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Introduction
The most obvious change occuring upon thawing frozen meat is the 
exuding of a blood-like fluid commonly called drip. Investiga
tors have attributed drip losses to many factors, pH of meat 
(Ramsbottom and Koonz, 1940), storage temperature (Moran and 
Hale, 1932) and time of freezing post mortem (Rahelic et al., 
1974)» Pearson et al. (1959) found that the percentage of drip 
loss varied between 6.35 - 12.40%. Penny (1977), Dessouki et al. 
(1978) and Fahmy et al. (1981) found that the amount of drip 
loss increased continuously as the time of frozen storage incr
eased which could be due to the increase of protein denaturation 
and aggregation as indicated by the decrease of total soluble 
nitrogen. Awad et al. (1968) found that the pH of the drip did 
not change with the storage period and ranged from 5.5 to 5.7 . 
According to lawrie (1979) the solubilized nitrogenous compounds 
in the drip are sarcoplasmic proteins, creatine and creatinine, 
free amino acids, peptides, nitrogenous basis and their corres
ponding nucleosides and nucleotides, purine and pyrimidine deg
radation products, porphyrin containing compounds and metabolic 
cofactors. Fahmy et al. (1981) found that the moisture content 
of drip was 96.87% and 93«99% at the end of frozen storage 
(3 months). Ash was 1.04% and 1.29%, total nitrogen 1.30% and 
1.85%, ether extract 0.40% and 0.65% and pH ranged between 
6.50 - 6.82. The same authors found that the fatty acids compo
sition of drip fat was markedly different when compared v/ith 
intermuscular and subcutaneous fats. It was also noticed that 
short chain fatty acids (C1 0 - C 1 4 ) constituted the major portion 
of drip fat.
This study was carried out to throw more light on the changes of 
some physical properties and chemical composition of the obtain
ed drip during thawing of frozen buffalo and camel meat samples'.

time. It was reported that the temperature fluctuation duJ* 
frozen storage enhanced the water migration from the 
therefore the salt concentration increased inside the gr
causing more denaturation and insolubility of protein (pyer 
Dingle, 1967).
Table (1): The effect of frozen storage time at -20°C on 

drip losses of buffalo and camel meat.

Samples Storage time ( months )

1 2 3 4 5 6__
Buffalo 6.29 6.71 7.26 8.05 8.90 9.68

153.8°% retention 1 0 0 .0 0 1 0 6 .6 8 115.42 127.98 143.08
Camel 7.64 8.49 9.58 10.17 11.50 12.95

169-5°% retention 1 0 0 .0 0 111.13 125.39 133.12 150.52

2) Drip color: The results presented in Table 2 show the

increased progressively as the time of frozen storage
Hence, it could be concluded that the loss of meat pi#11® ^  Wj
(water soluble proteins) during thawing increased the
tensity of drip. The rate of drip color increase (as PerCfaiW
value recorded after 1 month) was mostly greater for the » 
meat than the buffalo meat indicating much greater loss3
myoglobin in the separated drip.
Table (2): The color intensity (absorbance at 542 nju) tor 

buffalo and camel meat as affected by frozen 0 
time at -20°C.

Samples Storage time (months)

1 2 3 4 5
Buffalo 0.375 0.376 0.380 0.395 0.400 o,
% retention 1 0 0 .0 0 0 100.270 101.330 105.330 106.670 U 2-
Camel 0.310 0.345 0.345 0.350 0.355 0.
% retention 1 0 0 .0 0 0 111.290 1 1 1 . 2 9 0 112.900 114.520 Ill'

of frozen storage time on the drip color intensity of ^  git/, 
and camel meat. It could be observed that the color

Materials and Methods
Materials: Meat samples used in this investigation were obtain
ed from the longissimus dorsi muscle of three years old male 
buffalo and camel meat. These samples were taken from the slau
ghter-house of Kafr El-Sheikh within two hours from slaughter. 
The samples were immediately brought to laboratory where fat and 
thick connective tissues were removed from the lean meat.Samples 
were cut into steaks of about 500 gn in weight, packed in poly
ethylene bags and stored at a freezing temperature of -20°C for

(B) Chemical analysis: 1) Main chemical composition (JJ* .
solids, total nitrogen, ether extract and pH value): ^ Jof frozen storage time of buffalo and camel meat on th® ^ * 
chemical composition is presented in Table 3. ^
Highest drip solids were found for buffalo meat than ca7ocd J < 
It might be concluded that the drip of camel meat con̂ 7g},o V  J 
higher moisture and lower solids when compared with buf* J « 
drip. In this connection the loss in nutrients with driP c°; 
est for the camel meat. It could be noticed that nitr°Bê e< 
in the drip progressively increased with frozen storag®

6 months. The separated liquid after thawing the frozen samples 
which is called drip was collected and analyzed physically and 
chemically.
Methods of analysis: (A) Physical analysis: 1) Drip loss: The 
drip loss of meat was determined according to the method des
cribed by Awad (1967). 2) Color intensity: The color intensity 
was determined according to the method described by Hussnini 
et al. (1950). (B) Chemical analysis: 1 ) Main chemical compo
sition: Total solids, total nitrogen and ether extract contents 
were determined according to the method described by A.O.A.C. 
(1975). pH value of drip was measured by pH meter with glass 
electrode as described by Aitken et al. (1962). 2) Minerals: 
Minerals were determined in the digested acid solution as 
follows: calcium, copper, magnesium, manganese, iron and zinc 
were determined by using Pye Unicam SP 1900 Atomic Absorption 
Spectrophotometer at Faculty of Agriculture, Cairo University. 
Sodium and potassium were determined by the flame photometer. 
Total phosphorus was estimated colorimetrically according to 
the method described by Snell end Snell (1949). 3) Fatty acids 
composition: The fatty acids are converted to the methyl esters. 
This is because the latter are more volatile and do not show 
the high degree of association that the parent acids do. The 
methyl esters of fatty acids were prepared following the pro
cedure adopted by Shehata et al. (1970). The esters were in
jected in gas liquid chromatography apparatus (Pye Unicam GCV 
Chromatograph) under the following conditions:
Flow rate of gases (Mobile phase): Ng 30 ml/min.

N2 + H 2 33 ml/min.
N2 + H2 + air 330 ml/min.

Column : PEGA. Column temperature: 190°C.Detector: Flame ionization detector. Detector temperature:220°C. 
Injection temperature : 220°C. Chart speed : 2 min/cm.
The standard methyl esters fatty acids were subject to appara
tus under the same conditions. Each fatty acid calculated as 
percentage of the total area of the peak.
Results and Discussion
(A )  Physical properties: 1 )  Drip losses: The data presented in 
Table 1 show the amount of drip separated from buffalo and 
camel meat in the polyethylene bags as affected by frozen stor
age at -20°C for six months. It could be observed that samples 
lost increasing amounts of drip as storage time progressed , 
drip loss varied considerably according to type of meat. The 
drip amount (%) as proportion to the original value recorded 
after 1 month for the buffalo and camel meat were 153.80 and 
169.50%, respectively, at the end of frozen storage period .
The increase of the drip amount as the time of frozen storage 
increased could be ascribed to the development of both protein 
denaturation as indicated by the decreaeo of total soluble 
nitrogen and lipids oxidation, being in accordance with the 
decline of water holding capacity with advancing of storage

nitrogen loss in drip followed closely the escape of so
could be explained on the basis that both tissue breakdo^-

increased. Similar results were found by Fahmy et al 
From Table 3 also, it is evident that highest ether ®x 
found in the drip of buffalo than camel samples. ^

Table (3): The effect of frozen storage time at -2 0°C of ^  
and camel meat on the chemical composition j
(as % of wet weight).____________________

Storage time 
(months)

Total
solids

Total
nitrogen

Ether
extract pH val*e

Buffalo
1 9.50 2.10 1.67 5.90

% retention 100 100 100 100 on2 10.75 2.12 1.69 5 .9O
% retention 113.16 100.95 101.20 100 os3 1 1 . 1 6 2.14 1 .8 6 5-99
% retention 117.47 101.90 111.38 100.85

4 1 1 . 6 8 2 .2 6 1.90 6.00
% retention 122.95 1 0 7 .6 2 113.77 iOl.69

5 1 2 .0 0 2.35 1.98 6.05
% retention 126.32 1 1 1 . 9 0 118.56 iozM

6 12.70 2 .4 0 2.17 6 .1°
% retention 133.68 114.29 129.94 

Camel
103.3s

1 7.70 1.81 1.45 6.25
% retention 10 0 10 u 100 109 on2 7.74 1.82 1.47 6 .2 0
% retention 1 0 0 .5 2 100.55 101.38

9b 253 7.98 1 .8 6 1.71
% retention 103.64 102.76 117.93 1 0L30

1 0 0.0°
6.3°

1 0 0.8°6.25
1 0 1 .6°

4 8.55 1.89 1.87
% retention 111.04 104.42 128.97

5 8.72 1.90 1.93
% retention 113.25 104.97 132.41

6 10.56 2 .3 2 2 .0 0
% retention 137.14 1 2 8 .1 8 137.93

It could be observed that the pH of the drip of buff®11? 0f jjl 
camel samples increased slightly, especially at the (py,
age period. Such results indicates that deterioration ® ip  ̂
is not rapid in Buch frozen samples. The pH value of . o1 
higher for camel than buffalo samples. This was notio 
given time of storage.

total solids escape increased in the drip with advancinf^g* 
age. The results presented here agreed well with the_ £, et y ifobtained by Choe (1980); Miller et al. (1980) and Fahmy e 
(1981). It could be also noticed that the ether extract 
as the time of storage increased. This increase may be gW 
to the increasing damage of tissues as the time of f&ffqQVJ
I n n . o a a  oH  S  4 1  a n  n a m i l  f  a U fn a n  ■ P n im  /I  l u r  P a U m n  . f  a l  .  ^
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?a^a i*1 Table 4 show the minerals content of buf- 
J5? at -20®?61 ?eat drip QS ^ « c t e d  by the time of frozen stor- ■ ®iherni * could be observed that for buffalo drip high- 

1116 Ka* fi concentration was recorded for K followed by P.then 
'*1 folinL^ 8 1 “eat driP highest concentration was recorded Je levela0WJd Na» >«hile the content of P was lower.
I Rivft« ®inerala in drip were affected by the type of meat. 
**• kighftn? of storaSe» Na and K concentrations in drip ,*as hiBhfta+ 4  Came1» followed by buffalo meat samples .while 
t c°bcen+« +J11 the drip of Buffalo samples than camel samples. 
£  the buf,f?tion of P* 811(1 Zn were mostly highest in the drip driD “eat, while for Ca the loss was highest for camel
crJ the e concentration in drip was more for buffalo.
> a a+ ~av I? mentioned minerals the given arrangement was noti-In anv uixiicx-o-i-u m e  given arrangement was notl-
c°dciusiS,*utijne °f storage, the case was not not so far Mn. 
Ced by aev* i e concentration of minerals in drip was influ- **d factors such as the type of meat, time of 3tor-JJia of mineral.

^he effect of storage time at -20°C on minerals 
content of drip of buffalo and camel meat tmg / ioo gm wet weight).

Buffalo Camel
: time(months) Storage time(months)
? 6 1 3 6
85 1 0 1 115 124 138123.2 146.4 1 0 0 .0 107.8 1 2 0 .0329 239 234 254 263108.0 112.3 1 0 0 .0 108.5 112.4115 130 99 107 12 0112.7 127.5 1 0 0 .0 1 0 8 .1 1 2 1 . 26 . 1 7.2 6 . 1 6.4 8.4145.2 178.6 1 0 0 .0 125.2 164.71.7 1.9 0 .8 1.0 1 . 1121.4 135.7 1 0 0 .0 125.0 137.50.06

100.0
14.0

1 0 0 .0
0 .02

100.0
1.27

100.0

0.08
133.3 
16.3

116.4 
0.04

2 0 0 .0
1.42

111.8

0.10
166.719.2
137.1 
0.06

300.0
1.81142.2

a f * t t
f̂f!-,c°mpos?+< Data Presented in Table 5 show that the fattv 
N  o1 ° 5 5 B5iSf *he lipida <>f separated drip 2 5 ?  
»»aa4; Drip S 1 “eatJ.w!r? largely affected by frozen storage '«HQ ̂ satul£?d,.'n?r®.total saturated fatty acids and lower

»oticart iatty 501:18 than the respective meat and this ea at any given period of storage except in the

fatty acids with the separated fluids. Moreover, the fact that 
the drip lipids were more saturated than the meat lipids at any 
given time of storage is an attractive finding which is not 
yet explained. However, it might be suggested that unsaturated 
fatty acids were more bomed to tissues by some charges reactions.
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0l*th

S i >I?°1dB £?**£• e0“ ®1 meat drlP where the total unsaturated No/jkle 5 f? higher than the total oatureted fatty acids.
Portt * «  wee also noticed that Cis :0 constituted the 

X i  e»a t h , , , ™  buffalo meat drip in the third and sixth 
n drlprirSt and tiie tixird months of storage in the

* (5>: P
frnmy<-aoida <PA) composition of drip fat separated 
for ^f5 °zen buffalo and camel meat stored at -2 0 °0  _  aix months.

Buffalo
Storage time 
(months)

Camel
Storage time 

(months)

0 6 !0
0.75 1.08 0.09 0.87 0.14 8 .8 6

s 0 .6 0 0 .8 6 0 . 1 6 0.39 0.09 2.27
12 =0 0.15 0 .2 2 0 .6l 0.10 0 .0 0 0.91
H !0 0.15 0.11 0.09 0.29 0.14 0.23
< X o 0.30 2.16 0.82 0.19 0.05 0 .6 8
15=0 12.93 2 . 1 6 2.18 0.19 2.17 0.91
16=0 1.80 2.03 0.50 0.58 0.54 0 .6 8

S i 42.11 2.59 18.37 24.35 2 1 .0 2 15.00
17 =0 2 2 .8 6 0.43 2.99 1.55 0.90 1.36
18 =0 3.01 0 .0 0 0.91 3.09 3.39 0.45
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5^=2 1 .2 0 35.03 27.67 20.50 28.48 5.45
S i 10.53 0.43 17.46 0.29 2.17 18.18
Vo 0 .6 0 0 .0 0 0.27 0 .0 0 0 .0 0 40.91
^  Ho*°®noic

X yenolo

S ^ tdd pA
^ X - ^ t e d  FA

0 .0 0 0 .0 0 0.14 0 .0 0 0 .0 0 0 .0 0

24.06 35.46 30.66 30.05 29.38 6.81
11.13 0.43 17.73 0.29 2.17 59.09

’ 64.81 64.10 51.63 69.66 68.45 34.08
35.19 35.89 48.39 30.34 31.55 65.90

,°f the £?d i®“®1 "®at driP °18:1 constituted the majo 
o? the 2,tSiated fatty acldo ®*°®Pt 10 the first mon * 4he uiL * ial0 meat where Ci6 = i constituted the maj

fatty acids in the drip of meat may be dui 
«•he muscle by ice crystals and escape of the
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