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ABSTRACT 

Buffalos are an important domestic animal in various countries for producing meat, 

fat, and milk. Therefore, the current study was designed to evaluate the quality 

attributes of Biceps femoris and Semitendinosus muscles in addition to mesenteric, 

subcutaneous fat, and kidney fats obtained from fifteen Bubalus bubalis buffalos 

slaughtered above 5 years old. Buffalo’s meat was subjected to proximate chemical 

analysis, determination of soluble proteins, collagen content & solubility, total 

pigments, and myoglobin content. Besides, the buffalo’s fats were examined for 

peroxide value, TBARS, melting point, and fatty acid analysis. The proximate 

chemical analysis showed that the moisture content of the Biceps femoris muscle 

was significantly (P<0.05) higher than that of the Semitendinosus muscle. Biceps 

femoris muscle was significantly (P<0.05) lower in fat, protein, ash, total soluble, 

and sarcoplasmic proteins than that of Semitendinosus muscle. Collagen content 

was significantly (P<0.05) lower while collagen solubility was significantly 

(P<0.05) higher than those of Semitendinosus muscle. The mean values for the 

total pigments were 199.24 and 202 ppm for Biceps femoris and Semitendinosus 

muscles respectively. The peroxide value of kidney fat was significantly (P<0.05) 

higher than those from mesenteric fat and subcutaneous fat. The mean values for 

TBARS (mg malonaldehyde/kg) were 0.35, 0.40 & 0.33 for kidney, subcutaneous 

and mesenteric fats respectively. The mean values of the melting point were non-

significantly (P< 0.05) differ between different investigated fats with mean values 

of 51.22, 32.67and 44.27 respectively. The fatty acids profile revealed significant 

differences between examined fats.  

Keywords: Bubalus bubalis, meat quality, proteins, collagen, chemical composition, buffalo fat. 

 

 

INTRODUCTION 

 
Buffalo is a multi-purpose animal, provides milk, meat, and mechanical 

power to mankind. The buffalo is considered a savior animal to meet the increased 
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demand for meat and to support the economy of farmers in developing countries 

(Ramesh, 2013). Fortunately, buffalo meat has comparable nutritional, 

physicochemical, and sensory characteristics to beef (Naveena and  Kiran, 2014) 

with a considerable low fat, calories, cholesterol, and high hypocholesterolemic 

fatty acids, which lowers the incidence of cardiovascular diseases and rated it 

among the healthiest red meats (Kondaiah, 2002; Mello et al., 2017). Moreover, 

it is generally sold at a lower price in comparison with other red meats 

(Kandeepan et al., 2013). In general, buffaloes are slaughtered at the end of their 

useful working life which resulted in an unacceptable dark and tough meat which 

ultimately lowers its acceptability as table meat. The high lean and low-fat contents 

besides the acceptable proximate chemical composition and physicochemical 

characteristics are promising privileges for processing buffalo meat into different 

meat products (Sachindra et al., 2005; Nissar et al., 2009). 

The eating quality parameters e.g., flavor, juiciness, and tenderness are the 

major parameters that describe meat quality, while proximate chemical 

composition, physicochemical attributes, and protein fractionation are the 

determinant factors for the suitability of meat for further processing (van der 

Westhuizen, 2010). The major obvious features of buffalo meat are the dark color, 

high protein, low-fat contents, and marbling (Kandeepan et al., 2013) which can 

present suitable physicochemical characteristics for meat processing (Cedres, 

2002; Eyas et al., 2007). The high protein and dark red of buffalo meat due to the 

high myoglobin content in addition to the white color of buffalo fat collectively 

resulted in low ‘marbling as well as excellent rheological, structural, and 

nutritional properties of comminuted meat products. Moreover, fat plays a vital 

role in the formation of stable emulsion and imparts better sensory attributes 

(Kumar and Sharma, 2004). The knowledge available on the meat and fat quality 

of buffalo is insufficient, therefore, the aim of this study was planned out to 

investigate the technological properties of buffalo meat and fat of different 

anatomical locations to suit its suitability for processing of different meat products. 
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MATERIALS AND METHODS 

Sample collection 

Muscle and fat samples were collected from fifteen 5-years old Bubalus 

bubalis buffalos slaughtered at El-Bassateen municipality slaughterhouse of Cairo 

governorate during the period from January to August 2016. Buffaloes were held 

for 12 hours in lairage and then slaughtered and dressed following the routine Halal 

procedure and the samples were collected within 5 hours after slaughter. Muscle 

samples include Semitendinosus muscle from the legs and Biceps femoris muscles 

from shoulders, while fat samples are represented by renal, sub-cut, and mesenteric 

fat. 

  

Chemical analysis 

Proximate analysis  

The muscle samples were minced three times using a 5- mm mincing plate 

and mixed thoroughly after each mincing time to obtain a uniform mass used for 

chemical analysis. The proximate chemical composition (g%) was assayed in 

triplicate for each muscle sample according to AOAC (2005). Ten grams of 

muscle were dried at 100 °C to a constant weight to obtain the moisture content. 

The micro Kjeldahl method and a 6.25 conversion factor were used to determine 

the total protein. The total lipid was determined petroleum ether extraction in a 

Soxhlet apparatus. Ash was estimated by muffle furnace ignition at 500 º C for 5 

h. 

  

Measurement of soluble proteins (%) 

Sarcoplasmic proteins (%) 

For the determination of sarcoplasmic protein content, one gram of raw 

muscle sample was homogenized with 10 ml potassium phosphate buffer (ice-cold 

25 mmol/l, pH 7.2) at the lowest speed in a Lab blender-400 stomacher. The 

homogenate was left to stand in a shaking water bath (GFL-1083, Germany) at 

4±º1C overnight. The mixture was then centrifuged at 1500 rpm for 20 minutes 
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(Joo et al., 1999), and the protein (%) of the supernatant was determined using the 

Kjeldahl method (Tyszkiewicz and Klossowska, 1997). The total soluble proteins 

were determined following the same procedures using 20 ml ice-cold (1.1 mol/l) 

potassium iodide in 100 mol/L phosphate buffer (pH 7.2). The difference between 

the total and sarcoplasmic proteins is the soluble myofibrillar proteins (%). 

 

Collagen content and solubility 

Two grams meat sample were hydrolyzed with 50 ml of 6N hydrochloric 

acid at 105 °C in a sealed tube for 18 hr. The hydrolyzed contents were filtered, 

washed three times to reach 100 ml with distilled water. Five-milliliter filtrate were 

neutralized to 6.9–7.0 pH using diluted sodium hydroxide then diluted to 10 ml 

with distilled water (Neuman and Logan (1950). The collagen content was 

determined from the obtained hydroxyproline content using a 7.25 conversion 

factor (Goll et al., 1963). For the determination of collagen solubility, five grams 

raw meat sample were boiled for 30 minutes, then, homogenized for 2 minutes 

with 50 ml distilled water at 4±1ºC, and the extract was centrifuged at 1500g for 

30 minutes. The juice and centrifugated fluid were hydrolyzed for 18 hours and 

soluble hydroxyproline was calculated (Mahendrakar et al., 1989) as in collagen 

content. 

 

Determination of total pigments   

The total meat pigments were extracted by blending a 50 g minced meat 

sample in 30 ml distilled water, followed by filtration several times to obtain 250 

ml. Ten ml of the obtained extract were treated with 1 ml trichloroethylene (lipid 

solvent) and centrifuged for 15 min at 3000 rpm. An equal part from the extract 

was left to react with the Drabkin reagent, the absorbance was read 

spectrophotometrically at 540 nm to determine the pigment content (mg/g) (Agulló 

et al., 1999). 
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Determination of myoglobin content  

The myoglobin content was extracted in triplicate from each sample using 

Tris-EDTA buffer (3 mM/L MgCl2, 5 mM/L EDTA, 75 mM/L Tris) of pH 7.2 and 

20°C temperature, then centrifuged at 10.000xg at 4°C for 10 min. The myoglobin 

content (mg/g wet sample) was assayed at 525 optical density (Li et al., 2013). 

 

Determination of Melting point of fat  

Each fat sample was melted, filtered after being completely dried. At least 

three clean thin-wall capillary tubes of 1 mm diameter were introduced into the 

melted fat so that a column of about 10 mm fat long was sucked into the tube. The 

tubes were rapidly chill in ice until the fat solidifies, then kept in a refrigerator at 

4-10 °C for 16 hours. The tubes were then attached to a thermometer with the lower 

end of the tube and the bulb being at the same level. The thermometer was 

suspended in 600 ml beaker containing clear distilled water to at least the 

immersion mark of the thermometer bulb. The temperature of the water was 

gradually increased by 2ºC per min, till the temperature reached 25ºC, then 

increased by 0.5ºC per min. The temperature of the water was observed when the 

sample fat turned transparent. Three determinations with not more than 0.5ºC 

differences were recorded as the melting point of fat (AOAC, 2005). 

 

Determination of Peroxide value of fat 
The titration method 965.33 of AOAC (2005) was used to determine the 

acid value of fat. Five grams of fat were swirled to dissolve with 30 ml of acetic 

acid/chloroform mixture. A 0.5 ml saturated potassium iodide solution was added 

followed by 30 ml H2O, and the mixture was let to stand with occasional shaking 

every minute. The mixture was then slowly titrated with 0.01 M sodium thiosulfate 

with vigorous shaking until the disappearance of the yellow color. After that, 0.5 

ml 1% starch solution was added, and the titration was continued with various 
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shaking until the blue color disappeared. The peroxide value (milliequivalent 

peroxide/kg oil or fat) was calculated from the following equation  

𝑃𝑉 =
(S − B)XN

𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
𝑋 1000 

Where: S = sample titration (μL) 

B = blank titration  

N = normality of sodium thiosulfate  

 

Determination of Thiobarbituric Acid Reactive Substances in fat 

One gram fat sample was thoroughly mixed with 2 ml TAC-TBA-HCL 

mixture (15% w/v trichloroacetic acid; 0.375% w/v thiobarbituric acid; 0.25 N 

hydrochloric acid). The mixture was then heated for 15 min in a boiling water bath. 

After ice-cooling, the sample extract was centrifuged for 10 min at 1000 rpm. The 

absorbance of the sample was read using Unico (1200 Series, USA) 

spectrophotometer at 535 wavelength against a blank prepared with deionized 

water at 535 (Buege and Aust, 1978). 

 

Fatty acid profile 

Fatty acid profile was assayed after extracting the fat samples where the 

lipid methyl esters were prepared by saponification with 1.0 N methanolic NaOH 

followed by methylation with boron trifluoride in methanol. The fatty acid methyl 

esters were separated and analyzed using an automated gas-liquid chromatograph 

equipped with a 1.8 m×3.2mm stainless steel column packed in GP 10% sp 2330 

on 100/200 Chromosorb WAW. The samples were chromatographed in a 

temperature gradient of 110-210C. The flow rate of the carrier gas (nitrogen) was 

22 ml/min. The fatty acid peaks were determined by gas chromatography and the 

percent of each fatty acid was calculate amounts (Slover and Lanza, 1979). 

 

Statistical analysis  
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Each analysis was run in three replicates for each sample and the 

collected data were analyzed using SPSS statistics 17.0 for windows. Results 

were recorded as mean ± SE. Analysis of variance was performed by 

ANOVA procedure to compare between different treatments by the least 

significant difference (LSD) and significance was defined at P<0.05. 

 

RESULTS AND DISCUSSION 

Proximate chemical analysis of buffalo meat (Table 1) showed that the Biceps 

femoris muscle had significantly (P<0.05) higher moisture but lower protein and 

fat content in comparison with Semitendinosus muscle. However, ash content did 

not significantly differ between the two muscles. The obtained results 

substantiated the data recorded by Kandeepan et al (2009) that buffalo meat had 

moisture content between 74 and 78%, while the protein content ranged from 20.2 

to 24.1% and the muscle fat about 0.9 -1.8%. Buffalo meat has generally the lowest 

lipid contents which resulted in a poor marbling appearance and unacceptable dark 

red color among the red meat animals (Naveena et al., 2004). The data also 

indicated the presence of significant (P<0.05) differences in the total soluble, 

sarcoplasmic, and myofibrillar proteins (g%) between the two muscles. 

 

The Biceps femoris muscle had significantly lower collagen content and higher 

solubility than that of Semitendinosus muscle. The differences in collagen content 

and collagen solubility between the two muscles could be attributed to the fact that 

each muscle within the animal body has distinctive features of collagen content 

and architecture depending on its anatomical position (Nakamura et al., 2003). 

Noticeable differences in collagen content between different muscles were also 

reported by Tschirhart-Hoelscher(2003) who found that Longissimus lumborum, 

Longissimus thoracis, Adductor, Semimembranosus, and Semitendinosus muscles 

were found to be lower in collagen content than the other muscles. 
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Table (1): Chemical analysis of buffalo muscles from fore- and hind-quarters  

 Biceps femoris Semitendinosus 

Proximate chemical analysis 

% 

  

Moisture 75.03±1.04a 74.84±2.39b 

Protein 21.74±0.71a 21.9±0.15b 

Fat 3.13±0.41a 3.69±0.84b 

Ash 0.97±0.08a 1.08±0.02a 

Protein fractionation g%   

TSP 6.5±0.89a 6.91±0.85b 

SP 2.74±0.5a 3.29±0.62b 

MP 3.76±0.5a 3.62±0.67b 

CC 3±2.29a 3.4±2.04b 

CS 0.94±0.09a 0.39±0.39b 

Total pigments mg/g 6.24±16.91a 7±14.65b 

Myoglobin mg/g 0.58±0.1a 1.01±0.28b 
a-b means with different superscripts within the same column differ significantly at P<0.05. 

TSP= Total soluble proteins, SP=Sarcoplasmic proteins, MP- Myofibrillar proteins 

CC= Collagen content, CS= collagen solubility 

Meat color is the first quality attribute considered by most of the consumers 

purchasing the meat, therefore it is important to evaluate the color of different 

muscles to determine their quality, acceptability, and suitability for further 

processing of different meat products. The obtained data declared that the 

myoglobin and total pigment contents of Semitendinosus muscle were significantly 

(p<0.05) higher than those of Biceps femoris muscle (Table 1). These results may 

be explained by the differences in physiological requirements of different muscles 

for myoglobin. Myoglobin quantity varies with species, sex, muscle location, and 

physical activity (Judge et al., 1990). Semitendinosus muscle has high iron content 

(Dawood and Alkanhal, 1995) which indicated higher myoglobin content in 

hindquarter muscles.  

 

The proximate chemical composition of meat especially the total proteins, protein 

fractionation, as well as the total lipids and lipid fractionation determine its 

suitability for the production of different meat products. The high total proteins 

and salt soluble proteins of buffalo meat can generally increase the water holding 

capacity and fat binding, which improves the cohesiveness and binding strength of 
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the processed meat (Swan and Boles, 2006). The collagen content of the muscle 

plays a major role in determining not only the eating quality of meat but also its 

suitability for processing special types of meat products e.g. meat emulsions. The 

relatively higher collagen content and lower collagen solubility of buffalo meat in 

comparison with beef can not only explain its higher toughness and lower eating 

quality acceptability but also spot the light for its suitability for the production of 

stable meat emulsions. During the thermal processing of collagen fibrils shrink 

resulting in loss of water and scape of fat droplets from the protein network formed 

during the development of meat emulsion which ultimately breaks down the 

stability of meat emulsion (Weston et al., 2002). Buffalo meat is darker in color 

owing to its higher myoglobin content compared to other livestock species 

(Kandeepan et al., 2013). The dark color also lowers the visual acceptability of 

buffalo meat products. However, the dark meat possesses good binding abilities 

due to its high protein content (Abdolghafour and Saghi, 2014). 

Both the physiochemical characteristics and fatty acid profile of animal fat 

determine its technological properties and suitability for incorporation in a specific 

product with special technological features. The shelf life (lipid oxidation), 

firmness, and flavor are the most important criteria. The fat oxidation criteria 

(peroxide number and TBARS) indicated that buffalo fats exhibit good lipid 

stability, and the mesenteric fat was more stable than either renal or sub-cut fats. 

The mean values for the peroxide value were 1.02, 0.33, and 0.30 (milliequivalents 

active oxygen/kg fat) and the TBARS were 0.35, 0.40, and 0.33 (mg 

malonaldehyde/kg) for the renal, sub-cut and mesenteric fat respectively (Table 2). 

The results also showed that the mean values of both fat oxidation criteria were 

very lower than the limit of acceptability (30 milliequivalents active oxygen/kg 

fat) for peroxide (Gotoh and Wada, 2006) and (2-2.5 mg malonaldehyde/kg) for 

TBARS (Zhang et al., 2019). The slightly higher TBARS values in sub-cut fat 

may be correlated with its higher polyunsaturated fatty acids content (Table 3). 

The results also showed that the melting point was significantly (p< 0.05) 
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differences between the different fat types and the fatty acids profile affected the 

melting point of fat. Where the kidney fat had the highest saturation and melting 

point whereas the sub-cut fat had the lowest values for both (Tables 2, 3). The 

obtained data substantiated the available data that pointed out that the melting 

points of the most common fatty acids in animal fat were 69.6°C for stearic, 13.4°C 

for oleic acid, 5°C for Linoelaidic acid, and 11°C for α- Linolenic acid i.e. the 

melting point of fat decreases with the increases the rate of unsaturation (Enser, 

1984).  

 

 

Table (2): Physicochemical properties of buffalo fats 

 Peroxide  TBARS Melting point 

Kidney 1.02±0.27 b 0.35±0.14 a 51.22 ±0.44 a 

Sub-cut 0.33±0.05 a 0.40±0.1 b 32.675 ±1.29 b 

Mesenteric 0.32±0.03 a 0.33±0.08 c 44.275 ±1.30 c 

a-c means with different superscripts within the same column differ significantly at P<0.05. 

Fatty acids analysis of buffalo fats showed significant (P<0.05) differences 

between different types of fats (Table 3). The results showed that most buffalo fats 

are saturated in nature and the major saturated acids found were palmitic and 

stearic, while oleic and linoleic acids were the main monounsaturated and 

polyunsaturated fatty acids respectively. Sub cut fat showed higher values in total 

unsaturated fatty acids as MUSFA and PUFAS were 64.5 and 1.8 respectively.  

 

Table (3): Fatty acid analysis of buffalo fats 

 Kidney fat S/C FAT Mesenteric fat 

Fatty acids    

Capric acid 0a 0.01±0.01a 0.01 ±0.01a 

Lauric acid 0a 0.02±0.01b 0.02±0.01b 

Mysristic acid 1.59 ±0.01a 1.23±0.01b 1.71 ±0.01c 

Myristoleic acid 0a 0.27 ±0.01b 0.08 ±0.01c 

Pentadecenoic acid 0.39 ±0.01a 0.16±0.01b 0.17±0.01b 
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Palmitic acid 22.09 ±0.01a 19.9±0.1b 26.07±0.01c 

Palmitoleic acid 1.72  ±0.01a 2.85±0.01b 1.09±0.01c 

Margaric acid 1.48 ±0.01a 1.59±0.01b 1.12±0.01c 

Heptadecenoic acid  0.9 ±0.1a 0.92±0.01a 0.35±0.01b 

Stearic acid 31.34 ±0.172a 9.51±0.01b 26.48 ±0.01c 

Oleic acid 35.77 ±0.01a 60.03±0.01b 40±1c 

Linoleic acid 1.18 ±1a 0.94±0.01a 0.98±0.01a 

α-linolenic acid 0.79 ±0.01a 0.31±0.01b 0.29±0.01c 

Stearicdonic 0 a 0.62±0.01b 0.33±0.01c 

Arachidic acid 0.44 ±0.01a 0.1±0.01b 0.2±0.01c 

Eicosadienoic acid 0.64 ±0.01a 0.47±0.01b 0.31±0.01c 

Behenic acid  0a 0.01±0.01ab 0.02±0.01b 

Lignoceric acid 0a 0.09±0.01b 0.05±0.01c 

TSFA 57.44 ±1a 32.62±1b 55.86±1.005a 

PUSFA 1.97 ±1a 1.87±1a 1.6±1a 

MUFA 39.03 ±1a 64.55±1b 41.83±1c 

Trans FA 0a 0a 0a 

Total unknown 1.53 ±1a 0.92 ±0.01b 0.67±0.01c 
* a-c: Means with different superscripts differ significantly at P<0.05. 

 

Hard fat is more appropriate for processing ground-type products as it 

resulted in a granular appearance on cutting, whereas soft fat resulted in an oily 

appearance and lack of cohesiveness in addition to the rapid susceptibility fat 

rancidity (Maw et al., 2003). Therefore, both renal and mesenteric fats seem more 

suitable for ground type products. However, the sub-cut fat is more acceptable for 

the production of the emulsion type products as the general role governing the 

suitability of fat for emulsification stipulated that the less rancid the fat the easier 

its emulsification and the better the flavor and the color of the product (NLSMB, 

1983). 

 

CONCLUSION 

 

It can be concluded that the anatomical location induced a significant effect on 

different meat quality characteristics, physicochemical and technological 

properties of buffalo meat and fat which can affect the suitability for the production 
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of different types of products. The differences in the physicochemical criteria of 

fat also determine its suitability for incorporation in different products. 
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