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A major factor contributing to the 
development of off-flavours in dairy 
products like youghurt, is the presence 
and growth of excessive numbers of 
psychrotrophs in raw milk. Proteolytic 
enzymes liberated by psychrotrophs 
breakdown both « S, and 

a 

casein 
(De Beukellar et al. 1977). The. degra-
dation of casein can lead to defect 
like the formation of weak coagulum 
and subsequent whey syneresis during 
the manufacture of youghurt (Tamime 
and Robinson, 1985). 

It has been reported that the 
quality of youghurt can be improved 
by using the milk which has been 
stored for a short period of two to 
three days (Ghaleb and Rashed, 1983)• 
Moreover, the youghurt has a keeping 
quality for a short period of 5-7 days. 
So it is not economical also to prepare 
youghurt in bulk quantities at a time. 

Against this background a study 
was conducted to find out the effect 
of different methods of preservation; 
raw milk stored as such under refri-
geration, milk pasteurized and stored 
under refrigeration, and milk after 
activation of LP system and then stored 
under refrigeration. 

Materials and Methods 

Milk from each treatments A (raw 
milk as such stored), B (pasteurized 
and stored) and C (LP activated and 
stored) were drawn at 0, 24, 48 and 
72 hours of storage. The youghurt 
was prepared from such milk by the 
following methods. The skim milk 
was fortified with skim milk powder 
in order to standardize the solids to 14 
per cent. The cream was then added 
to this so as to get a fat level of two 
per cent in the mix. Sugar was added 
at a level of four per cent to increase 
the total solids content to about 20 
per cent. Then the mix was homo-
genized in a two stage homogenizer 
and heat treated to 84"C for 30 minutes. 
Mix was cooled to 44"C and inoculated 
at 2.5 per cent level of youghurt starter 
culture and incubated at 44"C after 
transfering in the 100m1-glass contai-
ners. The pH of the mix in the incu-
bator was measured periodically. 
When the desired pH of 4.4 was 
reached, the youghurt was transferred 
to a refrigerator maintained at 4"C 
for cooling. The time required to 
attain the pH was noted. 

• Part of the thesis submitted by the senior author in partial fulfilment of the requirements 
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The youghurt prepared from 0, 24, 
48 and 72 hours of storage from treat-
ments A, B and C were subjected to 
the following analysis after cooling 
to 4"C for 24 hours (1). Acidity (by 
titration with 0.1 N NaOH solution using 
1 per cent phenolphthalein as indicator) 
(2) pH (3) fat (Tamime and Robinson, 
1985) (4) Total protein (IS. 1479 Part II) 
(1961) (5) NPN (IS: 1479, Part II (1961) 
(6) Total solids (Davies and McLachlan, 
1974), (7) Diacetyl (Pack et al. 1961) 
(8) Acetaldehyde (Lindsey and Day, 
1965 (9) Tyrosine value (Lowry et al. 
(1951) (10) Lactobacillus and strepto-
cocus count (Matalon and Sandine 
1986) (11) Amino acid profile (Moore 
and Stein, 1951). 

Acidify: 
The overall mean value for acidity 

in youghurt under treatment A was 
1.16 +_ 0.02% lactic acid, under treatment 
B the value was 1.12 +_ 0.02 and f or C a 
value of 1.17+_0.02 was obtained. No 
significant differences were noticed 
between treatments or between 
periods. So it was concluded that 
inspite of the activation of LP system 
of milk, the youghurt starter cultures 
could produce sufficient acid in yog-
hurt. Similar observations were made 
by Prasad and Ghodekar (1977) and 
Zall et al. (1985) while producing 
fermented milk products from LP 
activated milk. 

No significant change in pH of 
youghurt was observed after cooling 
to 4°C and storage for 24 hours. 

Fat 
The overall mean percentage of 

fat content in youghurt under treatment 
A was 2.13±0.02. Under treatment B 
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and C, the values were 2.0++0.08 and 
2.08+_ 0.02 respectively. No significant 
differences were noticed between 
treatments. From this it was inferred 
that the percentage of fat at the levels 
used has not contributed to the attri-
butes studied at 24 hours of storage 
of yoghurt. 

Total protein.• 
The overall mean percentage 

values of total protein in youghurt 
under treatment A was 4.55±0.10. 
Under Band C, values of 4.40+_ 6.11 
and 4.58+_ 0.12 respectively were 
obtained. No significant differences 
in the percentage were noticed bet-
ween treatments. 

Non-protein ni trogen: 

The overall mean NPK content of 
youghurt under treatment A, Band C 
were 55.91±7.99, 30.25+_1.34 and 
30.52+_5.23 mg~100 g respectively 
(Table 1). 

The youghurt prepared using milk 
under treatment A at 0 hour showed 
an average NPN of 20.0 mg/100 g. An 
abrupt increase in NPN content was 
noticed in youghurt prepared using 
milk stored for 24 hours (63.8 mg/ 
100 g). In youghurt prepared from 
milk stored for 72 hours, the value 
was 76.5 mg/100 g. This increase in 
NPK content in youghurt prepared 
from raw milk stored under refri-
gerationfor various periods was found 
to be correlated positively with a 
rapid increase of total psychrotropic 
counts in milk. The increase in NPN 
contents might be attributed to incre-
ased activity of bacteria on the milk 
constituents. The findings of Alm 
(1982) support this view. . The major 
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Table 1. Non-protein nitrogen in youghurt (mg/100 g) 

a) Mean value and its range for different periods under different treatments 

Period 
in hours A 

Treatments 
B C 

Mean Range Mean Range Mean Range 

0 20.0 1.0 — 36 30.0 19-42 23.0 17-44 
24 63.8 30-144 30.5 17-42 36.5 17-110 
48 60.0 33.3 ~— 56 38.8 20-34 40.6 17-110 
72 76.5 21.0 —144 29.7 19-34 23.2 17-31 

Overall mean 55.9117.99 30.25 ± 1.34 30.82 ± 5.23 

Note. Each value respresents average of 8 replications 

b) Analysis of variance 

Source DF SS MSS F 

Treatments 2 10306.330 5153.164 7.361 ** 

Period 3 5195.000 1731.667 2.474Ns 

Interaction 6 7291.656 1215.276 1.874Ns 

Error 60 38915.020 648.584 

CD for treatments = 17.186 
CD for periods 14.704 
*• Highly significant (P~O.Olj 
NS Not significant 

components constituting NPN are amino 
acids and peptides. Some of the 
liberated amino acids and peptides 
were utilised by the starter bacteria, 
while others got accumulated in the 
medium which showed high NPN 
contents in such samples. The increase 
in NPN in yoghurt under treatment A 
was corroborated with an increase 
in tyrosine value. - This confirmed the 
accumulation of amino acids cleaved 
in medium. 

NPN in youghurt under treatment B 
had shown a uniform value of about 
30 mg/ 100 g. This could be due to 
the arrest of the growth of psychro-
trophs by pasteurization. 

Youghurt under treatment C. had 
shown a slight increase in NPN (not 
significant) in samples prepared from 
milk stored for 24 hours (36.5 mg/100 
g). Low NPN content in yoghurt pre-
pared from LP activated milk could be 
due to the lower level of multiplica-
tion of micro-organisms particularly 
psychrotrophs. The total and psychro- 
trophic counts in LP activated milk 
were more or Less same as in the 
case of pasteurized milk. The 
statistical analysis also proved that 
no significant difference existed bet-
ween treatments B and C with regard 
to NPN content. So it was concluded 
that LP activation was equally good as 
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pasteurization in controlling the un-
wanted bacterial multiplication parti-
cularly psychrotrophs thereby limiting 
the proteolytic changes in stored milk. 

Total solids 
No statistical difference in total 

solids was noticed in yoghurt under 
treatments A, B and C; A (20.68+_ 0.16), 
B (20.72+_ 0.16), and C (20.58+_ 0.18). 
This indicated that the levels of total 
solids were in optimal amounts in 
youghurts prepared from all the three 
treatments. 

Tyrosine value: 
The overall mean tyrosine value 

obtained i.n youghurt, under treatment 
A, B and C were 0.41 +_ 0.01, 0.24 + 0.007 
and 0.28±0.008 mg/g yoghurt, respec-
tively. A significant increase in 
Tyrosine value was noticed in yoghurt 
prepared under treatment A, when 
compared to those treatment B and C. 

From the table 2 it could be seen 
that tyrosine value was found to in-
crease gradually to 0.42, 0.43 and 0.46 
mg/g in yoghurt prepared from milk 
stored for 24, 48 and 72 hours respect-
ively under treatment A. No significant 
differences in tyrosine value were 
noticed between treatments A, B and C 
in yoghurt prepared at 0 hours (0.29, 
0.24 and 0.25 mg;g respectively) and 
these vahies were in close agreement 
with the values reported (23.1 mgt 100 
g) by Sha.nkar et al. (1983). The in-
crease in tyrosine value in youghurt 
under treatment A as the period of 
storage of milk advanced indicated an 
extensive proteolysis particularly in 
samples prepared from such stored 
milk. This could be explained 
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by the presence of more quantities of 
hydrolyzed protein in raw mi]k by the 
action of proteolytic enzymes Iiberated 
by psychrotrophs. Presence of pre-
hydrolysed protein in milk, used for 
youghurt preparations might have het- 
ped the youghurt starters for further 
breakdown and ultimate increase in 
tyrosine value. 

No significant change in tyrosin 
value was noticed in yoghurt prepared 
from milk stored for 24, 48 and 72 
hours under both treatments Band C 
(Table 3). This could be due to the 
reason that proteolysis in both LP 
activated and pasteurized milk was 
prevented by inhibiting the growth of 
psychrotrophs. So it could be conclu-
ded that LP activation was equally 
effective as pasteurization in control-
ling proteolytic changes in stored 
milk. At the same time it was proved 
that LP activation of milk did not affect 
the proteolytic activity of the starter 
organisms, since tyrosin value in 
treatment C was almost equal to that 
of youghurt under treatment A and 
B at 0 hour. 

Lactobacillus streptococus count 

A satisfactory level of Lactobacillus 
streptococus was found to be main-
tained in all youghurts prepared under 
treatments A, B and C.In fact, youghurt 
under treatment C showed a higher 
count- indicating that LP activation did 
not influence the multiplication of 
starter organism in yoghurt. 

Cimino acid profile: 
Glutamic acid was found to be 

uniformly higher in youghurts under 
all the three treatments irrespective 
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. Table 2. Tyrosine value in youghurt (mg/g) 

a) Mean value- and its range for different periods under different treatments 

Period-.in 
hours 

A 
`Mean Range 

0' 0.29 0.22 - 0.39 
24 ' 0.42 0.36 - 0.49 
48 0.43 0.36 - 0.48 
T2. . 0:46 0.40-0.51 
Overall 
mean . 

0.41 ± 0.01 

Treatments 
B C 

Mean Range Mean Rarige 

0.24 0.21- 0.28 
0.23 0.17-0.29 
0.22 0.18-0.27 
0.27 0.23-0.29 

0.24± 0.007 

0.26 0.19-0.30 
0.25 0.22-0.28. 
0.26 0.23-0.29 
0.2? 0.24- 0.37 

0.28 ± 0.008. 

Note: Each value represents a mean of 6 replications 

b) Analysis of variance 

Source DF SS MSS F 

Treatments 
Period 
Interaction 
Error . 

2 
3 
6 

60 

0.3Z2TT 
0.04249 
0.03570 
0.12641 

0.18639 
0.01416 
0.00595 
O.0O211 

31.3227** 
2.3803xs 

2.8243• 

•s 

CD for treatments=0.045 
CD for peLiods =0,053 

..Significant (P <0.05) . 
Highly significant (P<0.011 
NS-Not significant 

of storage period of milk. The result 

is in agreement with the observation 
made by Rasic et al. (1971) and 
Stojasavljevic et, al. (1971). The lowest 
quazltity was found for. glycine -and 
methionine in all the: treatments. It 
is well in accordance with the. result 
obtained by Stojasavljevic et al. (1971). 

From the table. 3 it can be seen 
that (here 

is a deviation in the amino 
acid content in youghurt . .from . the 
normal levels for milk reported by 
Oser (1979). Such -.variations:. seen itl 
amino . acid profile can .be:, attribu-
ted . to .. ; preferential . : utilization. of 
procluctign, depending upon the 

biochemical requirements of the rnic- 
robial population during. the time of 
production and storage of youghurt 
for 24 hours. It was .reported that 
profile of ,free amino acid in youglurt 
is dependent on several variables 
such as strain of starter bacteria and 
age of youghurt (Oser, 1979) and ratio 
of rods to cocci (Rasic et al. 1971'; 
Stojasavljevic et al. 1971). This . may 
be. the reason for the apparent. varia-
tions in the amino acid profile repor-
ted . in the study.. . It was also reported 
that many of the.. amino acids are 
utilized, to some extent during the 
growth . of bacteria in .youghurt: 
Grudzinakaya and . Keroleva (1.9.71) 

J. Vet. Anim. Sci. 



Biochemical changes in youghurt 2Z 

Table 3. Amino acid profile in youghurts (g/16 g nitrogen or 1.00 g 
under different treatments for periods 0 and 72 hours 

protein) 

Amino acid 
Treatment A Treatment B Treatment C 

0 hours 72 0 hours 
hours 

72 
hours 

0 hours 72. 
hours 

Aspartic acid 7.92 5.14 5.59 6.56 15.43 7.98 
Threonine 4.56 2.72 5.19 - 2.23 1.67 
Serine 4.33 3.49 5.52 1.88 6.17 1.72 
Glutamic acid 26.93 16.86 23.12 29.C4 32.84 23.11 
Proline 4.02 6.69 13.64 4.61 11.92 4.88 
Glycine 1.54 1.16 2.69 1.22 1.88 1.27 
Alanine 3.03 1.93 2.58 2.43 3.92 2.45 
Vaiine 5.23 3.23 4.22 3.92 5.43 4.21 
Methionine 2.17 1.74 2.49 0.54 1.88 0.10 
Isoleucine 3.92 3.17 4.18 3.74 5.09 3.92 
Leucine 8.70 6.16 9.93 7.51 10.69 7.75 
Tyrosine 3.01 2.34 5.65 2.62 3.77 2.63 
Phenylalanine 2.48 2.15 3.82 1.61 2.97 2.26 
Histidine 1.90 1.74 5.66 0.59 3.18 1.66 
Lysine 4.81 3.60 3.17 6.11 6.64 4.75 
Ammonia 1.65 1.66 2.04 1.31 2.12 1.40 
Arginine 3.09 2.G 6.55 2.37 3.66 3.30 

reported that glutamic acid and proline 
are not utilized by the youghurt 
bacteria and hence accumulate in the 
product and is in agreement with the 
present observations. Certain amino 
acids are metabolized to form certain 
flavour compounds like acetaldehyde. 
Groux (1976) reported that some of 
the amino acids like serine, glutamic 
acid, proline, valine, Leucine, isoleuc-
ine and tyrosine in yoghurt may 
indirectly act as precursors for the 
formation of the major aroma com-
pounds in the product. Above 
statements are corroborated by varia-
tion in amino acid profile in youghurt 
prepared from milk preserved for 
0 and 72 hours even within treatments. 
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Summary 

From the above result, it was found 
that youghurt starter cultures could 
produce sufficient acid in youghurt, 
irrespective of treatments. Youghurt, 
samples from all the treatments A, B 
and C showed a uniform quantity of 
fat and protein. An increase in NPN 
and tyrosine value were noticed in you-
ghurt under treatment A (55.91±7.99, 
0.41 +_ 0.01 respectively when compared 
to treatments B (30.25 _+ 1.34, 0.24+_ 0.007 
respectively) and C (30.82+_5.23, 
0.28+_ 0.008) respectively) indicating 
extensive proteolysis in stored milk 
under treatment A by the micro 
organisms. This was found to be 
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controlled by the treatments B and 
C. No significant changes were 
noticed with respect to total solids, 
diacetyl, acetaldehyde and lactic 
count between treatments. It 
was proved that youghurt of good 
quality (comparablewith the youghurts 
prepared from pasteurized stored 
milk) can be prepared ;from milk 
stored after activating LP .system. 
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