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Abstract

This study was performed to explore the deterioration of physicochemical quality of beef hind limb during frozen storage at -20ºC,
affected by repeated freeze-thaw cycles. The effects of three successive freeze-thaw cycles on beef hind limb were investigated compar-
ing with unfrozen beef muscle for 80 d by keeping at -20±1°C. The freeze-thaw cycles were subjected to three thawing methods and
carried out to select the best one on the basis of deterioration of physicochemical properties of beef. As the number of repeated freeze-
thaw cycles increased, drip loss decreased and water holding capacity (WHC) increased (p<0.05) till two cycles and then decreased.
Cooking loss increased in cycle one and three but decreased in cycle two. Moreover, drip loss, WHC and cooking loss affected (p<0.05)
by thawing methods within the cycles. However, pH value decreased (p<0.05), but peroxide value (p<0.05), free fatty acids value
(p<0.05) and TBARS value increased (p<0.05) significantly as the number of repeated freeze-thaw cycles increased. Moreover, signif-
icant (p<0.05) interactive effects were found among the thawing methods and repeated cycles. As a result, freeze-thaw cycles affected
the physicochemical quality of beef muscle, causing the degradation of its quality.
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Introduction

Beef is widely available source of animal protein in

Bangladesh; due to the livestock population in Bang-

ladesh is well above the average from many other coun-

tries of the world (FAO, 2013). The nutritional elements

of beef provides a major proportion of consumer require-

ments for protein (Breidenstein, 1987), some vitamins

(Johnson, 1987) and minerals (Robinson, 2001). Thus,

beef is becoming an important part of a balanced and var-

ied diet (Whitney and Rolfes, 2008). Beef and beef prod-

ucts to be preserved under refrigerated or frozen condi-

tions to stop physicochemical deterioration, enzymatic

activity and further delay of lipid oxidation and extending

the shelf life by inhibiting microbial spoilage. But during

preservation of beef muscle, physicochemical deteriora-

tion can’t be stopped completely. However, beef muscle

composed of much lipid than other meat, which made it

more tasteful and acceptable to the consumer. These lipid

undergo oxidation processes to a greater extent during

repeated freeze-thaw cycles (Jun et al., 2012). Beef is

biologically complex and ideal system (Lee et al., 2003)

used in evaluating physicochemical variations and lipid

oxidation during freezing. Beef muscle with greater lipid

oxidation accelerated greater protein oxidation and met-

myoglobin formation which lead variation in physico-

chemical quality of beef muscle (Insani et al., 2008).

Chemical deterioration related to pH and lipid oxidations

have greater effect in declining palatability and texture of

beef and beef products. Fresh beef and beef products pre-

served under refrigeration or freezing state can still dev-

elop physicochemical deterioration slowly. The degree of

lipid oxidations affected by various thawing methods dur-

ing frozen state is still a potential problem and effective
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methods need to be explored (Park et al., 2007). Freezing

commercially at -18°C and domestically at -10°C is now

a standard of eating quality compared to fresh meat. Free-

zing temperature at -18 to -20°C is an effective form both

preservation of meat and further manufacturing of meat

(Farouk et al., 2004; Soyer et al., 2010). From other rep-

orts it is found that the optimal temperature for freezing

meat is to be -40°C, as only a minimum amount of water

is unfrozen at this point (Estévez, 2011; Leygonie et al.,

2012a). Thawing of meat at commercial and domestic level

in refrigeration temperature (4°C) (Eastridge and Bowker,

2011), temperatures ranging from room temperature to

49°C or microwave (Chemat et al., 2011) and running tap

water (Rahman et al., 2014) is being practiced for long

since. The most commonly used determinants to measure

the degree of lipid oxidation of beef are free fatty acids

(FFA), peroxide value (POV), and thiobarbituric acid re-

active substance (TBARS) values. Repeated freeze-thaw

cycles affected the physicochemical quality and increased

lipid oxidation (Jun et al., 2012) and protein degradation

of beef muscle, causing the degradation of beef quality (Li

et al., 2012). The most studies were performed under refri-

geration rather than frozen state in different thawing me-

thods. However, frozen storage might not fully inhibit lipid

oxidation and thawing methods can accelerate physicoche-

mical deterioration and lipid oxidation of beef to a great

extent. The current study has undertaken to know how

frozen storage and thawing methods affect in physico-

chemical quality as well as degree of lipid oxidation and

oxidative volatiles in fresh beef muscle. To our knowl-

edge, this matter has not been extensively studied. From

this point of view the current study has undertaken.

Materials and Methods

Experimental samples

The samples were obtained from hindlimb of a bull

which is around 2.5 year old with weighing live weight of

300±5 kg. After removal of fat, tendons, ligaments and

bone from beef muscles, they were randomly divided into

twenty seven samples for Completely Randomized Design

(CRD) model. The physicochemical properties like drip

loss, cooking loss, WHC, pH and lipid oxidation as per-

oxide value, free fatty acids value, TBARS value were

analyzed. The fresh beef muscle which has not been fro-

zen and thawed was used as control.

Freezing and thawing

The samples were frozen at -20ºC with a wind speed of

2.6 m/s in a blast freezer. The freezing temperature was

checked regularly. During the total storage period of 80 d,

the samples were stored for 42±2 d for first cycle, first

cycle 21±2 d for second cycle, and second cycle 14± 2 d

for third cycle at -20±1ºC before thawing. The three me-

thods of thawing were achieved using two thawing medi-

ums and various temperatures. Thawing methods are 4±

1ºC in a refrigerator, under tap water (26±1ºC) and warm

water (40±1ºC) and thaw for minimum time.

Physicochemical properties of beef

Preparation of sample

The raw beef samples (100±5 g) from three thawing me-

thods were prepared for determining drip loss, cooking

loss, WHC, pH, free fatty acids (FFA) value, peroxide

value and thiobarbituric acid reacting substances (TBARS)

value. These were accomplished at 42 d and repeated in

21 and 14 d intervals up to the end of frozen storage at -20

±1ºC.

Drip loss

Beef muscle samples are cut from the carcass and im-

mediately weighed (approximately 80-100 g). Drip loss

was determined by suspending individually weighed steaks

in inflated polyethylene bags (taking care that samples

did not touch the sides of the bags) for 24 h at 4°C. After

24 h, samples were removed, gently blotted dry and wei-

ghed; drip loss was calculated as the percentage of weight

lost.

Drip loss (%): [(sample weight (g) − 24 hrs after sam-

ple weight (g)) / sample weight (g)] × 100

Cooking loss

To determine cooking loss, weighed 5±1 g samples and

wrapped in a heat-stable foil paper and kept in water bath

at 80°C for 30 min. The internal temperature was not mea-

sured, but from a previous study (Sultana et al., 2008) it

was estimated that the optimum internal meat tempera-

ture (75-80°C) would be gained by 30 min. Samples are

dried and weighed out. Cook loss was calculated after

draining the drip coming from the cooked meat as fol-

lows:

Cook loss (%) = [(w
2
 − w

3
) / w

2
] × 100

where, w
2
 = meat weight before cooking (g) and w

3
 =

meat weight after cooking (g).
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Water holding capacity (WHC)

Measurement of WHC of muscle was determined by

the filter paper press method (Grau and Hamm 1953).

Each piece of meat (1 × 1 × 1.5 cm3) was covered with

eight sheets of filter paper and pressed with a 12 kg load

for two minutes. The water holding capacity was calcu-

lated as follows:

WHC (%) = [1 − {(meat weight before pressing – meat

weight after pressing) / (meat weight before pressing ×

moisture content in gram)}] × 100

pH value

The pH value of beef samples were measured with a pH

meter (Metter Toledo Delta 320, Switzerland). For this, 5

g samples were dissolved in 45 mL aquadest in a glass

beaker with a homogenizer. Then pH value was deter-

mined from the reading of pH meter.

Peroxide value

The peroxide value (POV) was determined according

to the method of Sallam et al. (2004). The samples (3 g)

were weighed in a 250-mL glass stopper Erlenmeyer

flask. Then it was heated for 3 min at 60°C in a water

bath to melt the fat. After that the flask thoroughly agi-

tated for 3 min with 30 mL acetic acid-chloroform solu-

tion (3:2 v/v) to dissolve the fat. Whatman filter paper

number 1 was used in filtration process to remove beef

particles from the filtrate. After adding saturated potas-

sium iodide solution (0.5 mL) to filtrate and continued

with addition of starch solution as indicator. The titration

was continued against standard solution of sodium thio-

sulfate. POV was calculated by following equation and

expressed as milli equivalent peroxide per kilogram of

sample:

POV (meq / kg) = {(S × N) / W} × 100

Where “S” is the volume of titration (ml), “N” is the

normality of sodium thiosulfate solution (N=0.01) and

“W” is the sample weight (g).

Free fatty acid value

Free fatty acid (FFA) value was determined according

to the method of Rukunudin et al. (1998). The sample (5

g) was dissolved with 30 mL chloroform using a homog-

enizer at 10,000 rpm for 1 min. Whatman filter paper

number 1 was used in filtration process to remove beef

particles from the filtrate. After addition of five drops 1%

ethanolic phenolphthalein as indicator to filtrate, the titra-

tion was continued with 0.01 N ethanolic potassium hyd-

roxide solutions and FFA value was calculated as follows:

FFA (%) = (mL titration × Normality of KOH × 28.2) /

g of sample

Thiobarbituric acid reactive substance (TBARS)

The 2-thiobarbituric acid (TBA) values were deter-

mined by the method described by Schmedes and Holmer

(1989). The samples (5 g) were blended with 25 mL of

20% trichloroacetic acid solution (200 g/L of trichloro-

acetic acid in 135 mL/L phosphoric acid solution) in a

homogenizer for 30 s. The homogenized samples were fil-

tered through Whatman filter paper number 4 to remove

beef particles from the filtrate. Then 2 mL of 0.02 M aque-

ous TBA solution (3 g/L) was added to 2 mL of filtrate in

a test tube. After that, test tubes were incubated at 100°C

for 30 min and cooled with running tap water. The absor-

bance of supernatant solutions was measured at 532 nm

using a UV-VIS spectrophotometer (UV-1200, Shimadzu,

Japan). The TBA values were calculated from a standard

curve and expressed as mg malonaldehyde per kilogram

(MA/kg) of beef sample.

Statistical analysis

The three treatments (T
1
= 4ºC, T

2
= 40ºC and T

3
= tap

water) were resulted from three repeated freeze-thaw cy-

cles. Different tests were repeated thrice for each cycle.

Data were statistically analyzed using Completely Ran-

domized Design (CRD) model procedure by JMP, SAS

Statistical Discovery software, NC, USA. The 3×3 facto-

rial design was used for cycle-treatment interaction anal-

ysis. Tukey HSD test was used to determine the signifi-

cance of differences among treatments means.

Results

Drip loss

The initial drip loss of fresh sample was 12.5%. Drip

loss was decreased as the number of freeze-thaw cycles

increased. Thawing at 4°C had the highest and thawing in

tap water had the lowest drip loss observed in every cycle.

Table 1, 2, 3 and 4 shows that drip loss was affected (p<

0.01) by thawing methods within cycles and among the

cycles. Table 5 also shows that there were significant in-

teractive effects (p<0.01) on drip loss in different cycles

and thawing methods. Thawing at 4°C in cycle one had

the highest and thawing in tap water in cycle three had



Physicochemical Deterioration and Lipid Oxidation of Beef Muscle 775

the lowest drip loss among interactions (Table 5). Cooking loss

The initial cooking loss of fresh sample was 47.30%.

Table 1. Changes of physicochemical properties (mean±SE) in thawed beef samples compared to control in freeze-thaw cycle-1

Thawing methods Drip loss (%) Cooking loss (%) WHC (%)

Control 12.5b±0.11 47.30b±0.38 69.78d±0.06

4°C 13.55a±0.14 55.54a±1.01 75.74b±0.47

40°C 6.54c±0.14 40.75d±1.01 77.67a±0.47

Tap water 5.55d±0.14 45.49c±1.01 72.91c±0.47

Level of significance ** ** **

Columns having different superscripts differed significantly (**p<0.01).

Table 2. Changes of physicochemical properties (mean±SE) in thawed beef samples compared to control in freeze-thaw cycle-2

Thawing methods Drip loss (%) Cooking loss (%) WHC (%)

Control 12.5a±0.11 47.30b±0.38 69.78d±0.06

4°C 10.45b±0.23 48.60a±0.42 73.71b±0.27

40°C 5.77c±0.23 42.29d±0.42 76.85a±0.27

Tap water 4.95d±0.23 46.33c±0.42 72.65c±0.27

Level of significance ** ** **

Columns having different superscripts differed significantly (**p<0.01).

Table 3. Changes of physicochemical properties (mean±SE) in thawed beef samples compared to control in freeze-thaw cycle-3

Thawing methods Drip loss (%) Cooking loss (%) WHC (%)

Control 12.5a±0.11 47.30b±0.38 69.78a±0.06

4°C 9.55b±0.13 46.23c±0.42 53.55d±0.25

40°C 5.18c±0.13 45.24d±0.42 55.45b±0.25

Tap water 4.74d±0.13 50.14a±0.42 54.12c±0.25

Level of significance ** ** *

Columns having different superscripts differed significantly (**p<0.01 and *p<0.05).

Table 4. Changes of physicochemical properties (mean±SE) in thawed beef samples compared to control in repeated cycles

Thawing methods Drip loss (%) Cooking loss (%) WHC (%)

Control 12.5a±0.106 47.30b±0.38 69.78c±0.06

Cycle 1 8.15b±0.101 46.38c±0.39 76.46a±0.20

Cycle 2 6.42c±0.101 45.65d±0.39 74.39b±0.20

Cycle 3 5.39d±0.101 48.12a±0.39 54.86d±0.20

Level of significance ** ** **

Columns having different superscripts differed significantly (**p<0.01).

Table 5. Freezing-thawing interactive effects on physicochemical properties (mean±SE) of thawed beef muscle in different cycles

and thawing methods

Interactions Drip loss (%) Cooking loss (%) WHC (%) pH

C1 × T1 13.95a±0.17 57.00a±0.68 77.19b±0.35 6.037a±0.044

C1 × T2 7.13d±0.17 41.40f±0.68 78.45a±0.35 5.920b±0.044

C1 × T3 6.16e±0.17 45.37e±0.68 72.75c±0.35 5.870bc±0.044

C2 × T1 11.33b±0.17 49.61c±0.68 73.13c±0.35 5.723c±0.044

C2 × T2 5.56f±0.17 41.27f±0.68 78.28ab±0.35 5.477cd±0.044

C2 × T3 4.91fg±0.17 47.95cd±0.68 73.09c±0.35 5.387cd±0.044

C3 × T1 9.95c±0.17 47.46cd±0.68 53.84e±0.35 5.480d±0.044

C3 × T2 4.41g±0.17 45.24e±0.68 55.14d±0.35 5.397cd±0.044

C3 × T3 4.40g±0.17 50.53b±0.68 54.79de±0.35 5.240e±0.044

Level of Significance ** ** ** *

Columns having different superscripts differed significantly (**p<0.01, *p>0.05).

Note: C=Cycle (C1=Cycle 1; C2=Cycle 2; C3=Cycle 3) and T=Treatment/Thawing methods (T1=4ºC; T2=40ºC; T3=Tap water).
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As the number of freeze-thaw cycles increased cooking

loss was also increased slightly. Thawing at 4°C had the

highest and thawing at 40°C had the lowest cooking loss

in every cycle except cycle three. Cooking loss was affec-

ted (p<0.01) by thawing methods within cycles and

among the cycles (Table 1, 2, 3, and 4). Table 5 shows that

there were significant interactive effects (p<0.01) on coo-

king loss in different cycles and thawing methods. Thaw-

ing at 4°C in cycle one had the highest and thawing at

40°C in cycle two had the lowest cooking loss among the

interactions (Table 5).

Water holding capacity

A significant difference was noted for WHC among

beef samples subjected to repeated freeze-thaw cycles.

The initial WHC of fresh sample was 69.78%. Table 1, 2,

3 and 4 showing that WHC was affected (p<0.01) by

thawing methods within cycles and among the cycles.

Moreover, WHC increased in cycle one and two but dec-

reased greatly (p<0.05) in cycle three. Table 5 also show-

ing that there were significant interactive effects found (p

<0.01) on WHC in different cycles and thawing methods.

Thawing at 40°C in cycle one had the highest value of

WHC and thawing at 4°C in cycle three had the lowest

value of WHC among interactions (Table 5).

pH

The initial pH of fresh beef sample was 6.15 indicating

the normal pH of beef within 2 h of slaughter. The pH

was almost similar to fresh beef (control) which was not

frozen and thawed but slightly varied by thawing meth-

ods within and among the cycles (Fig. 1 and 2). Different

thawing methods affected (p<0.05) pH value in each cycle.

The final pH observed in this study was 5.24; thawing in

tap water in cycle 1 (Fig. 1). Among the cycles signifi-

cant (p<0.01) change on pH value was observed (Fig. 2)

and interactive effects (p<0.05) were found on pH value

in different cycles-thawing methods. In this study, thaw-

ing at 4°C in cycle 1 had the highest value and thawing in

tap water in cycle 3 had the lowest value of pH among

the interactions (Table 5).

Lipid oxidation

Fresh beef undergoes major undesirable changes during

preservation both at refrigeration and freezing tempera-

tures. In this study acid value, peroxide and TBA value

were chosen as representative of lipid hydrolysis, primary

and secondary lipid oxidation respectively. Peroxide value

Peroxide value of fresh beef sample was 0.12 meq/kg

Fig. 1. Changes of pH value (mean±SE) in thawed beef sam-

ples compared to control in freeze-thaw cycle-1, 2 and

3.

Fig. 2. Changes of pH value (mean±SE) in thawed beef sam-

ples compared to control in repeated cycles.

Fig. 3. Changes of peroxide value (mean±SE) in thawed beef

samples compared to control in freeze-thaw cycle-1, 2

and 3.
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at initially and ranging within 0.12 to 0.166 meq/kg.

There was significant (p<0.05) difference of peroxide val-

ues of the beef samples, subjected to different thawing

methods within cycles and among the cycles observed

(Fig. 3 and 4). Peroxide value was increased slightly as

the number of freeze-thaw cycles increased. No interac-

tive effects (p>0.05) on peroxide value were observed in

different cycles and thawing methods. Thawing at 40°C

in cycle 3 had the highest value and thawing at 4°C in

cycle 1 had the lowest peroxide value among the interac-

tions (Table 6).

Free fatty acids (FFA) value

There were significant differences among the samples

subjected to repeated freeze-thaw cycles in free fatty

acids (FFA) value ranging between 0.107-0.149. FFA was

affected (p<0.01) by thawing methods within cycles and

among the cycles (Figs. 5, 6). FFA value was also increa-

sed slightly as the number of freeze-thaw cycles increa-

sed. Significant interactive effects (p<0.05) on FFA value

were observed in different cycles and thawing methods.

Thawing at 40°C in cycle 3 had the highest value and tha-

wing at 4°C in cycle 1 had the lowest FFA value among

Fig. 4. Changes of peroxide value (mean±SE) in thawed beef

samples compared to control in repeated cycles.

Fig. 5. Changes of free fatty acids value (mean±SE) in thawed

beef samples compared to control in freeze-thaw cycle-

1, 2 and 3.

Table 6. Freezing-thawing interactive effects on Lipid oxidation (mean ± SE) of frozen beef muscle in different cycle and thaw-

ing methods

Interactions Peroxide value FFA (%) TBARS value (mg MA/kg)

C1 × T1 0.121±0.001 0.115e±0.008 0.291f±0.008

C1 × T2 0.126 ±0.001 0.134c±0.008 0.351d±0.008

C1 × T3 0.123±0.001 0.147ab±0.008 0.299e±0.008

C2 × T1 0.125±0.001 0.125d±0.008 0.315de±0.008

C2 × T2 0.129±0.001 0.145ab±0.008 0.503b±0.008

C2 × T3 0.126±0.001 0.129cd±0.008 0.461c±0.008

C3 × T1 0.126±0.001 0.132c±0.008 0.354d±0.008

C3 × T2 0.130±0.001 0.149a±0.008 0.572a±0.008

C3 × T3 0.128±0.001 0.140b±0.008 0.506b±0.008

Level of significance NS * **

Same column having similar superscript did not differ significantly (**p<0.01, *p>0.05) and different superscript differ significantly

(p<0.05). NS means not significance.

Note: C=Cycle (C1=Cycle 1; C2=Cycle 2; C3=Cycle 3) and T=Treatment/Thawing methods (T1=4ºC; T2=40ºC; T3=Tap water).

Fig. 6. Changes of free fatty acids value (mean±SE) in thawed

beef samples compared to control in repeated cycles.
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TBARS value

There were significant differences among the samples

subjected to repeated freeze-thaw cycles in TBARS value.

The initial TBARS value of fresh beef sample was 0.272

mg MDA/kg beef, ranging within 0.272 to 0.542 mg

MDA/kg beef. TBARS value was affected (p<0.01) within

cycles and among the cycles by different thawing meth-

ods (Fig. 7 and 8). Significant interactive effects (p<0.01)

were found on TBARS value in different cycles and tha-

wing methods. Thawing at 40°C in cycle 3 had the high-

est value and thawing at 4°C in cycle 1 had the lowest

TBARS value among the interactions (Table 6).

Discussions

Drip loss

Drip loss in all treatments showed a significant (p<

0.01) change over the course of trial. The result of the

current study agreed to Ambrosiadis et al. (1994) and

Rahman et al. (2014) reported that rapid thawing of meat

by submergence in water decreased the drip loss and in

case of refrigerated thawing (28 h), which resulted in the

highest drip loss. In another study up to 18.27% drip loss

is observed by freeze-thawing pork (Xia et al., 2009) which

is similar to the result of this study. Traore et al. (2012)

reported that exudates (drip or thaw loss) are closely rela-

ted to muscle protein oxidation and denaturation which

are responsible for muscle pH decline, discoloration, and

toughness which is related to present study. Moreover,

changes of drip loss are also interlinked with the rate of

pH decline post mortem, the rate of post mortem glycoly-

sis, the degree of actomyosin cross-linking during rigor

mortis, residual ATP levels, final pH and the activity of a

multitude of enzymes (Lawrie, 1998). On the other hand,

the loss of exudates (drip or thaw loss) from beef is un-

avoidable, because some loss of moisture occurs due to

the presence of water in a free form in muscle tissue (Joo

and Kim, 2011) during freeze-thaw. Amount of exudates

can be reduced to a minimum by controlling WHC

(Jeong et al., 2011).

Cooking loss

Both drip loss and cooking loss were affected by freeze-

thawing (p<0.01) cycles reported by Rahman et al. (2014)

agreed to the result of the present study. Loss of moisture

due to cooking has been reported not to differ between

fresh and frozen meat samples, as well as for samples fro-

zen and thawed at different rates reported by Leygonie et

al. (2012b) and Rahman et al. (2014) which are similar to

this study. The cooking loss was not affected by the

freeze-thaw cycles, as the water expelled during cooking

originates mostly from chemically bound water (10% of

the total fluid) and from the fat that melts, which is not

affected by freezing and thawing (Vieira et al., 2009).

Moreover, cooking loss in pre-rigor muscle decreased due

to exposure of hydrophilic groups of myofibrillar protein,

resulting in greater hydrogen bonding of water (Macfar-

lane, 1973).

Water holding capacity

Another important functional property of beef is water-

holding capacity, in particular water absorption and reten-

tion by the protein structures of muscular tissue as well as

water retention during heat processing (Huff-Lonergan

and Lonergan, 2005). In general freezing, frozen storage

and thawing all contribute to a decrease in the water-

holding capacity of meat (Vieira et al., 2009) agreed to

the result of the current study. An initial increase and a

subsequent decrease in WHC has been reported by Joo et

Fig. 7. Changes of TBARS value (mean±SE) in thawed beef

samples compared to control in freeze-thaw cycle-1, 2

and 3.

Fig. 8. Changes of TBARS value (mean±SE) in thawed beef

samples compared to control in repeated cycles.
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al. (1999), Kristensen and Purslow (2001), Straadt et al.

(2007) and Rahman et al. (2014) agreed with current study.

Except cycle three the result of WHC in this study is sat-

isfactory which agreed to Nasreen et al. (2012).

pH

The increase or decrease of meat pH from the initial

value influences the rate of oxidation as well as the micro-

bial shelf life and drip loss and vice versa. This result

might be due to loss of minerals and small protein com-

pounds as exudates from beef samples, causing ionic im-

balance in the beef muscle which resulted in a decreased

pH (Vieira et al., 2009) which agreed with present study.

The pH value also might be decreased with repeated freeze-

thaw cycles in the current study due to increase in glyco-

lysis with subsequent thawing and phosphorylase activa-

tion (Elkhalifa et al., 1984). This result was also in agree-

ment with Jun et al. (2012) who stated that within the first

10 freeze-thaw cycles pH decreased (p<0.05) but increa-

sed (p>0.05) after 5 further cycles. The accelerating effect

of repeated freeze-thaw cycles on beef pH is required fur-

ther examination concerned with different thawing meth-

ods and thawing rate.

However, the influence of meat exudates on meat qual-

ity during cold storage has not been identified. Therefore,

we hypothesized that the presence of exudates affects the

physicochemical quality of beef muscle as drip loss, coo-

king loss, WHC and muscle pH.

Lipid oxidation

In current study peroxide, TBA and acid value were

chosen as representative for primary, secondary lipid oxi-

dation and lipid hydrolysis respectively. POVs of beef

muscle were increased (p<0.05) with repeated freeze-

thaw cycles and affected by thawing methods in contrast

to the TBARS and FFA value, which is in agreement with

Rahman et al. (2014). In this study, the highest POV was

0.166 mg meq/kg thawing at 40°C warm water after three

freeze-thaw cycles, which is accepted by Narasimhan et al.

(1986) reported that acceptability of beef and beef prod-

ucts will be limited when the POV will be more than 25

mg meq/kg. However rate of production and the amount

of peroxide in frozen storage of beef muscle might be re-

duced than refrigerated storage (Javanmard et al., 2006;

Lee and Chae, 2000; Novelli et al., 1998). Peroxide forma-

tion is low at the beginning of frozen storage, after which

the rate of formation increased rapidly but induction

period depends on the nature of lipid and the presence of

antioxidants in beef muscle. Peroxide values are not static

and it is difficult to provide a specific guideline relating

peroxide value to rancidity. Moderate peroxide values

might be the result of depletion of peroxides after reach-

ing high concentrations but high level of peroxide defi-

nitely indicates of a rancid fat. The amount of peroxide

remains low in highly unsaturated fats, even after exten-

sive oxidation, because initially peroxides formed from

unsaturated fats are highly unstable and react quickly to

form secondary oxidation products (Gotoh and Wada, 2006;

Levermore, 2004).

Free fatty acids are not only the products of enzymatic

degradation but also microbial degradation of lipids. FFA

gives an idea about stability of lipid during preservation.

The significant increase in FFA levels of beef muscle dur-

ing 80 d of frozen storage (control) might be due to growth

inhibition of lipolytic microbes, total myofibrillar protein

solubility, and intramuscular free fatty acids concentration

decreased (p<0.05) in frozen storage which is in agree-

ment with Qi et al. (2012) and Rahman et al. (2014).

However, similar trend but higher value of FFA was found

in buffalo meat nuggets during refrigerated storage (Sahoo

and Anjaneyulu, 1997). Modi et al. (2007) also found si-

milar result from freshly prepared dehydrated chicken

kebab mix had FFA values of 0.99±0.205, and gradually

(p<0.05) increased to 1.74±0.073 during 6 mon of stor-

age. Lipolytic enzymes have been considered as an accel-

erator for lipid oxidation (Morcuende et al., 2003) due to

accumulation of FFAs those were prone to lipid peroxida-

tion, particularly long chain unsaturated FFAs. The possi-

ble lipolytic enzymes present in beef are microbial lipa-

ses, phospholipases, acid lipases, neutral lipases, phos-

pholipase A and lysophospholipase reported by Cilla et

al. (2006). The activity of lipolytic enzymes and autooxi-

dation of lipids might be partially inhibited during frozen

storage, resulting in reduced FFA values.

Fresh beef undergoes many undesirable changes during

preservation at both refrigeration and freezing tempera-

tures. Lipid peroxidation is one of the primary mecha-

nisms of beef quality deterioration in terms of flavor, color,

texture, and nutritive value and the production of toxic

compounds (Pearson et al., 1983). TBARS is a secondary

oxidation product commonly used as a measurement of

lipid oxidation. The secondary by-products of lipid oxida-

tion like aldehydes, possessing cytotoxic and genotoxic

properties due to their high reactivity. TBA and peroxide

values correlated positively with each other and increased

significantly during storage time. Lipid oxidation is an

important quality deteriorating determinant for meat and

meat products, as it may lead to rancidity of lipid (Jin et
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al., 2009; Nolsøe and Undeland 2009). During frozen state

microbial spoilage of beef and beef products may be del-

ayed but beef quality deterioration continued by oxidation

of lipid. An irrevocable natural tendency of increasing of

TBARS value during refrigerated and frozen states of

meat and meat products has been reported by many resear-

chers (Devatkal et al., 2004; Rajkumar et al., 2004). Fer-

nindez et al. (1997) and Borneo et al. (2009) stated that

compounds produced from lipid oxidation like malonal-

dehyde and other short-chain carbon products are very

much unstable and probably decompose to organic alco-

hols and acids, which are not detected by the TBA test.

This is because of secondary oxidation products particu-

larly low molecular weight volatile compounds were for-

med and lost during storage. TBARS value increased

slowly within the cycles and among the cycles by thaw-

ing methods in present study. According to Tan and Shelef

(2002), lipid oxidation rate was slower in frozen meats

than in refrigerated meat and the TBARS values showed

very small differences during preservation at -20°C for 69

d. The findings of the current study were in agreement

with previous report (Tan and Shelef, 2002). In this experi-

ment TBARS values are ranged within 0.272 to 0.542

that are lower than the acceptance limit of TBARS for

rancidity (1.0 mg/kg). Beef is a rich source of polyunsat-

urated fatty acids, cholesterol, proteins and pigments etc.

The oxidative stability of beef depends upon the balance

of anti and pro-oxidants and the composition of these oxi-

dation substrates (Bertelsen et al., 2000).

Thawing at 40°C showed the highest TBARS value in

every cycle in this experiment because heating could affect

many factors involved in lipid oxidation. Disruption of

muscle cell structure, inactivation of antioxidative enzy-

mes and releases of oxygen from oxymyoglobin all are

the results of heat. The activation energy for oxidation is

decreased by high temperature resulting breaks down hy-

droperoxides to free radicals, which propagate lipid per-

oxidation. Heating seemed to be very pro-oxidative for the

pre-frozen meat samples as measured by the high TBARS

values (Igene et al., 1979). This statement was in agree-

ment with the results of present study. Li et al. (2012) and

Rahman et al. (2014) stated that TBARS value increased

significantly (p<0.05), as the number of freeze-thaw

cycles increased which is similar to current study. As a

result, freeze-thaw cycles affected the physicochemical

quality and lipid degradation of beef muscle, causing the

deterioration of beef quality. The finding of the current

study was also in agreement with previous report of Li et

al. (2012).

Conclusion

The freeze-thaw process significantly affected drip loss,

cooking loss, WHC, pH, POV, FFA and TBARS value of

beef muscle. Oxidation processes in beef lead to a degra-

dation of lipid has a deleterious effect on the physico-

chemical properties of beef. The physicochemical deteri-

oration of beef muscle accelerated significantly as the

number of repeated freeze-thaw cycles increased, and cau-

sing the deterioration of beef quality. The repeated freeze

and thaw should be minimized in terms of beef quality to

avoid physicochemical deterioration. From the findings

of the current study, it may be concluded that refrigerator

thawing (4°C) is more suitable than running tap water or

warm water (40°C) thawing and avoiding repeated freez-

ing and thawing of beef whenever possible is the best

approach.
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