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Abstract

Cow and buffalo’s skim milk were heated at 70-90°C instantly in order to
study its effect on nitrogen distribution and contrary on whey protein denatura-
tion. The obtained results showed that the cow skim milk had higher values of
WPN, WN/TN & WPN/TN and lower values of TN, CN, NPN, C No., NPN/TN
& WP denaturation than that of buffalo’s skim milk in all treatments, respec-
tively. The raw skim milk had higher values of WN, WPN, WN/TN & WPN/TN
and lower values of TN, CN, NPN& C No. than that of heated skim milk in all
treatments, respectively. In addition, the clotted cow milk had higher values of
RCT and SY and lower value of CF than that of clotted buffalo’s skim milk in all
treatments. The increase of heat treatment of milk cause an increase of RCT and
decrease of CF and SY in all treatments. Moreover, the control samples had
higher and lower values of RCT and higher CF and SY than that of heated milk
in all treatments. The decreases of pH values from 6.4 to 6.0 cause an increase of
CF and then decrease with decreasing the pH up to 5.6 in clotted cow skim milk,
while there were decreases of CF in clotted buffalo’s skim milk up to pH 5.6 in

all treatments.
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Introduction

Protein structure is profoundly
affected by environmental factors
such as pH, heat treatment, protein
concentration, etc. The protein con-
formation is influenced by several
processes, such as rupture of non-
covalent and covalent interactions
that may be occurring simultane-
ously as the solution is heated and
the pH is adjusted (Phillips et al.,
1994). The buffalo milk was also

lower in B-lactoglobulin content and
had the largest casein micellar size
and fat globule size. Proportion of
casein (CN) to whey protein was
lower in cow milk and this milk was
found higher in B-lactoglobulin and
naturally occurring peptides (Islam
et al., 2014). The proteins contained
in buffalo milk are more resistant to
heat denaturation than those of cows'
milk. Thus, buffalo’s milk has a
greater buffering capacity than cows’
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milk (Ahmad et al., 2008). The ex-
tensive research has been dedicated
to the understanding of the heat in-
duced aggregation of denatured
whey proteins in milk or in its frac-
tions as well as in model systems of
individual proteins, especially [-
lactoglobulin(Euston et al., 2007).

The rheological properties of
milk gels, both chymosin and acid
induced, are affected by the heat
treatment applied to milk, and can
result in irreversible changes in milk
protein structure. Some of the
changes involved are whey protein
denaturation and aggregation, inter-
actions of whey proteins with casein
micelles, reactions between lactose
and proteins, changes in casein mi-
celle structure, transfer of soluble
calcium and phosphate to colloidal
phase, changes in fat globule mem-
branes, and decrease in pH (Parnell-
Clunies et al., 1988).

High heat treatment and heat-
ing time gives most significant
changes. It causes whey protein de-
naturation which is an irreversible
process. The mineral balance also
changes during heat treatment. Cal-
cium and phosphate becomes more
insoluble and binds to the casein mi-
cellar structure. This is reversible for
temperatures below 100 C, while se-
vere heating can cause hydrolysis of
phosphorserine of caseins and cal-
cium phosphate can precipitate out
of solution which is irreversible
processes (Gaucheron, 2011). The
reversible casein/whey protein com-
plex formation in ultra-high tempera-
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ture (UHT) milk was described by
equilibrium between two main con-
formations of the protein, which is
followed by the change of the pro-
ton-binding properties as a function
of pH. The kinetic measurements
supported the intermolecular and co-
operative "all-or-none" change of
casein micelles caused by the action
of protons. The metastability of con-
formation is predominantly due to
the energy barriers, preventing the
equilibrium transition of the proto-
nated milk protein system above a
critical pH value. The overall equi-
librium constant of the process de-
pended on the heating strength and
the pH value of milk (Mansour,
2013). The use of thermally proc-
essed milk in the production of ren-
net coagulated cheeses and also
some of the potential alternatives
available for in collusion of whey
proteins in cheese, such as the addi-
tion of microparticulated whey pro-
teins to cheese milk was studied
(Prashanti and Hill, 2015).

Hence the present study was
under taken to determine the influ-
ence of heat treatments on nitrogen
distribution in cow and buffalo’s
milk andstudied effect of heat treat-
ments on some rheological proper-
ties of coagulated cow and buffalo’s
skim milk.

Materials and Methods

Materials:

Whole fresh cow and buf-
falo’smilk: It was obtained from the
herd of the Animal Production De-
partment, Faculty of Agriculture, Al-
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Azhar University (Branch of Assiut).
Milk samples were defatted by cen-
trifugation at 3000 xg for 20 min at
40°C, using Janetzki. T23 centrifuge.

Microbial Rennet: 1t was used
as a powder obtained from DSM
(France) with a commercial name
(Fromase R 2200). Microbial rennet
solution (IN) was prepared by dis-
solving 3 gm of powder rennet in
100 ml distilled water; it was used at
a rate of 1.0 ml/L. milk (0.03 gm/L.
of milk).

Methods:

Heat Treated Milk Samples:
Skim milk samples were divided into
four portions for heating at 70, 80
and 90C for the three heat treat-
ments in the scale range of instantly
and one portion non heated milk
served as control.

Methods of Analysis:

- pH measurement.: It was de-
termined using a pH meter (model
68 ESD 19713), USA.

- The Total Nitrogen (TN),
Whey nitrogen (WN), and Non
protein nitrogen (NPN) of the milk:
were done by micro-Kjeldahl
method according to (Devolder al.
2011).

- Whey Protein Nitrogen
(WPN), Caseino number (C No.)
and Denaturation Percentages:
were estimated according to Manyji
and Kakuda (1987) as follow:

CN=TN - WN

WPN = WN - NPN
Caseino No. = [(TN - WN) / TN] x 100
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Denaturation % = {WPN raw
milk — WPN heated milk/WPN raw
milk} x 100

- Rheological Properties of
Curd:

Rennet Clotting Time (RCT):
It was measured according to Ber-
ridge (1952).

Curd Firmness (CF): The
penetration method described by
Shalabi (1987).

Curd Syneresis (SY): The vol-
ume of whey expelled within 60 min
from the curd of microbial rennet,
was measured by the method de-
scribed by Farooq and Haque (1992)
as ml/250 ml milk.

The measurements of all previ-
ous tests were done in triplicate.

Results and Discussion

Datapresented in Table 1 illus-
trate the effect of heat treatments on
the nitrogen distribution and whey
protein denaturation in cow and buf-
falo’s skim milk. The data revealed
that the cow skim milk had higher
values of WPN, WN/TN &
WPN/TN and lower values of TN,
CN, NPN, C No., NPN/TN & WP
denaturation than that of buffalo’s
skim milk in all treatments, respec-
tively. The low level of TN, CN &
NPN in cow skim milk than that of
buffalo’s skim milk may be due to
the high moisture content in cow
skim milk (Harjinderer al, 1996;
Ahmad et al., 2008; Ahmad et al.,
2013 and Islam et al., 2014).
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In addition, the raw skim milk
had higher values of WN, WPN,
WN/TN & WPN/TN and lower val-
ues of TN, CN, NPN& C No. than
that of heat treated skim milk in all
treatments, respectively owing to the
denaturation effect of heat treat-
ments. These results are similar to
obtained by Hattemes al. (2011).
Moreover, the data in the same Table
revealedthose the TN, CN, NPN, C
No., NPN/TN and WP denaturation
were increased with the raising the
heat treatment, while the WN, WPN,
WN/TN & WPN/TN were reduced
in the same treatments respectively.
The same observation was reported
by Parnell ef al.,(1988) and Hattemet
al., (2011).

These data show thatthe clotted
cow skim milk had higher values of
RCT and SY than that of clotted buf-
falo’s skim milk in all treatments,

while the CF of buffalo’s milk was
higher than that of cow’s one. In ad-
dition, the raising of heat treatment
cause an increase in RCT in both of
cow and buffalo milk, while the CF
and SY were decreased in all treat-
ments. Moreover, the control sam-
ples (unheated milk) characterized
with the lower RCT values and higer
CF and SY than that of heated milk
in all treatments. These results are in
agreement with those reported by
Ismail et al. (2004). The increasing
of RCT of heat treated cow and buf-
falo’s milk may be due to the de-
crease in the soluble calcium ions
due to its precipitation as tricalcium
phosphate depending upon the tem-
perature used (Ameret al., 1974 and
Ismail et al., 2004).

Table 1. Effect of heat treatments on nitrogen distribution and whey protein dena-
turation in cow and buffalo’s skim milk.

. . Heated milk
Prol())zrtles Raw milk 70°C 80°C 90°C
Cow | Buffalo | Cow | Buffalo | Cow | Buffalo | Cow | Buffalo
TN 0.517 | 0.571 | 0.518 | 0.571 | 0.518 | 0.575 | 0.523 0.577
WN 0.094 | 0.098 | 0.081 | 0.081 | 0.070 | 0.068 | 0.048 0.048
CN 0.423 | 0473 | 0.437 | 0.490 | 0.448 | 0.507 | 0.475 0.529
NPN 0.029 | 0.035 | 0.029 | 0.035 | 0.030 | 0.036 | 0.030 0.037
WPN 0.065 | 0.063 | 0.052 | 0.046 | 0.040 | 0.032 | 0.018 0.011
C No. 81.82 | 82.84 | 8436 | 85.81 | 86.48 | 88.17 | 90.82 91.68
WN/TN 18.18 | 17.16 | 15.64 14.19 | 13.52 | 11.83 | 09.18 8.32
NPN/TN 5.61 6.13 5.59 6.13 5.79 6.26 5.74 6.41
WPN/TN 12.57 | 11.03 | 10.04 8.10 7.72 5.60 3.44 1.91
WP 100.00 | 00.00 | 20.00 | 2699 |38.46 | 49.21 | 7230 | 82.54
denaturation

Data presented in Table (2) illustrate the effect of heat treatments on
rheological properties of clotted cow and buffalo’s skim milk.
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Table 2. Effect of heat treatments on rheological properties in clotted cow and

buffalo’s skim milk.

Unheated milk Heated milk (C)
. (Control) 70 80 ‘ 90
Properties
Cow | Buffalo Cow | Buffalo Cow | Buffalo Cow | Buffalo
RCT (min) 12 10 16 12 18 15 20 17
CF (gm) 22.3 26.2 20.0 23.1 17.5 20.1 15.1 16.9
SY (ml) 135 120 113 105 85 74 75 64

RCT: Rennet Clotting Time CF: Curd Firmness SY: Curd Syneresis

Data presented in Table (3) il-
lustrate the effect of pH values on
rheological properties of clotted cow
and buffalo’s skim milk heated at
90 Cinstantly. The data observed that
the clotted cow milk had a higher
values of RCT and SY, while was
shows lower CF than that of clotted
buffalo’s skim milk in all treatments.
In addition, it will be observed that
the decreasing of the pH value led to

lowering the RCT the control samples
(unheated milk) had higher RCT
value in both of cow’s and buffalo’s
milk as compared with heated milk at
low pH values. The CF and SY were
also higher in unheated milk than that
of heated milk in all treatments.
These results are in harmony with
those reported by (Najera et al.,
2003).

Table 3. Effect of pH changes on rheological properties in clotted cow and buffa-

loes skim milk at 90°C instantly.

Unheated milk Heated milk
(Control) pH values
Properties (pH 6.8) 6.4 6.0 5.6
Cow | Buffalo | Cow | Buffalo | Cow | Buffalo | Cow | Buffalo
RCT(min) 12.0 10.0 12.5 11.0 11.0 9.0 8.0 7.0
CF (gm) 223 26.2 16.2 24.5 20.5 22.1 15.5 15.8
SY (ml) 135 120 86 80 85 74 69 68
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Moreover, the decreases of pH
values from 6.4 to 6.0 cause an in-
crease of CF and then decrease with
decreasing of pH up to 5.6 in clotted
cow skim milk, while there were de-
creases of CF in clotted buffalo’s
skim milk up to pH 5.6 in all treat-
ments. This may be attributed to the
difference of calcium content of cow
and buffaloes skim milk.

Conclusion

Our results showed that heat
treatment is higher than 65°C starting
70°C had an impact clearly on nitro-
gen content of milk proteins of cow
and buffalo’s and a temperature of
90°C resulted in denaturation rate for
whey proteins for both of cow and
buffalo’s. The heat treatments of
milk were to avoid the lost of whey
proteins in whey and kept them in
the curd. Lowering the pH value of
heated milk resulted in high activity
of enzymatic coagulation of milk and
gives good rheological properties of
the resultant curd.

References

Ahmad, S., FM. Anjum.,N. Huma.,
A. Sameen., and T. Zahoor.
(2013). Composition and phys-
ico-chemical characteristics of
buffalo milk with particular
emphasis on lipids, proteins,
minerals, enzymes and vitamins
The Journal of Animal and
Plant Sciences, 23: 62-74.

Ahmad, S., 1. Gaucher., F. Rous-
seau., E. Beaucher., M. Piot.,
J.F. Grongnet, and F.
Gaucheron. (2008). Effects of
acidification  on  physico-
chemical characteristics of buf-
falo milk: A comparison with
cow’s milk. Food Chem., 106:
11-17.

Amer, S.N., M.M. El-Abd, and
M.K.E. Ibrahim. (1974). Fac-
tors affecting the rennet coagu-
lation time of milk. Egyptian J.
Dairy Sci., 2: 25-32.

Berridge, N.J. (1952). Some observa-
tions on the determination of
the activity of rennet. Analyst,
77: 57.

Devold, T.G., R. Nordbo., T. Langs-
rud., C. Svenning., M. Jansen
Brovold., E.S. Sorensen., B.
Christensen., T. Adnoy, and
G.E. Vegarud. (2011). Extreme
frequencies of the as;-casein
CUnull” variant in milk from
Norwegian dairy goats—
Implications for milk composi-
tion, micellar size and rennet-
ingpropertie s. Dairy Sci. Tech-
nol., 91: 39-51.

Euston, S.R.; S.Ur-Rehman., G.
Costello. (2007). Denaturation
and  aggregation of  f-
lactoglobulin — A preliminary
molecular dynamics study,
Food Hydrocoll.,, 21: 1081-
1091.



Assiut J. Agric. Sci., (47) No. (6-1) 2016 (49-57)
Website: http://www.aun.edu.eg/faculty agriculture

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

Farooq, H. and Z.U. Haque. (1992).
Effect of sugar asters on the
textural properties of nonfat
low caloric yoghurt. J. Dairy
Sci., 75: 2676-2680.

Gaucheron, F. (2011). Milk Salts
Distribution and Analysis. In
Encyclopedia of Dairy Sciences
(Second Edition), J.W. Fuquay,

ed. (San Diego: Academic
Press), pp.: 908-916.

Harjinder, S.; S. Moyra.,, P.
Robeerts,.; Munro and T.

Cheng. (1996). Acid-Induced
Dissociation of Casein micelles
in milk: Effects of heat treat-
ment. J Dairy Sci., 79: 1340-

1346.
Hattem, H.E., A.N.Manal., S.S.
Hanna., and A.A. Elham.

(2011). A study on the effect of
thermal treatment on composi-
tion and some properties of
camel milk. Slovak J. Anim.
Sci., 44: 97-102.

Islam, M.A., M.K. Alam., M.N. Is-
lam., M.A.S. Khan., D.
Ekeberg., E.O. Rukke. and G.E.
Vegarud. (2014).
Milk Components in Buffalo,

Principal

Holstein Cross, Indigenous Cat-
tle and Red Chittagong Cattle
from  Bangladesh.  Asian-
Australas J. Anim. Sci., 27:
886-897.

Ismail, A.M., M.M. Ismail, and M.I.

Hashem. (2004). Effect of

55

some heat treatments on the

quality of Edam cheese made

from buffaloe’s milk The 9"

Egyptian Conference for Dairy

Science & Technology “Milk

and Dairy Products for a
Healthy Future” Cairo, Egypt,
9-11 October.

Manji, B. and Y. Kakuda. (1987).
Determination of whey protein
denaturation in heat processed
milk: Comparison of three
methods. J. Dairy Sci., 70:
1355-1361.

Mansour, A.ILA. (2013). Conforma-
tional Transition of the Inter-
molecular Interaction of Protein
System of Buffalo UHT Milk.
Internet Journal of Food Safety,
15: 74-77.

Najera, A.l; de M.Renobales, and
L.J.R. Barron. (2003). Effects
of pH, temperature, CaCl, and
enzyme concentrations on the

of
milk: A multi factorial study.
Food Chemistry, 80: 345-352.

Parnell-Clunies, E., Y. Kakuda., J.M.
deMan, and F.Cazzola. (1988).
Gelation profiles of yogurt as

rennet-clotting  properties

affected by heat treatment of
milk. J. Dairy Sci., 71: 582-
588.

Phillips, L.G., D.M. Whitehead, and
J. Kinsella. (1994). Structure-
function properties of food pro-
teins, Ed. Academic Press, Inc.,



Mohamed et al. 2016

San Diego, California.
Prashanti, K. and A.R. Hill. (2015).
Rennet Coagulation and
Cheesemaking Properties of
Thermally  Processed Milk:
Overview and Recent Devel-
opments. Journal of Agricul-

56

tural and Food chemistry, 63:
9389-9403.

Shalabi, S.I. (1987). Milk clotting
activity of commercial rennet
substitute. =~ A comparative
study. Minia J. of Agric. Res. &
Dev., 9: 441-460.



Assiut J. Agric. Sci., (47) No. (6-1) 2016 (49-57) ISSN: 1110-0486
Website: http://www.aun.edu.eg/faculty agriculture E-mail: ajas@aun.edu.eg

ugalall g s B Gall) (A Gaa g il gl e A Al cdlalaal) il
'apais o aml ) Ao ¢ Tddal Me Cpa o0 ga 4gke deaa ¢ ' dala daal teaa

Lo gl g 8= a Y0 dasla — Aol 0 &S — U ad
Lo saud Gaala — de) 30 RS - LY il

Laslall

p e A Yy a ca e U ausalall g il ) ol Aldas
¢ Gl clifig n dapla (A il s Cpa gl g e CBllaall sda il Al Llaal
=1 Gl Lo Jeaniall i) o ekl 8

O s/ a8 W Cpm g 5 A ¢ ) il s g a5 R e OIS a8 305 )
O ¢ IS a3l e DS i g JSI G g /B 80 A 5 a5 ¢ KU
S G /A8 g 5 el g A ¢ SN QB ) ¢ g g ) G sl ¢ S
cgmsaladl 5ol Gl clie e g Rl HLd palll e B

O ¢ i Dl ads g G s ¢ Gl i am g 3 (e DS e Baly ) Y
O A S oSy I G g S/ AN A5 a0 ¢ S Cpa g /G 50
ol e (8 S B8 ) ¢ g ) G s A ¢ G SD G g i ¢ JSI G g i)
s debeal) olll b e L4l

B 85 sl Adha dad Galiy (5l o)k ¢ Gl e (e DS B0l Y
remsaladl 5l alll s s G e g Rl LA Gl

A e S b Galtiy gl (e A Baly) Gy calll (s Bae B 3y — €
5 5l Al ¢ i)

e ala ol (e Aaalil) 3 il (8 (5 o)k palip 3 Al ADka sl saly) -0
LA (il (e dalil) B i)

sl T TE e s 8 O e Aaill 5 Al (8 A geall g (i =1
el s i llin S ek ¢ 0,7 diagen b i il (i 5 3 fal) A0 ad 5ol
-0, Alagan Ay O cmsala 8 Gl e ATl 3 Al Ala a8 4

57



