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Abstract 

The study assessed the effect of dietary garlic powder supplementation on qualitative characteristics of mutton of West African 

Dwarf (WAD). Garlic powder, a natural antioxidant was fed at different levels of inclusion. Forty yearlings WAD rams of 

average weight of 15kg were randomly allocated into five treatment groups of garlic powder inclusion: 0% (control), 2%, 4%, 

6% and 8%. Three WADS rams were randomly selected from each treatment after 14 weeks of feeding trials. The animals 

were slaughtered and muscles dissected to determine meat pH, meat colour at different days of display, water holding capacity, 

chilling and cooking loss. The results shows that pH45minutes and pH24hr values of cut-parts were not significantly (p>0.05) 

influenced by dietary treatments but varied numerically. Meat colour for lightness (L*), redness (a*) and yellowness (b*) at 

different display days were significantly (p<0.05) influenced by dietary treatments. The study also showed that dietary 

treatments influenced (p<0.05) significantly water holding capacity, chilling loss and cooking loss in cut-parts of rams fed 

dietary treatments. The shear force value of Longissimus dorsi (LDM) was lower than Bicep femoris (BP) muscle. Dietary 

garlic powder supplementation up to 8% delayed discolouration of the loin muscle L* (lightness), a*(redness) and b* 

(yellowness); enhanced water retention and tenderness, reduced chilling and cooking loss in the cut parts of WAD rams. 
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1. Introduction 

Meat is a desirable edible portion of animal flesh and vital 

source of animal protein in human diets (Forrest et al., 

2001)[1]. Meat meant for consumption must be of high 

quality to meet  consumers’acceptability. Several factors 

such as physicochemical, microbial, nutritional and 

sensorial characteristics are necessary for quality assessment 

of meat (Allen et al., 1998)[2]. The best way to ascertain 

meat quality was to measure the pH, evaluate the water 

retention capacity and chemical contents (Fakolade and 

Omojola, 2008; Gustavson et al., 2011)[3,4]. However, the 

quality of meat is highly diversified such that it can be 

evaluated from many perspectives (Bogosavljević-Bošković 

et al., 2010)[5]. Assessment of meat quality depends greatly 

on the consumers’ judgments (Fortomaris et al., 2006)[6]. In 

an attempt to improve qualities of meat the consumer’s 

health and acceptability should be in focus.  Garlic (Allium 

sativum) powder and its extracts are known to possess 

antioxidant properties and had been used as food flavour 

and medicinal purposes (Sallam et al., 2004)[7]. These 

antioxidant properties offer garlic for investigation in animal 

diets of its beneficial impacts on meat quality. Therefore, 

the study was designed to investigate the effect of feeding 

garlic supplements on meat quality of West African Dwarf 

Sheep. 

 

Materials and Methods 

Location of the study 

The study was conducted at Teaching and Research Farm of 

Ekiti State University, Ado-Ekiti, Nigeria. 

 

Experimental design, experimental animals and their 

management 

Forty yearling West African Dwarf (WAD) rams of average 

weight 15 kg were subjected to a Completely Randomized 

design. WAD rams were randomly allocated into five 

dietary treatments of garlic powder supplemented at 0% 

(control), 2%, 4%, 6% and 8% (Table 1). Experimental 

animals were tagged, weighed for initial body weight, 

housed individually in the pen and then allowed to 

acclimatize for the period of three weeks during which they 

were quarantined. Feeds and water were provided ad-

libitum for 14 weeks. Animals were weighed for final body 

weight after 14 weeks.   

 

Slaughter procedures  

Animals were weighed, mechanically immobilized and 

exsaguinated. The head was detached at the atlanto-occipital 

joint. The fore and hind feet were separated at the carpal-

metacarpal and tarsal-metatarsal joints, respectively 

(Garcia-Valverde et al., 2008)[8]. The left and right side half 

carcasses were separately weighed then stored in room 

temperature for 8 hours and thereafter chilled at 4ºC 

overnight prior analysis.  

 

Measurement of muscle pH  

Muscles pH was measured by using an electrode of a 

portable digital pH-meter (Knick Portamess ® 910, 

Germany), at both 45 minutes and 24- hour post-mortem. 

 

Determination of meat colour 

The meat colour was determined at interval of storage days 

by the method of Moawad et al. (2013)[9]. Colour evaluation 

was determined after allowing the loin muscle surface to 

bloom for 30 min., using a Hunter Lab Scan XE 

Colorimeter (Hunter Laboratory Inc. Restonva).  

 

Determination of Water holding capacity 

This was evaluated according to the procedure of Suzuki et 

al. (1991) [10].  
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Determination of Chilling loss 

Carcasses were chilled after taking their percentage yield at 

4°C for 24 hours. The chilling loss was determined as 

difference between the warm carcass weight and chilled 

weight expressed as percent of warm carcass weight, as 

described by Awosanya and Okubanjo (1993) [11]: 

 

 
 

Determination of cooking loss (CL) 

Three replicates of 50 g of meat samples per treatment were 

placed in tightly sealed polyethylene oven bag and heated in 

a water bath at 75°C until an internal temperature of 71˚C 

was achieved. Cook-out was drained and the cooked mass 

was cooled, dried with filter paper and reweighed. Cooking 

loss (CL) was expressed as the percentage loss related to the 

initial weight (Pena et al., 2009)[12]. 

 

 
 

Determination of Shear Force (Kg/cm2) of carcass 

Measurement for shear force value was determined using 

Warner Bratzler Shear force (WBS) apparatus to indicate 

meat tenderness. Longissimus dorsi (LDM) and Bicep 

femoris (BP) muscle samples were obtained from each 

carcass of the treatment groups, cooked in the labelled 

polyethylene bags placed in a water bath to an internal 

temperature of 75°C. The samples were removed and cooled 

to room temperature (27°C) for 10 minutes. The cooked 

meat samples were reweighed and wrapped in polythene 

bags and chilled at 4°C for 18 hours. Samples were 

removed, allowed to cool to room temperature and cores to 

approximate 1.25cm diameter parallel to muscle fibre 

(Qiaofen and Da-Wen, 2005)[13]. The muscles were sheared 

at three locations with Warner – Bratzler V-noch blade 

(Honikel, 1998)[14]. 

 

Statistical analysis 

All data were collected in triplicate and statistically 

analyzed using SAS (2008)[15]. 

 

Results and Discussion 

Meat pH 

Table 2 shows the meat pH of standard cut-parts of West 

African Dwarf (WAD) rams fed garlic powder 

supplemented diets after 45 minutes’ and 24-hour post-

mortem. The study revealed that dietary intake of garlic 

powder did not significantly influence (p>0.05) pH values at 

different post-mortem periods. The pH45mins values obtained 

for rib cut-parts ranged from 6.95±0.10 (treatment 3) to 

6.87±0.06 (treatment 5), loin cut-part varied from 6.88±0.03 

in treatment 5 to 7.00 in treatment 2, the value of pH45mins of 

round cut-parts was higher in treatment 5 (7.05±0.18) with 

least recorded in treatment 4 (6.89±0.05). The pH24 value of 

rib cut ranged from 5.50±0.00 in treatment 3 to 5.67±0.06 in 

treatment 4. The highest pH24 value of 5.80±0.00 was 

obtained in treatment 4 while the lowest value of 5.50±0.00 

obtained in treatment 5 of round-cut of the carcass.  

The pH value of cuts at 45 minutes’ postmortem ranged 

from 6.87±0.06 to 7.05±0.18 at a temperature between 26°C 

and 27°C across cuts parts (rib, loin and round muscles) 

obtained from WAD rams fed treatment diets were normal 

for muscle physiological process for meat conversion, this is 

an indication that the muscle glucose is gradually depleting 

as it undergoes rigor-mortis which is fully completed at 24-

hour post-mortem period, this resulted into lowering of pH 

value ranging from 5.50±0.00 to 5.70±0.10 in the carcasses.  

The pH after 45 minutes’ post-mortem (pH45) values 

obtained in all cut- parts were similar to the values reported 

by Hopkins et al. (2000)[16] and Vnućec et al. (2014)[17] in 

loin cut of sheep. The pH24 (ultimate) in the current study 

fell within the quality range of pHu (pH ultimate) 

below<6.0 in sheep (Miranda-de Lama et al. 2009)[18] Meat 

pH above 6.0 values at 24-Hr post-mortem facilitates rapid 

spoilage and poor shelf life. The pH values obtained in the 

study in cut-parts at different post-mortem periods were 

within normal ranged for keeping quality of carcass 

(Lawrie, 1991)[19]. Meat pH is a measure of good meat 

quality (Bello and Tsado, 2014)[20]. 

 

Meat colour 

The meat colour values of loin muscles of WAD rams fed 

garlic powder supplemented diets at different display days 

are presented in Table 3. The study showed that colour 

values for lightness (L*), redness (a*) and yellowness (b*) 

at different display days were significantly (p<0.05) 

influenced by dietary treatments. Meat colour values 

significantly (p<0.05) reduced as storage days advanced and 

consequently increased between dietary treatments. Meat 

colour values obtained in the study for L*, a* and b* were 

significantly higher in treatment 5 fed rams than control and 

other treatments irrespective of the time of display. 

Lightness (L*) and redness (a*) values of treatments 4 and 5 

were similar to the findings of Santos-Silva et al. (2002)[21] 

in Longissimus dorsi muscles of lamb, but yellowness (b*) 

value were lower than values obtained in current study.   

The meat colour values obtained in the study on day 0, 5 

and 14 were lower than L*(50.24) and b*(11.39) values but 

similar to a*(15.97) value reported by (Atay et al., 2011)[22] 

in cross bred goat, while day 0 value of treatments 4 and 5 

values were higher than L*(42.54), a*(10.78) and b*(15.23) 

values reported by Pena et al. (2009)[12]. L* (49.74) and b* 

(11.11) values were higher and a*(15.58) values were lower 

in the findings of El-Waziry et al. (2011)[23]. Werdi Pratiwi 

et al. (2007)[24] observed similar L* (46.8), a*(19.6) and 

lower b*(4.7) values. The meat colour was best retained in 

treatment 5 fed rams as a result of antioxidants potentials of 

garlic in delaying oxidation of myoglobin (Renerre, 

2000)[25].  

 

Chilling and cooking losses in carcass cuts 

Table 4 shows the percentages of chilling and cooking loss 

in primal cuts of West African Dwarf (WAD) rams fed 

experimental diets. The percent chilling loss were 

significantly low (p<0.05) in rib cuts of treatments 5, 

followed by round cut of treatment 5 and round cut of 

treatment 4 fed rams. The chilling loss values obtained in 

the study were higher than those reported by Yusuf et al. 

(2014)[26] in Boer goats. The chilling losses obtained from 

cuts of treatments 4 and 5 were within the range of 2.3 and 

8.7% reported by El- Khidir et al. (1998)[27]. The percent 

chilling loss in cuts obtained among diets reduced 

drastically than those observed by others in meat Sebsibe et 

al. (2007)[28]. The little loss obtained during chilling of 

carcasses was as result of minimal shrinkage in the muscles 

which prevented fluid losses (Yusuf et al., 2014)[26]. The 

percent cook loss was significantly different (p<0.05) 
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among cut- parts obtained from treatment group. Flank cut-

part of WAD ram fed treatment 1 had the highest cook loss 

of 41.03±1.55% while the rib cut of treatment 5 fed had the 

least value of 32.36±1.54%. The percentage cooking loss in 

all cuts significantly decreased (p>0.05) as garlic increased 

in the dietary treatments. This is in line with the observation 

of Bello and Tsado (2014)[20] in cooked meat of Yankasa 

rams. The average percentage cooking loss obtained in the 

study was within the values reported by others in rams fed 

dietary antioxidants (Karami et al., 2010; Tsegay et al., 

2015)[29,30]. Cooking losses resulted by denaturation of 

myofibrillar protein induced by the heat during cooking thus 

allowing the release of essential constituents (moisture and 

fat) in the muscles (Aaslyng et al., 2003)[31] Cooking loss 

usually reveals the rate of loss in consumable meat mass 

(Gustavson et al., 2011)[4].    

 

Water holding capacity (WHC)  

Table 4 shows the water holding capacity in primal cuts of 

rams fed treatment diets. Water holding capacity varied 

significantly (p<0.05) among dietary treatments in rib, loin, 

round, shoulder and flank cut-parts. WHC was highest in 

round cut of treatment 5, followed by the rib cut of 

treatment 2 and flank cut-part in treatment 5. WHC values 

obtained in the study were above 60% in cuts which reveals 

that water is the major liquid constituents of the muscles 

(Borisova and Oreshkin, 1992)[32]. This accounts for meat 

tenderness and juiciness. High water holding capacity 

obtained in the cuts shows that mutton could retain water in 

either prior and post rigor phases (Karakaya et al., 2006)[33].  

High WHC value obtained in the study in primal cuts 

revealed that feeding, pre and post handling of animals did 

not negatively influence meat pH, which may cause loss of 

moisture (Shirimaa and Mteng, 2012)[34].  

 

Shear force  

The shear force values of Longissimus dorsi (LDM) and 

Bicep femoris (BP) muscles were shown in Table 5. Shear 

force value of both Longissimus dorsi (LDM) and Bicep 

femoris (BP) muscles were not significantly different 

(p>0.05) between dietary treatments. The study revealed 

that the shear force value of Bicep femoris decreases as the 

level of garlic powder increases in the test diets. Shear force 

of Longissimus dorsi (LDM) muscle obtained was within 

the range of 2.9 and 3.8 kg/cm2 reported by Dhanda et al. 

(1999)[35] for less tough meat, while shear force values of 

Bicep femoris (BP) muscle muscle were within 4.3 and 4.6 

kg/cm2 reported by Dhanda et al. (1999)[35] in chevon. The 

shear force values of  Longissimus dorsi (LDM) and Bicep 

femoris (BP) muscles obtained were lower than 4.83 kg/cm2 

(Moadwad et al., 2013)[9] but higher than 3.59 kg/cm2 (El-

Waziry et al., 2011)[23] in small ruminants. The shear force 

value of Bicep femoris (BP) muscles obtained, fell within 

range of 4.6 and 5.5kg/cm2 (Shackelford et al., 1991)[36] for 

meat tenderness while Bicep femoris (BP) muscle of 

treatment 2 had similar value with 4.1 kg/cm2 (Huffman et 

al., 1996)[37] and value of 4.0 kg/cm2 (Babiker et al., 

1990)[38] Also, it was observed that shear force value of 

Longissimus dorsi (LDM) was lower than those obtained 

from Bicep femoris (BP) muscle of WAD ram; this implies 

that Longissimus dorsi was tenderer than Bicep femoris due 

to structural composition of the muscles.  

 
Table 1: Experimental feed composition (%) 

 

Items composition 

Ingredients  

Soybean meal 10.0 

Maize 35.0 

Rice bran 15.0 

Brewer’s dry grain 37.5 

Bone meal 1.0 

Salt 1.0 

Vitamin/mineral 0.25 

Premix 0.25 

Total 100 

Calculated protein (%) 16.07 

Calculated Energy(kcal/kg) 2605.7 

 
Table 2: Meat pH value of carcass parts of WAD rams fed garlic 

powder supplemented diets 
 

Items 

Treatment 

1 

0%  GP* 

Treatment 

2 

2%  GP 

Treatment 

3 

4%  GP 

Treatment 

4 

6%  GP 

Treatment 

5 

8%  GP 

pH45mins      

Rib 6.89±0.07 6.94±0.04 6.95±0.10 6.91±0.02 6.87±0.06 

Loin 6.95±0.09 7.00±0.10 6.97±0.03 6.95±0.01 6.88±0.03 

Round 6.93±0.08 7.03±0.03 6.95±0.04 6.89±0.05 7.05±0.18 

pH24hrs      

Rib 5.60±0.10 5.53±0.06 5.50±0.00 5.67±0.06 5.53±0.06 

Loin 5.47±0.06 5.63±0.06 5.53±0.06 5.50±0.00 5.53±0.06 

Round 5.70±0.10 5.67±0.12 5.80±0.00 5.53±0.06 5.50±0.00 

Mean ± standard deviation, GP-garlic powder  

 
Table 3: Colours of loin muscles displayed at different day’s interval in WAD rams fed garlic powder supplemented diets 

 

No of days traits 
Treatment 1 

0%  GP* 

Treatment2 2%  

GP 

Treatment 3 

4%  GP 

Treatment 4 

6%  GP 

Treatment5 

8%  GP 

0 L* 38.79±0.01d 39.31±0.02d 40.41±0.02c 42.82±0.50b 44.60±0.10a 

 a* 18.42±0.02c 18.53±0.06c 18.57±0.08c 19.85±0.05b 20.71±0.33a 

 b* 9.70±0.01b 9.75±0.01b 9.77±0.02b 10.17±0.06a 10.22±0.01a 

5 L* 38.72±0.05c 39.39±0.53b 39.40±0.01b 39.51±0.01b 40.01±0.04a 

 a* 15.31±0.01c 15.67±0.01b 15.89±0.01b 15.91±0.01a 15.96±0.03a 

 b* 9.08±0.02c 9.09±0.01c 9.13±0.02c 9.26±0.04b 9.70±0.35a 

14 L* 37.33±0.02b 37.23±0.57b 36.65±0.05b 38.20±0.02a 39.84±0.01a 

 a* 15.22±0.02c 15.27±0.01c 15.31±0.02b 15.37±0.03a 15.39±0.01a 

 b* 8.09±0.01d 8.13±0.0c 8.17±0.02c 8.31±0.02b 8.52±0.03a 

Mean ± standard deviation; L* -lightness, a* - redness, b*- yellowness; a, b,c, d  means of different superscripts on same row are 

significantly (P<0.05) different, GP- garlic powder  
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Table 4: Water holding capacity, chilling loss and cooking loss of primal cuts of WAD rams fed garlic powder supplemented diets (%) 
 

Items 
Treatment 1 

0%  GP* 

Treatment 2 

2%  GP 

Treatment 3 

4%  GP 

Treatment 4 

6%  GP 

Treatment5 

8%  GP 

WHC (%) 

Rib 68.00±1.80d 81.00±1.30a 76.00±0.56b 71.67±0.66c 67.33±0.81d 

Loin 76.33±0.03a 74.67±0.64a 77.67±0.97a 78.00±0.72a 66.33±1.32b 

Round 63.33±1.73c 64.33±1.69c 64.33±1.01c 74.33±1.11b 81.67±1.64a 

Shoulder 68.33±0.64c 72.33±0.86b 68.00±0.55c 75.67±1.8a 71.33±0.61b 

Flank 69.33±1.79b 64.67±1.81c 76.33±1.02a 79.33±1.37a 60.67±1.60d 

Chilling loss (%) 

Rib 12.65±1.26a 11.28±1.47b 10.00±1.5b 8.17±1.18c 6.17±1.84d 

Loin 9.50±1.58a 8.35±1.11b 8.13±0.77b 7.73±1.39c 7.38±0.40c 

Round 9.03±0.36a 8.28±0.38a 7.85±0.40b 7.18±0.46b 7.15±0.53b 

Shoulder 12.90±1.88a 11.48±1.80a 10.32±1.28b 9.50±1.95b 7.85±1.20c 

Flank 16.83±1.40a 16.22±1.28a 15.98±1.82a 15.17±0.71a 14.17±1.29b 

Cooking loss (%) 

Rib 33.82±1.96a 32.62±1.50a 32.20±1.18a 26.24±1.43b 25.91±1.32b 

Loin 34.35±0.56a 33.06±0.93a 32.54±0.27b 32.20±0.60b 31.00±0.08b 

Round 36.56±0.95a 34.62±0.21a 34.28±0.23a 33.84±0.99b 32.70±0.49c 

Shoulder 37.72±1.48a 37.16±1.20a 35.97±1.33b 35.86±1.77b 30.08±1.22c 

Flank 41.03±1.55a 38.19±1.74a 37.28±1.89b 35.85±1.07b 32.36±1.54c 

Mean ± standard deviation; a, b, c, d means of different superscripts on same row are significantly (P<0.05) different, 

GP-  garlic powder  

  
Table 5: Shear force value of muscles of WAD rams fed garlic powder supplemented diets (kg/cm2) 

 

Items  
Treatment1 

0%  GP* 

Treatment2 

2%  GP 

Treatment3 

4%  GP 

Treatment4 

6%  GP 

Treatment5 

8%  GP 

Muscle type LDM* 3.87±0.37 3.74±0.40 3.77±0.52 3.91±0.08 3.80±0.17 

 BP* 4.49±0.32 4.45±0.15 4.35±0.10 4.14±0.15 4.08±0.08 

LDM- Longissimus dorsi, BP- Bicep femoris: mean ± standard deviation, GP- garlic powder   

 

Conclusion 

The results of this study indicate that the inclusion of garlic 

powder supplementation in the diet of West African Dwarf 

(WAD) rams improved meat qualitative properties. It is 

concluded that garlic powder at 8% could be used as 

supplements in ruminant nutrition for the retention of meat 

colour pigments, enhancement of high water holding 

capacity, reduction of drip and cook losses and texture 

improvement in mutton.  
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