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ABSTRACT

The antioxidaitve activity of Maillard reaction
products MRPs) from heated whey added to butter
was investigated. The antioxidant efficiency
changed with different concentrations of MRPs
used during storage period at 45°C. Peroxide val-
ue, thiobarbituric acid, acid value, carbonyl com-
pounds and free fatty acids of butter were in-
creased with storage. Their rate of increase de-
creased with increasing the added amount of
MRPs to butter.

INTRODUCTION

The major deteriorative reaction in butter is fat
oxidation which leads to the development of ob-
jectionable flavour and odours consequently loss
in the quality of butter. The Maillard reaction
products have been shown to possess antioxidative
properties Hassan et al (2005) and Namiki,
(1988). Investigations have shown that there is an
interaction of sugars with amino acid Hawang
and Kim (1973), peptides, protein hydrolysates
Lingnert and Eriksson (1980) and milk proteins
Taylor and Richardson (1980). The resistance of
heated whey to oxidation was believed to be due
to the liberation of sulfhydryl groups McGookin
and Augustin (1991), but it has been shown that
sulfhydryls play only a minor role in its antioxi-
dant activity of heated whey Taylor and Rich-
ardson (1980).

Autooxidation and lipolysis of lipids are re-
sponsible for off-flavours in lipid-containing food
products. Butter deteriorates by reaction with at-
mospheric oxygen and hydrolytic reactions cata-
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lyzed by lipases from food or from microorgan-
isms Farag, et al (1989) and Allen and Wrieden
(1982).

Synthetic antioxidants such as propylgallate,
butylated hydroxy anisole and butylated hydroxy
toluene are added to food products in order to re-
tard lipid oxidation Allen and Wrienden (1982).

However, these synthetic substances may have
harmfull effects at certain levels on humans, since
butylated hydroxy anisole had toxic and carcino-
genic effect Alaiz, et al (1997) . Also, butylated
hydroxy toluene causes changes in rat thyroids,
stimulation for DNA synthesis and induction of
enzymes Hassan, et al (2005) and Lingnert and
Eriksson (1981).

The trend in recent years has been centered on
the use of natural compounds as food preservative.
Therefore, there is an urgent need for other types
of antioxidant compounds causing no harmful
effect on humans.

The aim of this study was to assess the antioxidant
activity of Maillard reaction products obtained from
heated sweet whey when added to butter.

MATERIALS AND METHODS
I- Materials

Buffaloe's butter and fresh sweet whey were
obtained from the department of Dairy Technolo-
gy, Animal Production Research Institute, Agri-
culture Research Center Dokki, Egypt.
Preparation of Maillard Reaction Products
(MRPs)

Sweet fresh whey was heated to 121°C for
lhr.in an autoclave. After heating the obtained
solution was filtered and cooled immediately to
<25°C. This coloured solution was tested for
browning intensity which represent MRPs.



114 Mona Abd El-Gawad

Incorporationof MRPs into butter

Butter was divided into six portions, the first
one was served as control. 0.2%, 0.4%, 0.6%,
0.8% and 1.0% of treated whey were thoroughly
mixed with the other five portions, respectively.
Samples were stored under accelerating deteriora-
tive temperature being 45°C and analyzed when
fresh and weekly for twelve weeks for fat deterio-
ration tests.

11- Methods

Determination of browning

The method described by Moralas and Van
Boekel (1998) was applied to determine the colour
intensity. In this method one ml of sample was
taken and absorbance, after dilution 1:2 in water
was measured at 420 and 550nm. Absorbance at
420 nm was corrected for any turbidity by sub-
tracting the absorbance at 550nm. The blank value
obtained from an unheated sample was subtracted
from the sample reading.

Peroxide value

The method described by IDF (1974) was used.
In this method a known weight of butter was dis-
solved in a mixture of methanol, chloroform (30:70
Vviv). Then 0.05 ml of ammonium thiocyanate solu-
tion (30%w\v) and mixed thoroughly. Thereafter,
0.05ml of iron chloride solution was added . After 5
min. the obtained solution was measured at 500 nm.

Thiobarbituric acid test (TBA)

TBA value was determined according to the
method described by Keeney (1971). Rea-
gent(6ml, 0.025N)) and trichloroacetic acid (3ml,
20%). A known weight of butter was throughly
mixed with TBA and heated in a boiling water
bath for 20 min. The interfering substances were
extracted three times with ether (20ml each) and
discarded. The aqueous phase was completed with
distilled water to a known volume and the absorb-
ance of this solution was recorded at 532 nm.

Acid value and free fatty acid (FFA)

Acid value and free fatty acids content (as ole-
ic acid) were determined in butter samples as the
described method mentioned in IDF (1969).

Total carbonyl compounds

Total carbonyl compound content of butter
samples was determined by the method described
by Berry and Mckerrigan (1958).

Statistical analysis

The obtained data were statistically analyzed
according to SAS (1996).

RESULTS AND DISCUSSION

Maillard reaction was carried out by heating
sweet fresh whey as mentioned previously under
Materials and Methods. Colour intensity was used
as indicator to MRPs.

1- Peroxide value

Data presented in Table (1) show the effect of
adding Maillard reaction products resulted from
heat treated whey to butter on peroxide value. It is
clear from the data that the peroxide value of all
treatments increased significantly with storage
period. McGookin and Augustin (1991) men-
tioned that, the peroxide values increased with
time.

Also, the data show that, the rate of increasing
peroxide value of control butter was the highest
compared to the other treatments. The rate of de-
veloping peroxide value during storage period at
45°C was affected significantly with the concen-
tration of MRPs added to butter which decreased
with increasing the added level.

2- Thiobarbituric acid (TBA)

Thiobarbituric acid is the second parameter
used to follow up the antioxidative effect of
MRPs.

Data presented in Table (2) summarize the
TBA values development in butter samples treated
with different MRPs levels.
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Table 1. Effect of Maillard reaction products (MRPs) from whey on butter peroxide

Improving keeping quality of butter

value (m. equiv. O/kg fat) during storage at 45°C

Storage period . Added MRPs

(weeks) 02%  040%  0.6%  08%  1.0%
Fresh 0.38% 0374 038%  038% 0360 (.38~
1 0424 041  040%  039%  038% (.38

2 063"  058A  054A 0514 0488 (.41%

3 0.88A 073"  069%  0.63% 0598  0.528

4 0.96A 0818 0738  068%  064% 0575

5 117749 0898 0768 0718  0.68%  0.60%

6 1438 0938 0798 0758 0708  0.628

7 1798 1018 0858  078%  073% (.64

8 201B¢  113% 092Ca  0.85%  0.77%  0.68%

9 2795  127%  103%  091%  083%  0.71%

10 30569  146%  1.11% 099%™  0.89% 078
11 36200 16502 123% 1079  09g% (.82
12 413>  191%  13g% 1130  109% (8902

Means with different letters are significantly different (P<0.05).

Table 2. Effect of Maillard reaction products (MRPs) from whey on TBA value of butter

during storage at 45°C

Storage period . Added MRPs
(weeks) 0.2% 0.40% 0.6% 0.8% 1.0%
Fresh 0.008%  0.0062  0.004%*  0.003%  0.001%  0.000%
1 0.0124¢  0.009%  0.0074%  0.005"  0.004%  0.002°
2 0.0164¢  0.011%  0.010%  0.008"*  0.006%  0.005”
3 00.198¢  0.0168¢  0.013B®  0.010%  0.009%  0.00742
4 0.0228¢  0.0188  0.016%  0.014%>  0.012A°  0.008*2
5 0.0268¢  0.021B¢  0.019%  0.015B®  0.013B2  0.00942
6 00.28%¢  0.024B¢  0.022%  0.016B¢  0.01482  0.010%
7 0.033¢¢  0.026  0.024B  0.018%¢  0.01682  0.012%
8 0.038%¢  0.028°c  0.026°°  0.024B®  0.018%  0.0148@
9 0.041°%¢  0.029°¢  0.027¢®  0.025°®  0.0208  0.015B@
10 0.046°%¢  0.030%°  0.028%®  0.026°>  0.02282  0.016B2
11 0.470d 0.031%  0.030%  0.027¢®  0.0248  0.017%2
12 0.048%  0.033% 0031  0.028°®  0.026%@  0.0182

Means with different letters are significantly different (P<0.05).
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It is clear that TBA values increased signifi-
cantly and gradually during storage and these val-
ues were lower in treatments than in control. Also,
the data show that the rate of increasing in TBA
values decreased significantly with increasing the
concentration of added MRPs. Farag et al (1989)
mentioned that the inhibitory effect of antioxidants
has been attributed to their donation of electrons
of hydrogen atoms from the phenolic hydroxyl
groups to oil containing free radical which do not
initate nor propagate further oxidation of oils.

3- Acid value

Data presented in Table (3) show the acid val-
ue of butter during storage at 45°C and the effect
of adding MRPs.

It obvious from the data that butter acid value
increased significantly in all treatments with stor-
age. Also, the date show that acid value affected
significantly with the concentration of MRPs used.
The rate of increasing the acid value reduced with
increasing the concentration of MRPs. Abd El-
Gawad (1992) found an increase in acid value
with storage of butter oil even at40°C.

4- Free fatty acids (FFA)

Butter free fatty acids content when fresh and
during storage at 45°C as affected by addition of
MRPs from heated sweet whey are shown in Ta-
ble (4). The FFA of all treatments increased sig-
nificantly with storage and the rate of increasing
decreased significantly with increasing the added
MRPs. level. These results are in agreement with
Abd El-Gawad (1992) who mentioned that free
fatty acids of butter and butter oil increased when
stored at 40°C.

5- Total carbonyl compounds (TCC)

Effect of adding MRPs to butter on its total
carbonyl compounds content when fresh or during
storage at 45°C are shown in Table (5).

It is clear from the data that TCC of butter in-
creased significantly with storage for control and
all treatments. These results are in agreement with
the finding of Labuschagne (1972) and La-
buschagne, et al (1973) who found an increase in
TCC in butter due to storage either at 20 or-10°C.

Also, butter TCC content affected significantly
with the added amount of MRPs. The TCC values
decreased with increasing MRPs addition.

Table 3. Effect of Maillard reaction products ( MRPs) from whey on butter acid
value (mg KOH/1g fat) during storage at 45°C

Storage period Added MRPs
Control

(weeks) 02% 0.40% 06% 0.8%  1.0%
Fresh 0.64% 063" 063 064 064  0.63°
1 1.43A 1324 125A 118 1104 1,014

2 3.2080 2468  1.49% 1324 128 1 24A

3 476%¢ 2088  187A 165M 14094 138

4 5.86C0 35680 227A¢ 201A  1g2A 1724

5 6.06C¢  3.858> 2928a 27482 p13A 195

6 6.720¢ 42880 31882 28082 2708 26282

7 710 439ca 3918 37582 36182 3578

8 73400 4648 44282 4360 4.2882  4.20B

9 7.48% 4682 45202 447% 431C 4258

10 76300 471C  460%  4.49C 4382 4278
11 77600 48202 469C 458 444  4.31C
12 7.850¢  4094C% 48302 4.71%  449% 438

Means with different letters are significantly different (P<0.05).
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Table 4. Effect of Maillard reaction products (MRPs) from whey on free fatty acids
percentage (as olic acid) of butter during storage at 45°C

Storage period Added MRPs
ontrol
(weeks) 02%  040% 06%  08%  1.0%
Fresh 0.28242 0.2827%  0.285%%  (0.284"% (0.281%% 0.282"2
1 0.658Ad 0.543%¢  0.442%°  0.4177° 0.396”* 0.38772
2 1.6108¢  1.240%° 0.943%° 0.663% 0.643"% 0.626"
3 2.001Bd 1.5828¢ 1,093% 0.879%% (0.811%¢ 0.721%
4 2.950¢ 1.7908¢  1.1417% 1.010% 0.919% 0.865"2
5 3.11Pd 1.9258¢  1.2798° 1.109%% 1.007%% (0.95242
6 3.38M 2.152¢¢  1.600%° 1.410%* 1.360% 1.320B2
7 3.511P¢ 2.203¢c  1.988B° 179282 1.654B2 155582
8 3.670" 2.335¢0 22022 214082 213582 211082
9 3.726" 2,710 2.288¢@ 2.197%® 2182C* 2.121B2
10 3.840P¢ 2.870%  2.310°@ 2.260%* 2.210%* 2.140%
11 3.907P 3.002¢b  2.391¢@ 2.301C 2.252C 21962
12 3.950P¢ 3.480°° 2.430° 2.370% 2.280% 2.200%
Means with different letters are significantly different (P<0.05)
Table 5. Effect of Maillard reaction products (MRPs) from whey on total carbonyl
compounds content of butte (umol/1kg fat) during storage at 45°C
Storage period Added MRPs
ontrol
(weeks) 02% 040% 06% 08% 1.0%
Fresh 1.85%2 1.8742 1.83%2 1.84%% 187  1.86%
1 2.22A2 2.49A2 2.35%2 2.47R%  231A8  1.97M4
2 2.87Ad 2.65A¢ 2.50A¢ 2447 23670 2087
3 3.254d 2.99A¢ 2.87A¢ 2,747 2587 2117
4 4,537 3.34% 32270 318A0  2.84ha  2.28Ma
5 4.96Ad 4.114¢ 4,01  3.32A0 3154 2.33M
6 5.488d 4.544¢ 4467 35270 33840  241AC
7 7.158d 4.82A0 45970 38740 354A 2 5pAd
8 8.14¢¢ 5208 466"  4.00% 358"  2.60"
9 9.18%d 5.7980 4987 425 3617 2.78M
10 11.28Pd 6.188° 5.268° 43272 368% 291M
11 12.500¢ 6.418> 5938 46272 3917  3,05M°
12 14.08% 6.5980 6.14B0 48272 411%% 3,192

Means with different letters are significantly different (P<0.05).
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