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Abstract 

The effects of feeding concentrate diet containing crude glycerin supplementation and castration on 
carcass composition and meat quality of Thai Native × Anglo-Nubian (TN-AN) goats were investigated. 
Twenty TN-AN goats at the age of 12 months old with 24.75±1.33 kg initial live weight were allotted 
into a 2×2 factorial arrangement in completely randomized design when factor A was assigned for sexes 
(intact and castrated male) and factor B was assigned for 2 types of concentrate diet (control diet and diet 
supplemented with 10 % crude glycerin). Goats were intensively raised in individual pens with ad libitum 
water and Atratum grass (Paspalum atratum), while 2 % of concentrate diets was provided. After 90 days 
of feeding, 3 goats from each treatment combination were randomly sampled and sacrificed for further 
examination. From the study, castrated male goats had significantly higher slaughter and carcass weight, 
carcass fat percentage and chemical fat percentage than those of the intact males (P < 0.01). In addition, 
muscle from castrated male goats was more tender and lighter in color as compared with intact male goats 
(P < 0.01). Goats receiving a diet with extra glycerin had significantly higher weight at slaughter, warm 
carcass weight, carcass fat, and chemical fat percentages than those on the control diet. Therefore, it could 
be concluded that feeding goats with a diet of 10 % supplementary glycerin and castration could lead to 
better slaughter and warm weight, whereas a higher fat content in the carcass and muscle are observed.   
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Introduction 

Goat meat is commonly consumed in many parts of the world, especially in Asia and Africa. 
Although consumption of goat meat is less compared to pork, poultry and beef [1], this meat has become 
an alternative healthy red meat due to its low fat and cholesterol contents compared to mutton, pork, beef, 
and broiler meat [2]. Thus, rearing goats for meat consumption is increasing around the world. To 
increase growth performance and meat yield, castrating the male goat is an option for fattening whereas 
concentrate feeding is also necessary [3]. Castration can increase the carcass yield of goats [4], but high 
fat deposition can be found in the subcutaneous and viscera parts [5]. In terms of concentrate 
supplementation, it has been confirmed that a concentrate diet is necessary for fattening goats [6]. Thus, a 
suitable source of energy feedstuffs in various farm size is needed. 

In Thailand, since the Ministry of Energy has launched a biofuel policy in the year 2015 to increase 
biodiesel production from palm oil [7], glycerin, a main by-product from the biodiesel industry is going to 
increase in the near future. This by-product can be used in the animal feed industry as mentioned by 
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Thompson and He [8]. Previous studies [9] have reported that crude glycerin can be mixed up to 20 % in 
total mixed rations, but there is no information of fattening in 50 % Thai Native (TN) × 50 % Anglo-
Nubian (AN) goats with fresh Atratum grass and a concentrate diet with 10 % of glycerin. Therefore, the 
objective of this study was to determine the effects of feeding a concentrate containing glycerin and 
castration on carcass composition and meat quality of TN × AN goats. 
 
Materials and methods 

Location, animals and experiment 
This experiment was conducted at the Small Ruminant Research and Development Center 

(SRRDC), Khlong Hoi Kong Research Station, Faculty of Natural Resources, Prince of Songkla 
University, Hat Yai, Thailand. Twenty TN × AN (50:50) male goats at the age of 10 months with 20.00 ± 
1.20 kg initial live weight were selected from the SRRDC herd of approximately 450 goats. The goats 
were then separated into 2 groups (n = 10/group) where group 1 was the intact male group and group 2 
was the castrated male group. Goats in the castrated group were castrated using a Burdizzo clamp. Both 
groups were kept in 3×3 m2 pens under the same environmental conditions for about 2 months.  

During this period, goats were fed with ad libitum fresh Atratum grass (Paspalum atratum) and 
water and 150 grams of concentrate diets per head per day. After adjusting for 2 months, goats with an 
initial live weight of 24.75±1.33 kg were dewormed with IDECTIN@ and allotted into a 2×2 factorial 
arrangement in a completely randomized design (CRD). Factor A was assigned for 2 types of concentrate 
diet (control diet and diet added with 10 % glycerin) and factor B was assigned for sexes (intact male and 
castrated male). During this period, goats were raised intensively for 90 days with ad libitum fresh 
Atratum and water and 2 % concentrate diets. 

The control diet consisted of 12 % Soybean meal, 26 % palm kernel cake, 54.3 % ground corn, 4.7 
% minerals (di-calcium phosphate 1.2 %, shell flour 25 % and salt 1.5 %) and 3 % palm oil (Table 1), 
while the experimental diet was the control diet with a 10 % glycerin addition. This crude glycerin was 
purchased from New Biodiesel Ltd. Co., Surat Thani province, Thailand. Feeding of the concentrate diet 
and roughage were done twice a day in 2 equal portions at 08.30 h in the morning and in the afternoon at 
15.00 h. 
 

Sample preparation 
At the end of the experiment, 3 goats from each treatment combination group were randomly 

sampled and transferred to the meat lab of SRRDC, Khlong Hoi Kong Research Station, Faculty of 
Natural Resources to start the pre-slaughter fasting period (for 20 h). After fasting, goats were sacrificed 
in accordance with Islamic procedures [10,11] followed with skinning and evisceration [11]. Then the 
carcasses were hung and kept in the 4 °C chilled room for about 20 h. 

 
Carcass trait observation 
The warm carcass weight was determined and recorded after the skinning and evisceration, while 

the chilled carcass weight was recorded. After 20 h of chilling, the length and width of the carcass, 
including body wall thickness were measured as described by [12]. The pH0 and pH24 of loin muscle (at 
12 - 13th rib) were determined using a Mettler Toledo pH meter AG CH 8630 with Lot 406-M6DXK-
S7/25 probe where 2 grams of ground meat were homogenized with deionized water according to 
Wattanachant [13]. The internal organs, including carcass fat content (heart fat, kidney fat, pelvis fat and 
visceral fat) were weighed within 1 h after slaughter. 

After chilling, carcasses were cut into half where the right-half carcasses were kept frozen and the 
left-half parts were dissected for wholesale cuts. Complete International Commission on Illumination [14] 
color profile of loin muscles and back fat color were determined using a CR-10 Chromometer (Minolta 
Color Meter, Osaka, Japan). Loin eye area of loin muscle between 12th and 13th ribs was drawn on 
transparent tracing paper and then was measured using Placom KP90 Digital Planimeter, Japan as 
described by Ferreira et al. [15]. 
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Longissimus dorsi muscle was vacuum-packaged and transferred to the Laboratory of Feeds Quality 
Analysis, Department of Animal Science, Faculty of Natural Resources, and subsequently frozen at −18 
°C for proximate analysis.  
 
 
Table 1 Ingredients and chemical composition of experimental diets. 
  

Items Diets Crude glycerin supplement Control 
Ingredients (%)   

Soybean meal 12 12 
Palm kernel cake 26 26 
Ground corn 54.3 54.3 
Crude glycerin 0 10 
Di-Calcium Phosphate 1.2 1.2 
Shell flour 2 2 
Salt 1.5 1.5 
Vegetable oil 3 3 
Total 100 110 

Nutrient composition   
Crude protein (%) 16.43 16.44 
Gross energy (GE) (Mcal/kg) 4.56 4.77 
TDN (%) 80.24 88.00 

 
 

Meat composition and quality characteristics 
Drip loss, cooking loss and shear force were determined according to the methods of Wattanachant 

et al. [16] with a slight modification. Samples of drip loss and cooking loss were then used as the shear 
force samples. The shear force was determined for the raw and cooked muscle samples using a Texture 
Analyzer (TA-XT plus Stable Micro System Texture Analyzer, UK) equipped with a Warner-Bratzler 
apparatus at the Research Laboratory Meat Science and Technology, Department of Food Technology, 
Agro-Industry Faculty, Prince of Songkla University at a speed of 2 mm/s and a 50 kg load cell with 3 
replications. The proximate analysis of the meat goat muscle samples was done and measured for 
moisture, protein, crude fat and ash [17]. 

Fat distribution in loin muscle (Longissimus dorsi) was determined using CLSM = Confocal Laser 
Scanning Microscope (Model FV300; Olympus, Tokyo, Japan). Loin samples measuring 2×2×1 mm3 
were soaked in Nile Blue A 0.01 % solution for 5 - 10 min. Then the samples were rinsed with distilled 
water and put on a microscope slide, covered with a cover slip and observed under CLSM operated in 
fluorescence mode with 533 nm excitation wavelength and 400× magnification. 

 
Statistical analysis 
The data were analyzed using Analysis of Variance (ANOVA) while Duncan’s New Multiple 

Range Test was used to compare the significant difference [18]. Moreover, a 2-tailed Pearson Correlation 
was used to determine the correlation between fat deposition in loin muscle and chemical fat content. All 
statistical analysis was done using the IBM SPSS Statistics 17.0 computer program. 
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Results and discussion 

Carcass trait 
The carcass trait data of this study are presented in Table 2. From the study, no interaction between 

diet treatment and castration are indicated. When considering the effect of the diet treatment, it was found 
that goats who received diet with 10 % glycerin had significantly (P < 0.05) higher final weight, slaughter 
weight, warm and chilled carcass weight than that those fed the control diet. However, 10 % glycerin diet 
did not statistically differ (P > 0.05) in the chilled carcass and carcass thickness. Moreover, goats on 10 % 
glycerin diet had lower meat and bone percentages, and lower meat per fat ratio than those on the control 
diet. The higher fat deposition in the goat carcass and muscle was probably related to the high amount of 
energy in the experimental diet as described by Mahgoub et al. [19]. In addition, the higher final weight 
was more likely related to high fat deposition which is concomitant with the biochemical change in the 
reticulorumen of the goat. Glycerin as a gluconeogenic precursor [20] is converted into propionate in the 
rumen [9,21] which accelerated the metabolism of pyruvate in the adipose tissue [22] and resulted in a 
higher deposition of fat in subcutaneous and visceral parts [5]. 

In terms of castration, castrated male goats illustrated significantly higher (P < 0.01) final weight, 
slaughter weight, warm and chilled carcass weight, and loin muscle area than the intact male goats. 
Dressing percentage, carcass length, carcass width and body wall thickness were not affected by 
castration (P > 0.05). Meat, fat and bone percentage and meat per fat ratio were significantly higher (P < 
0.01) in castrated TN × AN goat. The study results were not in accordance with the previous report of the 
Iranian goat [23] which indicated a non-significant difference by castration in the carcass traits. This was 
related to the high amount of fat content in parts of the carcass of castrated goats than those of intact 
males, particularly visceral fat and subcutaneous fat. The lower reproductive tract weight on the castrated 
goat did not affect carcass measurement, it also indicated that the reproductive tract was not able to 
produce the male sex hormones which are considered growth promoters and responsible for the 
distinguishing characteristics of the masculine body [24]. 
 
 
Table 2 Effects of the feeding concentrate containing glycerin and castration on the carcass composition 
and meat quality of TN × AN goat (n = 12). 
 

 Sex Diet P-value 
 Intact Castrated Control Supplemented Sex Diet Combination 
Initial weight, kg 26.19 ± 1.35 25.43 ± 1.63 25.21 ± 1.27 24.46 ± 1.57 0.374 0.193 0.851 
Final weight, kg 35.26 ± 1.75 37.91 ± 1.35 35.51 ± 1.84 38.14 ± 1.09 0.004 0.003 0.050 
Slaughter wt., kg 33.95 ± 1.92 36.93 ± 1.13 34.39 ± 2.07 37.00 ± 1.16 0.001 0.002 0.019 
Warm carcass wt., kg 16.45 ± 0.67 17.44 ± 0.31 16.20 ± 0.68 17.94 ± 0.64 0.039 0.001 0.252 
Chilled carcass wt., kg 15.88 ± 1.16 16.78 ± 0.83 15.64 ± 0.69 17.26 ± 0.64 0.061 0.001 0.169 
% Warm carcass 48.63 ± 2.25 47.07 ± 1.08 47.16 ± 1.80 48.52 ± 1.70 0.128 0.165 0.708 
% Chilled carcass 46.94 ± 2.20 45.32 ± 1.06 45.54 ± 1.68 46.67 ± 1.91 0.114 0.214 0.513 
Carcass length, cm 63.60 ± 1.64 64.58 ± 1.88 63.42 ± 1.77 65.00 ± 1.46 0.471 0.213 1.000 
Carcass width, cm 27.10 ± 0.82 26.75 ± 1.08 26.75 ± 1.21 27.10 ± 0.55 0.615 0.615 0.456 
Carcass thickness, cm 1.06 ± 0.19 1.40 ± 0.30 1.20 ± 0.26 1.30 ± 0.37 0.079 0.777 0.407 
Loin area (cm2) 10.75 ± 0.21 12.29 ± 0.52 11.02 ± 0.47 11.78 ± 0.99 0.006 0.634 0.684 
% Meat 61.98 ± 2.88 56.31 ± 0.36 60.20 ± 4.23 57.32 ± 1.55 0.000 0.000 0.000 
% Fat 9.95 ± 2.49 20.37 ± 1.19 13.80 ± 6.07 17.84 ± 4.98 0.000 0.000 0.050 
% Bone 22.36 ± 0.66 18.56 ± 1.00 20.57 ± 1.52 19.94 ± 2.90 0.000 0.754 0.010 
% Connective tissue 5.72 ± 0.30 4.77 ± 1.02 5.44 ± 0.78 5.03 ± 1.03 0.114 0.453 0.728 
Meat / fat ratio 6.57 ± 1.73 2.77 ± 0.17 5.34 ± 2.68 3.49 ± 1.23 0.000 0.000 0.001 
Meat /bone ratio 2.97 ± 0.69 2.80 ± 0.41 2.98 ± 0.59 2.76 ± 0.49 0.792 0.333 0.054 
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Carcass pH 
The castration treatment caused a significant effect (P < 0.01) on pH0 of TN × AN Longissimus 

dorsi muscle. pH24 was significantly affected (P < 0.01) by the glycerin and castration (Table 3). pH24 in 
the study was higher than the normal ultimate pH (5.6 - 5.8) [25]. The elevation in loin muscle pH24 was 
similarly reported for the Nellore bull loin muscle pH [26]. Crude glycerin inclusion in the Nellore bulls 
diet generated a high pHu (ultimate pH). Muscle with a  high pHu tends to have no residual glycogen [27] 
or because the glycolytic enzymes are inactive due to acidic conditions [28]. The glycogen level can 
accelerate glycolysis in muscle which is predicted as the starting point to change the ultimate pH. The 
ultimate pH would get higher as the glycogen level in the muscle decreased [27]. Differences in species, 
type of muscle, variability of animals, pre-slaughter circumstances and environmental temperature could 
lead to differences in the pH value [27]. 
 

Color 
Color is a prime criteria influencing purchase decisions of the consumers [29]. In this study, 

glycerin supplementation had a significant effect (P < 0.05) on the redness (a*) of Longissimus dorsi 
muscle color, but no significant difference in lightness and yellowness values was indicated (Table 3). In 
contrast with glycerin supplementation, the castrated group had higher (P < 0.05) color value in lightness, 
redness and yellowness compared with the intact group. The difference in the meat color score, especially 
in lightness (L*) could be possibly affected by the high fat deposition in the muscle. This was in 
agreement with Fiems and Boucque [30] who found high correlation between fat deposition in the muscle 
of the bull and the lightness.  
 
 
Table 3 Effect of glycerin supplementation and castration on the physical properties and proximate 
composition of Longissimus dorsi muscle of TN × AN goat (n = 12). 
 

 Sex Diet P-value 

 Intact Castrated Control Supplemented Sex Diet Combination 
Physical characteristics       

pH0 6.52 ± 0.16 6.06 ± 0.23 6.20 ± 0.30 6.20 ± 0.31 0.000 0.426 0.446 
pH24 6.19 ± 0.22 5.71 ± 0.05 5.83 ± 0.17 6.05 ± 0.37 0.000 0.000 0.000 
Muscle color        

L* 28.55 ± 0.55 30.20 ±0.33 29.29 ± 1.07 29.77 ± 0.76 0.000 0.277 0.903 
a* 11.15 ± 1.12 13.17 ± 1.01 11.65 ± 1.15 13.38 ± 1.18 0.000 0.000 0.893 
b* 2.88 ± 0.36 3.63 ± 0.39 2.98 ± 0.47 3.38 ± 0.54 0.015 0.124 0.855 

Drip loss, % 1.38 ± 0.09 1.31 ± 0.20 1.35 ± 0.10 1.33 ± 0.20 0.477 0.756 0.993 
Cooking loss, % 20.45 ± 2.22 20.83 ± 1.92 22.12 ± 0.52 18.42 ± 0.46 0.213 0.000 0.406 
Shear force, kg        

Raw 5.84 ± 0.50 5.60 ± 0.35 5.77 ± 0.44 5.62 ± 0.44 0.359 0.745 0.990 
Cooked 5.84 ± 0.45 5.47 ± 0.40 5.73 ± 0.43 5.59 ± 0.50 0.040 0.277 0.883 

Proximate composition, %       
Moisture 74.04 ± 0.52 73.46 ± 0.24 73.65 ± 0.54 73.94 ± 0.36 0.078 0.525 0.810 
Protein 23.44 ± 0.46 23.44 ± 0.38 23.59 ± 0.40 23.25 ± 0.36 0.778 0.163 0.246 
Crude fat 2.45 ± 1.31 5.91 ± 1.28 3.20 ± 2.17 5.46 ± 1.71 0.001 0.014 0.534 
Ash 1.07 ± 0.09 1.05 ± 0.06 1.08 ± 0.09 1.04 ± 0.04 0.543 0.310 0.720 
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In the diet treatment, goats fed with glycerin had a higher pH24 compared with goats fed without 
glycerin, while the castrated goat generated lower pH24 compared with the intact goat. High pH24 
increased the water retention of the muscle protein and lead to less light reflection from the available free 
water [31]. 

Meat color is affected by endogenous and exogenous factors [32]. The endogenous factors are pH, 
muscle sources, lipid oxidation and mitochondrial activity, while exogenous factors are ligands, 
antioxidant, and pro-oxidants presence. Age could change the color of the meat as muscle pigment 
concentration increases [33]. Apart from that, long exposure of oxygen might also lead to discoloration of 
the meat, known as metmyoglobin [34]. 
 

Physiochemical of loin muscle 
Drip and cooking loss 
The drip loss of Longissimus dorsi muscle was not affected (P > 0.05) by the dietary treatment and 

castration, however cooking loss was significantly affected (P < 0.05) by the glycerin diet. Castration 
showed a non-significant difference (P > 0.05) in both drip loss and cooking loss of the muscle but the 
glycerin treatment statistically differed (P < 0.05) in cooking loss of the muscle. Muscle from the goats 
fed with glycerin yielded significantly lower cooking loss compared with group fed without glycerin. The 
results confirmed that glycerin could reduce free water in the muscle which lead to muscle water retention 
[35]. 

 
Shear force 
Longissimus dorsi raw muscle shear force showed no significant difference (P > 0.05) caused by the 

treatments (Table 3). The castration treatment could lower (P < 0.05) the shear force of cooked 
Longissimus dorsi muscle. A shear force of 5.5 kg is the limit of consumer acceptance and if exceeded it 
might reduce consumer acceptance [2]. Nevertheless, muscle from castrated goats had a lower shear force 
than muscles from the intact goats. Thus, meat from castrated goats tends to be more tender than the 
intact which is concomitant with the amount of muscle fat. Castration has been reported as farm 
management practice which could improve the fat content, reducing muscle collagen deposition and 
increasing muscle fat [36]. In addition, muscle fat may loosen up the micro structure of the meat which 
causes meat to be tender [37]. 

 
Proximate composition 
Proximate composition of the Longissimus dorsi is shown in Table 3. The moisture, protein and ash 

content of Longissimus dorsi muscles showed no marked difference in both castration and dietary 
treatments. The result coincided with previous reports [20] in which glycerin in the goat diet had no 
significant effect on muscle chemical composition. However, glycerin significantly affected (P < 0.05) 
the amount of crude fat of m. longissimus dorsi. Supplementing crude glycerin in a ruminant animal may 
cause elevation of propionate, increase in butyric acid, decrease in acetate production and also an increase 
in propionate:acetate ratio in ruminal fluid. Propionate is a major precursor of glucose synthesis in 
ruminants [22]. Propionate is known as an accelerator of metabolism of pyruvate in adipose tissue and 
also accelerates gluconeogenesis from lactate (by the kidney) and pyruvate (by the lactating cow) [22]. 

Despite the crude glycerin effect, the crude fat amount was significantly different (P < 0.05) from 
the castration treatment. The castrated group gained higher muscle fat content compared with the intact 
group (Table 3). Many researchers [23,38] have reported that castrated animals gained higher fat content, 
especially intramuscular fat and subcutaneous fat than intact animals. A reduction in the production of 
testosterone, which can be evidenced from reduction in weight of testes in castrated goats (data not 
shown), makes the castrated goat have reduced physical activities [38] which led to increased deposits of 
glucose which is then converted into fat.  

The crude fat amount of Longissimus dorsi muscle was correlated with the amount of carcass fat. 
The correlation between carcass fat and muscle fat is shown in Table 4. A positive correlation was 
observed between the carcass fat and muscle fat of the TN × AN goat. The muscle fat increased as the 
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carcass fat increases. The significant level of both fat content correlation was 0.005 (P = 0.005) and the 
correlation score was 0.807 close to +1 which means a positive correlation between the 2 fat contents. 
 
 
Table 4 Correlation between carcass fat and Longissimus dorsi muscle fat of TN × AN goat treated with 
glycerin and castration. 
 
 1Carcass fat 1Muscle fat 

1Carcass fat 
Pearson Correlation 1 0.807** 
Sig. (2-tailed)  0.005 
N 12 12 

1Muscle fat 
Pearson Correlation 0.807** 1 
Sig. (2-tailed) 0.005  
N 12 12 

1Carcass fat, total fat in carcass (visceral fat, kidney fat, pelvic fat, heart fat, subcutaneous fat and intermuscular fat). 
1Muscle fat, crude fat contained in Longissimus dorsi muscle. 
**Correlation was significant at the 0.01 level (2-tailed). 

 
 

While determining the crude fat content of Longissimus dorsi muscle, loin muscle fat distribution 
was also observed by visual micro structure and is depicted in Figure 1. The loin muscle fat distribution 
increased in every treatment combination group. The effect of the glycerin diet could be visually seen 
using CLSM. Supplementing crude glycerin in the goat concentrate diet, might increase the fat content of 
the muscle since crude glycerin would be fermented as propionate which is the main carbon source for fat 
tissue deposition [20]. 

 

 
 
Figure 1 Confocal Laser Scanning Microscope result of Longissimus dorsi muscle of TN × AN goat 
treated with castration and glycerin supplementation. (a) control group, (b) intact group fed with glycerin, 
(c) castrated group fed with control diet and (d) castrated group fed with glycerin. 
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The castration treatment group showed a marked difference in fat distribution (Figure 1). Fat 
distribution was higher in the muscle of castrated goats than of the intact goats. The high amount of loin 
muscle fat content is most likely due to the castration. Castration, which is suggested to be done at an 
early age, could improve the marbling degree of carcass quality and may affect the consumer acceptance 
value [38,39]. The longer the testosterone deficiency period the higher the fat deposition [40]. 
 
Conclusions 

It could be concluded that feeding a concentrate diet with 10 % glycerin and castration could lead to 
better slaughter weight, warm carcass percentage, of the TN × AN goats than those fed a diet without 
glycerin. A feeding diet with 10 % glycerin and castration resulted in high fat deposition in the carcass 
and muscle leading to a lower shear force value in the muscle.  
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