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ABSTRACT

This work was planned to study the effect of formaldehyde (FA) and
hydrogen peroxide (H.O;) on the coagulation, chemical and biological properties
of milk proteins. Thus. raw buffalo’s skimmilk samples (100 m! each) were
spiked using FA (40%) or H;O, at the level of nil (control), 0.025, 0.050, 0,100,
0.200, 0.300, 0.400 and 0.500%.

The obtained resulis indicated that the rennetability, curd firmness and
curd synersis of mitk were significantly weakened by FA more than occurred by
H,0,. There was a negative relationship between the synersis rate and the
preservative level. Whilc, scphadex G100 chromatograms of liguid milk, acid and
rennet curds indicated that, opposite to the effect of H;O-, the presence of FA led
to an increase in the absorbancy mecasured for the caseins peak positively
associated according to its level. That was at the expense of other two peak of
whey proteins. However, the milk protein fractionation by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) of the two curds confirmed that,
although the level of as;- casein (Cn) was not affected, the levels of as;~Cn and §-
Cn raised in the presence of FA and decreased due to H.O, opposite to that
behaved by y-Cns. The SDS-PAGE electrogram of whey proteins residues
remained in the curd exhibited no response whether to the kind or the level of
preservative spiked.

Compositionallv, the presence of 0,3% preservatives regardless their
kinds, decreased significantly the levels of the total amino acids (T.A. A) whether
cssential or non essential AA.

Nutritionally, this decline in A A, levels contributed to preservative
adding resulted in significant reduction in the calculated percentages of protein
efficiency ratio (PER), biological value (B.V) and net protein utilization (NPU).
All nutritional aspects werc higher in the protein of liquid milk followed by
rennet curd, while the acid curd came in last order.
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INTRODUCTION

Milk is a highly perishable commodity and difficult to handle, especially in
countries with relatively high ambient temperature. Besides, unhygienic conditions
under which the animals are milked, small quantity of milk which is delivered by
individual producer, long distance between the production and market areas, poor
transportation, insufficient or non-availability of milk cooling and chilling system are
the main problems of milk collection. These problems lead to a considerable foss in
keeping quality and hence reduction in the shelf-life of raw milk so that, it retains its
quality for only six hours. Therefore, some milk producers illegally, whether
qualitatively or quantitatively add some chemical preservatives to milk to destroy
and/or inhibit the microflora, and hence 10 avoid the probable lacking in its keeping
quality. Preservatives most commonly used are formalin (40% formaldehyde) and
hydrogen peroxide (35%) for their high efficiency against many microorganisms,
~ cheap prices and easy to obtain. Although they usually used with small quantities,
they have bad effects on physical, chemical, technological and nutritional milk
propertics so hazardous on human health For those reasons many coumtries
considered using of preservatives illegal (Brunn and Klostermeyer, 1983; Pellegrino
and Resmini, 1996 and Mohamed, 2002).

Formaldchyde is a highly reactive chemical which readily combines with
deoxyribonucleic acid (DNA), ribonuckeic acid (RNA), proteins and amino acids
(Siomin et al., 1973, Chaw et al., 1980 and Hemminki 1982). Likewise hydrogen
peroxide is considered as a safe preservative for milk and can be legitimately
employed at levels between 100-800 ppm (FAQ, 1957). But using higher amounts
than are considered means being risk effective on health (Kosikowski, 1977 and
Jha, 1984), where, some loss in biological value of proteins and availability of
sulphur containing amino acids were recorded by Deodhar and Mehta (1980). For
that in view, this study was planned to throw some light on some harmful effects
on the buffalo's proteins with emphasis on the coagulation, composition and
biological properties.

MATERIALS AND METHODS

Materials: _

Fresh buffalo’s milk was obtained from the herd of the Faculty of
Agriculture, Ain Shams University, Maxiren 1800, (100% chymosin purificd
from Kiuyveromyces maxrianous biovar. Lactis) made by DSM list, France,
commercial formaldehyde solution (40%) and Hydrogen peroxide solution (35%)
from Pfizer Co. Inc. U.S.A. were gbtained from the local market at Cairo,

Experimental procedures:

Raw buffalo’'s skimmilk samples (100 ml each), were spiked using
formaldehyde (FA, 40%) or hydrogen peroxide (H.O» 35%) at the level of nil
(control), 0.025, 0.050, 0.100, 0.200, 0.300, 0.400 or 0.500% and gently agitated
for one min. Samples were left at the frig. temperature (5£2°C) for 1 h, afler
which they were analysed. Three replicates were carried out for every treatment.

Mecthods of analysis:
Milk cloting time was determined as described by Fahmi (1952). Curd

firmness was measured using penetrometer model SUR, BERLIN, PNR6 as in
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Bourne (1982). Syneresis of the resultant curd was measured according to
Lawrence (1959). The gel filtration procedure described by Davies (1974) was
adopted using sephadex G-100 for protein fractionation. Protcin fractionation
using sodium dodecyl sulfate (SDS) polyacylmide gel electrophoresis (PAGE)
was carried out as described by Weber and Osborn (1969) for protein extraction
and by Laemmli (1970) modified by Studier (1973) for SDS-FAGE preparation.
Morever, SDS PAGE patterns were identified according to Eigel et al,, (1984)
and Basch et al, (1985). Amino acids other than tyrosine and tryptophan were
determined using High Performance Amino Acid-Analyzer as described by
Moore et al., (1958) and Kirsten and Eggum (1966). Biological parameters
namely PER (Alsmeyer ef al., 1974), BV and NPU (Mitchell and Block, 1946)
were calculated. The obtained data were statistically analyzed as in SP8S (1998).

RESULTS AND DISCUSSION

Coagulation properties:

Data presented in Table (1) illustrated that the rennetability of milk was
significanlly weakened due to adding FA or H;Q, (P< 0.001) as indicated from
the increase in RCT of milk. Similar findings were reported by Metwally (1985),
Wahba et al., (1986); El-Abbassy (1987); El-Batawy (1991}, Ewais (1995) and
Uraz and Yildirim (1995).

Moreover, data given in Tables (1 and 2) appeared also that, as the milk
contains either FA or HO; led to delaying the coagulation and weakening the
firmness of resultant curd, also retarding the cerd wheying off (p< 0.001).

In this respect, the retarding effect of FA at any spiking level was higher
than that occurred by H,Q, at the same level. Furthermore, the statistical interaction
either between the kind and level of preservative or between the preservative type and
the experimental pencd was significant (P< 0.001). while, that between the
preservative level and experimental period was not significant (P> 0.05).

Sephadex G100-chromatogramic properties:

As shown from the elution pattern of milk proteins whether of beginning
buffalo’s milk or its acid as well as rennet curds as a function of the milk spiking level
with FA or H,0, (Figures 1 and 2), three means distinct proiein fractions were
obtained by gel filtration of Scphadex G100 for the genuine samples (control). The
great peak (1) was of caseins while peak (2) was p- lactoglobuline (B-Lg) an peak (3)
was o-lactalbumin (o-La). Similar observations were reported by Hill and Hansen
(1964); Ganguli (1974), Poznanski ef af. {1979) and Metwally (1985).

Concerning the corresponding peaks in relation to the kind and level of
preservative added, it could be noticed that, there are gradual increases in the
absorbancy measured for the mean peak, namely that of caseins, being associated
with the proportional increment in the spiking level with FA. That was at the expense
of other two peaks as sccmed from Figure (1). Aoki and Kako, (1984) fractionated
acid casein comaining 10 and 20 mM FA through Sephadex G200 and found that, the
formation of soluble casein was depressed by the addition of FA.
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Table (1): Rennet clotting time (sec.} and penetration value (mm) indicating
inversely the curd firmness of buffale's skimmilk spiked with
different levels of formaldehyde (FA) or hydrogen peroxide
(H;O;) solution.

Tind and el of presereste (V)
Nil ] 0.025 | 0.050 [ 0.100 | 0.200 | 0.300 [ 0.400 | 0.

SRS gE SIEISIZE

Table {(2): Curd synersis percent of buffalo’'s skimmilk spiked with different
levels of formaldehyde (FA) or hvdrogen peroxide (H,0,) solution.

Kind and level of preservative (%, V/V)

Experimental | Nil 0.025 0.050 0.100 0,200 0.300
3 ~4 ~y ~ -~ -
. . Sl el Q|| Qe | Qle|lc|<|O
fime (min. ;S 4 " u ~
( ) 5 [ o R A R P B = |
15 35 V31 {36 29 | 33128 | 28 | 21 |28 | 14 ] 25
30 42 | 38 { 43 1 35 1 4y | 35 1 37 | 28 { 36 { 20 ; 33
45 46 | 41 | 48 [ 39 [ 47 1391 42 1 32 1 40 ) 24 § 38
60 48 ] 44 1 51 [ 42 ; 51 ) 42145 |36 | 43 | 27 | 41

On the contrary, there are descending relationships between the
absorbancy of protein fractions and the level of H,0O; added to the milk, whether
in the partition chromatograms of whole milk proteins given in Figure (1) or those
of its acid-or rennet-curd illustrated in Figure (2). That could be attributed to the
oxidizing effect of the H-O; on the protein leading to decompose it forming
smaller peptides as could be seemed surrounding the chromatograms of H,O;-
treated samples (Figures 1 and 2). Where, some small peaks tended to appear near
but with following orders to the main one¢. Uraz and Yi)dirin (1995) reported that,
H,0; treatment of milk led to increase the soluble nitrogen.

SDS-PAGE-clectrophoregramic properties:
Data displayed in Figure (3) and Table (3) are the proteins fractions of

buffalo’s milk curd as affected by the kind and level of preservative added as well
as the coagulation method applicd whether acidic or enzymatic one.

The results of get scan of the casein fractions involving oy -casein (u, -
Cn), o,,=casein (o,,-Cn), B-casein (B-Cn) and its derivatives y-caseins (y-Cns) and
k-casein (k-Cn) of genuine curds of buffalo’s skimmilk are in coincidence with
those found in buffalo's milk by Addeo ef al. (1977); Jenness (1982). Ng-Kwai-
Hang and Grosclaude (1992) and Abd El-Salam et al. (1992).
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Concerning the effect of the kind and level of preservative on the
relative patterns levels of caseins fractions, the statistical analysis appeared in
details that, opposite to FA, H;O; at any spiking level diminished significantly the
level of o,;-Cn as well as B-Cn and increased the level of y-Cns (p<0.01).
Korolczuk (1984) and Aoki and Kako (1984} suggested that, FA may have
polymerizing effect or promote cross-links among casein component and prevent
the formation of soluble casein accompanying the release of k-Cn from micelles,
opposite to H; Oz, which relatively forbids the interaction between g-Lg and k-Cn
as reported by Buruiana ef al. (1983); Marshall (1986); Gaafar (1992) and Ozer et
al. (2003). Moreover, the increased level of y-Cns associated with 4,0, may be
occurred at the expense of the reductions in the levels of both a,,-Cn and k-Cn
fractions caused by the same reason (H.O,).

Table (3); SDS-PAGE proteins fractions of acid and rennet curds of buffalo's
skimmilk as affected by milk spiking with different levels of
formaldehvde (FA) or hydrogen peroxide (H;0,) solution

Kind anel rvative {%o, V 7

Fraction Control FA
%4 id ]
’ rA:rl'd R:::t Acid curd Rennet curd

Nil | Nil | 0.025 | 0.050 | 0.300 | 0.300 | 0.400 | 0.500
Gz-Casein 17.2 [ 17.5 | 18.0 18.2 18.4 i8.0 18.3 18.2 |
0, -Casein 275(273 ) 283 | 286 | 295 | 280 | 285 | 288 |
p-casein 328 13201 336 { 335 | 336 | 332 | 334 | 333
k-casein 142 (1137 146 | 148 | 150 11.9 118 ] 11.7 )
[-Caseins 25 | 2.2 2.8 3.0 3.2 2.0 2.2 2.4

eyproteins | sg L o7 | 27 | 19 | 03 | 69 | 58 | 56
ruldum
H,;0,

f2-Casein 1721 17.5 | 182 17.9 17.0 17.9 17.8 18.1
f (t,,-Casein 2751273 252 26.0 24.9 274 27.0 26.6 |
fcasein 328 (320 296 28.5 280 30.5 30.0 290 |
k-casein 142 1 113 | 144 14.8 150 12.2 12.6 12.8

I y-caseins 25| 22 5.4 4.30 58 4.8 7.0 9.7 |

58 | 97 72 56

SDS-PAGE: Sodium dodecyl sulfate-polyacrylamide ge! electrophoresis

Regarding the casein fractions in relation to the kind of coagulation, data
indicated that, k-Cn was the sole fraction which was influenced by it. Where,
some k-Cn was used up due to rennet action (p<0.001) in comparison with the
acidic coagulation. Such relationship between the rennet attacked casein and the
level of resultant PAGE k-Cn fraction was reported by Fayed (1986).

Amino acids composition:

Concerning the essential amino acids (EAA), the results indicated that,
significant reductions in the levels of both lysine, methionine, cysteine, leucine
and even in the total (T) EAA (except tyrosine and tryptophan) were occurred due



Influence Of Formaldehyde & Hydrogen Peroxide As..... 169

to adding of 0.3% preservatives, regardless their kind (Table, 4). Similar trends
were reported by Chaudhry and Qureshi (1979), Brunn and Klostermeyer (1983)
and Deodhar et al.. (1986)

Table (4): Amino acid composition (g/100g proteins) of each buffalo's
skimmilk, its acid and rennet curds as affected by milk spiking
with nil and 0.3% formaldehyde (FA) or hydrogen peroxide

(H;0,) solution,

Kind and level of prvtive %V

Amino _
acids - Nil (control) 0.3% FA 03%H
(AA) Skim | Acid | Rennet | Skim | Acid | Rennet | Skim | Acid | Reanet

milk | curd | curd | milk | curd | curd | milk | curd | -curd

3 6761736 749 | 483 [724] 646 | 594|723 633
Methionine | 312 12947 315 [ 292 {298 [ 303 | 272 |271{.279 |
Cysteine 09t 1053 053 (088 ]037{ 034 | 0388 050 ] 030

[ Threonine 450 429 | 3421 451 [ 407 | 357 | 450 (402} 33% |
Isoleucing 507 (507 ] 460 512 (4951 468 | 504 502 - 449 |
941 | 850, 880 | 946 | 843 86l

163 | 4751 460 | 466 | 451 | 468

664 | 551 | 525 1613 [554] 562 [597]552] 5.18 |
Tyrosiwe | ND ' ND | ND | ND | NDi ND | ND | ND | ND
i frvpiophan | ND | ND ND | ND | ND ND ND | ND ND |
TEAA  [41.04]3901] 3784 {3851 [3809| 3699 [3895[37.96| 35.69 |
Non-cssentaal AA: i
Histebre [ 252 1269] 250 [238 1250 247 [243[241] 243 |

oo ek

Arginicc | 297 1 301 289 [277 1274 281 [278[291] 269
497 [ 473 [525]|488 | 436 | 528 |472] 458 |

2047 2167 |21.53|21.07| 2285

sparuc 7191828 691 | 701 {569 613 | 693|572 558

Glycine | 176 | 153 | V7L [ 196 155 ] 170 1179 | 161 159
Alanine | 398 | 281 | 283 |.3.24 | 2.9 274 |322 1 271 | 249 |

Proline I037 1285 1300 1102510375 139 110.12]13.46| 13.36
I TNEAA S183/5660 ] 56,24 [54.39]5478| 5702 1537715433 5541 |
ITAA  [958779561 [ 9408 [9290(9287] 94.0i |
NIY Not determuned . .
1A Total eseont. o aaids (summed without tyrosine and tryptophan
amino n.ds) ’
TNEAA Tota! “on- .sential amino acids .
TAA. Total amino scids (summed without tyrosine and (ryptophan amind acids).

Moreover. it is worthy to menti=a that, the conversion of liquid milk
prote:s suto acidic or erzymatic coagulated form led to increase only the level of
lysine. While. methionine was not thereby affected. Whilst the levels of other
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EAA as well as TEAA of protein reduced due to the foss of whey protein via the
curd synersis. Further, the differences in the levels of lysine, cysteine and valine
between acidic and rennet-curds were not significant (P> 0.05). Data also show
that, acid-curd contained lower leucine in addition to higher threonine, isoleucine
and TEAA levels than those found in rennet curd.

Regarding the non essential (NE) AA; it could be observed that, as
previously noticed in the case of EAA, the preservative kind did not play any
significant role (p> 0.05) on the levels of any one of NEAA as well as TAA
while, the level added (0.3%) of any preservative type caused significant
reduction in the levels of histidine, arginine, serine, aspartic acid, alanine and
TNEAA as well as TAA and increment in the levels of glycine and proline.
Similar findings were reported by Resmini et al., (1988 and 1989); Fox et al,
(1993) and Metwalli ef al., (1995).

In general, the obtained results of AA composition of genuine buffalo’s
skimmilk arc in agreement with those of whole-protein labneh made from
ultrafiltrated buffalo's milk reported by Youssef (2000). Likewise, the trends of
AA composition of acid-curd made from preservative-free buffale's milk are in
coincidence with those of conventionally drainaged-whey labneh manufactured
from buffalo’s milk by El-Samragy ef al. (1997) and Y oussef (2000).

Nutrition aspects:
Data presented in Table (5) indicated that, the addition of 0.3%

preservative led to significant reduction in all calculated nutritional parameters
(P< 0.05), The harmful effect of FA did not significantly vary from that of H;O,
(P>0.05). Similar findings reported by Deodhar ef a/. (1986} and Finlayson and
Armsirong (1986).

Moreover, the results also declare that, the technical conversion of milk
into curd form caused significant reductions in all expressed nutritive parameters
including PER, BV and NPU (P<0.001) especially when the acidic coagulation
was applied. The trends of these results are in coincidence with those reported by
Youssef (2000),

Table (5): Protein efficiency ratio (PER), biological value (BY) and net
protein utilization (NPU) of each buffale’s skimmilk, its acid
and rennet curds as affected by milk spiking with nil and 0.3%
formaldehyde (FA) or hydrogen peroxide (H;0,) solution.

Kind and level of preservative (%, V/V)

Property Nil (control) 0.3 % FA 0.3 % H;0,

o, Skim | Acid | Rennet | Skim | Acid { Rennet | Skim | Acid | Rennet
milk | curd | curd | milk | curd { curd | milk | curd | curd

PER 3131262 272 ;315|251 ] 259 [3.09}253] 264

- BV 8285[77.44| 78.52 |83.05176.37| 77.13 [82.39|76.56| 77.72

NPU |[7871(73.57| 74.59 |7890|72.55| 73.27 |78.27(72.73| 73.83
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Finally, it could be concluded that, there is a lot of considerable harmful
changes in the composition, coagulation and nutrition properties of protein due to
FA or H;O; makes it possible to design reliable measurement procedures for such
preservative detection.
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