related to the lipolysis in the initial milk and to the 

total number of bacteria in the milk. This indicates that 

beat stable lipases of bacterial origin are responsible 

for the lipolysis in stored WMP. However, Rao and Murli 

(1989) observ -d a small increase FFA in egg powd0r during 
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sto~age which was attribute,i to non enzymatic hydrolysis 

of lipids. 

2.4.9 BROWNING Cl1ANCES 

Non-enzymatic browning changes occur in milk powders 

during storage because of their high concentration of 

lactose and proteins containing high levels of lysine. It 

is generally considered that next in imporLmce to 

autoxidative changes are the browning changes, which are 

responsible for development of off-flavours in stored milk 

powder (Coulter et ~., 1948; Labuza, 1972; Holsinger, 

1973; De Vilder, 1982; Renner, 1988). 

Nonenzymatic browning reactions in dairy products 

depending on the severity of heat treatment given could be 

class i f ied as: 

(a) Carameliz,ltion, that is, brown discolouration of 
sugar without the presence of amino component; 

( b ) Browning caused 
lactose and amino 

by Maillard reaction 
component; and 

(c) Oxidative browning (Patton, 1955). 

between 

Nonenzymatic browning via Maillard reaction was 

considered as an important mode of deterioration of 

powders during storage (ot Brien and ~1orrissey, 1989). 

2.4.9.1 CHEMISTRY OF ~1AILLARD REACTION 

Hodge (1953) integrated the available information 

into simplified SCI ""me (Fig. I) which is still con' _dcr(;d 
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to be the most appropriate description of l'laillard 

react ion. The reaction has been shown to occur between 

aIda or keto sugar and amino group of an amino acid. 

The Maillard reaction is conveniently divided into 

three stages. The initial reaction involves condensation 

of reducing sugar and amino compound to form Schiff base 

followed by the formation of an N-substituted glycosyl 

amine (A). This is followed by irreversible and 

spontaneous rearrangement of N- substituted glycosylamino 

via the Amadori or Heyns rearrangement (depending on 

whether the sugar is an aldose or ketose respectively) to 

form l-amino-I-deoxy-2-ketose (B) or 2-amino-2-deoxyaldose 

respectively. 

The intermediate stage comprises dehydration (C), 

either by loss of three molecules of water to furfurals or 

by loss of two molecul.es of water to reductones, fission 

(D), mainly by dea.1dolisation, and Strecker degradation 

(E), the interaction of amino acids and dicarbonyl 

compounds, which may be either dehydro reductones or 

dehydration or fission products. 

The final stages of nonenzymatic browning involve the 

conversion of furfurals, fission products, reductones and 

Strecker aldehydes to high molecular weight melanoidins 

with further involvement of amines (F,G). Only limited 

information is available about the structure of the 

chromophores formed (OIBrien and Morrissey, 19BBL 
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2.4.9.2 MEASUREMENT OF BROWNING 

Tarassuk and Jack (1948) used arbitrary dry colour 

standard for estimating the extent of Maillard r~action in 

stored WMP. Henry et a1. (1948) employed the Lovibond 

tintometer for measurement of colour in SMP. Keeney and 

Bassette (1959) suggested that estimation of HMF during 

storage of powder helped in detecting early symptoms of 

browning reactions before the actual formation of colour. 

They I further, gave a colorimetric method to determine 

either free HMF or potential HMF derived from browning 

intermediates. As this method was giving inconsistent 

results it was modified by Craiq et al. (1961) and further 

by Della Monica et~. (1969). Pijanowski et~~. (1970) 

and Valent (1975) also considered that determination of 

HMF as a most valuable objective test to deteClnine the 

onset of browning changes in milk powder. Burton (1984) 

noted, that in the method of Keeney and B~ssette the 

colour reaction was not specific to HMF as the colour 

reaction was shown by some of the intermediate compounds. 

The HPLC method suggested by Bockel and Rehman (1987) 

has the advantage that it is possible to determine IlHF 

specifically and the formation of coloured complex with 

TBA is not necessary because of strong UV absorption of 

HMF at 280 nm. O'Brien and Morrissey (1988) found 

HPtC method for measuring HMF was more sensitive 

the colorimetric method. 

that 

than 
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Palombo et ale (1984) directly measured the brown 

pigm~nt produced due to browning in milk powders by a 

simplified enzymatic method. This involved liberation of 

brown pigment from protein by means of proteolytic enzyme 

prona~e. After clarification, the browning index was 

determined spectropno't.omel.e~-s. ...... "'"1;..~\.':.i ~ 'T'J~_~. t:eQeatability of 

the method was claimed to be very high. Walstra and 

Jenness (1984) used reflectance meter and Christophe 

et al. (1988) used photoaCCQllstic spectroscopy for 

measurement of colour in dried milk products. 

The manifestations of browning reactions are 

formation of !lMF, increase in reducing capacity, colour 

change, production of off-flavours, production of water, 

lowering of pH, decrease in solubility, loss of vitamin C 

activity, production of fluorescence and loss of amino 

acids particularly lysine and sulphur containing amino 

acids, (Keeney and Bassette, 1959; Vasic et ~~., 1971~ 

Kisza and Boraski, 1983; Nurstein, 1986). 

2.4.9.2.1 HMF CONTENT 

Hydroxymethylfurfural is an intermediate in the 

Maillard reaction, 

rates depending on 

Generally it has 

being both formed and destroyed at the 

the temperature (Burton, 1983). 

been observed that HMF content gets 

accumulated in the dried milks during storage. Bence, 

levels of HMP in stored milk powder is used as an index of 

browning (Renolds, 1963; De Vilder, 1982; Golubovic et 

a1., 1983; Carie et ~., 1984). 
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Pijanowski.£! <11. (1970) found an increase of 0.69 to 

1.09 .liM/l and 4.80 to 8.50 J..1H/l in free and potential IIM[-' 

~espectively in WMP during storage at 30°C. They 

~ecommended that determination of HMF in WMP can be used 

lS a control of early deteriorative change in WM~. 

~a~Kiewicz (1979) found a very small increase in potential 

HMF content from 7.50 to 8.44 liM/l 100g during storage of 

WMP for 6 months at 20°C. 

De Vilder (1982) packed SMP in industrial milk powder 

bags and stored under different conditions of temperature 

and RH: Le., at 20°C with 72% RH and at 30°C with 55 and 

95% RH for a period of 12 months. In the powder stored 

at 95% RH, the HMP content increased rapidly at the end of 

9 months storage when the level of moisture had reached 

5%. In the other powders in which the levels of moisture 

was less than 5% even at the end of 12 months, no 

significant increase in HMF content was noticed. 

from 

Carie et al. -- (1984) observed 
..t.tM /l()l) 11 

5.68 to 28.43Ain SMP stored 

increase of HMF content 

for 8 months at room 

temperature. They also observed that additien of iron and 

Vitamin A to SMP significantly increased UMF values. 

Sharma (1985) reported that HNF contents increased 

from 0.65 to 17.60 mM/1 in roller dried SMP and from 0.54 

to 5.9 mM/l in spray dr ied WMP on s tor.o:lgo.:: for 12 mOil lhs 

Mrithyunjaya and Bhanumurthi (1987) observed an 

increase in HMF value fro~ 2.47 to 7.64 mM/1 in WM~ stored 
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at 37°C for 6 months. IpGen and IJansen (1988) studied the 

influence of storage temperature on free HMF cont~nt and 

found that WMP when kept at 38 Ge for 70 weeks showed an 

increase from 3.7 to 7.6 ~M/l, whereas in WMP stored at 

either 20°C or 30°C the increase in AMF content was 

insignificant. 

2.4.9.2.2 REDUCING CAPACITY 

The capacity of dried milks to reduce acid ferri-

cyanide, increases on storage (Champman and He Farlane, 

1~45~ Lea 1~.1,?~ Robbertsen and Radema; 1975; Rotkiewicz, 

1979; Renner, 1988). Lea (1947) and Crowe et a1. (1948) 

have shown that thjs increase resulted from interaction of 

lactose with protein and probably also from decomposition 

of lactose catalyzed by the buffer salts of milk. 

Coultec et al. (1948) found that moisture content of --
powder was the primary factor in influencing the 

production of acid ferricyanide reducing substances during 

storage. Higher moisture content in the powder (1.32 to 

4.78%) was associated with greater reducing values. 

Decker et a1. (1951) reported that acid ferricyanide 

reducing values were higher in the powder stored at 29~C 

than at 7°C, and higher in nitrogen than air packed at 

The latter result was thought to be due to greater 

retention of ascorbic acid in the nitrogen packed s~mrl~s. 

Kopecky (1978) found a slow increase in ferricyanidc 

rcducinU vulue ill WMP sam~le::; with 2.03% nIoi:;! ,re ,.H!d 
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stored at 20° to 23-C, out the increase was accelerated 

with increasing storilOc temperature dod more so with 

increasing moisture content. 

2.4.9.2.3 COLOUll 

Change in colour during storage of dried milk is the 

most obvious observation and has often been used as the 

yardstick for mcasurinry extent of browning. Durinl] 

storage, colour is not produced in the initial stage of 

Maillard reaction, only a little is produced in the 

intermediate stage and most of it results in the final 

stage (Feeney and Whitaker, 1962; Carie et al., 1984; 

Nursten, 1986). 

!tenry et a1. (1948) reported that dried milk with 

less than 5% moisture showed only very slioht change~; in 

colour even after two years of storage at 37°C. Labuza, 

et a1. (1970) found that maximum development of l>t-uwn 

colour occurred in dried food when the water activity 

ranged from 0.5 to 0.7. Carie et ~. (1984) reported that 

brmming reaction of Maillard type (colour development, 

off-flavour etc.) were intensified during storage of dried 

milk if the moisture content was 5% or higher. Ki.eseker 

and Clarke (1984) noted that powder with less than 4% 

moisture did not show any browni.ng reaction even v.,'hen 

stored at 40°C. 
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2.4.10 MICROBIAL QUALITY 

Initial bacterial count of the milk powder depends on 

the bacterial load. of raw milk used, conditions of preheat 

treatment and drying of milk. However, the bacterial 

activity is inhibited in dried milk powders because of its 

low moisture content (Findley et al., 1946; Poulsen at al. 

1971~ Ipsen and Hansen, 1988). 

Bacterial counts in milk powder tend to decrease 

considerably during storage. Reduction in bacterial 

number depends on condition of storage. Bacterial flora 

tend to die out more rapidly as the temperature of storage 

is raised. Total microbial counts in dried protein 

product decreased from 29,000 to 700 when stored at aoe 

for 12 months and at 20°C for 9 months (Eremin, 1985). In 

spray dried 
5 

1.2xlO to 

SMP, standard plate count decreased 
4 

1.8xlO after 6 months of storage at 

temperature (Arun ct a1., 1979). 

from 

room 

A 
5 

7.5xl0 

gradual decrease in Micrococcus flavus count from 
5 

to O.2x10 W,:1S noted in spray dried skim milk on 

storage at 25°C for 36 weeks (Thompson et al., 1978). 

Streptococcus durans tends to disappear fairly rapidly 

in dried milks, whilst Streptococcus thermophilus survived 

for longer p'eriods. Micrococcus spp. which are more 

viable than the streptococci, constitute the bulk of the 

flora of many milk powder samples after 3 to 6 months of 

storage (Crossley and Johnson, 1942). 



Muir et aL 

03 

(1986) noted a considerable decrease il] 

2 
thermophilic count 

3 
count from 4.4xlO 

from 4.2xlO to 140 and thermoduric 
3 

to 1.7xlO in low heat $MP on storag~ 

at 30°C for 6 months. Rahman et aL (1988) ~nalys.,;d 

different samples of dried milk for total viable count, 

coliforms, staphylococci, yeast and molds and direct 

microscopic counts. They concluded that hiah direct 

microscopic count as well as total viable count in dry 

milk samples reflected poor sanitation. 

Coliforms tend to die out rapidly on storage of milk 

powders. Vi~ble coliform counts of 51 to 60/g decreased 

rapidly and diappeared after 6 months of storage of SHP 

(Arun et 2.l., 1980). Spores are relatively resistant 

during storage. 
2 

from 4.5xlO to 

Spore count in high heated SMP decreased 
2 

4.0xlO on storage at 30°C for 6 months 

(Muir et al., 1986). 

Presence of pathogenic bacteria in dried milk has 

been reported from time to time (Schroeder, 1967; Marth, 

1969~ Craven, 1978; Sharp, 1986). The major cause of food 

poisonina due to contaminated milk powder was associated 

(Mettler, 1989). However, Anderson 

(1955) and Schroeder (1967) reported two cases in which 

Stapylococcus spp ..... lere associated with food poisoning due 

to dairy powders. Mettler (1989) in his recent review has 

emphdsized the need for good manufacturing practices 

(GMP), equipment and their soundness, air quality, product 

and environMPnt testing and critical control of all 



participatory systems in the manufacture of dried milk to 

ensure good bacteriological quality. 

2.5 OFF-FLAVOURS IN HMP ---

The flavour of good quality HMP can be described .:IS 

clean, rich, sweet and pleasant (Patel and Gupta, 1978). 

However, during storage, WMP may undergo various oxidative 

and non oxidative changes, which lead to development of 

off-flavours of various kind e.g., tallowy, metallic, 

stale, gluey, cardboardy, musty, green etc. (Bandings, 

1980: Hall and Lingnert, 1984). 

2.5.1 OFF-FLAVOUR DUB TO OXIDATIVE CHANGES 

In Wr,1P, because of its high fat content, autoxidation 

is the major cause of flavour aete~icration dur ing 

storagtS!. It has been discussed in section 2.4.9.'-.5 of 

this revi~w that the carbonyls are the major end products 

of autoxidation of milk fat and they are dir'ectly 

responsible for several off-flavours observed in \'lMP. 

Depending upon the concentration of carbonyl 

compounds, the off-flavours observed in milk fat are in 

the following order: metallic, fatty, fishy and tallowy 

(Badings, 1970). Both volatile and non-volatile cdrbonyl 

compounds have been sho~m to produce different off-flavour 

in \'IMP during storage (Coulter et a1., 1951; Keen et ~., 

1976). 
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to C alkanals 
10 

possessed an oily and tallowy odour, while C to 
7 

2-enals gave rise to painty odour. Fross ~t a1. 

C alk-
1 1 
(19600, 

1960b) observed that in autoxidised milk fats, the 

presence of higher proportions of n-heptanal, n-oetanal, 

n-nonanal, 2-heptanone, 2-heptanal and 2-nonanal imparted 

tallowy flavour to milk fat, while increase in the 

proportions of n-pentanal and C 
5 

to C alk-2-enals 
10 

resulted in a painty odour. The total amount of carbonyl 

compounds was ten times greater in tallowy sample but 100 

times greater in milk fat having painty odour, as compared 

to milk fat which exhibited a fishy odour. 

Park and Patton (1961) found that badly deteriorated 

WMP contained a larger variety and higher concentrations 

of alkan-2-ones and n-alkaoals tt.ao did the powder of good 

quality. They suggested that medium and hi<jh 

concentrations of ketones contribute to both stale and 

oxidized flavour respectively, whereas aldehydes cause 

these off-flavours at much lower concentrations. 

Unsaturated carbonyl compounds e.g., alk-2-enals and 

alka-2,4-dienals, although constitute a minor proportion 

(1.0 and 1.8 % respectively) of monocarbonyl classes of 

stored WMP, play a significant role towards the 

development of oxidized off-flavours (Booo ~ al., 1976). 

This was attributed to their low flavour threshold values 

(Day rt ~., 1963, Fross, 197<' • 
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Hall and Lingnert (1984) and Hall and Anderson (1985) 

studied the kinetics of the formation of vol.;ttile 

oxidation products of fat and showed the predictive 

relationship between flavour characteristics and vol~tile 

compounds. They concluded that the decreasing acceptance 

of WMP during storage was mainly due to autoxidation which 

produced long chain aldehydes, which imparted various 

types of off-flavours to WMP. 

2.5.2 OFF FLAVOUR DUE TO LACTONES -- ---

Anhydrous milk fat and other dried products 

containing milk fat develop stale and coconut like off-

flavours even when processed and stored under effective 

antioxygcnic conditions. However, coconut flavour caused 

by lactones may develop during storage of HI>1}? if th~ 

stocdge temperature and water content arc high. It has 

been stlown that the coconut like off-flavour is due to tile 

format ion of del ta-deca and dodecalactones (Keeney and 

Patton, 1956; Patton, 1961; 'famsma et ~., 1975; Eriksen, 

1976, Wadhwa and Jain, 1989). 

Although pasteurization of milk produces lac tones in 

barely detectable quantities, progressive development of 

lactones occur during storage of l-lMP. Patton (1962) 

reported the presence of C 
10 

and C 
12 

delta lac tones in two 

samples of \tJMP packed in air and nitrogen. He found no 

difference in GLC patterns of volatiles from both samples 

confirming thl;} formation of lilctonos due to non oxidative 



mechanism. However, Eriksen (1976) ShO\;1ed that the 

formation of lactone was of lipid origin due to oxidative 

changes. 

Presence of both gamma- ~md delta- lac tones have bDen 

reported in butter oil and ghee (Ellis, 1975; Wadhwa, !t 

a1., 1979: Wadhwa and Jain, 1984). The buffalo milk fat 

contained higher proportions of C and 
10 

lactones than cow milk fat (Wadhwa and Jain, 

C delta-
12 

1980). They 

concluded that development of off-flavour in stored ghee 

could be possibly attributed to the increase in the levels 

of delta-lactone during storage. 

2.5.3 OFF-FLAVOURS DUE TO NON-OXIDATIVE CHANGES -----

Although several steps such as high preheat trGat-

ment, addition of untioxidants and packing under inert 

atmosphere may be adopted to control ofE-flavours due to 

autoxidation, there may be development of other off-

flavours arising due to non oxidative changes. The off-

flavours originating from nonoxidative changes 

primarily due to browning reactions, these have be0n 

termed as stale, gluey, musty ~tc. (Shipstead ~nd 

Tarrasuk, 1953). 

Ferretti and Flanagan (1972) found that combined 

effect of several compounds such as, 2-furaldehyde 2-

furfuryl butyrate, methyl pyrazine, Hethyl-2-formylpyrru1e, 

O-cresol, benzaladehyde and salicyaldehyde produced during 
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browning reactions contributed significantly to the stale 

flavour of dried milk during storage. 

Park et al. -- (l964) isolated o-aminoacctophenone from 

dried milk which had developed a stale flavour and found 

that this compound possessed a definite stale flavour. 

Arnold et a1. (1966) confirmed the above findinqs. 

However, on the basis of available evidence it seems 

reasonable to propose that stale flavour in dried milks is 

due to compounds arising from lipid deterioration as well 

as those resulting from the Maillard reaction (Henry 

et >3l., 1948; Coulter et a1., 1951; Ramshaw and Dunstone l 

1969a,b; F'ross, 1979). 

2.6 PACKAGING OF DHIED MILKS 

The primary purpose of pack~,ging of any food is to 

protect it from the external contamination and to contain 

it for bulk or retail distribution and sales. The 

economics of packaging material in relation to the shelf-

life, expected of the product, is an importunt consideca-

tion. While selecting a suitable packaging Hldterial for 

WMP, the properties expected are that the packaginq 

material should have good barrier pro()erties against 

absorption of moisture, oxygen, odours and bacteria. It 

should also prevent exposure of pol,',der to out side li<Jht 

(Cummins, 1976). Other factors in deciding the puck age 

include bulk density and cohesivity of mi.lk powder (Dual 

1970; Lovell, 1972). 



Crossley (1966) while discussing packaging materials 

for dried milks, concluded that no single packaging 

material can satisfy the full range of the above mentioned 

requirements. Further, he emphasized the need to study 

the physico-chemical properties of packaging mdterials in 

conjugation with various storage changes in dried milk. 

The characteristics of a few packaging materials 

which are being used for dried milks are given below: 

2.6.1 METAL CAN 

Metal can is nearly perfect container for milk 

powder. Tin 

0.15 to 0.5 

plate usually has a thickness varying 

mm and coated on both sides with 

from 

ttl in 

protective film (0.4 to 2.5 rna) of commercially pure tin. 

Food grade lacquer (usually epoxy phenolic type coating) 

is applied on the food contact surfaces for preventing 

both rusting and interaction of tin \tlith food. 

The tin can was found to be the best for packaging of 

WMP (Kovalenko and Norkina, 1973; Tuohy, 1984) and for 

SMP (Ardito et ~., 1980; Driscoll et a1. I 1985). Since 

tin is costlier than other packaging material, its use in 

food packaging increases the cost of the product 

considerably. (Malin, 1980). 

2.6.2 FLEXIBLE PACKAGING MATERIAL 

Flexible packaging materials are being inct"easingly 

used for bulk and retail packing of various dcied milk 



70 

storage is to be protected mainly against absorption of 

moisture, oxygen and exposure to light. These 

requirements can be achieved to a greater extent in a 

flexible packaging material through the process of 

laminating different materials, oach one having one or 

more above mentioned properties in good measure. 

of plastic material with metal is one example 

approach (Martin, 1986). 

Coating 

of this 

The flexible packaging materials which are being used 

for packaging of dried milk and their effects on the 

quality of dried milk during storage are discussed here. 

2.6.2.1 METALLIZED POLYESTER 

~1etallized polyester film is made by coating 

polyester film with a metallic layer. Goddard (1980) 

surveyed potential and actual application of metallized 

polyester films for food, including dairy products and 

gave tabulated information for different metallized 

polyester films with respect to their barrier properties 

against moisture, oxygen and resistance to puncture. The 

metallized polyester films have been shown to possess 

excellent moisture and oxygen barrier properties. 

Most package requirement need a thickness of 12 

micron polyester (Dublin, J978; Sahaac and Skodis, 1982). 

Mrithyunjaya (1982) reported that the cost of mct.;llized 

polyester film was about 40% less than thot of tin. 
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Promising results were obtained by Tuohy (1984) in 

packing WMP using polyethylene film laminates containing a 

metallized polyester film layer. Vacuum packaging of \-JMP 

in oxygen impermeable flexible metallized polyester film 

laminate offered about the same shelf-lifu as that 

obtained by canning under inert gas. Mrithyunjaya and 

Bhanumurthi (1987) packed WMP in metallized polyester bags 

and stored at 30°C for 6 months, found that WMP remained 

organoleptically acceptable even at the end of the storage 

period. 

2.6.2.2 POLYETHYLENE 

As the name implies polyethylene is an addition 

polymer. of ethylene. The low density polyethylene (LOPE) 

is only structurally different from high density 

polyethylene (HDPE). The LOPE is tough, translucent, waxy 

solid with a density varying between 0.916 and 0.935 gm/ 
2 

em It has high impact strength, good sealable property. 

It has moderate barrier property against moisture, but 

poor barrier property against gases (Bremer, 1987). The 

HDPE is tough, slightly translucent and less waxy than 
2 

LOPE with a density usually greater than 0.941 gm/cm. 

The HDPE has good water barrier properties but only 

moderate- barrier properties against oxygen. However, 

these two properties are better in HDPE than in LDPE 

(Agarwal, 1988). 
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Vasic et a1. (1970) observed that moisture content in 

WMP packed in polyethylene bags and stored at room 

temperature for a period of 6 months increased from 3.1 to 

5.3%. Vasic et a1. (1971) in another study found no 

change in free fat, solubility, pH, reducing capacity, 

sulphydryl content and flavour in WMP packed in 

polyethylene bags and stored at room temperature and 60% 

RH for 6 months. Boon (1974) observed that the LDPE used 

for bulk packaging of milk powder did not offer much 

protection against external flavours. 

Boon (1973) observed that WMP packed in vinylidene 

chloride coated polyethylene bags and stored at 30°C 

showed slight oxidation at the end of 7 months. Warburton 

and Pixton (1978) observed that dried milk stored in 

plastic lined paper sacks, which are tied at the neck 

absorbed very little moisture. 

Rotkiewicz (1979) studied the changes in physico­

chemical indices of WMP during storage when packed in tins 

and polyethylene bags. He found that when the powder ..... as 

stored at 20°C and 75% RH, there was an increase in 

moisture from 3.80 to 4.64% in six months in the case of 

polyethylene packings and there was no change in moisture 

content in tin packings. The rate of increase of moisture 

was higher with higher RH. The increase in moisture 

content in the powder packed in polyethylene effected 

adversely the quality of powder by increasing ferricyanide 

reducing value, HMF content, free fat, FFA t TBA value and 
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peroxide value. However the type of polyethylene used has 

not been indicated by the author. 

Peschek (1983) found no significant change in acidity 

of dried skim milk stored at 20°C in 0.3 mm thick 

polyethylene film after a period of 38 months. SanYdl 

and Balachandran (1988) observed a very small change in 

organoleptic qualities 

packed in polyethylene 

months. 

of spray dried malted milk wilon 

pouches kept at 30 0 e for two 

2.6.2.3 SARAN COATED FILM 

Saran packaging films are made from copolymer that is 

predominantly vinylidene chloride (PVDC). Due to very 

high chloride content in polymer, unplasticized saran film 

is highly crystalline and offers extremely high barrier to 

passage of oxygen and other gases, water vapour, odours, 

aroma and flavour. It has high resistance to greases, 

oils, solvent and many chemicals which could a tack other 

packaging films (Ferguson, 1987). Saran f' lms a1::;0 

possess high cling and gloss. 

Boon (1973) observed that k'P when packed in Silran 

coated bags and stored at ~O ... ~ showed only slight 

oxidation at the end of seven months. The same author in 

1974 observed that when 50 9 samples of dried milk were 

sealed in plastic bags and stored in tins with ta! "::)w, 

wool or apples for 4 weeks at 30°C, the LDPE did not 

protect the powder against absorbing any odour when 
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nylon/polyethylene offered protection against fatty odours 

but not against apple odour in high humidity condition. 

The saran coated film was not permeable to oxygen or water 

soluble odours, but did not protect against fatty odour. 

He concluded that the ideal film for dried milk would be 

laminate of PVDC, polyethylene and nylon. 

2.6.3 BULK PACKING OF DRIED MILKS 

Bulk packing of dried milks is very important for 

economical handling and transportation in the industry. 

In India bulk packing of WMP is done in 10 kg tins under 

nitrogen. However SMP is bulk packed in LDPE bags encased 

in hessian laminated craft paper bags. 

Bulk packing of WMP in flexible bags is permitted 

provided the powder bags are stored below 20 Q C (PFA, 

1987) . Although the above recommendations have been made 

for bulk packing of WMP in flexible packaging material, 

there are no data indicating the actual shelf-life of WMP 

in such packings when stored at different temperatures and 

relative humidities. 

Sudhakar et al. (1987) suggested a bag of multilayer 

coextrution film of LD/HD/LD with 50 micron thickness for 

bulk packing SMP. The authors claimed that the powder 

packed in such baQs, sealed and then put in primary baa 

gave total protection against moisture absorption and 

mechanical stress. They also stated that the bag worked 

out cheaper by about 15 to 20 % compared the bitumen 
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laminated bag and weighed 300 9 as compared to 700 9 of 

laminated jute bag. 

Foils with a non-continuous metal layer have 

shown to protect the flavour of WMP packed in 25 kg 

for one year or more, when kept at 3aoe and 60% RH. 

these foils are unsuitable for packing of WMP when 

under high humid conditions (95% RH). Foils 

been 

bags 

nut 

stored 

with 

continuous layer of metal are able to protect WMP when 

stored at 38°C and 60% RH and could be an alternative to 

tins (Ipsen and Hansen, 1988). 

The above review of literature indicates that 

practically no data are available on the shelf-life of tvMP 

produced indigenously. Research studies to obtain such 

data become necessary in view of the facts that \'i'~1P 

produced in the country is mostly from buffalo milk and 

the quality of raw milk used is only of average quality. 

The data will also help in formulating our food laws for 

packaging, storing and handling of indigenously produced 

WMP. 



SCOPE AND PLAN OF WORK 



3.0 SCOPE AND PLAN OF WORK 

3.1 SCOPE OF STUDY 

In the recent past large quantities of SMP 

butteroil were received through international 
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and 

aid 

-p['ogl'ammes. These materials are used for preparing 

recombined milk to supplement the market milk supply 

needs throughout the season in several parts of our 

country. The facilities for preparing recombined milk are 

available only in major dairies and has not been extended 

to smaller dairies because of consideration of large 

investment and economic viability. Alternatively~ th~ 

preparation of reconstituted milk from WMP is a viable 

proposition to be adopted by smaller dairies to meet the 

demand for 1 iqu id mi lk. Hence" there is a growing new 

interest in our country to use WMP for the purpose of 

preparing reconstituted milk. 

However, the process of preparing reconstituted milk 

from WMP requires bulk packaginq and sto;_~ing of WMP under 

commercial conditions for economical transportation and 

easy handling of the powder. Since the WMP is highly 

hygroscopic and prone to oxidative spoilage, a packaging 

material which can protect powder against absorption of 

moisture and oxygen is necessary so that \eJMP may remain 

organoleptically acceptable for a reasonable period of 

torage. Among the several flexible packaging materials 

available, HDPE appears to be suitable for bulk packaging 
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of WMP because of its several advantages. The HDPE has 

excellent moisture ba.rrier property. It hQ.s reasonably 

good oxygen barrier property, easily available in food 

grade, manufactured indigenously and also economical. 

The hessian laminated kraft paper bag when used as the 

outer bag gives adequate strength to package during 

handling and transportation. It also gives protection 

against light. 

It is well known that the initial quality of milk and 

type of milk, either cow or buffalo can i.nfluence the 

shelf-life of WMP. From the literature reports given in 

the previous chapter, it is evident that there are no data 

available on the keep.ing qualjty of WMP commercidlly 

produced in our country when packed in different packaging 

materials and stored under variable atmospheric 

cond i t ions. Hence, there was a need to conduct a 

systematic study for commercially produced WMP bulk packed 

in HOPE bags encased in hessian laminated kraft paper bags 

and stored under variable conditions. 

The following objectives were set out for developing 

the plan of investigation: 

1. To evaluate the feasibility of packing HMP in 25 kg 

2. 

3. 

bags and storing at controlh~d as well as ambient 
atmospheric conditions. 

To study the 
their effects 
recons-tituted 

various physico-chemical 
on organoleptic quality of 
milk. 

changes 
WMP and 

and 
its 

To develop a suitable chemical 
asses~ment of keeping quality of 

test for 
\rJMP during 

objective 
storage. 
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4. To evaluate th(~ initicd quality of WHP available in 
the market. 

5. To recommend 
conditions for 
packed in HDPE 

an optimum 
storing WMP 
bags. 

period under commercial 
without spoilage, when bulk 

3.2 PLAN OF WORK -----

To fulfill the above mentioned objectives, the 

following plan of work was adopted in this study. 

3.2.1 PACKAGING OF WMP ---

The WMP commercially produced, at KNF product dairy 

Dharwar, was packed in 25 kg HOPE bags encased in h~ssian 

laminated kraft paper bags. The powder was also packed in 

500 9 tins. Three different trials were conducted. 

3.2.2 STORAGE OF ,IMP ---

All the three batches of W~1P were stored for 12 

months; one set at ambient lumpurature at Dharwar and 

another set at 20+ at NDHJ, H'Hj(Jid(H~C. 

3.2.3 EVALUATION OF OUALITY OF ~ AVAILABLE IN MARKET 

Three different brands of WMP from market were 

collected for evaluation of quality of WMP. 

3.4 EVALUATION OF SHELF-LIFE 

The WMP was evaluated on the basis of different 

physico-chemical, microbiological and sensory properties, 

initially and during storage at monthly intervals. 
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3.2.4.1 PflYSICO-CHEHICAL PROPERTIES 

The different physico-chemical tests performed to 

evaluate the quality of WMP initially and during storage 

were: 

1. Moisture 
2. Fat 
3. Titratablc acidity 
4. pH 
5. Solubility 
6. Viscosity 
7. Lactic acid 
8. Free fatty acid content (FFA) 
9. Whey protein nitrogen index 

10. Heat stability 
11. Lactones 
12. Autoxidative changes 

a. Diene conjugation 
b. Peroxide value 
c. TBA value 
d. Carbonyls 

(i) Total carbonyl value 

(ii) Isolation and estimation of rnonocarbonyls by 
column chromatography. 

(iii) Steam volatile monocacbonyls and their class 
separation by TLC 

e. Development of a suitable chemical test for 
objective assessment of keeping quality of HMP, 

f. Rate of free fat liberation and the rate of 
autoxidation as comrared to total fat. 

g. Fatty acid profi Ie 01: f:n'c fat and total fat by 
GLC. 

13. Browning changes 

a. Free and potenLial HMF 
b. Colour index 
c. Ferricyanide reducing value 
d. Free SH- groups 



3.2.5 MICROnIOLOGICAL ANALYSIS 

1. Total plate counts 
2~ Coliform counts 

3.2.6 SENSORY EVALUATION ---".----
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Reconstituted milk as well uS milk powder were 

examined for the following sensory attributes on a nine 

point hedonic scale by a sensory panel. 

1. Flavour 
2. Body and texture 
3. ADpearance 
4. Over all acceptability 
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4.0 MATERIALS AND METHODS 

4.1 SOURCE OF HHOLE MILK POWDER 

The spray drjed buffalo WMP produced at Karnatak~ 

Milk Federation (KMf) Product Dairy, Dharwar WaS used for 

the study. Different. brands of WMP available in the 

market in 500 9 tins wurv also collected. 

4.2 PACKACING rlATLCRIAf. 

The vJMP was bu lk packed in 25 kg Ii igh dens i ty 

polyethy 10nc (HOPE) bilgS encased in hess ian lami na ted 

kraft paper baU <.md in 500 9 tins, the det;:lils of which 

are given below: 

4.2.1 KRAFT Pt.PER HACS 

1. Type: Multiwalled kraft paper bag lined with hessian 

cloth to pack 25 kg of milk powder. 

2. Outer: mont ply is kruft paper of 80 GSH crepe paper 

lined with hessian cloth having mesh of 305jsq. metcr. 

3. Two inner plys are of plain sac kraft paper of 80 CSt! 

of a reputed paper mill. 

Dimensions 

1. Outer:most ply 56 x 96. Ii Cit!. 

2. Inner two plys 48 x 96.5 em with quest 8 em 

(4 em on either side) the bottom of the bag is 

stitched by uHing closing thread of good quality. 
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4.3.2 HIGH DENSITY POLYETHYLENE BAGS 

The HDPE bags were supplied by National Dairy 

Developmen t Board (NDDB), 

specificat ions: 

1. Thickness 

2. WVTR 
(at 23·C/ 85% RII) 

Anand with 

80 micron. 
2 

B g/m dia 

3 2 

following 

3. Oxygen permeabil i ty 
(at 23·C) 

800 em 1m • dia. bar 

4.3.3 TIN PLATE CANS 

Five hundred gram capacity tin cans lacquered inside 

were used to pack WMP which served as control. The tins 

were supplied by Mis Fabrjcon Industries Pvt. Ltd., 

Bangalore with following specifications: 

Thickness 0.016 inch 

Gas barrier properties : Very good 

Grease resistance Excellent 

Size of the can 10.5 em dia x 13.5 em height 

4.3 STORACE CONDIT10NS: 

l-lhole milk powder bulk packed in 25 kg HDPE bags 

encased in hessian laminated kraft paper bags was stored 

for not less than 12 months 7 one set at ambient 

temperature at Dhilrwar and anol"her set at. 20°C at NDRI, 

Bangalore. At Dharwar Uairy Plant the ambient temperatur~ 

ranged from 22 to 38°C and relative humidity rang~d 

from 18 to 100% in a year. 
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4.4 NUMBER OF TRIALS 

Three trials of the study were carried out on batches 

of \'JMP produced on tho following dates: 2.2.88, 2.3.88 

and 2.4.88. Samples were (iL"awn at monthly intervals from 

each batch and for each !id!llple ~:;{~!,uratc bag was used. 

4.5 PRODUCTION OJ!' SPRAY DRIED WMP 

Standardized buffalo milk was preheated to 90 + 2°e 

for 15 s in a tubular prcheater. The preheated milk was 

concentrated to 42-45% total solids with the help of 

triplet effect evaporator. The concentrated milk was fed 

to spray dryer equipped with integrated fluidized bed 

dryer through a centriful]al spinning disc atomizer. The 

inlet air temperature was maintained at 180 + 2°e and 

outlet air temperature at 75 + 2°C. The powder was cooled 

to 30°C and packed in 25 kg bags. 

4.6 PURIFICATION Of' S()J..VI~NTS 

4.6.1 PREPARATION OF CARBONYL FREg HEXANE 

Contaminant carbonyl compounds in hexane were removed 

using the method of Schwartz and Parks (1961). One gram 

of 2,4-dinitrophenyl hydrazine (DNPH) was disso~veJ i~ 11 

ml of 85% a-phosphoric acid by grinding in a 6" mortar. 

About 8 ml of water were add~d to the clear yellow 

solution and the precipitate formed was dissolv~d by 

further grind in/]o Then 20 9 of celite-545 vl(;;J:-e added and 

ground until a homogenous damp preparation was o~t~J.int!:t 
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The bright yellow imprc~Jlldtcd ccU te was poured into a 

chromatographic column (2.0 x 25 em) containing a plug of 

glasswool at the constricted portion of the tube and 

filled with hexane. Five milliliters of hexane were 

allowed to pass through the column by opening the 

stopcock. The slurry was packed by gentle pressure using 

a flattened glass rod. The hexane in the column was 

drained and 100 ml of benzene were flushed through the 

column material using gentle pressure in order to remove 

the colour im(>uritics which behaved like aliphatic 

monocarbonyl DNP hydri)zones. Hexane was stirred with 

excess DNPH reagent for 1 S min Dnd ,-m al iquot was removed 

to serve as blank. The tre.::ttcd hex<.me was passed through 

the coloumn at the flow c.lte of 4 ml per min. The first 

50 ml of the effluent were discarded and the remaininu 

portion of the effluent was collected and distilled to got 

carbonyl free hexane. 

4.6.2 PETROLEUM ETfI ER (40-60 0
) 

The main impurity in petroleum ether is 

unsaturated 

shak ing the 

aromatic hydrocarbons. This was removed 

petroleum ether with 10% of the volume 

of 

by 

of 

concentrated sulphuric acid. 

continued with successive 

Vigorous shaking was then 

portions of a concentrated 

solution of potassium permanganate in 10% sulphuric acid 

until the co]our of the permanganate remains unchanged. 

The solvent was then thoroughly washed with water, dried 

over anhydrous calcium chloride and distilled. 
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4.6.3 ETHYL ACETATE 

The ethyl acetate 95-98% grade usudlly contains 

some water, ethanol and acetic acid and may be purified in 

the following rnan!l\O!r: To onc litre of the solvent 100 ml 

of acetic anhydriJe and 10 drops of concentrated sulphu~ic 

acid were added. The mixture was heated under reflux for 

four hours and then fractionated. The distillate was 

shaken with 20-30 9 of anhydrous potassiu~ carbonate, 

filtered and redistilled. 

4.6.4 ACRTONlTRlLfo: 

Acetonitcile LR was kept over phosphorus pontaoxitk 

overnight and distilled at S2°C. 

4.7 ANALYTICAL METHODS ------

4.7.1 MOlSTUnE/TOTAL SOLIDS 

Moisture/total solids content in dried whole milk was 

determined by the method as detailed in IS : 11623-1986. 

4.7.2 FI\T 

Fat in the powder was determined as det..Ji1ed in IS: 

11786 -1986. For routine tests tho Gerber method was used 

(IS: 1224 - 1977). 

4.7.3 HILK SOLIDS-NaT-fAT (SNF')_ 

The SNF content of reconstituted milk (ReM) was 

estimab.:d according to method out] ined in IS : 10083-] 982. 
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4.7.4 TITRATI\JlLE I\C 1 DITY 

The titratablc acidity of the whole milk powder \;'a5 

determined as detailed in IS : 1J65-1986 (Appendix A). 

4.7.5 SOLUnILITY INDEX 

Solubility index of powder samples was estimated as 

per lSI method given in SP: 18 : Part-XI (19Bl). 

4.7.6 TOTAL ASH 

Total ash of \vHP was determined as detailed in IS 

1547-1985 (Appendix C). 

4.7.7 LI\CTIC ACID 

A modified Ling method (1951) based on a procedure 

developed by American Dry Milk Institute (Velasco & MOdts, 

1959) for determination lactic acid content was used. 

In this procedure,S.3U 9 of dry milk w~re recon:::ti-

tuted in 50 ml of w~ter and a 25 mi of aliquot from this 

was taken. This was deproteinized by the successive 

addition of 10 mi of barium chloride solution (98.8 

g/litre), 5 ml of zinc sulphate solution (225 g/litre) 

and 10 wI of 0.66 N sodium hydroxide and filten~d. OnoJ 

rnillilitre of 1 % ferric chloride in 0.025 N hydrochloric 

acid was added to 10 ml of the above filtrate. The colour 

was read after 30 min at 425 and 650 nm. The reading at 

650 nm was to correct for turbidity which frequently 

developed in the finCil solution. The difference in the 
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optical density at these wavelengths was used to 

determine the lactic acid present. 

The calibration curve was prepared by adding known 

amounts of calcium lactate to milk and measuring the 

increase in optical density. 

4.7.B FREE FATTY ACIDS. (FFA) 

The FFA content was delermined by the method of 

Thomas et a 1. (1954) with slight modifications. Two 9 of 

WMP were ground in it mortar with the help of hot distilled 

water and transferred to Mojonnier fat extraction tube. 

To this 10 rol of ethyl alcohol (95%) were added. Tbe 

contents of the flask were shaken vigorously for two 

minutes. Twenty rol of ethyl ether and 30 ml of petroleum 

ether (40-60°C) were added and the contents of the flask 

were vigorously shaken and kept aside for half an hour for 

complete separation of two layers. The ethercal layer was 

transferred from Mojon,.der flask to 250 ml conical flask. 

The extraction of fntty acids was repeated with half the 

quantities of petroleum ether and di.ethyl ether used in 

first extraction. Both the extracts were added and to 

this 1-2 9 of sodium sulphate was added. The extract was 

decanted into another 250 ml conical flask and titrated 

against 0.01 N alcoholic sodium hydroxide solution using 

1 mi of phenolphthalein (0.5% in alcohol) solution QS 

indicator. 
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The results were exprc~Jscd in uM per gcam fat. 

10 x Volume of O.DIN NaOH used 
FFA (uM!g fat) 

Weight of the fat in powder 

4.7.9 l2!! 

Thirteen grams of \mp was reconstituted with 100 ml 

distilled water. The pH of the reconstituted mi.lk was 

determined with the help of Elico pH meter (Model LI-120) 

at room temperature. 

4.7.10 HEAT STABILITY - --
Heat stability of reconstituted milk (12.5 % TS) was 

determined accordinl) to the method developed by Davies and 

White (1966) and as modified by Jair~m ct a1. (1976). One 

rol of milk was pipetted into a pyrex tube of 10 em length 

and internal diameter of 0.8 em of which one end W;:lS 

already closed with synthetic rubber cork. The other end 

of the tube was then closed with a !:>imiJar cork. After 

shaking the tube gently, the tubes were cL.1mped cros:;\d:"c 

on an aluminium carriage of 10 tube capacity. The 

carriage was tilted so that the sample solution could wet 

all the inner surface of the tube. The carria9~ was placed 

in a liquid paraffin bath maintained at 130·C. 

Simultaneously a stO[l watch and the rock mechanism 

(8 cycle/min) were started. The tubes were i llurninatc,'d 

from above by a table limp. As soon as moving portieles 

or clots were seen throughout the milk the timer was 
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stopped and the ex~ct tifllC was noted. The time in minutes 

was taken as hoat coagulation time (HeT) or 

stability. 

4.7.11 WilEY PROTEIN NITROGEN INDEX (WPNI) 

\-Ihey protein nitrogen index was done by the method 

prescribed in Niro Atomizer (1970) which is based on tlte 

original method of Harland-Ashworth, reported by Kuramoto 

et ale -- (1959). The brief description of the method is 

given below. 

In a test tube {a x In}, 2.70 9 of H1-1P were reconsti-

tuted with 20 ml of distilled water. To this 8 9 of 

sodium chloride were added and the contents ",'ere incubated 

for 30 min in a water bath maintained at 37°C. The 

contents of the tube were shaken for 8-10 times during the 

first 15 min of incubation period, to ensure complete 

saturation of the sample with sodium chloride. The test 

tube was taken out and the contents were filtered 

through a Hhatmann 42 filter paper. Five rol of the 

filtrate were collected. One ml aliquot of the filtrate 

was taken into a cuvette. To this 10 mi of saturated 

sodium chloride solution was added. The cuvette was 

stoppered with a rubber stopper and inverted to facilitate 

mixing. Two drops (delivered from a 5 ml volumetric 

pipette) of the Hel solution (10 g/lOO ml) wer~ added and 

turbidity was developed. Again the contents of cuvette 

were mixed with inversion. While inverting care was takbn 
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to avoid the formation of fOdm. After 5-10 min, the 

cuvette contents were inverted again for mixing and 

turbidity was Joeasured at 420 om in a • ljusch & Lomb 

spectrophotometer ~ Diluted casein free filtrate maJe by 

diluting 1 ml of ()riyinal filtrate with 10 ml of. 

saturated sodium chloride solution was used as blank. 

Results were calculated from standard curve and 

expressed as mg undenatured whey protein nitrogen/g 

powder. 

4.7.12 VISCOSITY 

The viscosity of reconstituted milk (12.5% TS) was 

deter:-mi ned wi th Hopp ler viscometer (type BH, manufactured 

by Vebprufgerate vJerk Medingen, Dresden, Germany). The 

temperature of sample was kept constant at 30°C with the 

help of lIaake Ultrathermostate (Cermdny). After levelinQ 

the viscometer, the measuring tube was fil)ed with the 

samp)e, the ball No.3 was inserted through the open end 

of the tube and it was closed with a screw cap. Time 

rel]uired for the ball to f"IOVC 100 mm distance was recorded 

for three such events (:ind uverilqe value was considered for 

the final calculation of viscosity. The specific gravity 

of the sample was also determined using a spec.:ific gravity 

botlle at 30 Q C. The dynamic viscosity of the sample was 

calculated from the fOrl'ula c;.;."ed on Stoke's law. 
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n = F( Sk - Sf ) K 

Where, n = Dynamic Viscosity in c~ntiDoisc. 

F Fall time of the ball in secondf; 

Sk = Specific 91:"dVity of the ball 

Sf Specific gravity of the sample 

K = Ball constant. 

4.7.13 FREE FAT ----

Free fat from tho Wr.1P was extracted by using the 

method of Tamsma et a 1. - --- (1959) modified by Niro Atomizer 

(1978). At room temperilturc, 50 ml of eel W.:lS added to 
4 

10 9 of \IMP in a ]25 ml 1J1ass stoppered Erlenmeyer flask. 

The mixture was then sha~J~n for 15 min on a she,king device 

(Criffin flask shaker, U.K). The degree of sllakino was 

regula ted so that the sp]ilshing can be avoided. 

Immediately it WuS filtered through Whatmann No.42 filt8c 

paper. A 2S ml aliquot of Lhe filtrate "'etS tt-ansferred to 

a preweighed aluminium eVC:[,'Iorating dish and the solvent 

w~s removed by kcepina the dishes orl a hot plat~ ~t 135°C, 

then in a hot air oven maintained at 105°C for ahout one 

hour. The dishes were cooled in a desiccator and the fat 

residue was weighed and the weight was multiplied by two. 

The free fat was expressed as percentage of total fat in 

the dry milk. 

4.7.14 FATTY l\CTD PROFJel': --- ------

The fatty acid profile of the total fat (cf 4.7.16.1) 

and free fat (c[ 4.7.16.8) were determined by gas liquid 
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chromatographic technique after converting the samples in 

follows: 

4.7.14.1 PREPARATION OF MWfJlYL ESTEHS 

Two hundred mg of dry milk fat were transferrerl to a 

freeze dry tube and 0.4 rol of 0.025 tJ sodium methoxide 

solution in absolute methanol was added. The tube was 

sealed and placed in a water bath at 60°C for 30 min to 

1 hour. Complete esterificntion was indicated by the 

disappearance of the two luyers. 

4.7.14.2 ELUTION Of fATTY ACID IN GLC 

The methyl esters obtained from above were injected 

(0.2-0.3 ..u.1) with Uw help of a Hamilton microsyrinae into 

the injection poct of the Pye-Uniearn series 304 dUdl 

column 'Jus chromatof]rah (.''1uippcd \"ith flamo ionisation 

detector, recorder, and automatic temperature progrummer. 

The 5 ft x 1/4 inch column was packed with 20 % diethylene 

glycolsuccinate (Lac 728, £0' and M corporation) on 

diatoport P (F and M corporation). Three ll.l of the methyl 

ester mixture were injected at a column t0mperature of 

After a 3 minutes run, the column temperature was 

raised at the rate of 18°C/min to 195°C. The separation 

of butyrate pc-ak from solvent peak was facilitated by 

maintaining the column temperature at aooe in the initial 

stages. The temperatures of both injection port an,j 
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d~tector were 250°C. The rate of flow of the carrier gas 

namely, nitrogen was 70 ml/min. 

The percent~uc proportions of fatty acids were 

calculated from the areilS of the peaks obtained fur 

various fatty acids. The Cln!a of the peaks were measured 

by triangulation. It was assumed that the area under each 

peak was proportional to the weight of the corresponding 

fatty acid methyl ester. The percentage of fatty acid 

methyl ester, thus oblained converted to per cent fatty 

acids and values for only the major fatty acids have b(;:<.:n 

reported. 

4.7.14.3 IDEtlTIFICATION OF FIITTY IICIDS ---

The fatty acid peaks were identified by comparing the 

retention times of the peaks of the fatty acid methyl 

esters with those obtained for the standard fulty i.J.cid 

esters separated under the identical conditions. M0thyl 

esters of fatty acids 4:0 and 6:0 were prepared by 

refluxing them with methanol cont.aining 5% concentrated 

sulphuric acid. Mixtu~e of fatty acid methyl esters 8:0 

to 18:0, 18:1, 18:2 and 18:3 were procured from Sigma Co., 

U.S.A. 

4.7.15 ISOLIITION AND ESTIMATION OF LAC TONES -"-----

~'ethod of Wadhwa and Jain (1984) was used for the 

analysis of lac tones from milk powder which is as 

follows: 
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4.7.15.1 COLU~lN C/lR0I1A~~~ 

The glass column 2.0 x 55 em was packed in the 

sequence of glass wool, treated acid alumina (6 g), 

anhydrous sodium sulphate (35 g) and mixture of celitc-545 

(35 g), digitonin 240 mg dissolved in 1 ml hot water and 

fat (10 g). The packed column was eluted with acetonitrile 

at the rate of 0.80 ml/ml0 until 200 rol effluent were 

collected. The solvent was evaporated with a rotary flash 

evaporator to about 10 ml. From this the fat layer was 

separated and th~ supernatant effluent was a~ain 

concentrated under a fine stream of nitrogen to get crude 

lactonic isolate of fat. 

4.7.15.2 PURIFICATION OVER SILICA PLATES 

The concentrated effluent {crude lactonic fraction} 

from the column was spotted on 0.25 mm silica gel G plates 

(silica gel G:water: 2:1), activated at 110°C for I hr. 

The plates were developed at 25°C in tile solvent system 

benzene:ethyJ acetate (9:1) saturated with water acidified 

with one drop of flel. After development, the plates were 

placed in iodine chamber and the lac tonic region was 

scrapped. The scrapped mat:.crial was eluted with 25, 15 

and 10 ml of ilcctonitrilc, filtered through Whatmann 

filter No. 40 to r~rnovc silica gel particles follow~J by 

evaporation under rotary flash evaporator lo gel til\') 

lactonic isol<Jtc of milk fat extracted from ';~lP. 
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4.7.15.3 FRACTIONATION Of LACTONES flY GLC ---

pyne Uniearn series 304 flame ionization gas 

chromatograph dual column was used. Model mixture of (C 
8 

- C 
16 

C 
18 

and gamma - C 
6 

C 
12 

c , 
15 

c ,C 
16 18 

lactones 

(each about 1%) in acetonitrile solvent was prepared. 

Both delta- and gamma- lactones up to C 
12 

were 

fractionated at 16QOC and those above C 
12 

were 

fractionated at 195°C. Model mixture of lactones and 

lactonic isolates of ahcc were fractionated under the 

conditions as follows: 

Column stationary phase 

Column dimensions 

Column temperature 
min. 

Injector temperature 

Detector temperature 

Range 

Attenuation 

Flow rate of gases 

10 % bEGS coated on 100 - 120 flIesh 
Diatomite CCAW 

IMx4mm 

Initial temperature 160°C I 40 

Rate 15°C / 1 min 

Upper temperature 195°C / 60 min. 

210·C 

100 

16 

Carrier gas N = 30 ml/min 
2 

Hydrogen = 33 rol /roin 

Air = 330 rol / min. 

4.7.15.4 ClIARACT8RIZATION AND ESTIMATION OF LACTONES 

Characterization was done through retention time. 

Gamma C lactone was chosen as the internal standard (IS) 
7 

to be added to the lac tonic isolate of different samples, 
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25 ug of this internal standard was added to lactonic 

isolate from 10 9 fat. The whole material was dissolved 

in 0.05 ml (50 ul) of acetonitrile, 4 ul of this solution 

was injected into the column under the standardised 

conditions of fractionation of lactones described earlier. 

Individual lac tones of fat were quantified according to 

the equation. 

1 x peak area of lactone x 50 
ppm of lactones = ---------------------------------------

peak area of internal standard x 4 x 10 

peak area of lactone 
= 2.5 x --------------------------------

peak area of internal standard 

Peak areas were calculated by the triangulation rnethoJ. 

4.7.16 MEASUREMENT OF AUTOXIDATION 

4.7.16.1 EXTRACTION OF FAT FROM HHOLE MILK POV/Df:R -----

A method described by Kantson et a1. (1973) was 

adopted with some modifications. Dry milk (50 g) dnd 

powdered ice (5 9) were mixed vigorously with a spoon for 

10 to 15 min. The homogeneous mixture was then 

transferred to the column of an extractor. The extraction 

tube was attached to a 500 ml round bottom flask and 200 

rol of methylene chloride were added to the extractor. The 

flask was heated on a water bath maintained at 55-GOoe. 

The solvent was refluxed at this temperature fot- a period 

of 4-5 hours. The filtration of the solvent from the 

extractor to the flask waG cuguloted at a rdte of 6 Inl 
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per min with the help of the teflon plug stop cock, so as 

to maintain the solvent above the level of powder in the 

extraction tube. On completion of extraction, all the 

solvents in the tube was drained into the flask. The 

solvent was then evaporated under vacuum and finally in 

the presence of nitrogen at 40-4SoC. 

4.7.16.2 PEROXIDE VALUE BY IODOMETRIC METHOD 

Peroxide value was determined by adopting the 

iodometric method of Lea (1931). One 9 of fat sample was 

accurately weighed into a 100 rul conical flask and 

dissolved in 20 ml solvent mixture (two volumes of I)lac1.B.l 

acetic acid and one volume of chloroform). One 9 of 

potassium iodide was added to the mixture and the flask 

was closed with a standard glass joint with a opening. 

The contents were immediately heated on a boiling water 

bath in such a way that it starts boiling within 30 sand 

kept in boiling condition for 30 s. The contents were 

then cooled under tap water closing the opening of the 

standard glass joint. Approximately 30 ml of distilled 

water and .1 ml of freshly made starch indicator (1% 

solution) 

immediately 

solution. 

were added to the flask. The contents were 

titrated against 0.002N sodium thiosulphate 

Similarly a blank titration was also carried 

out. The peroxide value was calculated and expressed as 

mM of oxygen/kg of fat. 
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4.7.16.2.1 PEROXI DE VALUE BY IODOMETRIC "1ET~lOD AFTER 
PASSING THROUGH COLlnlN OF SILICA GEL ----

To remove the substances in the fat which interfece 

in the peroxide value determination by iodometric method, 

the fat was treated as follows: 

About 1.5 g of fat dissolved in 10 rol methylen~ 

chloride was passed through a column of silica gel (60-120 

mesh, activated at 110°C for overnight and desiccated). 

Two hundred ml of methylene chloride, required for tot~l 

recovery of fat, were used for elution. The so] vent HilS 

then evaporated under vacuum and finally in the pr~s0nce 

The fat thus obtained was used 

for the determination of peroxide value as described in 

section 4.7.16.2. 

4.7.16.3 PEROXIDE VALUE BY COLORH1ETRIC METHOD 

The method of Newstead and Headifen (1981) as 

modified by Ro~ers and Kieseker (1986) was llsed f0r" 

estimating peroxides developed in milk powder durinu 

storage. The standard method used to ctetE:nnine the 

peroxide content of milk fat which has been adopted by 

the International Dairy Federation (1974) is based on the 

method of Loftus Hills ilnd Thiel (1946). Th is bi.l G ic 

method was adopted f01' use with milk powders following the 

development of suit ,lIe fat extraction procedure by Pont 

(1955). The method used is as follows: 
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Ten 9 of WMP were mixed with 20 ml water at saQe in a 

50 ml beaker using a glass rod. The reconstituted milk 

was transferred to a 150 x 25 mm diameter glass stoppered 

test tube and 0.5 9 of sodium borate was added and tubes 

were kept in a water bath at 50°C for 15 min. To this 15 

ml of deemulsifying reagent (50 9 sodium salicylate and 50 

9 sodium tricitrate were dissolved in distilled water, 

mixed with 86 ml of n-Butanol and the volume was made up 

to 450 mI) were added and incubated at 70°C in n water 

bath for 3 min. The contents were then centrifuged at 

10ao rpm for 3 min. To the tubes sufficient distilled 

water at 60 0 e was added and the fat level was raised to 

neck. The tubes were further centrifuged for 2 min and 

left standing in a water bath at 50°C untill the fat 

layers were separated clearly. 

The fat samples equivalent to 0.2 ml fat were w~ighed 

in a 150 x 18 rom diameter gl(.1ss stoppered test tub(:s. To 

this 9.7 ml of solvent mixture (70: 30 Chloroform : 

Methanol) were added and mixed thoroughly. The colour was 
a 

developed by adding (J.OS ml of amIllonium thioc~nate (3 9 

in 10 ml) and 0.05 ml of ferrous chloride (freshly 

prepared) followed by shaking and allowing to stand for 5-

10 min. l\ reag0nt blunk with no f.1.t was alsu prcpi.lred. 

The developed colour was measured 3IJainst blank at 500 nw 

in a Busch and Lomb spectrophotometer. The rc:.;ults Wl:C~: 
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expressed in rn. eq. of oxygen/kg fat by using the standard 

curve and the following formula: 

Net ~g iron/lO rol test solution 
Peroxide value = 

Weight of the fat x 55.84 

4.7.16.4 DIENE CONJUGATION 

Conjugation of non-conju0ated polyunsaturated fatty 

acids of milk fat taking place due to autoxidation during 

storage was measured by the spectrophotometric method of 

Aoes (1971). 

4.7.16.5 TOTAL CARnONYL VALUE 

The method of Rama Murthy and Jain (1973) was used 

for determination of total carbonyl value of free f~t 

extracted from the powder. 

About 0.1 9 of accurately weighed fat sample was 

dissolved in 0.5 rol carbonyl free hexane in a 25 rol glass 

stoppered flask and 0.5 9 of ce!ite-DNPH phosphoric acid 

mixture was added. The flask was stoppered and shaken 

well, allowed to stand at room temperature for 24 hr and 

9.5 ml of carbonyl-free hexane were added to make up the 

total volume to 10 mI. The concentration of DNP 

hydra zones in the solution was estimated by measuring th~ 

optical density of the solution at 345 nm and corwertinej 

the reading to~, using E = 22,500. A blank experiment 

was carried out simultaneously. 
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4.7.16.6 THIOBARBITURIC ACID (TBA) VALUE 

The method of Mettler (1973) was adopted for the 

estimation. Milk powder (15 g) was dispersed by swirlinU 

with 75 mi cold distilled water in a clean 500 mi round 

bottom flask. To this 7.0 mi of 3 N Hel were added and 

the contents were mixed. The distillation appacatus was 

assembled and a stop watch was started when steam first 

came into contact with the acidified milk. The 

distillation was continued at a controlled rate to collect 

50 ml of distillate in 10-15 min. 

The distillate was then mixed thoroughly. Twenty mi 

of the distillate was pipetted into a 50 mi boiling tube 

and 20 mi of TBA reagent (0.67% in glacial acetic acid) 

were added. The contents were mixed and heated in a 

boiling water bath for 35 min. During boiling the open 

end of the test tube was covered with an inverted 2.0 Illl 

beaker. A reagent blank was prepared in the same manner 

with 20 ml of distilled water replacing th~ stectro 

distillate. The contents were cooled and absorbance \"3S 

read at 530 nm. The TBA value was reported as absorbance 

at 530 nm. 

4.7.16.7 UV ABSORPTION OF STEAr1 DISTILLATE AT 280 nm 

A tiimple method for d~tennin()tion of oxid.:..Livl.! 

changes occurring in milk powder ouring stora<Jc was 

developed and was adopted in the study. \>lhole milk pov-/dcr 

(15 g) was dispersed by swirling with 75 ml distilled 
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water in a clean 500 ml round bottom flask and 4-5 drops 

of silicone oil were added to prevent the formation of 

foam during distillation. To this 7 ml of 3 N Hel were 

added and the contents were mixed. The round bottom flask 

was fixed to vacuum distillation assembly and the 

distillation was started. Simultaneously a stop watch was 

also started when the steam first came into contact with 

the milk powder slurry. The distillation was continued at 

a control rate to collect 50 mi of distillate in 8-10 min. 

The steam distillate was read in a spectrophotometer 

at 280 om against distilled water blank and the results 

were expressed directly. 

4.7.16.8 EXTRACTION OF FREE FAT FOR OXIDATIVE CHANGES -------

Free fat for the determination oxidative changt::s \-las 

extracted by the procedure described by Wc:wala & Baldwin 

(1982). To 20 9 of sample in 250 101 conical flask 100 101 

of petr.oleum ether (40-60 boiling range) were added. The 

contents were shaken on a mechanical shaker for 5 min. 

The solvent layer was then filtered through Whatmann No.42 

filter paper and collected in a round bottom flask. 

Extraction procedure was repeated once more. Th~ 

collected solvent contai.ning the fat, was evaporatt~d in u 

vacuum rotary evaporator at 45°C • The final traces of 

solvent were evaporated under a fine jet of nitrogen. The 

fat so obtained was used for the estimation of various 

oxidative changes occurring during storage. 
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4.7.16.9 ANALYSIS OF CARBONYLS 

Carbonyls compounds in the fat extracted from the 

powder were converted into their 2,4-DNP hydra zones and 

were analysed adopting the method described by Schwartz 

et al. (1963) as mentioned below: 

4.7.16.9.1 Isolation and estimation of tota~ carbonyls as 
thei£ 2,4-DNP hydra7.oncs (Step 1) 

A column of celite- 545 impregnated with 2,4-DNPH, 

phospnoric acid and water was prepared as described below: 

One 9 of 2,4-DNPH was dissolved in 12 rol of 85% 

O-phosphoric acid by grinding in a 6 N mortar, 8 ml of 

distilled water were added to the clear yellow solution 

and the precipitate formed was redisolved by further 

grinding. Twenty grams of ceiite-545 were then ground 

into the solution until a homogeneous damp powder was 

obtained. The bright yellow impregnated celite was then 

packed into a chromatographic column (20 x 2.5 em) 

containing hexane and a plug of glass wool at the 

constricted portion of the tube. The column was flushed 

with 50 ml of benzene followed by carbonyl free hexane 

until a colour less effluent was obtained. A 20% milk 

fat solution was prepared in carbonyl free hexane and was 

passed through the column. The flow rate of the effluent 

was maintained at 2 ml/min. When the last portion of the 

solution had just entered the column the sides of the tube 

were washed with 50 ml of carbonyl free hexane, which 
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drained into the column by gravity. The column was then 

flushed with carbonyl free hexane until the effluent 

emerged colourless. The concentration of total carbonyls 

as their 2,4-DNP hydrazones in the effluent was estimated 

by measuring the absorbance of the solution at 340 nm and 

converting the reading to u mole using E 22,500. A 

blank experiment was performed simultaneously. 

4.7.16.9.2 Adsorption of 2,4-DNP hydrazines on magnesja 
celite column-(Step 2) 

A mixture of magnesium oxide activated by the 

addition of 6% moisture and celite 545 (1:1) was slurred 

in a Erlenmayer flask with hexane. The slurry was then 

poured through a funnel into a chromatographic column (1.5 

x20 em) containing a plug of glass wool at the constricted 

portion of the tube. The slurry was packed immediately 

under moderate ~ir pressure leaving about 1 em of hexane 

above the surface of the bed. The sides of the tube were 

washed down with hexane, free of solid material. A plug 

of glass wool was placed on the surface of the adsorbent 

to prevent disturbance of the adsorbent while pouring the 

sample solution. The effluent from step 1 was carefully 

passed through the column. A gentle air pressure was 

applied to the top of the column to ensure an unbroken 

stream of the effluent issuing out of the column. The 

adsorbed 2,4-DNP hydrazones appeared as a deep purple zone 

on the top of the column. The fat solution was draineJ 

and the sides of the tube were carefully washed down with 
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hexane. Washing with hexane was continued until the 

effluent was free from fat, which was confirmed by drying 

a drop of the effluent on a filter paper. The adsorbed 

2,4-DNP hydrazones were then eluted with a mixture of 

nitromethane and chloroform (1:3). Elution was continued 

till a colourless effluent emerged from the column. The 

effluent containing 2,4-DNP hydra zones of monocarbonyls 

and ketoglycerides was evaporated on a steam bath under 

reduced pressure. The residue waS extracted with a little 

amount of hexane. 

4.7.16.9.3 Separation of 2,4-DNP hydrazones or monDcar­
bonyls and ketoglycerides on alumina column 

Neutral 

addition of 6% moisture 20 hours before use. A column 

(1.5 x 10 em) was packed using a slurry of deactivated 

alumina (5 g) in hexane. A plug of glass wool was placed 

on the surface of the adsorbent in the column. The hexane 

solution of the 2,4-DNP hydrazones from step 2 was passed 

through the column. When the last portion of hexane 

solution had passed into the column, the sides of the 

tube were washed down with hexane and the monocarbonyl 

fraction was eluted with a mixture of benzene-hexane 

(1:1). The slow moving Ketoglyceridc band was completely 

eluted with benzene. The effluents were evaporated over 

steam bath and the residues were extracted with analytical 

grade chloroform. The concentration of monocarbonyls and 

keto glycerides were estimated by measuring the absorbance 



106 

of the solution at 360 nm and converting the r8(iding to 

micromoles by using E = 22,500. 

4.7.16.9.4 

The 

separated 

TLC separation 
carbonyls into 
estimation 

of 2,4-DNP hydrazones of mono­
~ifferent classes and their 

2,4-DNP hydrazones of monocarbonyls were 

into four classes namely methylketones, 

alkanals, alk-2-enals and alka-2,4-dienals, using the TLC 

method of Schwartz et a1. (I968) which is described below: 

Three grams of MgO light (EM) and 7 9 celitc-545 were 

vigorously shaken with 50 mi distill water in a stoppered 

200 mi E::rlenmaycr flask until a lump free suspension war; 

obtained. The slurry obtained was coated on a glass plate 

(20 x 20 em) with the help of an applicator (Desaga) to 

obtain a coating with a thickness of 0.5 mm. The plates 

were held at room temperature open to the air for 48 hours 

The hydrazones were spotted closely from the benzene 

solution with the help of micropipette at about cm from 

the base of the plate. The plate was developed for about 

90 min with a mixture of hexane and chloroform (95:25). 

The hydrazone derivatives were separated into four bands 

with distinct colours, light gray, brown, light pink and 

dark pink and these were identified as methyl ketones, 

n-alkanals, alk-2-enals and alka-2,4-dienals classes 

respectively. The plate was removed from the TLC chi:1Jltu~r 

and each cluss was scraped with a razor blade. The 

hydt'dzone derivatives of each class were then eXlt'dCled 
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with minimum quantities of analytical grade chloroform and 

filtered through Whatmann N0.1 filter pape~. The purity 

of the derivatives of Bach class was determined by 

measuring the absorption maxima of the chloroform 

solution. The absorption maxima for derivatives of 

authentic classes being 363, 355, 370 and 390 nm for 

methyl ketones, n-alkanals, alk-2-enals, and alka-2,4-

dienals respectively. If the derivatives separated were 

impure they were once again subjected to TLC as described 

above. The percentage of each class of monocarbonyls 

fractions was obtained by measuring the absorbance of tIle 

derivatives at respective maxima and converting it to 

micromoles using E = 22,500, 22,200, 27,000 and 37,000 

respectively for methyl ketones, n-alkanals, alk-2-en~ls 

and alka-2,4-dienals. 

4.7.16.9.5 Isolation and estimation of steam volatile 
monocarbonyrS" 

Isolation and estimation of steam volatile monocac-

bonyls (SVMC) from WMP was done by the method of 

Vijayender Rao (1981). 

4.7.16.9.5.1 preparation of 2,4-DNPH solutions 

A saturated solution of 2,4-DNPH was prepared by 

dissolving 1.5 9 of DNPH in 200 ml of 2N HC1. Th~ clear 

solution was washed with 3 x 25 rol of cat'bonyl free h0xane 

in order to remove th~ impurities which behav0 like DNP -

hydra zones of aliphatic carbonyls. 



4.7.16.9.5 •. '2 Conversion of steam volatile ~b~t11l Com­
pounds i~ milk into their 2,4-DNP hydrazones 

Hundred ml of reconstituted milk were taken in a 500 

ml round bottom distillation flask and 4-5 drops of 

silicone oil were added to preven t the forma t ion of fOdlll 

during distillation. The flask was connected to a glass 

distillation unit, the receiving end of which was kept in 

a container with 50 ml of saturated DNPH solution. About 

100 ml of the distillate were collected in order to gct 

the complete recovery of carbonyl compounds. Foaming was 

reduced by slow distillation and cooling the flask with 

wet cloth whenever excess foam formation was noticed. The 

distillate was kept over night and the monocarbonyl 2,4-

DNP hydrazones were extracted with 4 x 50 ml c~rbonyl free 

hexane. 

T~e optical density of the resulting yellOW solution 

was measured at 340 om and the concentration of the 

solution with respect to DNP hydra zones {in uM} was 

calculated, using E = 22,500. A blank experiment was run 

simultaneously. The SVMC hydrazones obtained were further 

separated into classes and by the TLC method as described 

in the text (cf 4.7.16.9.4). 

4.7.17 MEASURE~IENT OF BROHNING 

4.7.17.1 HYDROXYMCTHYL FURFUR~ L (mlF) 

The method of Keeney and Bassette (1959) as mod i f ied 

by Craig et a1. (1961) and Della Monica ct al. modified 
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was used. Using this method total as well as free m1F can 

be determined. 

4.7.17.1.1 Total HMF 

In this method WMP was reconstituted to a level of 

12% TS at 40-45~C. Ten ml aliquot of the reconstituted 

milk were pipet ted into a 50 rol test tube. To this 5 tnl 

of 0.3 N oxalic acid were added and the contents wer.e 

mixed. The tube was covered with an inverted 20 ml beak~r 

and the contents were digested by placing the tube in a 

boiling water both for 1 hour. Then it was removed from 

the water bath and cooled in an ice water bath to room 

temperature. Five ml of 40 % trichloroacetic acid (w/v) 

from a burette were added and the contents were mixed 

and filtered through Whatmann NO.42 filter paper. Four rol 

of this filtrate were pipetted into a test tube. To this 

1.0 ml of 0.05 M TBA ( 0.72 9 of thiobarbituric acid in 

100 ml of water by warming slightly and cooling to 25°C 

before use) was added. The tube was placed in a water 

bath at 40°C for 40 min and then cooled to room 

temperuture. The absorbance of the solution was measurcJ 

at 443 nm against a blank (prepared in the same Wi"y as the 

sample but 6ubst-ituting water for milk) using Gilford 

spectrophotometer. 

Calculations 

Total HMF ( ~M/litre) = (Absorbance - 0.055) x 87.5 
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4.7.17.1.2 Free i1MF 

Free HMF from the sample was estimated by adopting 

the above procedure with the omission of the digestion 

step. Free BMF was then calculated by the following 

manner. 

Free UHF ( JJM/l i tre) == (Absorbance - 0.015) x 81 

4.7.17.2 COLOUR INDEX 

The method of Palombo et al. (1984) was used with --
slight modifications. In this method 1 9 of lJMP was 

dispersed ~nrl mixed thoroughly in 5 rol deionized distilled 

water at 45°C. Three ml of this were transferred to a 

test tube which contained 0.8 rol of proteolytic enzyme 

pronase (SIGt-1A P-6911, 5-8 units/mg solid) solution (3.75 

mg enzyme/ml in tris - Bel buffer pH 7.2). The test tubes 

were incubated for 180 min at 45°C in a water bath. The 

tubes were then cooled in an ice water bath and 0.3 ml of 

100% trichloroacetic acid were added to each tuh~. Later 

the tubes were centrifuged at 7000 rpm for 20 min and the 

solutions· were filtered through Whatmann No.1 filter 

papers. Optical density of the filtrate was measured in a 

Gilford 250 spectrophotometer at 420 nm and 550 nm using 

distilled water as a blank. The reading at 550 nm was 

used for correction due to turbidity. The colour index, 

00 calculated as 
420 550 

00 = A - A 

The colour index was expressed as OD/g dry s()lid. 
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4.7.17.3 FEIlIUCYIINIIlJ,: REDUCING VIILUE 

The method of Crowe et ~. (1948) as improved by 

Robbertsen and Radema (1975) was used for determination of 

ferricyanide reducing valu~. One hundred rng sample of 

milk powder were weighed and transferred into a test tube 

fitted with a ground glass stopper. To this 5 ml of water 

at 50°C were added and mixed thoroughly. Then 5 ml of 

O.02M phosphate buffer with a pH of 6.6 and 5 ml of 1% 

potassium ferricyanide solutions were added. The contents 

were heated for exactly 20 min in a continuously 8Qitated 

water bath maintilincd at 50°C. The test tubes were cooled 

immediately to 25°C or lower in an ice water bath. Five 

ml of 10% trichloroacetic acid solution were added and 

filtered through Whatmann No.40 filter paper. Five ml of 

the filtrate were mixed with 5 ml of 1% solution of 

sodium carboxymethyl cellulose (low viscosity: 80% 

substitution level) and 1 ml of 0.1% freshly prepared 

ferric chloride solution. The optical density was read in 

a Gilford 250 spectrophotometer at 660 nm against a 

reagent blank exactly after 10 min. The preparation of 

reagent blank was similar to that of sample, with the 

except ion tha t the add i. t ion of roi lk powder was omi t tE:d. 

Cysteine hydrochloride was used as a reference standard 

for calibration curve. The values of the reduc j fHJ 

substances were expressed in terms of rrllJ cysteine hydt·o­

chloride per gram of the sample. 
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4.7.17.4 FR~E SULPHYDRYLS 

The method of Narang et E-L. (1967) was used wi th a 

slight modification to improve sensitivity and applica­

bility to dry milk. The procedure adopted was as follows: 

Four sets of reaction mixture were prepared. The 

first set contained 5 9 of WMP, 10 ml of distilled water 

and 10 ml of 0.5 molar phosphate buffer. The react ion 

mixture was shaken well and set aside for 2 hours. To 

this 5 tol of 50% trichloroaceticacid (w/v) were added and 

the contents were filtered through a \'lhatmann No.42 filter 

paper. The second set contained 10 rol of distilled water 

and 10 ml of phosphate buffer. To this 5 ml of 50%, TeA 

were added after 2 hours. The third set contained 5 0 of 

milk powder, 10 ml of distilled water, 7 ml of phosphate 

buffer and 3 ml of N-ethyl male imide (NEM). This WdS 

subjected to the same treatment as in set one. Similarly 

the fourth set contained 10 ml of distilled water, 7 ml of 

phosphate buffer and 3 ml of NEM. This was subjected to 

same treatment given to the set two. The absorbance of the 

filtrate from set one was measured against that from set 

two and that of set three against set four at 310 om. The 

difference in two absorbance was proportional to the 

concentration of free-SH. Narang et e1. (1967) measured 

absorbance at 300 nm. However, the usc of 310 was 

preferred where the absorbance is only 5% less but there 

is little interference from other substances that nbsorb 

at 300 nm (llabeeb, 1972). 
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Since the molar absorptivity of NEM is 620 the micro 

moles of sulphydryls per ml of the reaction mixture were 

calculated by the following formula. 

00 
Free -SI-I 11H/ ml of = 
reaction mixture 620,000 

For calculating sulphydryl concentration in the 

original sample, tIle dilution factor was duly taken into 

consideration. In this case the total reaction volume was 

25 ml and weight of the powder was 5 g, therefore 

00 25 
Free -SH ~M/ 9 powder = --------- x ---------

620,000 5 

1.8 ,nCROBIOLOGICAL ANALYSIS 

Whole milk powder samples were examined for standard 

)late count and coliform count according to lSI methods as 

nentioned in SP: 18 : Part. XI (1981). 

1.9 ORGANOLEPTIC EVALUATION 

Thirteen grams of WMP were was reconstituted with 100 

al of potable water at room temperature and served to 

!xpert panel of judges to evaluate for its appearance, 

:lavour, body texture and overall acceptably on nine point 

Iedonic Scale, with a score of nine representing "like 

!xtremely" and that of one as "dislike extremely· . 

score of six and above wad for the same parameters 

l imul taneously. 



114 

4.10 STATISTICAL ANALYSIS 

The data were statistically analysed using the 

STATGRAF utility in a PC/XT Computer. 



RESULTS AND DISCUSSION 
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5.0 RESULTS AND DISCUSSION 

The initial physico-chemical, bacteriological and 

)rganoleptic qualities of the three batches of freshly 

nade WMP as required under DIS specification arc ShOWII in 

rable 1. The quality of all the samples 

[ndian Standards (IS: 1165-1986) in all 

~ddition to these, other initial propertiez 

conformed to 

respect. In 

of the \rIMP 

samples are given in Table 2. The changes occurring in 

each of these properties during storage are presented and 

discussed below. 

5.1 ORGANOLEPTIC QUALITY 

The three batches of WMP bulk packed in HOPE bags 

encased in hessian laminated craft paper bags stored at 

20°C and 

evaluated 

ambient temperature were 

initially and at the end of 

organoleptic~lly 

every month of 

storage. 

judges 

Fig. 1. 

Table 3~ 

The averages of the scores given by diffe~ent 

of the panel fo~ each of the sample arG given in 

The statistical analysis of the data is given in 

The L ..... cial scores of freshly made powdo~ ranged from 

8.5 to 8.8 which indicated that the freshly made WNPs weLt..' 

of good quality and highly acceptable. During e.to~ag0 the 

organoleptic score decreased gradually in all the samples, 

the rate of decrease being significantly higher (P < 0.01) 

at ambient temperature than at 20°C. This indicated that 
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Table 1: Initial quality of WMP as per BlS Specification. 

S1. 
No. Property 

1. Moisture, % by mass 

2. Total solids, % by mass 

3. Solubility index, in ml 

4. Total ash, % by mass 

5. Fat, % by mass 

6. Titratable acidity 
(lactic acid), % by mass 

7. Standard plate count/ 9 

8. Coliform count/ 9 

9. Organoleptic scores * 

1 

3.73 

96.27 

0.10 

5.62 

26.0 

0.98 

10,500 

NIL 

8.7 

Batch Number:-

2 3 

2.62 3.33 

97.38 96.67 

0.10 0.30 

5.41 5.69 

26.1 26.2 

0.94 0.97 

10,700 4,500 

NIL NIL 

8.8 8.5 

* Analysed on a nine point Hedonic scale (Appendix - I). 
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Table 2: Physico-chemical properties which are noL 
included in RIS Specification of fresh WMP at 
zoro days or staraue. 

1. by iodometric method; 2. by colorimetric method 

81. 
No. Property 

I 

1. Free fatty acids 0.937 
(mM/IOO ~ fat) 

2. Lactic acid (mg/g) 1.92 

3. Heat stalJility (min, at 130°C) 31 

4. pI] 6.70 

5. Viscosity (centipoise) 1.36 

6. Total [IMP (J.lM/l RCM) 3.46 

7. Pree mlF (}J1l/1 ROn 0.446 

8. Colour index (OD/g dry solid) 0 . .141 

9. Total reducing capacity l.52 
(Cyst. BCI/g) 

10. Free Sil-group (pM/g) 3.16 
I 

11. Peroxi.de value 
(mM 0 /kg total fat) NIL 

2 
2 

12. Peroxide value 
(m. eq. of 0 /ka total fat) 2 . 

13. T8A value (A ) 
530 

14. Conjugated diencs 
('I; of total fat) 

15. 

16. 

17. 

lB. 

19. 

20. 

Total carbonyl content 
().lM/g total fat) 

SVMC (pM/lOa 9 RCIl) 

00 at 280 nm 

Free fat (% total fat) 

2 
Peroxide value (m,eq. of 
o /kg free fat) 

2 
Conjugated- dienes 
(% o[ froe fat) 

0.228 

0.002 

0.756 

6.660 

1.380 

0.067 

3.4BO 

0.346 

0.755 

Batch Number 

2 

0.926 

1. 54 

31 

6.71 

1. 36 

3.15 

0.405 

0.147 

1. 60 

3.16 

NIL 

0.236 

0.008 

0.894 

8.010 

1. 490 

0.070 

2.820 

0.344 

0.895 

3 

0.53! 

2.88 

30 

6.70 

1. 34 

3 • 15 

0.447 

0.134 

1. 42 

3.16 

O. 17U 

0.004 

O.70<j 

6.780 

1. 2.1 0 

0.064 

5.610 

0.312 

0.702 

21. Total carbonyl content 6.830 8.240 7.020 _____ ~~~~~_!:::_!~:2 _____________________________________ _ 
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Table 3: AN OVA for the effect of temperatut'e and pcriou 
storage on the organoleptic characLeristics 
of I,tmp. 

Source of Variation d. f. m.s.s F Hatio 

Between Trials 2 2.53 6.61** 

Between Temperature (A) 1 6.66 17.39** 

Between Storage (,eriod (B) 12 5.31 13.87** 

-1 
Interaction (A X B) 12 6.72x10 .1 .753 

-1 
Error 50 3.83x10 

** Significant at 1.0 per cent level. 
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the flavour deterioration occurred continuously during 

storage and the rate of deterioration increased with 

increasing temperature. The rate of change of flavour 

score significantly differed as the storage period 

progressed and also it was significant among replicates 

(Table 3). 

All the samples stored at 20°C showed scores between 

6.6 to 6.7 even at the end of 12 months of stor~ge 

indicating that they all remained clean and acceptable. 

In the samples stored at ambient temperature the rate of 

decrease of score was gradual up to the end of 9th month 

of storage and thereafter the rate of change varied widely 

among the sample. 

score of 6.4 at 

Thus the powder of batch No. 2 showed a 

the end of 12th month of storaue 

ind icat ing 

of batch 

that it was clean and acceptable. The 

No.3 showed a score of 5.5 at the end 

powder 

of 12 

months of storage indicating that the powder was on the 

verQe of developing off-flavour and becoming unacceptable. 

The powder of batch No.1 showed a marked decrease in 

score after the 9th month of storage and reached a score 

of 3.9 when the powder was examined at the end of 10th 

month. In general, the WMP samples stored at ambient 

temperature and 20°C remained acceptable for a period of 9 

months and 1'2 months respectively. Taking into 

consideration the variation in scores among the individual 

judges it was necessary to reduce the above mentioned 

periods by two months so that it becomes safer to predict 
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the period for which the powder could be stored without 

spoilage. 

For organoleptic evaluation, the WMP as w~ll as the 

reconstituted milk (RCH) were taken for examindtion. The 

scores obtained for dry powders were in general higher 

than that obtained for ReM. This indicated that judgin~l 

of ReM was more sensitive than the dry powder for 

organoleptic evaluation. 

of RCN was preferred 

organoleptic evaluation. 

Hence, in the study examination 

over that of dry powder for 

5.2 CHANGES IN PHYSICO-CHEMICAL PROPERTIES 

5.2.1 ~lOISTURE 

The moisture content of the three batches of vJMP 

samples stored at 20°C and ambient temperature, obtained 

at the end of every month of storage up to a period of 12 

mont.hs is shown in Fig. 2. The increase in moisture 

during first 2 to 6 months of storage was not significant 

(the mean differences were less than the critical 

difference of storage periods). During subsequent period 

of storage the rate of increase was significant and rupid 

(Table 4). The initial period during which the powder 

showed resistance to absorption of moisture depended 

Thus 

on 

the initial 

powder of 

moisture content of the 

batch No.2 Hhich had 

powder. 

the lowest 

the 

moisture 

content of 2.62% showed a shortest period of two month~, 

during which the moisture absorption was not significant. 
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Table 4: ANOVA for 
titratable 
v,iNP. 

the effect of temperature and period of storage on moisture, 
acidity (TA), solubility index (SI) and free fatty acids (FFA) of 

Mean sum of squares 
Source of Variation d. f. 

f-loisture TA 51 FFA 
-----------------------------------------------------------------------------------------

-2 -1 -1 
Be~ween Replicate 2 6.68** 3.48xlO ** 4.14xl0 ** 1.20xl0 ** 

-2 -1 -1 
Between Temperature (A) 1 1.15** 3.66xl0 ** 7.52xl0 ** 6.74xl0 ** 

-1 -3 -2 
Between Storage period (B) 12 6.69xl0 ** 8.03xl0 ** 7.39xl0 ** 1. 59 ** 

-2 -4 -2 -2 
Interaction (A X B) 12 6.58xl0 * 7.17xl0 5.44xl0 ** 1. 82xl 0 

-2 -4 -2 -2 
Error 50 2.60xl0 9.47xlO 1.25xl0 2.2xl0 
-----------------------------------------------------------------------------------------

* Significant at 5.0 per cent level 
** Significant at 1.0 per cent level 

tJ 

'" tJ 
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The powder of batch No.3 which had the high0St initial 

moisture content of 3.33% showed a period of 4 months 

whereas powder of batch No.1 showed a period of 5 month~;. 

After this initial period the lovel of moisture in powder 

increased significantly (P < 0.01%) with the stor-aQe 

period. The rate of change of moisture was significantly 

higher in samples stored at ambient temperature than in 

those stored at 20 0 e (Table 4). The average rate of 

increase of moisture in all the samples was 0.06 per month 

at 20°C and 0.09 at ambient temperature. 

A comparison of monthly average increase of moisture 

with corresponding RH at Dharwar is given in Fig. 3. 

There was no definite trend between the rates of moisture 

absorption and RH of place which even touched 100% durina 

certain months. This showed that the rate of bbsorption 

of moisture under the packaging conditions of thc study 

was influenced by ambient temperature and very little by 

RH. Agarwal (1988) reported that the 'YJatcr Vapour 
2 

Transmission Rate (\VVTR) of HDPE to be 0.3 g/m at 

It can be inferred that HDPE possessed 

sufficiently good moisture barrier properties even under 

high humid conditions. Belcher (1983) also observed that 

HDPE had !)ood moisture barrier pl:'operty as COlnp.:trc to LOPE 

and LLDPE. 

In WMP of batch No. 1 stored at ambient temperature 

the sudden development of off-flavour after 9th month of 

storage coincided with the level of moisture becominq more 
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than 4%. Thus a moisture level of around 4% appears to 

be very critical in WMP in accelerating the development of 

off-flavour. Tarassuk and Jack (1948) also reported that 

a moisture content of 4% was not acceptable in HMP as the 

moisture of abovo this level had been found to decelerate 

the development of off-flavour. 

The following guidelines can be qiven to predict the 

storage period in respect of moisture content of trJMP based 

on its initial moistur~. 

Initial Moisture Period of Storage 

4.0 

3.5 

3.0 

Ambient 

Cannot be Stored 

Up to 5 months 

Upto 10 months 

20°C 

Cannot be stored 

Upto 12 months 

More than 10 months 

5.2.2 TITRATABLE ACIDITY 

Initial titratable acidity (TA) of all the samples 

of liMP ranged between the narrow limits of 0.94 to 0.98. 

The TA showed a small increase which was gradual during 

storage (Fig. 4 ) • The rate of increase was slight ly 

higher at ambient temperature than at 20°C, but the 

difference was significant (Table 4). The average rule of 

increase in TA of the samples stored at ambient 

temperature was 0.035% and at 20°C it was 0.019%. 

Vasic ot a1. (971) and Valent (1977) observed 

practically no change in TA in \-IMP stored in polyethylene 
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bags at ambient temperature for 6 months. Kies~ker et dl. 

(1984) also observed a very small increase in TA in WMP 

stored for 8 months at ambient temperatures. 

As there was no bacterial activity in \-lMP during 

storage, production of lactic acid is not expected and 

hence the increase in TA could not be attributed to the 

production of lactic acid. Coulter et a1. (1951) attri­

buted such increase in TA to the possible tying of amino 

groups of protein with aldehyde group of lactose thereby 

resulting in an increase in carboxyl group for titration. 

A knowledge of initial TA of the powder is very 

important as it indicates the bacteriological quality of 

raw milk used for manufacture of WMP, unless alkali is 

used for neutralizing the developed acidity of milk. Such 

addition of neutralizers are not permitted by PFA rules 

(PFA, 1987). Since the rate of increase of TA in \"rHP 

during storage is very small even at ambient temperature, 

the possibility of TA exceeding the maximum permitted 

limit of 1.2% (IS: 1165-1986) is very less. In fact in 

none of ,the samples the TA exceeded this limit even after 

storing the powder for 12 months. Hence, increase in TA 

of WMP during storage is not of much importance. 

5.2.3 SOLUBILITY INDEX 

The initial solubility index (51) of all the three 

batches of WMP ranged from 0.10 to 0.30 ml which indicat\~d 

that powder possessed very high solubility (99.9 - 99.7% 
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solubility). The most important condition needed to 

obtain milk powders of high solubility (low 81) is that 

the colloidal state of the casein micelles should not be 

destabilized during drying process. This condition is 

almost achieved due to high advances made in spray drying 

process (Ferguesson, 1989). 

The rate of increase of SI of W~1P during storage is 

given in Fig. 5. In general 81 increased gradually 

throughout the storage period. The rate of increase of 51 

of the powder was significantly higher in samples stored 

at ambient temperature than in those stored at 20 D C 

(Table 4). The increase in 81 can be attributed to gradual 

browning reactions that might be taking place during 

storage. Thus the conditions such as increase in moisture 

content and storage at high temperature, which favour 

browning reactions, influence the change in solubility. 

Litman and Ashworth (1957) reported that the rate of 

change in solubility of WMP greatly affected by the 

temperature of storage. Mrithyunjaya (1982) observed an 

increase in S1 from 1.07 to 1.BO ml in buffalo HMP on 

storaue at 30 0 e for 6 months. Kiescker and Clarke (1984) 

reported that initial SI for 1ow- and medium- heat SMP 

were less than 0.1 mI. This value did not change with low 

heat powder irrespective of temperature of storage, while 

small increases were noted with medium- heat SMP held at 

higher temperatures of storage. The high- heat SMP showed 

an initial 8I of 0.2 ml which was virtually unchanged 
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after storage at 10° and 20°C for 12 months. The same 

powder held at 30°C increased slowly in S1 to 0.4 m1 over 

the same time, and powder held at 40°C reached a value of 

1.0 ml in 6-8 months. This showed that conditions used 

for preheating milk also significantly affected the change 

in solubility of powder during storage. The small changes 

in SI observed in the present study during storage are in 

accordance with the above mentioned observations as the 

powders were of medium heated type (Table 2). 

In all the samples, except in the sample of batch 

No.1, stored at ambient temperature which became organo­

leptically unacceptable after 9th month of storage, the 

net increase in SI even at the end of 12 months of storage 

was only 0.42 at ambient temperature and 0.05 at 20°C. 

This showed that the rate of browning reactions in stored 

WMP are greatly controlled either because of low moisture 

or because of 10';1 temperature of storage. In the sample 

of batch No.1 stored at ambient temperature the increase 

jn SI was gradual up to the end of 9th month of storage, 

but thereafter the increase was sudden and rapid. The 

reason for such rapid increase could be attributed to 

increased level of moisture and higher temperature of 

storage, resulting in accelerated 

Since, the standard prescribed for 

Standards is 1.5 ml (IS: J 165-1986). 

hrowning reaction. 

SI as per IndiJn 

The maximum value of 

S1 observed among the stored sample in the present study 

was only 1.2 ml. Thus the chances of 51 exceeding the 
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prescribed limits of 1.5 OIl is very remote. Therefore, 

changes in SI in h"HP during storage are not of Inajor 

concern. 

5.2.4 FHEE FATTY ACIDS ---

The initial free fatty acids (fFA) content varied 

widely from 0.53 to 0.94 mH/IOO 9 fat among the sanlples, 

indicating the presence of varying amount of FFA in raw 

milk used for lile nlanufacture of the powders. However, 

these levels of FFA did not adversely affect the flavour 

of ttle powders, as all the frestlly made powders showed 

very high organoleptic scores which ranged from 8.5 to 

8.B. Presence of high levels of FFA in freshly nladu 

pm/ders can be related to the production of heat stable 

lipases in raw milk, cold stored for long periods (Ipsen 

and 1I':lnsen, 1988). 

The changes in fFA content of \"JMl' durin9 storage are 

given in Fiq.6. The FFA content increas~d Gradually, the 

rate of incredBB being hiQher in samples stored at ambient 

than in those stored at 20 Q C. However, in the $amplc of 

batch No.1 stored at ambient temperature, the incrcase i.n 

FFA was gradual up to 9th month of storage, thereafter it 

was sudden and rapid reaching a value of 1.15 ruM/IOO 9 fat 

at tile end of 10th month of storage. This rapid increase 

in FFA coincided with high increase in tile level of 

moisture as well as development of off-flavour ill this 

particular sample. IIowever, the oEf-flavour developl!d 
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could not he ch~racterjsed as rancid flavour. This showed 

that high levels of moisture in the powder favoured rapid 

hydrolysis of fat. The hydrolysis of fat in WMP Cdn bu 

brought about by both enzymatic and nonenzymatic eha/lgas 

(Ipsen, 1909; Rao and Murii, 1989). 

In the other samples of WMP, which remained 

orgunolepticCllly acceptable till lht: end of the ~jtoruqe 

study of 12 months, the maximum increase in FFA was 1.78 

roM/IOO 9 fat, showing that even this increase in FfA did 

not contribute to detectable off-flavour. Among the total 

FFA the lower chain fatty acids only contribute to off-

flavour. Since the threshold values of these fatty aeilis 

are high (Robards et Q., 1988), considerable amounts {)( 

these fatty acids are to be produced before 

contribute to rancid flavour. 

5.2.5 LACTIC ACID 

The initial Lactic Acid (LA) content of the three 

different batches of HMP ranged from 1.54 to 2.88 

(Table 2). This level of LA did not affect significantly 

the flavour quality of the powder, as all the three 

batches of freshly made powders were organol~ptically of 

very high quality (Table J). Th~ initial LA content of 

the powder del)ends on the levels of lactic acid in the ruw 

milk used for the manufacture of powder. The initial LA 

content of the powder obsec'.'cd here falls within the ra0Dc 

• 
of LA content of 0.064 to 6.14 mg/g found in \i'i'lP manu-
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factu["cd in Poland (Pijilnowski et !!..!.., 1978). 

(1970) found 0.5 to 1.0 m~l/g LA in freshly made SI'-1P which 

were very low compared to values found in this study. 

The LA contents of WMP durinQ storage is shown in 

Fig.7. The LA content of the WMP samples showed practit..:­

ally no increase during storage at 20°C and ambient 

temperature. This is obvious as there was 1.iltle 

bacterial activity in the WMP samples during storao~. 

Earlier works also did not show any developmenL of lactic 

acid in milk powder during storage (Lawrence, 1970; 

Korhonen et ~., 1976). 

Determination of LA content in powder helps in 

knowing the presence of neutralizers and the hygienic 

quality of raw milk used for the manufacture of dry milk. 

Although the LA cont.ent may not have any affect on th~:: 

off-flavour of the powder, yet it may influence the 

solubility and free fat content of the powder (Pijanowski 

ct ~., 1978). 

In this study LA content was estimat~d by the 

modified method of Ling (1951) based on a procedure 

developed by ADHI (Velasco and Moats, 1959) as this methOd 

gave more reproducible results as compared to the method 

of D<lvidson (J949). This may bt:: due to int(.'rfercnc(~· of 

copper sulphate which is used for precipitating proudns 

of milk in the latter method. 
, 
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5.2.6 1'':'. 

The initial pB and change in pH valut.'s of all the 

three batches of powder during storage are shown in Fig,,8. 

The initi[.ll pH values were same in all the hll'lP samplc!,> 

(6.7). The value was similar to the pI! shown by norllul 

cow or buffalo milk. Kieseker and Clarke (1984) reported 

ttlat the initial pH value of low- medium- and high- hCdl 

powders were 6.75, 6.74 and 6.78 respectively. 

The pH decreased gradually in all the samples which 

remained organoleptically acceptable even after 12 months 

of storage and the net change ranged from 0.08 to 0.12 

units. The temperature of storage had practically no 

effect on the rate of change of pfl although it ~as 

statistically significant (Table 5). 

In the case of sample of batch No.1 stored at ambi~tlt 

temperature the pH changed gradually, as observed in ottlur 

samples, up to the end of 9th month of storaqe and 

thereafter the rate of change was sudden and :it reached a 

vale of 6.50 at the end of 10th month of stordgc. Thus 

the net decrease in pH at the end of 10th month "'Jas 0.2 

units and the net change at the end of 12th month was 0.24 

units. The results here demonstrate that sudden chaWlc in 

pH of NMP during storage indicates tIle onset 01 Sl)oildge 

in the powder or development of off-flavour. 
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Table 5: l\NOVA for effect of l~c>mpcr.::tLure and fI,_:riod o( sti)r,Hl";~ on 
heat stabilitYI pI! dnd viscosiLy or ~J[']P. 

Mean Sum of SqUdCUS 

Source of Variation -~-~~-------------------------~~---

Between Replicate 

Between Tempera Lure (A) 

I3ctw<.:..;n Storaoe period ( " ) 

Interaction (A X 0) 

Error 

d. f. 

2 

1 

6 

6 

26 

Heat 
stability 

52.09 ** 

3H.09 , 

305.19 ** 

7.54 

7.30 

* Significant at 5.0 per c0nl level 
** Significant at 1.0 per cent level 

Vis(:osity 

-3 -3 
4.S5xlO ** 1.61xlO 

-3 -3 
2.92xlO * 2.G2x10 

-2 -2 
1.60xlO ** 5.36xlO " 

-2 -4 
6xlO 9.89x10 

-4 -) 

5.96x[0 l.07xlO 
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5.2.7 HEAT STARILITY _._--_._-

The initiDl !H .. 'dt stabil ity or the flOwd(:rs wt.:'re <.llm(j~~l 

SHme nnd it was 30 to 31 min at 130°C. 

stability is comparable to the heal stability shown by 

norm",l milk of either cow or buffalo (Satheesh and 

Unnikrishan, 1985). The changes in heat stability of WMP 

during storage are shown in Fig.9. The heat stability 

decreased considerably at a steady rate in all ~tlC 

samples, whictl remained organoleptically acceptable eVen 

at the end of stora0e study of 12 months. The rate of 

decrease in h0at stability was significantly highee in 

sample stored at ambient temperature than in those stored 

at 20°C (Table 5). 

A highly significant correlation (r = 0.97) tIC tween 

changes in pH and hCo.1t stability of the powder was found. 

Thus decrease in heat stability can mainly he attribut~d 

to the change in p[[ (Fig.8). The net chango in heat 

stabS_lily at the end of 12th month of storage in all the 

above mentioned samples, ranged from 14 to 17 min which is 

very sUbstanti31. Thus it is very interesting to note 

that although there ~Jas no development of off-flavour in 

the samples yet there was considerable docrCDEO in th~ir 

heat stability. Hence, the heat stability of reconsti-

luted milk is greatly influenced hy the age of the \-JHP. 

The of batch No.1 stored ambiL:nt 

temperature behaved differently. The sample showed) a 
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grCldual decrease in pll till the end of 9th month of 

storage, like in other samples, but thereafter it stwwcd a 

SUd~~ll decrease in heat stability coinciding wit!l tIle 

sudden drop in pH as well as development of. off-flavour. 

Iluat stabilily is indicative of onset of spoild~l~ ill ~JMP 

durin'l stor~(Je. 

5.2.8 VISCOSITY 

The initial viscosity of reconstituted milk mad0 froln 

the tllrce batches of freshly manufactured WMP range(i fraln 

1.344 to 1.356 centipoise. The changes in viscosily 

values due to storago of the powders arc shown in 1,'i0. 10. 

The viscosity of normal milk has been reported to rd!HJod 

from 1.640 to 1.857 centipoise at 30~C (Jenness ~nd 

Patton, 1959). During storafj0 of tVMP, the viscosity 

values jncreased gradually throughout tile storage p~rioJ 

in all the samples which remained organoleptically 

acceptable even at the end of 12 months of storage. The 

temperature of storage had no significant effect on the 

rate of increase of viscosity (Table 5). Th~ net aver~ge 

chanlJe of viscosity over a period of 12 month!> was only 

0.24 centipoiso. Kiuseker and Clarke (1984) reported tliat 

at higher storage temperatures (30 0 
- 40 0 C) there was an 

increase in inherent viscosity of reconstituted powdecs, 

which was accompanied by change in solubility indices and 

pI! values. The reason for increase in viscosity is not 

• 
knowD. It has been demonstrated that small charl0cR in pI! 
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(0.05 - 0.10) during preparation of reconstituted milk can 

inCluence the hiher..::nt viscosity of powder (N""~/t:;t0dd ('L 

a1.., 1978). 

In the case of sample of batch No.1 stored dt aJnbieJlt 

temperature, which developed off-flavour after 9th morlth 

of storaae, the viscosity suddenly ctlangcd coinciding wit)' 

the development of off-flavour. The viscosity reached a 

value as high as 1.702 in the case of the spoiled sample. 

Thus the results of the study demonstrated that when tll~ 

samples remained good during storage the viscosity of the: 

reconstituted milk showed values which were comparable to 

those of normal cow or buffalo milk. In the case of 

spoiled samDle the viscosity tended to increa~e 

abnormally. 

5.2.9 Ll\CTON8S 

The chromatogram obtained for the CLC separation of 

the lactone extract isolated from the fat of fresh \/MP 

showed 44 peaks. The lactone pattern obtained from the 

1r.]/'oiP at the cnd of storage period also showed 44 peaks. Of 

these, 20 peaks were identified as delta- C 
8 

- C , 
16 

C 
18 

and gamma- C - C I ee, c lactones on th .... : biJsis 
6 12 15 16 18 

of their retention times with those of tile stand~rd 

lactones. Similarly four peaks were tentatively identifi-

cd as delta- C 
G 

dclta- C 
7 

and gamma- C and C lacton<;;:s. 
13 1-1 

Tht! av~rage concentrations of thcs~ identified jndi,vidual 

• lactones (24 peaks) and the total unidentified lacLon0S 
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(20 peaks) of three batches of WMP are given in Table 6. 

The average concentration of delta- I Qamma- and uni<knti-

fied lactones were found to be 11.54, 1.29 and 3.34 Ilprn 

respectively. Th<2 major lac tones in ~mp were found to be.-

dclta-

(4.36 

C (1.10 ppm) dclta- C 
12 

(3.07 ppm) and delld-
10 

ppm) • Patton (1961) also observed that delta-

C 
14 

C 
]0 

and C lac tones were prominent flavour components in 
12 

dried whole milk. The average totdl Idctone concentration 

observed in WMP (16.16 ppm), in this study, was low0r thai) 

that observed in ghce (30.26 ppm) as reported by \~<Hjhwa 

and Jain (1984). This difference in the conccntr~tions 

may be attributed to the differences in th{; heat 

treatments to which the products are subjected durinu 

their manufacture. Basic studies on the fornl;)tion ot 

lac tones in milk products have shown that lacton0s d"U 

produced by heat in the presence of water from their 

precursor hydroxy fatty acids and the concentrCltion of 

lac tones increases with the increase in the hedt treatment 

(Boldingh and Taylor, 1962; Eriksen, 1976; Hudliwa et al., 

1979; Walstra and Jenness, 1984). During storaa0 there 

was no s i1]n i f lean t: change in the compos i t ion of J <lcton,--~s 

either qualitatively or quantitatively. 

5.2.10 AUTOXIDATIVE CHANGES 

Now it is well established that milk fat undergoes ~ 

typical patterIl of autoxic1ative changes. The firs t oS tatje 

is the period during which milk fat shows resistance 

towards autoxidation. After tllis stag~ the p~roxil!~S, 
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Table 6: Saturated n-aliphatic lac tones (ppm) in f r~l;:;ll 
HMP sdmplee* 

Carbon 
No. 

G 

7 

8 

9 

\0 

11 

12 

13 

14 

I'· .J 

If .. 

18 

Total 

Delta-lac tones 

0.43 

t 

0.84 

t 

1. .\0 

0.13 

3.u, 

0.16 

4.86 

0.06 

0.74 

0.15 

I I • 54 

GJJ'tIfi1i1-1acton(:s 

t 

t 

t 

0.030 

t 

0.089 

0.074 

0.027 

0.104 

O. II H 

0.150 

] .288 
----------------------------------------------------------

Total unidentified laclones 
(20 peaks) 

Total delto- and gamma- lactones 
(24 peaks) 

Cross (44 fH_':.:.lks) 

3.34 

12.ln 

1 G • 1 -; 
----------------------------------------------------------

* 
t 

= 
= 

Average of three batches 
trJces « 0.01 ppm). 
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which are primary products of oxidation, are formed. 

Finally the peroxides are broken down to give rise to 

various secondary autoxidation products. I') order to 

study the possible oxidative changes occurring in the fat 

of \'mp in respect of each of the stages the f0110wln(J 

parameters were determined during storage of 11MP, (i) 

Diene Conjugation, (Ii) Peroxide value (iii) TEA va.lue 

(iv) Total carbonyl value (v) UV absorption at 280 nm. 

5.2.10.1 flI ENE CON,JUCATION 

Tho initial diene conjugation values of milk f~t 

extracted from WMP ranged from 0.705 to 0.894%. The ,licna 

conjunation values for cow and buffalo milk fats h,:lVe been 

reported to b~ 0.821 and 0.725% respectively (RanIa Murtl,y 

and Narayanan, 1972). The changes in diene conjugation if} 

\",r.1P durinI,J storage are shown in Fig.lt. Th~ Chan(l0s in 

diene conjugation showed a typical pattern. It dccrc~seJ 

during tile first month of storage and th0n gradu~lly 

increased, reaching a maximum at the end of about 7 months 

of stora~)C. 

gradually. 

samples. 

Thereafter, the diene conjugation decrOdsed 

This trend was seen in all the individual 

The temperature of storage, although 

statistically significant, had very slight effect on the 

rate of change of diene conjugation (Table 7). There was 

no significant difference in the rat~s of change of dicn0 

conjugation bet\o~een samples which remained orQanoltJpti.­

cally acceptable till the end of 12 months of storage ~nd 

that which was spoiled during storagr.;. 
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Table 7: ANOVA fo!: effect of temperature and period of storage 
(D.C), peroxide value by iodo~etric method (p.VI), 
colorir:wtric n:ethod (P.V2) and TBA value of '\'lI:P. 

on ciene coniuqation 
peroxide v~l~e ~y 

------------------------------------------------------------------------------------
t1ean Sun of Squares 

Source of Variation d. £. --------------------------------------------------
D.C P.VI P.V2 TEl.:., 

------------------------------------------------------------------------------------
-1 

Between Replicate 2 2.17xl0 ** 

-3 
Betw'een Tcmpet-ature (A) 1 1.99xl0 ** 

-3 
Between Storage perioe (B) 12 5.04xl0 ** 

-4 
Interaction (A X B) 12 2.S4xlO 

-, 
Error 50 2.75xl0 

-2 
6.17xl0 * 1.66xl0 

-1 
1. 85xl0 ** 1.08xl0 

-1 
9.01xl0 ** 2.85xl0 

-3 
6.51xlO 1. 05xl0 

-2 
1. 53xl0 3.90xlO 

-2 

-2 

-1 
** 

-2 

-2 

-2 
6.17xlO * 

-1 
1. 85:d 0 " 

-1 
9.01xlO .. 

-} 

6.51xlO 

-2 
1. 53xl 0 

------------------------------------------------------------------------------------
* Significant at 5.0 per cent level 

** Significant at 1.0 per cent level 

,.., 
w 
(l) 



Initial diene conjugation observed in milk fat is JllO 

to the presence of conjugated dienoic acid to the extent 

of 0.704 to 1.10% in cow milk fat and 0.')75 tl) O.H61'l, jn 

buffalo milk fat. Decrease in diene conjuuation dur.i.n'J 

first month of storage could not be explained. Tile 

experiments of Privett and Blank (1962) showed th~t 

changes in clieno conjugation could be due to l>oth 

oxidative and non oxidative changes. They studied th0 

rate of chunge in diene conjugation versus oxyqen 

absorption in methyl esters of PUcA kept at 40°C. DurinQ 

the initial period where there was no detectabll: or 

measurable uptake of oxygen, the diene conjug.J.tion 

increased gradually. At the cnd of induction period th0 

changes in diene conjugation showed a plateau and 

slJbsequently showed a sharp increase in UV absorption. 

Thi~ attributed to the format i.on of stable 

hydropccoxides (conjugated acid). Addition of antioxidant 

had no effect on the rate of change of diene conjugation 

during induction period, but it had the effect of rcducil19 

the rate 

period. 

of diene conjugation 

Thus, they attributed 

during the subsoquent 

UV absorpt ion du ri n9 

induction period to both oxidative and non oxidative 

chJnges. 

The d0credSC in diene conjugation observed dt th"" end 

of 7th month of storage in all the $(Hnples could be 

attributed to the breakdown of conjwJated hydrorcro'A:l.d<.:~; 

at a rate fast~r than ttlat of its formation. Since,- llt...: 
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change in diene conjugation was not significant in ttlB 

initial period of storage, its determination did not set've 

to predict the onset of oxidative changes as indicated hy 

fwroxide value, 'rBA value, Total carbonyl vDluc and UV 

absorption at 280 om. The changes in diene conjugation is 

an evidence of autoxidative changes taking place in WMP 

during storage. But these oxidative changes app0ar to ~e 

insufficient to give detectable oxidative flavour to the 

powders. 

5.2.10.2 PEROXIDE VALU8 BY IODOMETRIC METHOD 

The peroxide values of fat isola ten from \it-1P durinu 

storage, as determintd by iodometric method, are given in 

Fig.12. The initial peroxide values of all the fresh WMP 

samr1es were zero. Peroxide development was detected at 

the end of 2 to 3 months of storage. However, the ratt:! of 

development of peroxides was very slow, even after 12 

months of storage it reached a value of 0.9 to 1.3 in 

samples stored at 20°C and 1.2 to 1.5 in those stored ~t 

ambient temperature. Although the rate of development of 

peroxide was significantly higher at ambient temperature 

than at 20"'C, the difference vias very small (Table 7). 

Increase in pcroxide value even to a level of 1.0 to 1.5 

mM 0 /kg fat did not show any oxidized off-flavour cith~r 
2 

in WMP or in the reconstiLutcd milk made from the same 

powdc r.. The sample of bate!. No.1 stor~d at alntient 

l0mpcraturc, altllough developed off-fl~vour Rt the end.of 

10th month of storafJe, showed only a peroxide v.J.lue Of l.2 
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rnM 0 /kg fat. Thus, measurement of peroxide value was not 
2 

a reliable index of development of oxidized flavour in WMP. 

On the other hand relationship between peroxide value 

and oxidized flavour development is very 5e-nsitive in the 

case of pure milk fat or ghee. Even development of 

peroxide value of 0.2 (roM 0 /kg fat) gives a detectable 
2 

oxidized flavour (Rama murthy ~ .z..!:.. 1969) • However, 

such relationship between peroxide value and oxidised 

flavour was not found in the case of WMP. This difference 

between pure milk fat and fat extracted from Wl'lP could be 

attributed possibly to some interfering substancl;!S 

extracted from non-fat portion of milk powder alongwith 

the fat, and these substances may be behaving like 

peroxides in reducing potassium iodide to Iodine in the 

method. This was demonstrated by a simple experiment 

performed in the study. When the fat isolated from Imp 

was passed through a column of silica gel it showed a 

substantial reduction in peroxide value (Table 8). An 

oxidized pure milk fat, with known p'roxidc value, wh(m 

passed through the column under identical conditions, did 

not show any reduction in peroxide value, indic~~ting th(lt 

the column treatment of the fat did not remove clny 

peroxide but only the interfering substances. This 

explains as to why peroxide method was applicable to milk 

fat but not to HNP. It appears that interfering 

substances arc not present during the first two to thr-ce 

months of storage of the powder as the peroxide value was 
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Tal)Ie 8: Effect of passino milk fat through a column of 
silicd gel 0[1 peroxi~e value. 

Samples 
analy;:;ed 

1. 

2 • 

3 . 

4 • 

5 . 

6 • 

7 . 

8. 

9 • 

10 . 

l. 

2 • 

3 • 

Per-ox ide va tuc 
br:.·fore passing 
(mf1 0 /kq fat) 

2 

Peroxide value 
after passing 
(mM 0 /k!J fat) 

2 

Fat cxtrdcled from \JMP -_._----

1 • 10 0.20 

0.90 0.10 

1.3 0.20 

1.3 0.20 

1.5 0.30 

1.2 0.20 

1.4 0.20 

1.0 0.10 

1.0 0.10 

1.4 0.30 

Oxidized mi lk fdt sar.!lple_ -----

1.4 1.4 

3.2 3 • 2 

1 .9 1.9 

'i; Dec)·~ .... s,! in 
rcroxide va]ll"': 

afL("r [)3s·~jr)(J 

B 1. B2 

88.80 

84.62 

8·1.62 

HO.OO 

83.33 

85. 7 1 

90.00 

90.00 

78.57 

Nil 

Nil 

Nil 
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zero during this period and probably these interfering 

Eubstances are produced later during storD~e due to 

browning reactions. 

5.2.10.3 PEHOXIDE VALUE BY COLORH1ETRIC METHOD 

The peroxide value of the fat isolated from WMP, as 

determined by colorimetric method, is shown in Fig.13. 

The initial peroxide value of the WMP samples ranged tcom 

0.170 to 0.~28 m.eq. of 0 / kg fat. 
2 

The values obtained 

for the HNP, as may be seen from the Fig.13, were ver.y 

erratic and also no difference in the rates of oxidation 

due to temperature of storage was observed (Table 7). 

This observation is contrary to the oxidative changes 

expected in a milk fat during its storage. The 

inconsistent values obtained could be attributed to SOIlle 

unknown reducing substances coming into fat during 

extraction from WMP and these substances may be behaving 
+2 +3 

like peroxides in oxidizing the Fe to Fe during 

analysis. Therefore, estimation of peroxide value by 

colorimetric method is not dependable in knowing the 

oxidized status of fat extracted from \'JMP and requires 

modification to remove these unknown reducing substantd-

ces from the extracted fat before applying the method. 

Kieseker et a1. (1984), using the colorimetric m€:thod 

for estimating peroxide value in WMP, reported increase in 

peroxide value during storage which were more consistent 

than the values observed in this study. 
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5.2.10.4 TBA VALUE 

The changes in TEA value of lhe WMP dur-inlj stocclqe 

are shown in Fig.14. The TEA value increased gradually 

throughout the storage period. The rate of increase was 

significantly higher in samples stored at ambient 

temperature 

However, in 

than in those stored at 20°C 

the case of sample of batch No.1 

(Table 'l). 

stored at 

ambient temperature the TBA value increased gradually till 

the end of 9th month of storage and the~eafter the rate 

of increase in TBA value was sudden and rapid which 

coincided with the development of distinct off-flavour in 

the sample at the end of 10th month of storage. The­

corresponding TBA value was 0.068. 

The sudden increase in TBA value is indicative of 

rapid oxidative changes occurring as a result of formatiun 

of high amount of free fat due to increase in moisture in 

the power and such free fat is known to be highly suscep­

tible to autoxidation (Kopecky, 1975; Truyen and Orsi, 

1977; Rotkiewicz, 1979). However, the sam['llc, when 

organoleptically examined at this stage, did not show any 

definite oxidized flavou~. This can be explained to the 

fact that at this stage browning changes arc also rupid 

because of sudden increase in moisture in the powde~. The 

off-flavour caused by browning reactions which is 

characterized as "gluey flavour" may be masking the 

oxidized flavour of the powder. An experiment was 

conducted to verify this rontention. The fat extracted 
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from the WMP, which had developed off-flavour (like 

gluey), was passed through a column of silica gel and 

eluted with non polar solvent like dichloromethane, the 

substances responsible for gluey flavour, which are mainly 

po"lar 1.T1 T1a.'t..~"r.~ ~~a~.K at ~. ( 1964; Arnold et ~., 1966; 

Ramshaw and Dunstone, 1969a; Ferretti and Flanagan, 1972) 

were retained on the column and the fat eluted out was 

free from such substances. The eluted fat, after removal 

of the solvent, showed a slight oxidized flavour, 

confirming that oxidized flavour was masked by gluey 

flavour in such samples. 

In all the samples, which remained organolertically 

acceptable, the TBA values were less than 0.045 even at 

the end of 12 months of storage. In the case of spoiled 

sample the TBA value was n.06B at the end of 10th month 

when the sample had just started showing off-flavour. 

Therefore, TBA value of 0.05 in HMP can be taken as the 

limit to 

development 

which powder c~n be stored 

of detectable oxidized flavour. 

without the 

1'1 another 

study conducted in this laboratory on the storage of ,qMP, 

it was observed that development of off-flavour in WMP 

samples coincided with higher TBA values ranging from 

0.064 to 0.070. Therefore, it can be concluded that the 

TBA value is more reliable than peroxide value determined 

either by colorimetric or iodometric method in estimating 

oxidative changes in WMP. 



5.2.9.5 TOTAL CAHBOI\,YLS 

The toL)l car-bonyl values of f,lt L;ol.:.l\~d frum \1It"p 

during storage are shown in Fig.IS. The initial total 

carbonyl (TC) value ranged from 6.66 to 8.0t J-\M/g fat <.Hld 

this represents the carbonyls which are naturally present 

in milk fat. These carbonyls are made up of 

ketoglycerides and monocarbonyls. Again the monocarbony!s 

are mostly made up of methyl Ketones (Bhat et ~., 1981). 

However, some carbonyls are produced as end products of 

oxidative deterioration of milk fat. Therefore, increase 

in TC value was related the extent of oxidative chanues in 

the powder. 

During storage, ttlC TC value incrcds0d gradually in 

all the samples. The rate of increase was markedly ~igher 

in samples stored at ambient temperature than in those 

stored at 20°C (Table 9) indicating that the rate of 

oxidation was distinctly affected by the storage 

temperature. In the case of sample of batch No.1 stored 

at ambient temperature which developed off-flavour after 

9th month of storage and which was shown to be rartly due 

to oxidative changes (cf. ~.2.9.2) had TC value similar to 

those which did not show any off-flavour. This could be 

attributed to wide variation in the initial total carbonyl 

values. lJence, determination of TC value is not helpful 

in knowing the degree of autoxidation in WMP specially 

when the initial value is not known. 
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Table 9: ANOVA for the 
carbonyls (7.C), 

effect of temperature and period of 
monocarbonyls (M.C), SVMC and 00 at 280 

storage on 
nn of \·i~;P. 

total 

-----------------~-------------------------------------------------------------------
Mean su~ of s~uares 

Source of variation d.f --------------------------------------------------
T.e H.C SVt~C 00 280 

-----------------------------------------------------------------------------------
-2 -2 -4 

Between replicate 2 8.17 ** 7.77x10 ** 2.59xlO ** 2.64xlO 

-1 -2 -1 -3 
Between ter.;peratu~e (A) 1 9.45x10 ** 1. 96x10 ** 1. 68x10 ** 1.34x10 ** 

-2 -1 -3 
Between storage period (B) 6 1. 01 ** 2.64x10 ** 2.83xlO ** 1.25x10 ** 

-2 -3 -2 -4 
Interaction (A X B) 6 7.69xlO ** 2.53x10 2.45x10 ** 2.84x10 

-3 -4 -4 -4 
Error 26 5.62x10 8.65x10 5.47x10 1.60x10 

** Significant at 1.0 per cent level 

.... 
:; 



148 

5.2.10.5.1 Monocarbonyls and Ketoglycerides 

The totdl carbonyls isolated from fat extracted [rom 

HMP, at different intervals of storage period, was 

separated into monocarbonyis and ketoglycerides and then 

estimated. The quantities of these two fractions are 

given in Table 10. The initial monocarbonyl contents 

varied widely from 0.450 to 0.614. The monocarbonyl 

contents increased gradually during storage, the increase 

being significantly higher at ambient temperature than at 

20°C (Table 9). The Ketoglyceride content did not show 

any significant change during storage. Thecefore, the 

increase in TC value during storage was mainly due to 

increase in monocarbonyls. 

In the case of sample of batch No.1 which had 

developed a slight oxidized flavour after the 9th month of 

storage showed a monocarbonyl content of 0.71. This value 

is even less than the value shown by some of the samples 

which had no developed off-flavout'. Hence, it was 

difficult to judge the extent of autoxidation in WMP on 

the basis of monocarbanyl content. 

5.2.10.5.2 Steam volatile ~ocarbonyls 

The steaM volatile monocarbonyls carbonyls (SVMC) 

estimated during storage of WMP are 

The initial SVMC content ranged from 

9 of recon-stituted milk (12% TS). 

shown in 

1. 21 to 1.49 

The SVMC 

Fig.16. 

pM/lOO 

content 

increased gradually throughout the storage period in all 
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Table 10: Monocarbonyls and ketoglycecides [rolll \'JI'lP 

Peciod or 
storage 
(in months) 

Initial 1* 

Two 

Four 

Six 

Ten 

Twelve 

2** 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

Botch. No.1 l1<Jtch. No.2 

Temperature of storage 

0.45 

2.01 

0.47 

2.11 

0.50 

2.11 

0.52 

2.12 

0.53 

2.11 

0.57 

2.10 

0.59 

2.12 

Ambient 

0.45 

2.01 

0.48 

2.14 

0.51 

2.14 

0.53 

2. II 

0.55 

2.ll 

0.67 

2.10 

0.80 

2.12 

0.61 

2.35 

0.63 

2.36 

0.64 

2.36 

0.66 

2.37 

0.68 

2.37 

0.70 

2.38 

0.74 

2.40 

Ambient 

0.61 

2.35 

O.6·l 

2.37 

0.68 

2.37 

0.70 

2.38 

0.73 

2.38 

0.77 

2.38 

0.81 

2.40 

nutch N(").l 

Ambient 

0.49 0.49 

2.19 2.19 

0.S3 

2.19 2.20 

0.54 0.56 

2.20 2.21 

0.56 0.59 

2.21 2.21 

0.58 0.63 

2.22 2.23 

0.59 0.G6 

2.23 2.23 

0.62 0.67 

2.24 
---------------------------------------------------------------

* ~1onocarbonyl contents )JM/g fat 

Keto<]lyccl"iJe contents }Jf'l/g LJt. 
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the samples, the rate of increase being significantly 

higher at ambient temperature than at 20°C (Table 9). The 

net increase in the SVMC content was 0.64 which was 

slightly higher than the net increase shown by the samples 

which were found organoleptically acceptable even at the 

end of 12 months of storage period. Since the diff~rencc 

in the SVMC content between orqanoleptically acceptable 

and spoiled one was very small, the determination of total 

SVMC did not help in identifying the powders "'Jhich hud 

started developing off-flavours. 

The total SVMC was fractionated into methyl ketones, 

n-alkanals and alk-2-enals and their quantities were 

estimated. The percentage proportions of these classes of 

SVMC from WMP samples which remained organoleptically 

acceptable the sample which showed off-flavour are given 

in Table 11. 

The initial 

naturally present 

methyl ketones. 

SVl-1C content represents 

in WMP which are mostly 

The methyl ketones do 

the carbonyls 

made up of 

not change 

significantly during storage as they are not produced 

during oxidative changes. On the other hand the 

proportion of n-alkanals as well as that of alk-2-enals 

increased gradually in WMP s~mples during storage. Their 

production 

changes. 

during storage is attributed to the oxidative 

It was noticed that the ratc of increase of n-

alkanals was distinctly higher in the case of samples 

which developed off-flavour during 8tgf2~~ as compared to 
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TalJle 11: P~rct.:lltd~Je IH"OPOI-Lion of diLftJt:<..'IIL Cldlj:;e:j u( 
steam volatile monocarbonyls (SVMC)* [rom W'lP 
during storage. 

Monocarbonyl 
classes 

Methyl Ketones 

n-Alkanuls 

Alk-2-enals 

r.1ethyl Ketones 

n-i\lkanals 

Alk-2-enals 

Initial 

76.8 

15.7 

7.5 

75.1 

17.4 

7.4 

Period or slora0G (in months) 

4 8 12 

Organol~tical1y ~cceptQl~.1.:..~ ~~_n:!l~L~ 

75.2 74.3 73.6 

17.0 17.7 18 • 4 

7.7 7.8 8.0 

Spoiled sa~~~le 

73.5 72.7 61.3 

19.0 19.5 29.5 

7.6 7.7 9.4 

* DNP - hydr.uzones of SVMC obtained from 3 vlMP si..Imples 
pooled together. 



the other samples which remained organoleptically 

acceptable even at the end of the study purioJ. The rote 

of development of n-alkanals, in these two types of 

samples have been separately shown in FiQ.17. Therefore, 

it appears that determination of steam volatile n-alkanals 

and unsaturated carbonyls help in identifying the ons0t of 

spoilage in WMP during storage. 

5.2.10.6 UV ABSORPTION OF STEAM DISTILLATE AT 280 nm ----

It is known that certain volal ... le compounds show 

absorption maxima in UV light at 280 nm wavelength. Since 

it has been shown in the previous chapter that significant 

amounts of SVMC are produced in VlMP during storage, an 

attempt was made to relate on at 280 nm of steam 

distillate of powder to off-flavour devolopment. 

The UV absorption at 280 nm of steam distillate of 

WMP samples at different periods of storage arc given in 

Fig. 18. The initial UV absorption values ranged from 

0.064 to 0.070 and these values increased gradually, the 

rate of change being significantly higher at ambient 

temperature than at 20 Q C (Table 9). The rate of increase 

was very small in all the samples which remained org':1001e-

ptically acceptable. Jiowever, the rate of increase of 

this value was very rapid once the pO\"/dor start()u 

developing off-flavour. Thus, in all the samples ... /IL ich 

remained organoleptically acceptable the incraa-se was only 

0.03 at the end of 12 months of storage whereas the powder 
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which developed off-flavour (batch No.] stored at dJnbicnt 

temperature) after the 9th month of storage showed 0)) 

increase of 0.074 at the end of 10 months and 0.110 itt tilL' 

end of 12·months. A highly significant correlations/li[1 

was found between 00 280 nm and organoleptic SCOl~c5 

(e= -0.96). On the basis of this observation it can be 

suggested tilat WMP which shows more than 0.050 increase ill 

this value or reach a value of 0.150 may not be suitable 

for further storage. The method was applied on 10 samples 

of \e}MP of different ages, the relationship between 00 280 

nm and flavour score is shown in Table l~. It is clear 

from the data that OD 280 nm correlated well with 

organoleptic scores (r= -0.98) confirming the applic­

ability of method in evaluating the storage stability of 

,IMP. 

The UV absorption at 280 nm can be attributed to 

[,roduction 

1973) which 

(Vijayendra 

of n-alkanals and alka-2,4-dienals 

are products of autoxidation of 

Rao and Rama Murthy, 1982). Keen 

{Mett.1er, 

milk fat 

et a1. 

(1976) identified organoleptically significant amount of 

undeca-2,4-dienals in oxidized WMP. The other compounds 

which were consider<:d to play an importilnt role in 

oxidized flavour included pent-2-enal, hept-2-enal, non-2-

enal, hepta-2,4-dienal and nona-2,4-dienal. Hall et 81. 

(1985) found that the formation of n-hexanal correlated 

well with the oxidized flavour. Therefore, the 

measurement of 00 at 280 nm of steam distillate of powd8r 



'r.-:.dde 17: Avcr,Vj(: ()1~qdn(ll<..'pl-.ie scoccs .. lnd Oil ~d 7nO rlill of 
sleam distillate [com di[(C'cent :;';.lIl1p10::;> of WI!'. 

Sample No. 

J. 

2. 

3. 

4 • 

5. 

6. 

7 . 

" . 
9. 

10 • 

Average organoleptic 
scoces 

8.7 

7.4 

8. 1 

6.6 

8.3 

3.6 

2.1 

1.3 

3.2 

2.3 

OD dt 280 nm of 
steam distillal~ 

0.067 

0.084 

0.074 

O. 092 

0.068 

0.)45 

0.176 

O. 194 

0.153 

O. 169 

Correlation coefficient (r) ~ - 0.98 



1~5 

is d qUuntild-livc c~"timi:lI:c of such compounds 

\'Jr1P samples. 

i.n :.>tor<..:d 

5.2.11 FHEE FAT 

In dried whole lniJk the milk fat is expected Lo be 

present in its oriainal globular forrn as found in r~lW 

mil k • Ilowever, due to some mecllanical stress on the 

~!lobulcs , sOlne of them may get ruptured dllrin0 the 

manufacturinu process. The fat comin~ out of the rUJ)turcd 

globule is considered as (ree fat ancl this fat is c~sily 

extractable by organic solvents. During storage also some 

more globule may get rUDtuL~ed resulti.nU in furtht:r 

increase in free fat. The free fat may have a si(Jnificilnt 

influence on the development of off-flavour in stored ~MP 

(Kopecky, 1975). 

The free fat content of Ut-1P samples, estimated und0c 

standard conditions, initially and during storage are 

shown in Fig.19. The initial free Eat content of W~lP 

samrlcs ranged from 2.82 to 5.61% of total fat. The fr~u 

fat content incceased gradually and th8 rat.e of increase 

was sianificanlly higher ut ambient temper~Lure L\lJn .It 

20°C (Table 13). However:-, in the case oE sample oE batch 

No.1 stored at ambient tp-mQerature, after 9 montlis of 

s tOCiH]C the f rec fat con ten t inc reased sudden 1 y ,urd 

reached a value of 81.54% when analysed at the end of 10 

months of storage. This change coincid~d with the sudlJen 

developmenl of off-flavour at this stage. In <.OILl olhae 
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T.)blc ]3: ANOVA for the effect of sloriHJc t(;mpt;l~<.-ltUt-<; ;J!hl 

storage period on the free [at dev010pment in Hi'll'. 

Source of variation d. f. m.S.S F Hatio 

Between tcials 2 643.96 3.22* 

Between tempe ra tu re (A) 1 821.72 4.10* 

Between stor-age per-iod ( B ) 12 397.21 1.98* 

lnter-dction (A X B) 12 195.87 0.98 

Error 50 200.24 

Significant at 1.0 per cent level 
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s.j!l1ple~, which rel:!d ined or~Jdllulvpl LCd ll'j dccepl.wblc l'Vl'IJ 

at tile end of 12 months of storage, there Wel':'; no such 

sudden change in free fat content during storage. The 

aVCCo.1(jC n8t increase at the end of 12 mOllth~3 

samples was only 2.14%. Therefo('c, incre~se in free Edt 

content is a good index to judge the spoilage of powder. 

The free fat content jn W1P, reported by other_-

workers ranged from 0.6 to 22.7% (Puzikova anrt :1 imovd, 

Therefore, 1974). 

r;ludy is cOlnparatively less. Kopc..::ky (1975) ubservcd <til 

increase in free fat content which ran<]cd ( .. om 4 Lo 22 ~,. 

llowever, he h.3.s not indicated any relat i.onship bcL\v(-'cn 

incredse in free fat con lent and development of uff­

flavoue durinu slaraey:? Increase in free [at dudn!) 

storage was attributed to the change in tho physicill sLJtc 

of ] ae tose i. e. , from BIRorphous to crystalline form as d 

result of absorption of moisture from the surroul)dings anll 

rupturing of fat alobules by crystals of lc\cto:::;e 

(Rotkiewicz et ~~., 1978). This observation ~/as con[irH\ud 

in this study by experiments in whicll known quantities of 

moisture were added to WMP and kart for di[fcr~nt periods 

to observe for both sudden increase in free fJt and 

formation of lactosu crystals. TIle different levels uf 

moisture added and tIle period after Wllich th~ sudden 

increase In [rce fat content and formation of lactosc 

crystals were observeli are given in Table 14. It mdy be 

soen from the table that illcrcase in free fdt content OJ~ 



Table 14: Effect of added moisture on the free 
ment lactose crystallization ~nd 

scores during storal]e of W·tP 

15tJ 

fat develop­
ot'"ljanolepLic 

---------------------------------------a---------------------
l"loisture Period of Free fat Ap()(~rance Orgdnolcpt ie 

% storage (% total of lactose scores 
(in dZIYS) [all crystJls 

3.70 IS 4.41 8.30 
(initial) 30 4.52 8.20 

15 4.62 7.96 
4.5 

30 4.74 7.74 

10 4.58 7.89 
4.99 

20 82.14 + 3.24 

5 4.63 7.90 
5.50 

9 80. II + 3. 14 

2 4.66 7.87 
5.98 

4 80.26 + 3.20 

1 4.57 7.81 
6.60 

2 83.94 + 7.81 
----------------------------------------------------------_. 

+ Indicate lactose crystals in powder. 
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appearance of lactose crystals was dependent on 

C()!lII,in,ltiOIl {)f ]pv,,} 

Thus, as the moisture in the powder increased tile time 

required to observe sudden increase in free fat content or 

appearance of lactose crystals decreased significantly. 

The appearance of lactose crystals coincidc(j with the 

sudden increase in free fat content. Interestingly in all 

the cases, the formation of crystals of lactose was 

accompanied by increase in free fat content, development 

of off-flavour and brown colour. The development off-

flavour as well as that of colour was attributed to 

browninQ reactions which are accelerated by the presence 

of hiah amounts of moisture and temperature of storage 

(3D·C). 

5.2.11.1 COt-1PARISON 
HITII TOTAL 

OF OXIDATIVE CIlAt~CES IN FAT 
PIIT 

It was of interest to establish the difference 

between free fat and total fat towards autoxidation during 

storage of Wf.,P. The average changes in peroxide value, 

total carbonyl content and diane conjugation of free fat 

and total fat within each type of storage conditions 0re 

presented in Tables 15, 16 and 17. The TBA estimation of 

free fat has not been carried out, since the me thod Wi)S 

directly done on powder without extracting the fat. 

The peroxide value of free fat of \VMP measured by 

colorimetric method increased gradually during storage, 

the rate of increase being higher at ambient tClllperature 
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Table 15: Ch';H)qes in peroxide value (by cnlorimetrlc method) or: 
total fal and free f.lt extracted [com WMP ducinU ~Lor~y~. 

Period of 
storage 

(In months) 

Initidl 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Pecoxide Value 
m.eq 0 /kg total fat 

2 

1 2 
Ambient Ambient 

0.21 0.20 0.23 

0.30 0.24 0.42 

0.27 0.16 0.50 

0.41 0.56 0.49 

0.40 0.40 0.15 

0.52 0.27 0.61 

0.59 0.36 0.85 

0.49 0.27 0.70 

0.40 0.26 0.40 

0.38 0.41 0.26 

0.67 0.71 0.27 

0.80 0.93 0.58 

0.91 1.10 0.90 

3 

Pecoxid0 V.:due 
m.eq 0 /kg fr8~ E~l 

2 

1 

0.33 

0.46 

0.68 

0.86 

1. 00 

I. 21 

1. 33 

I • 53 

1. 74 

1. 85 

1. 86 

1. 91 

1. 94 

. 
o 

Ambient AJllbjent 

0.33 0.3 'j 

0.47 0.45 

0.71 O. 74 

(j.9l 0.95 

1. 11 l. 13 

l. 37 I .35 

1. 53 1.60 

l. 76 1. 79 

1. 91 1. 99 

2. lO :!.17 

2.22 2.77 

2.42 3.00 

2.48 3.36 

3 

1. Average of peroxide value obtained for three batch of \JMP stored 
at 20"C 

2. Avec.:lije of peroxide value obtained for two butch of W1P stored 
at d!nbient temperature 

3. Peroxide value of sample which developed off-flavour clueing 
storage. 
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Table IG: (,hClnqe~, in l()t~11 car"bonyl vL,luc of LoL .. )l r,ll- d!)d rt·c'U ['<-It 

exlr,lcLed I"ronl WMI' Jurlnu sL_or~ue 

Period of 
storage 

(In months) 

20 0 e 

Total carbonyl value 
mr-ljg fat 

TOTAL FAT 

1 2 3 
Ambient Ambient 

Total carbonyl vctllJ€ 

ml'1/q Pdt 

FIH·:E FAT 

I 2 
20 0 e Ambient Ambient 

3 

--------------------------------------------------------------------
Initial 7.15 7.44 6.66 7.36 7.36 6,83 

2 7.29 7.65 6.86 7.55 7.92 7.08 

4 7.42 7.82 7.12 7.65 8.02 7. 16 

6 7.58 8 . I 6 7.32 7.80 8.24 7.48 

8 7.69 8.36 7.64 7.98 8.44 7.89 

10 7.84 8.58 7.89 8.19 B.BS 8.29 

12 7.98 8.82 8.14 8.34 9.06 8. ·11 
-------------------------------------------------------

Net increase 0.83 1. 42 1. 48 1. 02 l. 43 1. 58 

1. Average of total carbonyl value obtained for three batches of 
WMP stored at 20°C. 

2. Average of total carbonyl value obtained for two baLches of h'tlP 
stored at ambient temperature. 

3~ Total carbonyl value of sample which developed off-fluvour 
durinu stora~Je. 
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'l'ilblu 17: ChdWJCS in diene c\)nju~Jcllion of Loud rdt emd 
free fat during stora0e. 

Stocilge 
Per i od 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Diane conjugation Cil 
(Total fi.1t) 

Storage Temperat! 

20 a C Ambient 

0.785 0.785 

0.752 0.759 

0.787 0.789 

0.815 0.022 

0.829 0.834 

0.835 0.859 

0.836 0.866 

0.841 0.869 

0.825 0.855 

0.826 0.832 

0.820 0.812 

0.810 0.812 

0.809 0.809 

Diane conjuadtion (~) 

(F'ree rL1L) 

Storage Tcmpcr~tljre 

20"e Ambient 

0.784 0.784 

0.783 0.769 

0.800 0.791:1 

0.803 0.810 

0.826 0.1327 

0.839 0.843 

0.846 0.865 

0.849 0.867 

0.841 0.851 

0.830 0.834 

0.831 0.826 

0.828 0.828 

0.828 O.H22 
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The values obtained were consistent unlike 

the observation made in the case of total fat cxtract~d 

from ~VMP (ri~1.13). This difference could be ()ttril)llted 

to the fact that the free fat is rapidly extracted by 

using a highly non polar solvent which may avoid tile 

ox traction of interfering reducing substances present ill 

the powder. On the other hand total Eat is extracted by a 

somewhat polar solvent system, which may extract interfe­

ring reducing substances alongwith the fat from the powder. 

It can be concluded that to know the degree of 

oxidation in WMP by estimation of peroxides, either by 

colorimetric or iodometric method, the analysis should be 

performed on the free fat and not on the total fat 

isolated from the powder. 

The pattern and the rate of change in diene 

conjugation was similar to that in total fat. Therefore, 

determination of diene conjugation on free fat had no 

advantage over that determined on total fat. It h~s 

already been shown (cf4 5424941) that determination of 

diane conjugation on total fat was not helpful in knowing 

the onset of oxidative changes in WMP during storage4 

Total carbonyls increased at a faster rate in free 

fat than in total fat at both the conditions of stora~0. 

However, the differences were very smal14 In addition, 

the free fat formed only 2.82 to 5.32% of total fat in 

the powder studied here. lIenee, the slightly higher ratu 
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of oxidation in free fat as compared to that of total fat 

may not have significant impact on the total oxidativ<2 

changes. In the case of samples with hlah free fat 

content, this fact should be taken into account in 

prcdictinCJ the storage stability of \'7f1P during storag~. 

10.2 FATTY ACrO COMPOSITION OF FREE FAT AND TOTAL FAT -- ---- ------

Since the free fat behaved differently with regard to 

autoxidativc stc:lbility when compan~d t" total fat of Wll~ 

durinl] storage, it was of interest to characteriz~ thc 

differences in the fatty acid composition of these two 

types of faL The average fatty acid compositions of 

total fat and free fat arc given in Table 18. In 

general, it was observed that the free fat contained 

significantly lower amounts of saturated fatty acids 14:0, 

16:0 and 18:0 and hiGher amount of unsaturated fatty acids 

viz. , 18:1 and 18:2 as compared to total fat. Thus the 

total amount of unsaturated fatty acids in free fat WDS 

35.5% whereas it was 28.9% in total fat. This is one of 

the reasons for the free fat to be more prone to oxidative 

chanaes. Truyen and Orsi (1977) reported a much higher. 

difference in the total unsaturated fatty acid contents 

betweon free fat and total fat. 

5.2.12 BROliN HJG CfJANCF.S -------

Dried milks an~ succeptable to brownin() chan9cs due 

to rebction between lactose and protein during storaqe. 

These changes arc mainly influenced by moisture content 



Table 18: Average fatty acid composition (% W) of total fnt 
and [l-Of! fat 

Falty Acids Total Fat free Fo.t 

4:0 4.29 4.16 

6:0 1. 44 1. 83 

8:0 0.85 0.84 

10:0 1. 41 l. 91 

10 : 1 0.07 0.07 

12:0 2.51 l. 97 

14:0 Br 0.25 o . ] 7 

]4:0 12.30 10.37 

14 : I 1. 40 1. 78 

15:0 0.89 0.98 

16:0 Be 0.33 0.42 

16: 0 35.10 32.:~2 

16:1 1. 72 I .79 

17:0 0.39 O.P'2 

18:0 Br 0.24 0.24 

18:0 1l.18 9.05 

18 : 1 23.81 29.14 

18:2 1. 07 1. 95 

18:3 0.79 0.79 

Tolal unsdtul-al0u 28.86 3'i.S2 
fatty acid 
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Some of ttl(~ manifc5t~tion of 

browning chan<]cs ucc production of I!f>1F, loc("(::0..180 in 

reducing capacity, reduction of sulphydryl Droups and 

development of colour. 

5.2.12.1 TOTAL WIF ----

The changes in total UMF content in \H1P durinq 

storage are shown in Fiq.20. The total !H1F increased 

considerably in all the samples stored al ':llnbil'nt 

temperature as well as at 20°C during storage. The cclte 

of increase was gradual and significantly higtlcr at 

ambient temperature than at 20 Q C (Table 19). In sample of 

batch No.1 !~tored at ambient temperature the rilte of 

increase in toti'll lIMF was gradual up to the end of 9th 

month of storage but subsequently tile rate of increase was 

rapid. The lIME' value, which was 21.26 at the end of 9th 

month became 29.10 .wV 100 9 powder at the cnd of 10th 

month (net increase = 7.84) and then reachod D value a~ 

11igh as 62.30 at the end of 12 months. This rapid 

incrcaS0 in total IIMF after the 9th month of storage 

coincided with the rapid increase in moisture and 

development of off-flavour, rendering the sample orqanolc-

ptically unacccptab10. In other s~mplcs stored at amLient 

temperature, which remained organoleptically dcccptat,le 

till the cnd of the stora~Jc study, the net ':lVcr':HJC cl!;jllq<: 

of totol III'IF between 9th and 10th months of st0raq,-~ INa!..> 

only 0.36 and the averalJe total Imp cont<::nt in thCfiC 

samples at the cnd of 12 months of stOl"dQC 'vIas 2U.7'1. 
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TaQ:e 19: ;"'~;OVA fol." the e:fect of te,-lpe;::oa::u:.-e and period of stocage or. total W1F, fl."ee H:12, 
total r.-educing cdt'acity (72.C) , free SH- gl."OUpS and colour. 

Source oE variation d. f. 

Between replicate 2 

Between tempel."ature (A) 1 

Between storage period (B) 12 

Interaction (A X B) 12 

Error 50 

* Significant at 5.0 per cent level 
** Significant at 1.0 per cent level 

H!1F (T) HilF ( F ) 

-1 
54.78 4.86x10 

639.21** 27.59** 

189.39** 5.44** 

-1 
40.51 4.90<10 

-1 
26.11 5.54x10 

~1ean SUfil of Squares 

TRC Free SH Colour-

-1 -2 -4 
3.11x10 2.09x10 ** 1.30x10 * 

-3 -3 
3.27** 1.78x10 1.35x10 ** 

-1 -3 
4.S1xlO ** 1.86** 2.65x10 ** 

-1 -5 
2.58x10 9.18x10 4.10x10 

-1 -3 -5 
1.19x10 4.11x10 3.33x10 

~ -.. 
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The rate of increase of HMF WilS ~Jreatly influe!lc~d /)y 

the combined effect of rnoi~turc, when it was more th~n 4%, 

an(1 temperature or stora~~. In tile sam[llc of b~tch No. 1 

stored at 20°C, alLhough the nloisturc lcv81 0xcecdcd 4% 

yt.:t thc! total W·1F content: W'::15 only 14.61 [It lilt.: end of 12 

Months of storage showinO that storage at 20°C was low 

~nough to provent rapid browfling reactions. 

in IIrlF showed a hiqhly significant inverse rel.?o.tionsilil' 

with orqanoleptic score!; durinq stora(Jc of \mr (r"" -U.':'J). 

of brownin(j chanqcs occurring in ltmp. 'fh~ref()rc, tdq!1 

levels of f!~\F in milk powder is not dcsirahlc. 

'-"asis of these results it mi"ly be sU~Jgcstcd thi.lt (l p.:)\;d<-' 1.­

bavin9 HHP content of above 20 Ur1/100 9 can be con:-;id~:r\-,d 

as prone to rapid browning and development of off-[l~vour 

on fu~thcr storage. 

PijanoVlski at 31. (1970) observed only am.]ll Ch<.Hl~j\':'S 

(from 4.8 to 8.S) in lIMF during storage of W1P at 30"C for 

G months. However, they 1.11S0 recomm(~ndcd that 

dC'tcrmination of !HlP in tH1P is useful in d0tectin~J L>arly 

deteriorative chanqcs in m"p. Carie et a1. (1984) obsu'vc,j 

substantial increase in HMF content from 5.68 to 28.43 is 

SMP stored foi 8 months at room temperature. But they djd 

not correlate the increase in Htlf content with development 

of off-flavour in the powder. De Vilder (1982) obscrv~ll 

that relativv humidity Ilad a significant influence in 



increasilHl tot.:.;l JlrIP conh'nt of 5tH) Pdcked in fl(;xibl(~ 

b(lqs Zlnd ston'd <':It 30°C. But \/hen th~~ tcnq,,!r21tlll- ... ' (.f 

storaqe I;J,)S 20°C, no siqnificant increase in IlfiF c0nlcnt 

WaS noticed. 

5.~.]2.2 FRf:E m1F 

T~H~ ch<:Hlqes in frot." m"F content of l'nlP durinQ stot:"6qe 

The initial free HMP r~nQed from 

0.405 to 0.'197 A..IJ'1j100 q pm-Iller. The rate of ch<.ln'l<..'! (,f 

frL'C m1F was sj~lnificantly higher in samples stored ;:,t 

ambient temperature tllan in thos0 stored 20"C 

(Table 19). Ipsen and flansen (1988) studied th0 influence 

of storaqe temDerature on free H~'F content and found th,-,t 

in ~Jl\lP stored at 38°C for 70 .. leeks the free WH;- cont ... nt 

increased from 3.7 to 7.6 .uM/IOO 9 powder, Vlht~rcas in U~\I' 

stored at 20° or 30°C the increase was insignificant. 

Although the free rmr content fluctu~ted durjnq 

storaqe yet tlte increase was si(Jnificant (P < 0.(1). 

ilence, determination of free HMF did not (liVt" 

infonnat.ion on the extent of browning in the \'jH1J. 

5.2.12.3 TOTAL HEDUCING CAPACITY 

The changes in total reducing capacity of tl10 powders 

cap()city of the three b.:J.tchcs of W'lP r()n<)cd [rom 1.42 tv 

1.60 mq cysteine HCl/0 powder. It may be sc~;n from th ... ' 

fjgure that in samples stored ",t 20°C the Chdn(lC$ in tot..-1 
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r0JucinC) (::C:lpacity !tIGre very sma.ll and the dveraqe rH;l: 

increase ill 12 months was only 0.25. 

stored ~t ambient temperature, which remained orgal)ol~rti­

cally ficcc!)table even at tho end of 12 Inonths of storago, 

tho corresponding average net increase in totul reducinq 

Cap~city was sli~Jhtly hiUhcr (0.74). 

In the case of s.:lm[)lc of DQtch NO.], r:;tared .It 

ambient 1 (}r:lperaturc, the chan<)c in total reducin(l c0[)ucity 

Hd~; VC--I-Y ~.;mdll lip to tht.' end of 9th !!Ionth of ~;t.Ol.dqC' .Hld 

therL·"d:lcr it incrcas(~d rapidly. Tile net chanqe 11:<.)[il 0th 

to 10th monlh was 0.84 and it reach0d a value of 4.4 at 

the end of 12 months of storaqo. The rapid chan<J.) in 

rl:dUcll1fJ capacity corresponded with the deve1opUi~nt of 

off-f l~lvour. llence, a rapid increase in total reducing 

capacity is indicative of onset of spoilage. Vlc5ckcr bod 

Clarke (1984) also observed that SMP kept at 10°C t}lcrc 

\Jas [H"3ctically no Ch':UHJC in tot.al rcducintJ Ci,P':iCit.y, hUl 

"5 the temperature of storage increasetl (at 20°, 30° arhl 

40°C) the rate of increase in total reducing copacity was 

.substantial. 

During storage of powder, due to Maillard reCl.ctiollS, 

protein sugar complexes arc formed and theso arc likely to 

be dograded simullaneously to a certain extent. 

dc~radation increases the reducing capacity of tile [)owJ~r 

(Lea, 1947). Coulter et al. (1948) found tllat moisture 

content of t.he powder was the primnry fnctor in 

influencing ttle total reducing capacity during storage. 



moL;turc content 

content of freL' su1phydryl qroups may .show a decn~<l~j\; with 

ircrease in storage period (Rotkiewicz, 197~). Such 

lk'c cea~,0 in free su 1 phydry Is d0C n~aS0S the tot ,) 1 n·duc i nq 

c~)pacity or the powder. Thus) the n<--'t totd1 (,E'ducinq 

capDeity of the pOI;J(ler dcpends on U,(' rate at ~/hich ti,(.':";t; 

th .. : fluctuations ohserved in rcducinCJ capacilY of l!H.: 

powde r dur i.nq storage. 

5.2.12.4 FLU;!,; SULPHYDRYL CI~OUPS ------

The chan~lcs in free sulrhydryl '1r011P5 (SIl- i.:lroup::,) in 

th", Will? samples are shown in Fiq.23. The in j t ic:d. cunClm-

~"ere Saffie in dll the three bntch(;c'f;. 

tratlon of free 5H- <]roups indic<1te the condition of 

rrt'hcating used [or the manufactucinq or W·ll) (\lnh~\'Ji!l 

et .31., 1981~ Ipsen and Hansen, 1988). Initial [r."':·0 

~~Il-qrou[ls content is an il:1Dortant tact.cJI:' to rrovide 

antioxidant effect to fat in WMP. A maximum amount of 

SlJ- (jroups jn powder could be achieved by he..1ti!l(j milk ll) 

90 to 95°C before drying (Kirch Hdyt.'r ct ~., 19tH). 

Rotl~iowic2 (1979) reported that preheating of milk fro;~ uo 

to 90°C for 16 s gave free 6fT-groups of 2.94 bM/0 and 

7.01 ~M/0 respcctively. 
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The free S!)- qroups of vH1P riecrC'.Js(>[l throIJ(;hollr. 

storZlqc p0ric,d ut both the conditiors of ~,tor<'0'" The 

from 1. G2 

TC'I'I[>c're:ture of storal)e had no siqnificant cffc'ct on tho:.: 
(T4htc.~I"I) 

ratQ of decrciJsc of free SH- groupsJ. The ch..:tnql:> l.n Lrl~C 

51J- qrOIJ[\fi did not correlate with chdnqC!:; in nrqdnolt:rtic 

is 

attrit)lllpd to tt]e absorption of oxygen durin~ StaralJ~ 

(Coulter e:t a]~. I 195]). 

~j.2.12.S COLO[)R -----_.-

The chan(Jcs in colour of WIIP durinc; storzHJc are shol'm 

in Fig.24. Tho initial colour index of the powder ranucd 

from C t34 to OH1. The rate of ch<1nge in colour Hi,S 

siClnific<:.tntly higher in samples stored ilt clmhient 

t(;;mperature than in those stored <.It 20°C (Tdbl(! 19). Ttl...: 

rate of ch<'_mqe W,lS gradual throuqhout th(· stor<lt]f' r,cr1od 

in all the samples whictl romained orUbnoleptically 

il.ccert:1blc. 

In the case of sample of batch No.] I stored at 

ambient temperature, the increase in colour was similar to 

that observed in other samples up to 9th month of ztord\jC 

and thereafter it increased suddenly. 

in colour coincidod with the develupment of off-fI0VO\lr ir. 
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ChdIH!l.:S \h,re accompanied 1.'1 d<'vc:]opnH'nt ot off-11~IVOllr. 

This rapid increi:ls~ in colour is due to incr~as0 HI 

gtora0e whic!! was relatively hiqh. Min et ':l). (J0139) <ll~;o 

rl:pOl:lcd th':lt production of brown colour w<J.r;:; rclatuJ \,,:i lh 

the development of off-flavour in air packed ~·Jt.1P S;illlplc..:s. 

Moisture content of the powder appears to llave 9r~~t\!r 

ro]o in production of brown colour durin0 storage. 

et a 1. (1948) reported that dried milk \Iith loss tl\an 5% 

IIloif ... t.ure showed a very sJ ight chanCJl:::; in colour even (;tfb,-~r 

two yuars of storage at 37°C. 

Since milk pm/ders cont,lin high levels of lacto:::;..: and 

proteins, non-enZY1:1at ic browning reactions (r-laill.J.rd 

reaction) arc important changes leading to d0velopment of 

off-fJavQur durin!) stora<jc (Coulter e~_ al" 1948; Lubuz'-1 1 

1970; De Vilder, 1982; Kiest!k0r" and Clarke, 1984; P.,;nn...:r, 

1988), Tho Maillard reaction can be conveniently divided 

into three stages. The initial reaction inv01vC'~3 

condensation of reducing sugar and amino compound to form 

schiff base followed by the formation of N-substitutcd 

glycosyl amine. The intermediate stage of the reaction is 

characterized by the formation of furfurals, redllct0n,-'~; 

anJ also liberation of water. Among Lho fur[uraJ~, tile 

0stilnation of AMF gives the extent of jnitUd 

reae t ion. The rcductones incrca~,t2 tht2 reducir(~l cdri.lcity 

of the powdor during storage. 
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Tile tllird stage of the ceaction invo.l VL'S 

convendon of furfurdls and ccductones to high moleclllilr 

W,-'i'Jlll mc.lttnoidins Iwvinq brmvn colour. 

compounds fonned in the intermediate stall~ do not h~V0 

brmvn colour yet t.hey arc rr.on(~ to immediate formation of 

coloured compounds (i!od(jc, 1953; Nurstein, 1986). 

5. 3 PI!YSICO-CUE~lICAL PHOPl-:RTIF~; OF t·1AHKET SAMPLeS OF W'iP --------.---.-- -------

Di ffercnt brands of Ht-1P, packed in tins L!Il~lcr 

nitroeJcn are sold in the market. This is ,ITI icle,·d 

cood i t ions of pack i 11(1 of l'mf'. .tJ.. knowlcrl~Je of the type of 

Ch<.ln0,f;S ti.ikinq place in \'J/l-1P packed under such con(Jiliof):''; 

and thcjr rel;)tionship w.iLh the dev~~]opmcnt of ott-fldvou[' 

is n0c~ssary in assessing the relative mer"its of LLll~ 

p.:lck itH] of \!r1J> in BDPE biHJf3 

stDbil i Ly. 

in 500 g tins with or wittlout nitrogen wert an&ly~eJ for 

oroanolcp!: ie qu~ll i ty ano sOfTIe of ttk f~clL'cted ph';'::;l('(;-

chemical changes which were considered important Ero(n tllU 

{loint of view of spoila~e. 1'hc re~ults at: the study ilrl' 

pre~cnted in Table 20. It m£ly be seen (rom lhe ti.ll,lu Llli.lt 

the lolti.:..! prOp0rtj(,s of the different br:Cln(I~'; or 

market sanlple variod widely anc1 the v~lt-iat j on 

The lI1oi[;t.urc, \/hich wvs the- most important :~cror 
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TuhJc: ~U: 1\11.11,/:;1:; <if md,-k,~l lIli Ik pow<i{'!" :C;,lllIpll 1).1:; i',1\ L"d In 

LiJl~': ~-IJ\d k~'pt dt JU"C wil/) dlld ",;lLlI,lut 11.100;. 

PuCC'lm,-,LC1' 
Sl:udi...:d 

Noisture 1. 
2. 
3. 

Acidity l. 
(% LA) 2 • 

3. 

Solul:,iJ ity l. 
index (Inl) 2. 

3. 

lIeal: stabi- ]. 
lity (at 2. 
110'''C,min) 3. 

TO(-.d,l IHlF 

Colour: 

TRC In0 
cysteine 
JJCl/U 
pO~JdL~ r 

I. 
2. 
3. 

1 . 
2. 
3 • 

1. 
2. 
3 • 

V'Lee fat 1. 
(t; tuLal 2. 
[~:l) 3. 

Tn,,, Veil ue l. 
(A 530) 2. 

3 • 

Peroxide 1. 
va.lue (nm 2. 
02/kg fat) 3. 

Of) 280 nm 1. 
2 • 
3 • 

Jt:(jflnolel'- 1. 
Lie SCores 2. 

3. 

InjLidl 

3.01 
3.79 
3 • 14 

0.70 
0.99 
1. 06 

o. 10 
o • 14 
o. I 0 

45 
40 
13 

12.59 
11. 81 
7.60 

o. 1 51 
0.151 
0.168 

1 .36 
1. 80 
l • 58 

23.4 
26.8 

4.0 

0.022 
O.OlJ 
0.021 

o 
o 
o 

0.070 
0.080 
0.070 

8.9 
8.0 
8.3 

Aftee three months 

GaS 
packed 

3.01 
3 • 81 
3. 1 5 

0.73 
1. 06 
1. 06 

0.13 
0.18 
0.14 

37 
33 
27 

18.J] 
17.94 
15.05 

0.163 
0.161 
0.177 

1. 90 
2.14 
J.7H 

24.0 
27.2 

4 • 4 

0.028 
0.021 
0.034 

0.7 
0.9 
0.8 

0.080 
0.091 
0.084 

7 • 1 
7.5 
7.6 

Non gas 

3.01 
3 . 81 
3.17 

0.75 
1. 06 
1. 06 

0.13 
0.20 
0.15 

35 
29 
27 

19.25 
18.S6 
15.83 

0.163 
0.166 
0.179 

2.04 
2.26 
I. 80 

24.0 
27.5 

4.6 

0.030 
0.024 
0.040 

0.7 
0.9 
0.8 

U.080 
0.094 
0.082 

7.1 
7.5 
7.6 

Aftut" nin\] mUllth.'"3 

Gas 
packed 

3.02 
3.8.1 
3 • J 5 

0.78 
1.09 
1.1 I 

0.31 
0.32 
0.37 

31 
32 

6 

:!2.31 
2 J. 61 
18.30 

0.167 
0.178 
0.l92 

2.38 
2 • 5 I 
2. Hl 

24.S 
29 • 1 

G.l 

0.042 
0.043 
0.045 

1.3 
J.:? 
1 l 

0.01)3 
O. ] 013 
0.099 

6.0 
5 • 7 
G.~ 

3.03 
3.B] 
3 • I 8 

O.Bl 
1.10 
1 • l J 

O.3S 
0.40 
O. }7 

30 
28 

G 

:2 3 • 7 I 
22.06 
18. GO 

0.]09 
0.182 
O. 1 ~4 

2.51 
2.G2 
;~ • :2 '-1 

25.6 
29 • :) 

6.0 

0.U48 
n.G/I::! 
O.O~G 

1.5 
I . .] 
1 • 0 

O.U93 
O. 1 l2 
(j. 1 u I 

6.0 
<j • 7 
(, . ::: 
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had not increasocl in tins. 

JS p0rfcct barrier against tho moisture absorpti()n. Iln(il:r 

l' h tl S cond 1 t iOn!5, in which moistllro 

changes ina 11 othe r pa r.:lnlC lers H(: re not i~:,-:d. 

ru,lonu lhose ch~n0Cg titratall]c acidity, solubility 

lotal Wll .. ·, colour, totZll reducing capacity, frc'0 f~lt, ThA 

Volue, 

iv('ly 

peroxide value and aD at 280 nm shm .. cd p.c"(I<Jr<.:~~;-

inCrfJdSinq trends while hoat dnd 

scores showed dCCr~i.lB inq lr0nd~i. Thi~ 

inel j C<:I tcd that most of these physico-cllcmical ch2ln00~ 

Cunnot be pr~vcnted even by keeping the moistun.' at 

const{)nt leve 1, but thpy can only be contr()110d durirl~ 

s tor tJl]e. These pllysico-chemical chanGes Ciln be related to 

decrease in organoleptic scores. The net ctlange observed 

~t the end of nine months of star-aIle was not sutficient to 

contribute to any detectable off-fl~vour. It. has ulcl;;'ady 

buen shOyJrl that rapid increase in total mlf, ']'PJ\ value Zlild 

01) at 280 nll\ and decrease in heat stability Vt100 cross0lj 

<.-ertain limits indicated the onset of spoilage. llo~Jl~ver , 

in nonL! uf tho market samples studi<.'!d hf~re, the chDn~Je in 

respect of the above mentioned parameters did not cro.'3S 

limits even at the end of 9th monlh of storage at 

From the data it may be concluded ttlat market WMP 

samples show~d reasonably good storage stabiJity and this 

was attributed to tbe COli trolled level of moisture in 

them. 
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5.3.1 EF'FFTT OF' Gl\S Pl\CKIrlC --,---- -----

The ffi.J.jor physico-chemical changes studi(;d (jurilliJ 

stOCdgO indicated no significant differonco botween (,.I~ 

pilcked and non 'IDS packed powder (Table 20a,b). This Can 

be attributed t.o the type of \;j'~-lP produced in the country. 

The storage stability of ,mp was directly correlated with 

hCJt trcntmont given to milk prior to spray dryino (:!ells(:n 

and I!anscn, ]974: Potkiewicz, 1979; B<:tldHin ..£.~ ~~., 14)1:;1; 

Kiesekec ct fJ-.l., 1984; Ipsen and lJ<.In~>en, 19(9). Tl.c Whl'Y 

[)rotein nitrogen index (W'NI) of the povvder studiL'd rdlH)cd 

from (1.9 to 2.5 mg nitrogen/g powder) indicdtin~J lll~ll 

these powder fall under the catclJory o[ mod i um hOuL typ~' 

( cf. 2.3.1.1). Sjnce the higher prehent tr0atln0nt is 

expected to produce more antioxygenic 

speci<.l.lly the free Sll- groups, the Il1cdiurl heated l-'()\,/ckr 

will hove bettar oxidntive stability during stocag0. 

Tamsma et a l. (1962) reported that a heat tre~tlli~llt 

of 74°e for 30 min, 77°e for 6 min and 90.SoC for 15 s 

effectively stabilized tho flavour of air packed s~lnpl~s 

stored for 6 morlths at 27°C. Purther, they observed thnt 

gas packing had no advantage in r-cspect to oxidative 

stability of such hiah heated powder. Bnldwin 0t al. 

(198]) found that storage slability 01.' W'1!> depe/lLk:d on it~i 

heat classification. Thus they sUiJgested that low-hcdt 

powder could va kept for 4 to 6 months, mediwn-hcat for 

6 to 8 man ths an high-heat for more than 12 moo ths. The: 

commercial sar les examined in the prescnt study dlDo 



:abl'2 2Q (a): .c\~;O\';A foe ';<3::,'<et "'.i l~ :?0wcet" 3d::,;>les 

30ut"ce of va~iation d.~ 
;l-::::is ture 

~etween replicate 2 1.06** 

3etween tem:;erature 1 2.72x10 
(A) 

3etween storage period 2 1. 52xl0 
(3 ) 

Inter-action (A X B) 4 4.17x10 

::rro!'." 3 5.97x10 

* Significa~t at 5.0 per cent level 
kk Sig~ificant at 1.0 per cent level 

-3 

-3 

-5 

-5 

:lean SU::1 of squares 

_~cidity S.T 

-1 
2.04;d0 .. 2.34x10 

-4 
3.54x)0 1.2SxlO 

-2 
1.14:<10 ** 9.86xl0 

-4 
7.18:<10 ** 5.22x10 

-5 
5.65x10 3.75x10 

-3 
* 

-3 

-2 
** 

-4 

-4 

Heat 
stability 

2 
3.73 ** 

6.72 

2 
4.42 '* 

1 
6.36 ** 

1. 47 

Free fa t 

-2 
9.11xl0 ** 

-1 
1. 44xl0 

7.13 ** 

-2 
9.59xl0 ** 

-2 
4.36xlO 

.... 
al 



':"cble ::Ib): A!;O\'], for ]"",a~i:et :.,~}l.: pO .... ·cBr sc.:7t-1ES 

Source oS: variatior. d.f 

3£·t .... 'e(';; :-eplicate 2 

~iSt\\een terr.t,)er.::ture 1 
(J. ) 

nf.'.yeen ~':.orage period 2 
(B) 

:;-.terac"tion (A X B) " 

Err0:: e 

S;.;-r;:'.,:ict;:l':. ct S. C per ce ~.';: .. , Sif_~ll:1car:" at ~ • 0 tee Co2 nt 

O::ga:-:ole;Jtic 
sco:-es 

-1 
1.55xlO .. 
0.00 

E.92 dr 

-J 
2.flxlO •• 

O.GO 

~('\'el 
}",_v€ } 

"-:~:r 

1 
3.0':;x10 •• 

-1 
6.22xl0 

2 
1.67x10 .... 

-1 
?-46xlO 

-1 
1.;:~:lO 

1',car: S\JC' 0: sc;uz.::-es 

Coi.c:..:r-

-, 
5.9b:1O •• 

-6 
9.25xlO 

-, 
8.';OxlO 

-5 
. :2. C»:2e .. 

-6 
1.75:-:1(; 

RiSC~ci:-:~ 
capacity 

-1 
l.flxlO 

-2 
6.6ExlD 

1. 02 

-2 
3.25x]C 

-3 
1.85xlC 

,. 

•• 

• l:Ii-. 

-, 
1.09);}0 .... 

-6 
2.7xlC 

-3 
1.(}2xlG .... 

-5 
2.f:i2xlO .. 
£,ShlC, 

O.D 2E,C· r,::-

-, 
2.UxlC .. 

-6 
2.7xlC 

-3 
1.:6xlO •• 

-, 
8.2xlC • 

-6 
1. jxlO 

~ 

" '" 
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showed a .shelf-] i.fe of about 9 months bc'cau~;e th"y .... /~rt' 

.Jl~;c) found to be m.:,dium heat type. 

between the chan0cs in ~as packed and non-0HS packcrl tinA 

arc very small in respect of changc~ in all th~ parh!~~tcrs 

throughout the storaqe period, avoiding gas packinCj ~dll 

not substantially affect the shelf-life of W1P. 

1'tlC various ptlysico-chcmical chan00s dcturnlincd ~t 

the end of 3, 6 and 9 months of storage in ill 1 the tlin:c 

batches of W1P packed in 500 9 tl n5 and stored dt dtnbietlL 

temperature and 20°C were compared with correspon(ling 

changes observed in W'lP bulk packed in HDPE ba\)s. Th8 

data pertaining to powders packed in HOPE bags are already 

presented in earlier chapters. These comparisons nro 

giv8n in Tables 21, 22, and 23. 

The changes in moisture content during storaue was 

si<Jnificant in the case of powder bulk packed in HDPL: b<.lgs 

anLl the rate of change was higher at ambient temperatucfo' 

than at 20°C (Table 24). On the other hand, the level of 

moisture remained pr-actically constal>t in Ht11> Pdcko..:J in 

tins. This is the only major difference utHwcell these t\/O 

types of packinC)s. The other parameters chanqed si<jnifi-

cantly in both the packings througtlout the storage p0riotl. 

The differences between tins and bags in respect of 

chanaes in all the other parameters were sinlilar through-

out the storage period in powder stored at ~O°C. l~ut in 



:J:,1~; 2!: ~~,'5~:~-c~e~~=al 

?2.:-are::e::-3 
StL!died Initial 

=~,;;;-:-;~S ',:"2 ;3.c·<~: ~.~, 5,::::>; :'!:-. s .1;-:1 :5 ... ~~" --,,-

3.:'.:C;-: :-;:) , 

3 ;:,,:::,:',5 6 ;-.;;r;::':-'5 

20~c ~~-:"jie:;c 20 ¢ C ;'::·jier.t 

T1:;; 3;..·3 :1::; 0" ..... ~ . ..; TJ:~; ::\G T!'; E.:'.:: 

:::,~ =-.:.-; S:'::>r" Y;e 

10 r':0r. ::~s 

2:j~C .!_,:,.::'iiO'nt 

7~t; 0 . .1,(; TIN S.::"G 
------------------------------------------------------------------------------------------------------
:~0i.stl!ce 3.73 3,74 3.75 3.74 "l ..,-_ • , i 3.74 3.87 3.75 3. 3 ~ 3.75 4.:9 3.75 4.99 

So:u:oility 0.10 O.lO 0.11 o. ::0 0.13 0.15 0.14 0.24 0.23 0.16 0.15 0.34 o . .:l 

f::eat Stability 31 24 23 Z4 23 19 19 17 17 16 16 " 14 

2~F 3.46 7.78 9.23 11.02 11. 72 8.82 12.46 14.17 20.7~ 12.03 13.61 17.25 21.:;:6 

Colol!:- 0.141 0.144 0.146 0.147 0.150 0.1500.151 0.162 0.164 0.1,0 0.175 0.180 0.136 

TP.C 1. 53 1. 72 1.72 1. 77 1. SO 1. 43 1.46 1. 56 1. 56 1. 58 1.58 :;:.13 2.36 

\ Free fat 1. ~ 8 L~l L 21 .; .36 L22 -L 36 4. 3 ~ 4.51 4. 54 5.04 5.04 5.09 5.11 

':BA value 0.002 0.Ol2 0.0:5 0.019 0.022 0.025 0.032 0.030 0.030 0.032 0.040 0.044 0.058 

CD 280 mI'. D.C';;I 0.069 0.069 0.C69 0.069 0.075 0.075 0.077 0.078 0.075 0.015 0.089 0.092 

Or<;ar:oleptic 8.7 ,., S.3 a .1 3.1 7.9 ' Q . "' 7.5 7. , 7.0 7.0 6.6 6.5 
scot"es • --------------.--------------------------------------------------------------------------------------

.... 
l" 



7a:::e- 22: ?hysicc-c~eF,:'cal c:~c:r.;:es '- ~::'.? ;:ac:';E-::: ::-: 5C,~; :::-.3 a;-,.j :~, l..:;J bc;s ':'..:ci-.g S::'c,zge 

F~ra~etE'!:"s 

Stuc:'es 

r'~oiSture 

Sc.lu~iLty 

R€at Sta!:;.iliti' 

p. :If 

Cclow, 

... 
~ !'"'-

, free fat 

73.; val ue 

Fe!"oxic,= \'olue 

OJ 2-:,:;, "'.-

o!"£;.,,:-.:.~~;::-tic 
SC::.~es 

Initial 

2.62 

0.20 

31 

3.15 

0.147 

1.60 

2.82 

0.008 

0,0 

O. e70 

8,8 

3 ;;o:-:th= 

20 C C 

7I!\ 

2.64 

0.12 

25 

7.<;9 

"'C .0" 

2.72 

0.12 

25 

9.01 

O.H9 0.2::1 

1. 64 1. 4 4 

3.39 3.38 

i).en O. C; 9 

Q. S Q. 5 

rr---"~--
.... '" I,;, ". u ,;, 

, . 5 C,.; 

.!ucie:-,t 

T!N ~,.-.'" 

2.64 2.C'; 

0.12 0.1'; 

25 25 

11.08 11.26 

0.15'; 0.159 

1. 50 : . 5':' 

3.32 3.46 

0.029 :.0:'3 

0.07 C'. '5 

O. (. ~.; - c - 3-

e.'; c • .., 

3.!.:C? ::0. 2 

f :>:::,'1 t!-,s 10 ",",or,t!-:s 

:C,' C ;'.r-:Jient _'"'~c ;'.:-.;0:, i e:-. t 

:r:: ~!::; ! ~:, !3.!.G T n-
o' c;'.G Tn: B.!'G 

2.£'; ::.S7 2.64 3 • .; 4 o .. 
~.1;;:: 3.~9 2.(5 3.80 

0.2.3 C.13 O. :: 3 0.26 C.13 0.14 0 • .29 0.29 

22 2: 21 22 17 17 15 " 
8.96 !2.69 13.E4 15.84 12.16 13.% 18.2520.49 

O.l~~ C·.lS: C,16'; 0.164 0.1730.:7(; 0.1240.191 

LE::' !'~6 1. 70 1. 70 1. s::: 1.82 2.24 ;:.2'; 

3. :: f 3.77 3.59 3. E 9 <:.11 ';.21 4.': 1 4. 32 

0.(-22 C.('23 0.0:;' 0.C25 0.031 o.eJ7 0.C3;' (,,042 

O. ~ [..'0 O. -; J.i :j.E J. E O. E ~. 3 

;.. .'.' :- '-E C. C :': C'. ::; ~.; 0.':":'9 C. G i ~ o. OS .. (:. SSo3 

:: • 1 
. -;.6 "7.6 '7.0 i. 1 0., £08 0 __ 

/' ------------------------------------------------------------------------------------------------------
,... 
" '" 



Ta~!e :3: ?~ysico-cte~ic21 changes ~n ~~p ;a;~e~ in 5Q~? tins and 25 kG ta~s d~rirg stor2~e 

'=:.~.l;::-I ::0. 3 
------------------------------------------------------------------------------------------------------
Para:-E:';.ers 

$tucie::: ~r.itial 

TI:-: 

J ~.O;,th5 

20 C C .!.:-.:::'e-.t 

BP.G 7:i:t\ E.!.G .,.- ,. - _., 

6 .":".;;- ::'!-.s 

:::' ec A::-.::i.:;nt 

S;.G TIN BAG ..,--" - _.' 

10 r"'.O'1:,:'s 

""0,-. ... ~ .... 

E~.G 

.!:~-jie:"lt 

-7," 
~ .. ' 5.!..G 

------------------------.---.-------------------------------------------------------------------------
l":oistwre 3,33 3.34 3.35 o " .., . .:. ... , '0 ':',.:,,, o " ~ . .:. ... , " _. ~ 1 3,3~ 3,81 3.35 3.82 3.35 3.96 

Sobei 1i ty 0.3 0,31 0.33 0.38 0.40 C. 33 0.33 0.52 0.54 0.35 0.35 0.71 0.72 

:i€2t S:ability 30 23 " 23 " 20 20 17 17 17 17 14 14 

HMF" 3.15 7.14 11.92 11.76 :1.78 10.::'; 13.48 15.76 18.14 13.7314.31 Ii.6119.;" 

Colour 0.134 0.142 0.148 0.157 0.159 0.1640.165 0.167 0.167 0.1700.177 0.1920.192 

7PC 1. 42 1. 24 1. 24 1. 24 1.24 1. 72 1.72 1. 89 1. 89 1. 58 1. 58 1. 88 1. Ba 

% Free :2'.: 5.61 6.44 6.43 oS. 53 E. 4B 6.-:7 6.79 7.49 7.10 7.33 7.';":' 7.99 7.38 

75'!-. ve.:ue 0.004 0.019 o.e21 0.019 0.022 C ,C22 0.029 0.031 0.028 0.02£ 0.G34 0.0380.0:;9 

Peroxice va!;.:e 0.0 0.7 o ., 0.7 o . 4 0.7 0.7 0.7 0.8 0.8 0.9 1.3 0.9 

G. ~ 288 n::-. 0.064 0.069 O.S€c: 0.0:'1 C.O:: nr~'"I'-~ 
v •• ' I~· ...... I..> 8.0S! 0.08C C.GS: C.081 0.092 O.OS'; 

Cr;:;a~'01eptic 2.5 8.1 e . 1 E ,C' , • G 7.2 7.7 i.5 7.5 6.9 6.9 6.6 e.8 
~·co::-e.s 

------------------------------------------------------------------------------------------------------

~ 
CO 
w 



Table 2~: ~~cv~ for effect of packing in SOO 9 tins and 25 ~g bags 
Froperties 

C~ differe~t ?hysico-c~~~ica1 

Source of variation d.f 

Between replicate 2 

Between packings 1 

Between ter.:pe.rat-..:re 1 

Beb.",en stora"J8 ;-eriod 3 

Srror 40 

Organoleptic 
scores 

-1 
2.02x10 •• 

-2 
4.03xlO 

-1 
7.5x10 •• 

8.39 •• 
-2 

2.02x:0 

• Significant 
** Sig::ificant 

at 5.0 per cent level 
at 1.0 per cent level 

:-lean !;u[;\ of squares 

~loist'Jre 

4.16 .. 
-1 

7.6.2xlO .. 
-2 

9.99x1O •• 
-1 

2.56x10 •• 
-2 

3.G8x!O 

Heat 
sta':ii1 i ty 

1 
1.54x10 ** 

-1 
1.88.:.:10 

1.30x1·") ** 

2 
5.05x10 •• 

-1 
9.79x!O 

P.~.F TR_~ Ou at 2?0 nT, 

-6 -5 
1. 09 7.6x10 6.09.>:18 • 

1 -1 -7 
3.26x10 •• 6.53x10 • 3.3x10 

2 -, -, 
1.51x10 •• 2.25x10 •• 2.90x10 •• 

2 -3 -4 
3. BOxlO •• 2.37:<10 •• 7.9-hlO •• 

-5 -5 
2.63 1.72x!O 1.:9x:0 

t;; ... 



le5 

the case of pO'Jd~r ~tored ~t Dlnl)ient 

diffen .. --nce between tins and ba~Js WdS revt'.:-.lcd only <,t the 

end of 9 months of storage in respect of flflF, TBt, and 00 

at 280 nm. Whereas the other parameters viz., solubility 

index, heat stability, total reducinq capacity, colour, 

feee fat and organoleptic scorc~, the ditfcc(.;nc(.'s W(:l"(: 

ncqliqiblc. In general, the rate of changes in resrect of 

all the parameters were sliaht1y higher in powder [)J~);,:(j 

in Laos tflarl in tirlS. This mdy be attribut<.:!d to qL.du,d 

ahsorption of moisture hy the powder in thl: h~ll.lS dudnq 

:~torLlqc. Thus, it can be conclud(~c1 that the pO\-ider p~ld.L'd 

in llDPL: b£lC)S remained as good as that packed in lins C'vc:n 

when stored at ambient tempertlturo for 9 months, which w; .. ,/ 

be con~d(i0red as n::asonably good pedod. 

5.5 EFFECT OF 
STAHILl"fy 

Whole milk powder packed in tin3, 

ON TIn: STor:t,Gi: ------

with an,j without 

nitrogen, was stored nt three different tempera turps (!()C, 

and tIle ctlangcs taking place in varit)u:..; 

physico-chemical parameters after. storage p~riod of 3 

and 9 months are given in Table 25. The moistllre content 

parameters showed tendency to changes during storaac. The 

temperature of storage had significant effect an tJl~ r~te 

of changes (Tllble 25a). Tha rate of chdng~s due to U~~ 

pack in(J and non GilS pack ing was not s)qnifjc.J.ntly 

<liffercnt and temperature of storCl9€ had no sjqnific:,nt 

~ffcct on this diffcr~ncc (Table 25,). 
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Tab}e 25(a): 1,.:\0\';'. fer e:'fect 0: ter-_perature end gas pa::king 0:-, different p!-:ysico-cher..ica! properties 

Source of \'ariation d.f 
Organoleptic solubility 

scores index 

-, 
Bet"'·e~n gas pack ing 1 S.S£:xlO 0.00 

-1 -2 
between ter:-.perature (A) 2 1.B2x10 .. 2.11x10 .. 

-2 
Between storage period 2 2.26 ** 6.91>:10 ** 
(8) 

-1 -2 
Interaction (A X B) , 1.2Bx10 .. 1.19x10 .. 

-4 
Error 8 5.56x10 0.00 

** Significa~t at 1.0 per ce~t level 

~·,ea.n EU':: of ~.:::;uares 

Heat 
sta!:lility 

0.00 

1 
2.02x10 

3 
1.19x10 

8.22 .. 
0.00 

.. 

Ht~F 

1.31x10 

5.62x10 .. 
2 

1.12x10 .. 
1 

1.42xl0 .. 
-2 

4.31x10 

T3/l. 0.0 280 nm 

-6 -5 
6.72xl0 1.25x10 

-4 -, 
1.34x10 ** 1. 32>:10 

-, -3 
7.56x10 .. 1. 11x10 

-s -5 
3.57xlC -d 3.67x10 

-6 -6 
2.0~xl0 2.90xl0 

.. 
" 

• • 

§ 
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Whole lnilk powder packed in tins gradually d~·t~rjo­

rated in quality during storo<Je, as shmJn by cha.J\(](;'f:; in 

fl.:tvCJur scores. This wos due to both oxidative ch~t'~C~1 

as rc(10ctco Ly Tl~/\ value i1nd OD (;it 280 nm , an~! J,r()'.lIlinq 

chDn~cs as rcf10cted by liMF, colour and tot~l reducin!! 

capacity. The ox ida t i VB chan<]es arc rna i nly corl t co] 1(;1; by 

the antioxill.1nt effect of biQh level:.:; of frL'C' ~~Il- qn)\lf'!~ 

(;xpcct0d to he prescnt in th(~ t··1l1P of mcdiuIII-llc"lt ... :ci t'/Pl! 

(IJPNI 2.0 rna nitrogcn/q powder). 

wc're controlled because the moisture content rLnuin,::{~ 

constant in the powder durin6 storage. 

V]ho10 milk powders gas packed under nitrOf]o..!n ~lS 

prdcticed commercially may sLill h,tvC a head sp;)ce ccsidu.:d 

oxyqen up to 2 to 3% (Coulter et ~., 1951). Tdrn~;ma (;'t ~l. 

(1961) found tilat this level of residual oXYQcn \,~S 

ineffective to provide an inert atmosphere to rrevt·nt 

autoxidation. They demonstrated that it w~s 'leC~~SJry tu 

r~ducc head space oxygen level to less than 0.0]% to 

prevent oxidative spoilage in \'JMP. 

5.6 rHCR08JOLOGICAL QUALITY 

Total bacterial counts and coliform counts of the 

thn:e different batches of WMP are shown in Table 26. Tit\.: 

initial bacterial counts of the three b.3tches of Vlr-IP 

ranqed from 4,500 to 10,700/0 which is lower th.:m the 

maximum of 50,OOO/g permitted by BIS, indicatin0 that Lhe 

powder sampJes were of standard quality. lis CX[!0ctcd, tht: 



Table 26: f1icrobiological qDa1ity of WMP during storage at 20°C and arbient 
temperature 

--------------~-------------------------------~----------------~-------------~-----
r.: i crobiolog ical 

analysis 
Batch 

Ixo. 
o 2 

Storage period (in months) 

4 6 8 10 12 
-----------------------------------------------------------------------------------

20°C Storage 

~otal plate count/g ]. 10,500 7,000 4,500 4,000 4,000 4,000 3,500 
2. 10,700 7,200 4,500 4,000 4,000 4,000 3,500 
3. 4,500 3,000 1,300 1,200 1,000 1,000 1,000 

Coliform c. unt/g ]. !~I L r\IL NIL NIL NIL NIL i'\IL 
2. rIL NIL tnL NIL NIL NIL ~IL 

3 . ~IL KIL NIL NIL KIL !'\IL KIL 

Ambient temperature storage 

Total plate CQunt/g ]. 10,500 7,000 4,700 4,20 - 3,800 3,700 3,500 
2. 10,700 7,200 4,700 4,10l 3,800 3,700 3,400 
3 • 4,500 3,000 1,400 1,100 1,000 1,000 1,000 

Coliform count/g ]. ~~I L ;\; T T . ~C NIL NIL i'\IL NIL NIL 
2. NIL i\I!.., NIL NIL NIL NIL NIL 
3. r;;IL :\:!L NIL tnL !\'IL t\IL t\IL 

------------------------------------------------------------------------------------

~ 
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total hacterial count decreased during storage, tl10 

decrease was slightly higher at ambient temperature than 

The coliform count was nil initially as well ~s 

during stol~age. 

From the above results it may he conclud('ci th~lt \JI-1P 

during storage is highly dynamic in respect to chomical 

changes, but static in respect of bacterial activity. Tile 

chemical changes are mainly due to autoxidation anti 

browning reactions. These changes, when they crossed 

certain limits, were responsible for the development of 

off-fluvours. Moisture content of the powllcr i~ tile mosl 

important factor influcncinD the rate of chemical changes. 

HOPE ba<)s gave reasonably good protection against moisture 

absorption by the powder. The Imp manufZlcturc-d in the 

country is of Clood quality a.nd showed satisfilctory storallC 

stability when packed in HDPE bags and stored at ambient 

temperature and humidity. As our powders [lrc of lIlcdiul.l­

heated type, it does not need gas pack in/)o 
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6.0 SUMMARY 

1. Three batches of W~1P manufactured from buffalo 

milk at different per.iods in a year at a commercial Dairy 

in Dharwar, Karnataka, were packed in HDPE bags cnC,Jscd in 

hessian laminated kraft paper bags and stored at ambient 

temperature and RH conditions of Dharwar and also at 

controlled temperature of 20°C for a period of 12 months. 

The stored powders were examined for chemical, 

bacteriological and organoleptical changes during storago 

at mont.hly intervals. The ambient temperature at Dhurwi;\r 

ran(JlJd from 28-38°C and RTf from 18 to 100 %. 

2. The chemical changes examined were moisture, fat, 

titratable acidity, pH, solubility index, lactic acid, 

free fatty acids, viscosity, whey protein nitrogen index, 

heat stability, lactones, diene conjugation, peroxido 

value, TBA value, total carbonyl v~lue, steam volatile 

monocarbonyls, UV absorption at 280 nm, fatty acid 

profile, free fat, free and total HMF, colour index, 

ferricyanide reducing value and free sulphydryl Qroups. 

The bacteriological examination consist~d of detormiJling 

standard plate count and coliform count. The organoleptic 

examinat ion was made on the powder as well DS on 

reconstituted milk (ReM) by a panel of judges on the basis 

of 9 point hedonic scale. The 'luality of all the ::;,;unples 

in respect of chemical, bacteriological and organolqltic 

properties conformed to Indian standards. 
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3. The or:(]anoh:ptic scores of freshly made powd(:t:s 

ranged from 8.5 to 8.8 indicating that all the three 

batches of hll'-1P used in the study were of good qU(:Ility and 

highly acceptable. 

decreased gradually 

During storage the organoleptic scoce 

in all the samples. The pm·/dcrs 

stored at 20°C remained acceptable (scores of 6.6 t( 6 • 7 ) 

even at the 0nd of 12 months of storage. The samples 

stored at ambient temperature showed tendency to becoll1e 

unacc~ptable after 9th month of storage and the sample of 

batch No.1 developed off-flavour and became «gdl!oleptic­

ally unacceptable after 9th montt! of storage. Judging of 

HeM was more sens.i t i vo thun the dry powdC'r tor org.:wo I ep­

tic evaluation. 

4. The initial moisture content of the three batches 

of \v~lP ranged from 2.62 to 3.73%. The initial period 

during which powder showed resistance to absorption of 

moisture was inversely related with the initial moi~;t.uru 

content of the powder. The average rate of increase of 

moisture was 0.06% at 20 0 e and 0.09% at ambient 

temperature. There was no definite trend between the rate 

of moisture absorption and RH of the place which even 

touch0d 100% during certain months. Thus, IIDPE possessed 

sufficiently good moisture barrier properties eV8n under 

high humid cond it ions. The HMP of ba teh No.1 stored ~j t 

ambient temperature developed sudden off-flavour after 9th 

month of storage and this coincided with the level of 

moisture be, oming more than 4%. Thus a moisture 10v~1 of 
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around 4% appears to be ver.y critical in acceh·rating the 

d0velopment of off-flavour. On the basis of initLil 

moisture content and the rate of absorption of moisture, 

guide lines were suggested to predict the shelf-life of 

the powder in HOPE bags. 

Initial moisture 

4.0 % 

3.5 % 

3.0 % 

Period of starar',; 

Ambient 

cannot be stored 

up to 5 months 

up to 10 months 

Cannot be stored 

up to 12 months 

more than 10 months 

5. The initial titratable acidity (TA) of all the 

batches of ~JMP ranged between 0.94 to 0.98. The average 

increase in TA per month was 0.019 and 0.035% in sample 

storcd at 20°C and ambient temperature respectively. The 

increase in TA was attributed to browning reactions. 

Since, the increase in TA is very small during storage lhe 

possibility of TA exceeding the maximum limits of 1.2% 

(IS: 1165-1986) is very less. Ilonce, increase in TA of 

WMP during storage is not of much importance. 

6. The initial solubility index (SI) of- all the three 

batches of WMP ranged from 0.1 to 0.3 ml which indicated 

that powder possessed very high solubility (99.9 to 99.7i 

solubility). The 51 increased gradually and slowly in all 

the samples durj 19 storage as long as the powder remained 

orgaloleptical:f acceptable and showed no development of 

off-flavour. Rut in the powder, which developed off-
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flavour and became unacceptable, tIle SI increased suddenly 

and rapidly coinciding with the stage at which the 

development off-flavour started as a result of the level 

of moisture in the powder exceeding 4%. The change in SI 

was attributed to browning reactions. 

7. 1'he initial free fatty acid (FFA) content rangod 

from 0.53 to 0.94 mM/IOO 9 fat. Tile FFA content increased 

during storage and the rate of increase was significantly 

influenced by the temperature of storage. In the samples 

which remained organoleptically acceptable till the end of 

stor'D.ge study of 12 months, the maxi.mum inC'r0as .. ~ at 1-'F/\ 

was 1.78 roM/1 00 9 fat. Ilowever, in the sample Wllich 

developed off-flavour the increase in FFA was SUdden and 

rapid and reached a value of 3.15 mM/lOO 9 fnt. The rapid 

increase in FFA coincided with the high increAse in the 

level of moisture as well as development of off-flavour in 

the sample. 

8. The initial lactic acid (LA) content ranqed from 

1.54 to 2.88 rng/IOO 9 powder and this did not affect the 

flavour quality of the powder. The LA content of WMP 

showed p~actically no increase during storage. Determina­
<. \<{51) 

tion of LA by ferric chloride method of Ling';\' 'Jave moro.:: 

consistent value than p-hydroxydiphenyl method of 

Davidson()Q4Q) 

9. The initial pH values of all the samples were 

similar. The pH decreased gradually in all the Saml)les 
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which remained organoleptically accelltable even at the enJ 

of 12 months of storage and the net change r<)ngcd from 

0.08 to 0.12. The temperature of storage had no effect on 

the rate of change of pll. Development of off-flclvour ill 

the powder coincided with a sudden and cupid decr~~!sc in 

pIl. 

10. The initial heat stability of the powders was 30 

to 31 min at 130°C. The heat stability decrcds0d 

considerably at a steady rate in dll the samples Wllich 

comained organoleptically acceptable even at tile cnd of 12 

months. The rate of decrease was significdntly highe~ ut 

ambient temperature than at 20 o e. A highly significctnt 

correlation between changes in pH and heat stability W.:iS 

found (r=O.97). Appearance of off-flavour in the powder 

was accompanied by a sudden decrease in heat stability. 

11. The initial viscosity of ReM made froIn h'MP 

samples ranged from 1.344 to 1.356 centipoise. The net 

average increase in the acceptable samples w~s only 0.29 

after 12 months of storage. The temperature of storage 

had no significant effect. In the case of spoiled sample 

the viscosity changed suddenly after 9th month of storage 

coinciding with the development of off-flavour and it 

reached a value of as high as 1.702. An important conclu­

sion made was that when the sample remained qood cturin(] 

storage the viscosity of the ReM showed values which were 

comparable to those of normal cow or buffalo milk. 
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12. The lactones isolated from freshly made powder 

showed 44 components when separated by GLC. Of these, 20 

peaks were characterized as delta- C -C , 
8 16 

C and gamma-
18 

c -c ,e)c ,e lactones, 4 peaks were telltatively 
6 12 15 16 18 

identified as delta-C ,e and 
6 7 

gammi:l-C , C lactone!:>. 
13 14 

During storage there was no significant change in tht:: 

composition of lactones either qualitatively or 

quantitatively. 

13. The autoxidative changes occurring in \tJMP durin9 

storage were determined by estimating diene conjugation, 

peroxide value, TBA value, total carbonyl value and UV 

absorption at 280 nm. 

14. The initial diene conjugation ranged from 0.705 

to 0.894 %. The diene conjugation increased gradually and 

reached a maximum value at the end of about 7 months of 

storage in all the samples. Since,the change in dienu 

conju!]ation was not signific<.Int in the jnili<.ll period of 

storage, its determination did not serve to !?redict the 

onset of oxio"f-ive Changes as indicated by d~vclupment of 

peroxide value or TBA value. 

15. 

cnd of 

months 

samples 

Peroxide development was detected in HHP at the 

2 to 3 months of storaoe and at the end 

of storage the values reached were 0.9 to 
"''1/ '<1 

of 12 

""'r+<~ 1.3'\ in 

stored at 20°C and 1.2 to I.SAin those stored at 

ambient temperature. The sample which dcve)o[l(:!d off-

flavour at the end of 10th month of storage, sbow0d only u 
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peroxide value of 1.2. The fat extracted from hPfJlP 

contuined certain substances which intorfcr0d with 

peroxide estimation by iodometric method. 

16. The peroxide value of ~JMP as detenuirl(;d by 

colorimetric 

inconsistent. 

method during storagc was erratic uno 

This was attributed to certain reducin0 

substances coming into the fat during extraction of fat 

from \'IMP. Therefore, the estimation of peroxide value by 

colorimetric method is not dependable. 

17. The initial TBA value of three batches of tnlP 

ranged from 

si<]nificantly 

0.002 to 0.008. 

h.iqher 1.0 

The rate of 

samples stored 

temperature than in those stored at 20°C. 

increase \'1 a 5 

... It ~mt:)j\':!nt 

In all the 

organoleptically accertablc samples the TBA values ~,er~ 

lUGS thun 0.045 even at the end of 12 months uf sturd~u. 

In the case of spoiled sample the TRA value was 0.068 at 

the end of 10th month when the sample had just started 

showing off-flavour. Therefore, TEA value of 0.05 in \~HP 

can be taken as limit to which powder can DC stored 

without the development of detectable oxidized flavour. 

lB. The initial total carbonyl (TC) value ranged from 

6.66 to 8.01 mM/u fat and this represents the carbonyl 

which are naturally present in WNP. During storage the TC 

value increased gradually and the rate of incrcase WdS 

markedly higher in samples stored at ambient temperature 

than in those stored at 20°C. Since, th~ initiol 1'C 
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values varied widely its determination was not helpful in 

knowing the degree of autoxidation in WMP, especially when 

the initial value is not known. 

19. The initial monocacbonyl contents varied wjd01y 

from 0.45 to 0.61 mH/g fat. It increased durillg storagc, 

the increase being significantly higher at dmbient 

temperature than at 20°C. Development of off-fJavour was 

not accompanied by any marked change in monocarbonyl 

content. 

20. The initial steam volatile monocarbonyl (5VMC) 

content ranged from 1.21 to 1.49 UM/IOO 9 ot ReM. The 

SYNC content increased gradually and the rate of increaf->€ 

was higher at ambient temperature than at 20°C. Since tile 

difference in the SVMC content between organoleptically 

acceptable and spoiled one was 

determination of SVMC did not help 

very small, 

in identifying 

the 

the 

powder which had started developing off-flavours. Ttl..: 

level of saturated monocarbonyls (n-alkanals) and 

unsaturated carbonyls (alk-2-enals) was distinctly higher 

in spoiled than in organoleptically acceptable samples. 

Determination of steam volatile n-alkanals and unsaturated 

cacbonyls help in identifying the onset of spoilage in WMP 

during storage. 

21. The initial UV absorption values (at 2UO nm) of 

steam distillate of fresh WMP ranged from 0.064 to 0.070 

and these values increased gradually durjng storage, tile 
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rate of change being significantly higher at ambient 

tempot'ature ttlan at 20°C. tn all the salilpies which 

remained organoleptically acceptable, the incre~ue WdS 

only 0.03 at the end of 12 months of storaue wttvreDS the 

powJer which developed off-flavour dfter 9th month of 

storage ~~howed an increase of 0.074 at the f>nrl of 10th 

month and 0.110 at the end 12 months. 

significant correlationship was found between OD at 280 n![1 

and org~noleptic scores (r 0.96). It is ~ug0est~d 

that VIMI' which shows more than 0.050 incre.3se in this 

value or reach a value of 0.150 or wore mdY not 0(;: 

suitable for further storaac. The incrcnse in uv 

absorption during storage was attributed to increase in 

n-alkanals and alka-2,4,dienals. This method is very 

promisin(J in judging the storage stability of HMP. 

22. The initial free f(:lt content of ,"';'MP rarH)cd [rom 

2.62 to 5.61. The free fat content increased grddually, 

and the rate of increase was si9niiicantly hi~Jh(>r at 

ambient temperature than at 20°C. In the samples which 

remained acceptable even at the end of 12 months of 

storage the average net increase was 2.14%. But in the 

sample which developed off-flavour after 9th month, there 

was sudden increase in free fat content to 81.54% 

coinciding with the development of off-flavour. 

Thereforc, increase in free fat content is a good index to 

judge the spoilage of WMP. 
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23. The free fat showed slightly higher rate of 

autoxidation as compnred to total fat. This w~s attribu­

ted to the presence of higher proportion of unsaturated 

fatty acid in free fat than in total fat as determined by 

GLC analysis. 

determination 

An important observation made was tllat 

of peroxide value on free fat gave 

consistent and reproducible values unlike the values 

obtained when the test was made on total fat. This 

difference was attributed to absence of any interfering 

reducing substances coming into free fat as it was 

extractable by non polar solvents. 

24. Browning changes in dried milks are important in 

the development in off-flavour during storage. Some of 

the manifestation of browning are increase of IIMF, 

increase in reducing capacity, reduction of sulphydryl 

groups and development of colour. 

25. The total liMP content of fresh WMP samples 

ranged from 3.15 to 3.46 UM/l and it incrensed consider­

ably during storage. The average total HNF contents 

reached a value of 14.68 and 20.74 &t the end of 12 months 

in samples stored at 20°C and ambient temperdlurc 

respectively. Development of off-flavour coincided with a 

sudden increase in flMF content. This was attributed to the 

level of moisture becoming more than 4% at that stage. 

The changes in UHF showed a highly significant inverse 

relationship with organoleptic scores during storauu of 
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.,~\P (r= - 0.91). 

import an t tcs t. 

Ilanee, determination of HMF can form an 

26. The changes in free Hf-1F was very small during 

storage and its determination was not helpful in knowin~J 

the extent of browning. 

27. The total reducing capacity ranged from 1.42 to 

1.60 mg cysteine Hello powder. The change in reducing 

capacity was very small in powder stored at 20°C and it 

was only slightly higher in powder stored at ambient 

temperature. However, development of off-flavour coincided 

with a sudden increase in total reducing value. 

28. The presence of free sulphydryl (SH-) in \JMP 

depended on the heat treatment involved during the 

manufacture 

autoxidative 

of powder. The 

property. During 

SIl-groups 

storage the 

show good 

SH- groups 

decreased considerably and this was attributed to the 

absorption of oxygen by the powder~ The changes in SH-

groups did not correlate with those of flavour scores. 

29. The initial colour index ranged from 0.134 to 

0.141. The average colour index at the end of 12 months 

was 0.188 at 20°C and O~207 at ambient tcmperdt~~e. The 

colour index was slightly higher than the value given 

above in the sample which started developing off-flavour~ 

30. A survey of the quality of HMP manufactured in 

the country by different manufacturers was made and their 
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storage stability when kept at 30°C with or without 

nitrogen packing was studied. The market samples (three 

brands) although showed wide variation in their initial 

physico-chemical characteristics yet they were highly 

acceptable as judged by organoleptic examination and they 

conformed to specifications of 8IS (IS: 1165-1986). All 

market samples showed reasonably good storage stability 

when stored for 9 months at 30°C. 

31. The differences between gas packed and non gas 

packed tins were very small in respect of changes in all 

the parameters studied throughout the storage period. 

,..hus, gas packin<] had practically no advantarje. This wafJ 

uttributed to the fact that market WMP wer0 o[ Ill\·,liurn-

heated type as classified on the basis of their wht.)y 

protein nitrogen index (WPNI). 

32. A comparison of physico-chemical chanoes taking 

place in WMP packed in 500 9 tins and 25 kg ba9s, stored 

at ambient temperature and 20°C for a period of 9 months, 

was made. The moisture content was constant in tins but 

it slowly increased in the case of powder packed in bags 

as mentioned earlier (cf. 6.3). This was the only major 

difference between these two types of packings. The othE.:r 

parameter changed at almost similar rates in both the 

p~ckinQs throughout the storage period in tho [)owdcr kept 

But in the case of powder stored at ambient 

terpperature the difference between tins and bags was 

revealed at the end of 9th month of storage only In 
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respect of IIMF, TBA and OD at 280 nm. I t was concluded 

that powder packed in HDPE bags remained as good a$ that 

packed in tins for nine months even when stored at ambient 

temperature. 

33. WMP packed in tins with and without nitrogen was 

stored at three different temperatures of 20°, 30° 3nd 

34°C for nine months. The temperature of stocdoe 11~d 

significant effect on the rates of change in all tl1~ 

parameters. The difference in rates of change between gas 

packing and non gas packing was not significant and the 

temperature of storage had no significant effect on thi~ 

difference. 

34. The initial bacterial count (spe/g) of the three 

batches of \o,JMP ranqed from 4,800 to 10,700 which is well 

with: in the permitted standards and during storage the 

counts showed a decrease. The coliform count was nil 

initially as well as during storage perio~. 
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APPENDIX - I 

ORGANOLEPTIC EVALUATION CARD FOR HEDONIC RATING TEST 
OF RECONSTITUTED MILK AND WHOLE MILK POWDER 

NAME: DATE: 

TIME: 

RECONSTITUTED PRODUCT DRY PRODUCT 

I I! II! 

1. Appearance 

2. Flavour/Taste 

3. Body/Texture 

4. Overall Acceptability 

SCALE FOR EVALUATION 

(,ike extremely - 9 Like slightly 

Like very much - 8 Neither like/ 
Nor dislike 

- 6 

- 5 

Like moderately - 7 Dislike slightly- 4 

Comments (If any) 

I II III 

Dislike moderately - 3 

Dislike very much - 2 

Dislike extremely - I 

Signature of the Judge. 


