
		
			[image: 1.png]
		

	
		
			Research Article

		

		
			Feed Restriction in Kacang Goats: Major Impacts on Carcass Yield and Metabolic Gene Expression, but not Meat Fatty Acid Profile

		

		
			Wike Andre Septian1*, Kuswati Kuswati1, Muhaimin Rifa’i2,  Agus Susilo1, Tri Eko Susilorini1, Mashudi1, Ari Ardiantoro1, Herlina Pratiwi3, Rafika Febriani Putri1, Chairdin Dwi Nugraha4, Irida Novianti1, Ahmad Furqon4, Suyadi1

		

		
			1Faculty of Animal Science, Brawijaya University, Malang, 65145, Indonesia; 2Faculty of Mathematics and Natural Sciences, Brawijaya University, Malang, 65145, Indonesia; 3Faculty of Veterinary Medicine, Brawijaya University, Malang 65145; 4Indonesia Research Center for Applied Zoology, National Research, and Innovation Agency (BRIN), Cibinong, Bogor, 16911, Indonesia.

		

		
			Abstract | Feed restriction is commonly implemented in smallholder goat systems; however, its effects on carcass, meat quality, and molecular aspects in Indonesian Kacang goats remain inadequately defined. Fifteen intact male Kacang goats were allocated to three dry-matter allowances over a period of 90 days: Higher (HR, 4% DM BW), Medium (MD, 3% DM BW), and Lower (LR, 2% DM BW). Data on slaughter traits, carcass and non-carcass components, primal cuts, meat proximate composition, and intramuscular fatty acid profile were collected. The expression levels of GHR, IGF1, FASN, and ACACA were quantified in the brain, liver, and longissimus dorsi using qPCR. Severe restriction (LR) significantly reduced slaughter weight, carcass weight and percentage, meat and bone yields, and various non-carcass components compared to high restriction (HR) and moderate restriction (MD), while MD generally preserved carcass performance akin to HR. Meat proximate composition and intramuscular fatty acid profile did not differ significantly among treatments. Showed a non-significant trend of higher expression in HR and MD groups compared to LR, whereas brain GHR appeared to be highest in LR. FASN and ACACA variability between tissues and treatments did not affect intramuscular fat levels or fatty acid classes. Severe feed limitation lowered carcass yield but not meat lipid quality in this 90-day experiment. A feeding level of 3% DM BW maintained carcass performance comparable to 4% DM BW, suggesting that moderate restriction may reduce feed allowance without compromising carcass yield within the conditions of this study.
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			INTRODUCTION

			Indonesia is a vast archipelago nation characterized by agro-ecological zones that facilitate the presence of diverse local goat breeds (Ilham et al., 2023; Kusminanto et al., 2020; Susilorini et al., 2022). Kacang goats exhibit notable adaptability and demonstrate economic viability in lowland and marginal environments (Sutopo et al., 2018; Suyadi et al., 2019). Understanding the diversity of Indonesian Kacang goats in terms of morphology, genetics, and ecology is essential for conservation, the development of genetic improvement programs, and sustainable livestock farming (Putri et al., 2024; Pratiwi et al., 2024). The primary limitation for Kacang goats is the lack of feed that meets their requirements, particularly in marginal regions (Beyleto and Hilmia, 2023). Higher feed levels and balanced rations, including protein supplements, enhance nutrient intake, digestibility, and growth, whereas feed restriction diminishes performance (Irawan et al., 2025; Luthfi et al., 2024; Nasich et al., 2019; Putri et al., 2024). 

			Feed restriction influences growth, body composition, and metabolic health in livestock, with effects mediated by alterations in gene expression in critical tissues (Costa et al., 2018; Hasan et al., 2023). The liver and brain exhibit simultaneous alterations in lipogenesis and energy metabolism pathways under feed limitation, marked by the downregulation of lipid synthesis genes and the overexpression of fatty acid oxidation genes (Hasan et al., 2023; Yang et al., 2016). The GH–IGF1 axis controls how ruminants grow, how their bodies work, and how well they can adapt to different diets (Zhong et al., 2012). The growth hormone receptor (GHR) in target tissues, predominantly in the liver but sometimes in muscle and other tissues, is what GH from the pituitary gland does to make IGF1. IGF1 is responsible for many of GH’s anabolic and metabolic effects (Vázquez-borrego et al., 2021). The hypothalamus integrates dietary and metabolic information to regulate GH secretion via GHRH and somatostatin. Ghrelin, a gut hormone, also drives hypothalamus GH release (Donato and Kopchick, 2024; Lobiezz et al., 2000). Regulation in peripheral tissues (Liver, Muscle) growth hormone (GH) interacts with growth hormone receptors (GHR) in the liver, leading to the synthesis of insulin-like growth factor 1 (IGF1), which is then released into systemic circulation. Muscles and other tissues express GHR and produce IGF1 locally, thereby contributing to autocrine and paracrine regulation (Creyghton et al., 2004; Tse et al., 2006). 

			The expression patterns of GH, GHR, and IGF1 exhibit tissue-specific characteristics. Growth hormone (GH) expression is confined to the pituitary gland, whereas the liver serves as the principal site for growth hormone receptor (GHR) and insulin-like growth factor 1 (IGF1) expression, with hepatic IGF1 constituting the primary source for systemic circulation (Kobayashi et al., 2002; Radcliff et al., 2003; Zhong et al., 2012). Feed restriction has been shown to inhibit the expression of GHR and IGF1 in the liver, leading to a decrease in plasma IGF1 concentration. In skeletal muscle, the expression levels of GHR and IGF1 are lower than those in the liver (Ndandala et al., 2024; Tse et al., 2006). Additionally, muscle IGF1 expression exhibits greater stability in response to nutritional stress and typically increases following the refeeding phase. The brain network, specifically the hypothalamus, hippocampus, and choroid plexus, exhibits detectable expressions of GHR and IGF1 receptors, which demonstrates minimal sensitivity to nutritional deficiencies (Creyghton et al., 2004; Lobiezz et al., 2000). In goats, restricted feed intake or heat stress results in decreased expression of hepatic IGF1 and GHR (Firmenich et al., 2020; Madhusoodan et al., 2021).

			Peripheral tissues exhibit significant and variable regulations of FASN and ACACA in response to nutritional stress. This suggests a metabolic transition away from direct enhancement as a compensatory mechanism. The brain remains unaffected by these changes, concentrating on the specific metabolic priorities of the tissues (Cardoso et al., 2020; Li et al., 2015). FASN and ACACA are expressed at high levels in the liver, adipose, and mammary tissues, and their expression levels change according to the dietary circumstances (Kusakabe et al., 2000). The expression of muscle tissue becomes more flexible, with higher levels of expression in some physiological situations and lower levels of expression when food is limited (Kang et al., 2015; Zhang et al., 2016). Brain expression is steadier and less affected by changes in diet, which suggests that muscle tissue has a higher metabolic priority (Clarke, 1993). Expression of Lipogenic Genes by Tissue Muscle Lipogenic gene downregulation (FASN, ACACB, FABP3) and fatty acid uptake/oxidation gene overexpression (LPL, FABP, GPR41, GPR43) (Costa et al., 2018; Kang et al., 2015). 

			Genes that regulate growth traits, carcass production, primal cuts yield, and lipogenesis in goat meat include GHR (growth hormone receptor), IGF1 (insulin-like growth factor 1), FASN (fatty acid synthase), and ACACA (acetyl-CoA carboxylase α) (Cai et al., 2024; Zhang et al., 2014, 2020). The expression of GHR, IGF1, FASN, and ACACA in meat goats shows a positive correlation with growth, carcass weight, and fat deposition. JAK2-STAT5 and PI3K/AKT pathways control GHR and IGF1, which in turn control lipogenesis and genes involved in the manufacture of fatty acids and cholesterol (Bhasker and Friedmann, 2008). SREBP-1 and LXRα govern transcription to regulate ACACA and FASN. These two proteins are needed to make new fatty acids and store triglycerides (Li et al., 2015; Zhu et al., 2014). 

			This study on small ruminants indicates that feed level and quality influence growth, carcass characteristics, and meat lipid composition, with nutrigenomic research highlighting GHR, IGF1, FASN, and ACACA as key regulators. Nevertheless, Kacang goats exhibit a deficiency in integrated data that connects graded feed restriction, carcass distribution, fatty acids, and tissue-specific gene expression.

			MATERIALS AND METHODS 

			Experimental design, animals

			This study was performed in the Faculty of Animal Science, Universitas Brawijaya, namely at the Sumber Sekar Field Laboratory and the Biotechnology Laboratory. The feed test was performed in vivo with a completely randomized design (CRD). A cohort of 15 intact male Kacang goats was assigned to three feed restriction treatments: Higher (HR), Medium (MD), and Lower (LR), with 5 goats per treatment group. This research was performed over a 90-day period under conditions of feed restriction. Table 1 shows the results of the proximate analysis for the feed, which includes corn stover and concentrate, and Table 2 shows the formulation of the concentrate mix with HR at 4% (n= 5, dry matter 4% of body weight), MD at 3% (n= 5, dry matter 3% of body weight), and LR at 2% (n = 5, dry matter 2% of body weight).

			Table 1: Chemical composition of individual feed ingredients.

			
				
					
					
					
					
					
					
				
				
					
							
							Feed ingredient

						
							
							Dry matter (%)

						
							
							Ash (%)

						
							
							Crude protein (%)

						
							
							Crude fiber (%)

						
							
							Crude fat (%)

						
					

					
							
							Concentrate

						
							
							89.29

						
							
							9.69

						
							
							13.73

						
							
							22.96

						
							
							4.64

						
					

					
							
							Corn Stover

						
							
							28.81

						
							
							9.18

						
							
							11.73

						
							
							31.12

						
							
							1.62

						
					

				
			

			Table 2: Formulation of the concentrate mix.

			
				
					
					
					
					
				
				
					
							
							Concentrate 

							ingredient

						
							
							Amount (kg)

						
							
							Dry metter (%)

						
							
							Crude protein (%)

						
					

					
							
							Pollard

						
							
							20

						
							
							90.15

						
							
							18.38

						
					

					
							
							Copra meal

						
							
							15

						
							
							89.76

						
							
							23.18

						
					

					
							
							Cassava flour

						
							
							30

						
							
							87.42

						
							
							3.4

						
					

					
							
							Corn

						
							
							8

						
							
							90.15

						
							
							9.51

						
					

					
							
							Palm kernel meal

						
							
							15

						
							
							88.76

						
							
							19.51

						
					

					
							
							Molasses

						
							
							8

						
							
							77

						
							
							3

						
					

					
							
							Mineral premix

						
							
							4

						
							
							98,99

						
							
							0

						
					

					
							
							Total concentrate mix

						
							
							100

						
							
							
					

				
			

			Animals and sampling methods 		

			A total of 15 male Kacang goats that met the criteria of SNI 7352-2:2018 (two permanent incisors, age approximately 12–18 months) were used. The average initial body weight of the goats was 19.6 ± 2.8 kg. Animals were clinically healthy at the beginning of the study, dewormed, and adapted to the individual metabolic cages before the experimental feeding started. Goats are housed individually in separate pens. The goats were provided with a diet comprising 60% grass and 40% concentrate. Each goat was randomly assigned to one of the three feeding treatments Higher (HR), Medium (MD), and Lower (LR) ensuring a comparable distribution of initial body weight among treatments. The comprehensive expansion phase was executed utilizing an experimental methodology over a duration of 90 days. Feed was offered twice daily according to the assigned DM level, and fresh water was provided ad libitum.

			All goats were slaughtered in accordance with halal practices following the completion of the ninety-day. Tissue samples were collected from three anatomically and functionally disparate sites (brain, liver, and longissimus dorsi muscle) following exsanguination. Approximately 250 mg of tissue was aseptically excised using a sterile scalpel or scissors. The initial fresh tissue specimens were swiftly chilled using liquid nitrogen to inhibit enzyme activity. Subsequently, to stabilize the nucleic acids, the fragments were transferred into 1.5 mL microtubes containing 300 μL of DNA/RNA shield (Zymo Research). The tubes are meticulously labeled with animal identification and tissue kind. The samples were initially held at 4°C during transport for short-term preservation, then subsequently transported to a -80°C freezer for long-term storage until RNA extraction.

			RNA isolation and cDNA synthesis 

			The RNA extraction was conducted using the Zymo Research (USA) silica column-based kit, with minor alterations to the manufacturer’s methodology. Upon thawing the frozen tissue preserved in DNA/RNA protection on ice, a sterile micropestle is employed to homogenize the tissue in a 1.5 milliliter tube until a uniform lysate is achieved. Following centrifugation of the homogenate for one minute at 12,000 × g, approximately 250 μL of the clear supernatant was transferred to a fresh microtube. The supernatant was mixed with RNA lysis buffer in a 1:1 ratio and gently vortexed for about one minute. Subsequently, the resultant 500 μL mixture was transferred to the initial spin column (yellow) and centrifuged for 30 seconds at 12,000×g. The eluate was gathered, combined with an equivalent volume of absolute ethanol, and progressively introduced to the second spin column (green). Centrifugation was conducted at 12,000 × g for 30 seconds, and the supernatant was removed following each spin. Following centrifugation, the column was rinsed with 400 μL of RNA Wash Buffer. Subsequently, DNase digestion was conducted on the column by introducing 5 μL of DNase I and 75 μL of DNA digestion buffer directly onto the membrane. The column was thereafter incubated for 15 minutes at ambient temperature. Subsequently, the column was rinsed with 400 μL of RNA Prep Buffer, followed by 700 μL of RNA Wash Buffer, and concluded with 400 μL of RNA Wash Buffer. 50 to 100 μL of DNase/RNase-free water was utilized to elute the RNA into a sterile tube. Spectrophotometry was employed to assess concentration and purity; only samples exhibiting an A260/A280 ratio of roughly 1.8–2.0 were utilized and thereafter stored at –80 °C. RNA subjected to DNase treatment was utilized for cDNA synthesis. This was accomplished via a commercially available reverse transcription kit including 4× DN Master Mix, gDNA remover, and 5× RT Master Mix II. Approximately 0.5–1.0 g of total RNA was denatured for 5 minutes at 65 °C and subsequently cooled on ice. Subsequently, 2 μL of 4× DN Master Mix was combined with the RNA and nuclease-free water to achieve a total volume of 8 μL.

			Table 3: Sequences, amplicon size, and accession number of primers used in real-time qPCR. 

			
				
					
					
					
					
				
				
					
							
							Gene

						
							
							Primer

						
							
							Amplicon size (bp)

						
							
							Acc. No

						
					

					
							
							IGF1

						
							
							F: 5'-GAGGCTGGAGATGTACTGTG-3'

						
							
							208

						
							
							HQ731040

						
					

					
							
							R: 5'-CGGAAGCAAGTCAGCAGATG-3'

						
					

					
							
							GHR

						
							
							F: 5'-CGACATCCTAGTGAAATGGG-3'

						
							
							186

						
							
							EF559245

						
					

					
							
							R: 5'-GAGTATGAAGTGCGTGTGAG-3'

						
					

					
							
							FASN

						
							
							F: 5'-GAAACCAGCTTTGCCAACTC-3'

						
							
							161

						
							
							DQ223929

						
					

					
							
							R: 5'-CCAATTTCCAGGAATCGACC-3'

						
					

					
							
							ACACA

						
							
							F: 5'-GATTCAGATGCTCCTGGAAC-3'

						
							
							125

						
							
							DQ370054

						
					

					
							
							R: 5'-GATTGACATCAGAGTGGACC-3'

						
					

					
							
							GAPDH

						
							
							F: 5'-GAGATCCTGCCAACATCAAG-3'

						
							
							196

						
							
							XM_005680968

						
					

					
							
							R: 5'-GTGGAGGGACTTATGACCAC-3'

						
					

					
							
							ACTB

						
							
							F: 5'-CAAGTACTCCGTGTGGATTG-3'

						
							
							145

						
							
							JX046106

						
					

					
							
							R: 5'-CGGACTGTTAGTTGCGTTAC-3'

						
					

				
			

			Analysis of relative expression of target transcripts

			Determining the relative trans the gene target was chosen based on the gene networks associated with lipid metabolism in reaction to feed limitation. Primers for GHR (growth hormone receptor), IGF1 (insulin-like growth factor 1), FASN (fatty acid synthase), and ACACA (acetyl-CoA carboxylase α), based on the corresponding Capra hircus gene coding sequences (CDS in GenBank) (Table 3). The PCR cycle initiates at 95°C for 15 minutes, succeeded by 40 cycles at 95°C for 15 seconds and 60°C for 1 minute. Primary specificity and primary dimer formation were assessed using melting curve analysis and by subjecting the amplification products to agarose gel electrophoresis to confirm the generation of a singular 125-208 bp amplicon per reaction.

			Data analysis

			Individual animals are considered the experimental units in all studies. We used one-way analysis of variance (ANOVA) to assess growth performance and carcass-related variables from the feed trial. These metrics include carcasss weight and percentage, non-carcass components, primal cuts yield, and Fatty Acid Composition. The independent variable is dietary intervention (HR, MD, LR). After identifying significant treatment effects (P<0.05), the averages were analyzed using appropriate post hoc tests (Duncan). The cycle threshold (Ct) values of the target genes (GHR, IGF1, ACACA, and FASN) were compared to stable housekeeping genes, such as ACTB or GAPDH (Table 3), to obtain ΔCt values. The 2-ΔCt method was used to determine relative expression levels, with one treatment group set as the reference standard. Before performing ANOVA, the ΔCt values or logarithmically transformed relative expression levels were evaluated for normality and homogeneity of variance. All statistical analyses were performed using R software (version 4.4.2; R Core Team, Vienna, Austria) within the Visual Studio Code environment. 

			RESULTS AND DISCUSSION

			Effects of feed restriction on carcass, non-carcass, and commercial cuts

			The carcass, meat, and bone percentages dropped from HR to MD and LR (Table 4). Meat and bone proportions were similar in HR and MD goats, however LR goats had significantly lower values (P<0.05). However, the meat-to-bone ratio was statistically stable and LR decreased slightly, showing that feed restriction within the range evaluated solely influenced carcass tissue amount rather than distribution. This pattern indicates that, in conditions of energy limitation, Kacang goats decrease total tissue accretion and carcass yield, while preserving a relatively stable carcass composition. Comparable findings have been observed in goats and sheep experiencing energy restriction, where carcass yield decreases while the proportional distribution of tissues remains largely intact (Bezerra et al., 2013, 2017; Safari et al., 2009). Feed restriction increases the muscle-to-fat ratio and results in a leaner carcass (Filho et al., 2007). These results confirm nutritional partitioning in ruminants, where metabolizable energy is first used for maintenance and only surplus energy is used for carcass tissue growth. The growth and development of goats are influenced by their weight stage, tissues, organs, and the amount of feed consumed (Huang et al., 2024). Ruminants, particularly meat goats, require dry matter for optimal growth and carcass quality (Gurung et al., 2021). 

			The results obtained regarding non-carcass components (Table 4) indicated a significant depressive effect due to severe feed restriction. Similar patterns were noted in the skin, feet, liver, lungs, and digestive tract, where HR and MD consistently exhibited higher weights, while LR goats showed significantly lower organ and tissue masses (P<0.05). This suggests that these non-carcass components are especially responsive to chronic energy deficiency. Prior research indicates that significant dietary energy restriction decreases visceral organ mass and overall metabolic activity in ruminants (Dupont et al., 2014; Keogh et al., 2016; Zhu et al., 2008). 

			Table 4: Carcass Yield and Non Carcass of goats with restricted feed.

			
				
					
					
					
					
				
				
					
							
							Parameter

						
							
							HR

						
							
							MD

						
							
							LR

						
					

					
							
							Body weight (kg)

						
							
							23.3 ± 2.14a

						
							
							20.84 ± 1.11a

						
							
							15.84 ± 1.50a

						
					

					
							
							Carcass (%)

						
							
							48.77 ± 3.10a

						
							
							45.66 ± 2.00a

						
							
							39.43 ± 2.94b

						
					

					
							
							Meat (%)

						
							
							33.22 ± 3.04a

						
							
							31.25 ± 2.15a

						
							
							25.44 ± 2.32b

						
					

					
							
							Bone (%)

						
							
							13.99 ± 1.56a

						
							
							14.17 ± 2.01a

						
							
							13.88 ± 0.99b

						
					

					
							
							Meat bone ratio

						
							
							2.41 ± 0.42a

						
							
							2.24 ± 0.34ab

						
							
							1.84 ± 0.20a

						
					

					
							
							Weight of non-carcass components as a percentage of slaughter weight (%)

						
					

					
							
							Head

						
							
							8.13 ± 0.64a

						
							
							7.62 ± 1.11a

						
							
							8.06 ± 0.80a

						
					

					
							
							Skin

						
							
							8.54 ± 0.91a

						
							
							7.83 ± 1.36ab

						
							
							7.30 ± 0.51a

						
					

					
							
							Feet

						
							
							2.42 ± 0.09a

						
							
							2.59 ± 0.39a

						
							
							2.73 ± 0.26a

						
					

					
							
							Liver

						
							
							1.69 ± 0.20a

						
							
							1.57 ± 0.11a

						
							
							1.73 ± 0.40a

						
					

					
							
							Kidney

						
							
							0.30 ± 0.16a

						
							
							0.24 ± 0.02a

						
							
							0.30 ± 0.06a

						
					

					
							
							Spleen

						
							
							0.16 ± 0.04a

						
							
							0.15 ± 0.04a

						
							
							0.15 ± 0.04a

						
					

					
							
							Heart

						
							
							0.62 ± 0.24a

						
							
							0.37 ± 0.04b

						
							
							0.34 ± 0.01b

						
					

					
							
							Lungs

						
							
							1.11 ± 0.16a

						
							
							1.27 ± 0.17a

						
							
							1.19 ± 0.20a

						
					

					
							
							Tail

						
							
							0.16 ± 0.05a

						
							
							0.13 ± 0.02a

						
							
							0.14 ± 0.01a

						
					

					
							
							Digestive

						
							
							7.24 ± 0.51a

						
							
							8.18 ± 0.67ab

						
							
							9.11 ± 0.80a

						
					

				
			

			HR: Higher ; MD: Medium; LR: Lower

			Table 4 shows that feed restriction had a significant impact on carcass performance in Kacang goats. Animals receiving the highest feeding level (HR, 4% DM BW) exhibited the greatest carcass weight and percentages of meat and bone, while goats subjected to severe restriction (LR, 2% DM BW) displayed the lowest values (P<0.05). The medium level (MD, 3% DM BW) resulted in intermediate carcass weights and tissue percentages that were not significantly different from HR, indicating that moderate restriction did not adversely affect carcass deposition. A comparable trend was noted in the distribution of commercial cuts: the proportions of loin, leg, rib, forequarter, and neck–shoulder were greatest in HR goats, moderate in MD, and consistently lowest in LR. This suggests that severe restriction diminishes both total carcass yield and the relative contribution of high-value cuts (P < 0.05). The findings align with earlier studies on goats and lambs, indicating that restrictive feeding reduces carcass and primal cut weights at elevated levels of restriction (Filho et al., 2007; Yáñez et al., 2007). In contrast, a moderate restriction of about 20–30% below ad libitum has been shown to maintain favorable carcass traits and muscle quality in certain meat genotypes traits (Dos Santos et al., 2016; Ke et al., 2023). The response magnitude is influenced by the anatomical location of the cuts, duration of restriction, species, and genotype-specific adaptations (Lopes et al., 2014; Tilahun et al., 2014). 

			Table 5: Primal cuts yield characteristics of goats with restricted feed.

			
				
					
					
					
					
				
				
					
							
							Primal cuts yield (%)

						
							
							HR

						
							
							MR

						
							
							LR

						
					

					
							
							Loin

						
							
							3.22 ± 0.22a

						
							
							3.10 ± 0.16a

						
							
							2.86 ± 0.24b

						
					

					
							
							Leg

						
							
							13.12 ± 0.7a

						
							
							12.85±0.39a

						
							
							11.65±1.03b

						
					

					
							
							Breast foreshank

						
							
							13.15±1.01a

						
							
							12.02±0.39a

						
							
							10.76±0.86b

						
					

					
							
							Neck shoulder

						
							
							13.37±0.93a

						
							
							12.40±1.05a

						
							
							9.76 ± 0.75b

						
					

					
							
							Rib

						
							
							4.86 ± 0.51a

						
							
							4.76 ± 0.38a

						
							
							4.14 ± 0.33b

						
					

					
							
							Meat loin

						
							
							2.01 ± 0.22a

						
							
							1.87 ± 0.14a

						
							
							2.28 ± 1.85a

						
					

					
							
							Meat leg

						
							
							8.78 ± 0.95a

						
							
							8.98 ± 0.33a

						
							
							7.52 ± 0.90a

						
					

					
							
							Meat breast foreshank

						
							
							10.78±1.13a

						
							
							9.45±0.83ab

						
							
							7.89 ± 0.83b

						
					

					
							
							Meat neck shoulder

						
							
							6.83±1.13a

						
							
							7.08 ± 0.83a

						
							
							9.39 ± 0.83a

						
					

					
							
							Meat rib

						
							
							2.74 ± 0.74a

						
							
							3.17 ± 0.35a

						
							
							2.59 ± 0.56a

						
					

					
							
							Bone loin

						
							
							1.15 ± 0.05a

						
							
							1.95 ± 1.64a

						
							
							1.34 ± 0.14a

						
					

					
							
							Bone leg

						
							
							4.05 ± 1.56a

						
							
							3.74 ± 0.30a

						
							
							3.86 ± 0.37a

						
					

					
							
							Bone breast foreshank

						
							
							2.29 ± 0.14b

						
							
							2.46±0.26ab

						
							
							2.66 ± 0.17a

						
					

					
							
							Bone neck shoulder

						
							
							4.25 ± 1.54a

						
							
							4.42±0.39a

						
							
							4.41 ± 0.34a

						
					

				
			

			HR: Higher ; MD: Medium; LR: Lower

			Effect of feed restriction on meat fatty acid content

			The results in Table 6 show that feed restriction did not significantly affect the proximate composition of the meat; the water, protein, fat, ash, carbohydrate, and crude fiber content in HR, MD, and LR showed the same superscript (a). Fat content varied between 5.61% and 6.17%, while protein content ranged from 19.65% to 20.36%, with no significant differences observed. Total fatty acids showed comparable values across treatments (71–77%), as did the proportions of saturated fatty acids (SFA) (36.7–39.2%), monounsaturated fatty acids (MUFA) (30.3–32.4%), polyunsaturated fatty acids (PUFA) (1.39–1.82%), and unsaturated fatty acids (UFA) (32.1–33.8%), all marked with “a”. The only difference observed was in C17:0, which slightly increased in HR compared to MD and LR (P<0.05). The lipid profile of peanut meat showed stability at all levels of feed restriction evaluated in this study, showing no significant biological changes. Intramuscular fat (IMF) consistently declines with feed restriction, indicating diminished lipogenic activity and alterations in gene expression (Lin et al., 2017; Lu et al., 2021). Protein deposition may decline however, compensatory growth during refeeding can restore or elevate protein levels. Comparable results in swine and bovines corroborate this trend, indicating that restriction diminishes intramuscular 

			Table 6: Fatty acids concentration of goat meat. 

			
				
					
					
					
					
				
				
					
							
							Parameters

						
							
							HR

						
							
							MR

						
							
							LR

						
					

					
							
							Chemical composition 

						
							
							
							
					

					
							
							Water Content

						
							
							67.14 ± 3.66a

						
							
							65.64 ± 4.64a

						
							
							67.07 ± 3.03a

						
					

					
							
							Protein Content

						
							
							20.1 ± 2.17a

						
							
							19.65 ± 2.56a

						
							
							20.36 ± 1.76a

						
					

					
							
							Fat Content

						
							
							5.916 ± 1.24a

						
							
							6.17 ± 1.63a

						
							
							5.61 ± 1.25a

						
					

					
							
							Ash Content

						
							
							1.498 ± 0.95a

						
							
							0.94 ± 0,38a

						
							
							1.342 ± 0,70a

						
					

					
							
							Carbohydrate

						
							
							5.342 ± 5,20a

						
							
							7.604 ± 4,56a

						
							
							5.616 ± 1,98a

						
					

					
							
							Fatty acid composition 

						
							
							
							
					

					
							
							Butyc Acid C4:0

						
							
							0.160 ± 0.08a

						
							
							0.322 ± 0.28a

						
							
							0.210 ± 0.07a

						
					

					
							
							Capric Acid C10:0

						
							
							0.743 ± 1.05a

						
							
							1.762 ± 3.75a

						
							
							0.110 ± 0.03a

						
					

					
							
							Lauric Acid C12:20

						
							
							1.070 ± 1.32a

						
							
							0.696 ± 0.47a

						
							
							0.626 ± 0.21a

						
					

					
							
							Trideconic Acid C13:0

						
							
							0.430 ± 0.85a

						
							
							0.024 ± 0.01a

						
							
							0.025 ± 0.01a

						
					

					
							
							Myristic Acid C14:0

						
							
							4.708 ± 2.52a

						
							
							4.942 ± 1.56a

						
							
							4.540 ± 0.84a

						
					

					
							
							Myristoleic Acid C14:1

						
							
							0.496 ± 0.53a

						
							
							0.178 ± 0.23a

						
							
							0.386 ± 0.27a

						
					

					
							
							Pentadecanoic Acid C15:0

						
							
							0.844 ± 0.81a

						
							
							0.430 ± 0.23ab

						
							
							0.198 ± 0.19a

						
					

					
							
							Palmitic Acid C16:0

						
							
							18.596 ± 3.29a

						
							
							18.844 ± 1.33a

						
							
							18.896 ± 1.63a

						
					

					
							
							Palmitoleic_Acid_C16_1

						
							
							1.984 ± 0.72a

						
							
							1.360 ± 0.21b

						
							
							1.446 ± 0.20b

						
					

					
							
							Heptadecanoic Acid C17:0

						
							
							1.386 ± 0.16a

						
							
							1.006 ± 0.08b

						
							
							1.018 ± 0.16b

						
					

					
							
							Cis 10 Heptadecanoic Acid C17:1

						
							
							0.540 ± 0.70a

						
							
							0.412 ± 0.10a

						
							
							0.366 ± 0.26a

						
					

					
							
							Elaidic Acid C18 1n9t

						
							
							1.476 ± 0.62a

						
							
							1.984 ± 0.37a

						
							
							1.624 ± 0.59a

						
					

					
							
							Oleic Acid C18 1n9c

						
							
							20.264 ± 8.07a

						
							
							17.802 ± 2.26a

						
							
							18.782 ± 2.61a

						
					

					
							
							Linolelaidic Acid C18:2n9t

						
							
							0.106 ± 0.03a

						
							
							0.082 ± 0.02a

						
							
							0.132 ± 0.05a

						
					

					
							
							Linoleic Acid C18:2n9t

						
							
							0.958 ± 1.00a

						
							
							1.226 ± 1.26a

						
							
							0.852 ± 0.76a

						
					

					
							
							Arachidic Acid C20:0

						
							
							0.174 ± 0.13a

						
							
							0.158 ± 0.05a

						
							
							0.282 ± 0.33a

						
					

					
							
							Cis 11 Eicosenoic Acid C20:1

						
							
							0.060 ± 0.02a

						
							
							0.066 ± 0.05a

						
							
							0.240 ± 0.34a

						
					

					
							
							Total fatty acid

						
							
							76.560±10.65a

						
							
							71.960 ± 6.49a

						
							
							70.976 ± 5.16a

						
					

					
							
							SFA (%)

						
							
							36.72 ± 7.92a

						
							
							39.17 ± 6.96a

						
							
							36.50 ± 3.76a

						
					

					
							
							MUFA (%)

						
							
							32.42 ± 11.59a

						
							
							30.30 ± 4.22a

						
							
							32.19 ± 4.50a

						
					

					
							
							PUFA (%)

						
							
							1.39 ± 1.32a

						
							
							1.82 ± 1.76a

						
							
							1.39 ± 1.08a

						
					

					
							
							UFA (%)

						
							
							33.81 ± 11.74a

						
							
							32.12 ± 4.67a

						
							
							33.57 ± 4.68a

						
					

				
			

			HR: Higher; MD: Medium; LR: Lower; SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; UFA: unsaturated fatty acids

			fat and protein, while refeeding facilitates recovery (Xie et al., 2023). Consistent energy restriction leads to a reduction in muscle fiber diameter and modifies the ultrastructure of the Longissimus dorsi muscle, indirectly affecting its proximate composition. Restrictions seldom result in substantial alterations in moisture, protein, fat, or ash levels (Lee et al., 2006; Pasteán et al., 2010; Sahlu et al., 2009). Severe or prolonged restrictions significantly impact fat levels. Intramuscular fat (IMF) consistently declines during feed restriction, indicating diminished lipogenic activity and alterations in gene expression (Brand et al., 2018; Lebret et al., 2007). 

			In this trial, feed restriction between 2% and 4% DM BW did not result in statistically significant differences in intramuscular fat content or in the proportions of SFA, MUFA, PUFA and UFA. Within the limited statistical power of a small-sample design, this finding suggests that carcass quantity in Kacang goats is more sensitive to the tested restriction range than the intramuscular fatty acid profile. However, given the small group size and the variability typically associated with fatty acid analysis, we cannot exclude the possibility of modest, biologically relevant changes that remained undetected (Type II error). Consequently, the apparent stability of the fatty acid profile in this study should be interpreted cautiously and viewed as hypothesis-generating rather than definitive proof that meat lipids are unaffected by feed restriction. 

			Previous work in pigs and cattle has frequently reported a decline in intramuscular fat (IMF) and changes in muscle ultrastructure under prolonged or severe energy restriction, with partial or complete recovery during refeeding (Lebret et al., 2007; Brand et al., 2018; Xie et al., 2023). Similarly, studies in small ruminants have shown that moderate restriction seldom induces large shifts in moisture, protein, fat, or ash, whereas more drastic or long-term restriction can reduce fat content (Lee et al., 2006; Pasteán et al., 2010; Sahlu et al., 2009). The absence of major changes in proximate composition and fatty acid classes in the present trial may therefore reflect a combination of (i) the specific restriction range applied (2–4% DM BW), (ii) the 90-day time frame, and (iii) the relatively small sample size, which together may have limited our ability to detect subtle alterations in IMF and lipid class distribution.

			Gene expression

			The heatmap (Supplementary Figure 1) illustrates tissue-specific trends in gene expression in response to feed restriction at 4%, 3%, and 2% DM relative to body weight. The heatmap illustrates mean relative expression values (2-ΔΔCt) for each gene-tissue combination using a standardized color scale; consequently, the color gradients indicate relative trends rather than statistically significant differences. Visual inspection indicates that IGF1 and GHR expression in the liver and muscle is elevated in HR and MD goats, while it is diminished in LR goats, reflecting the decreases in body weight and carcass percentage noted in the LR group. Nonetheless, these differences did not reach statistical significance (P>0.05), indicating that the observed patterns should be regarded as qualitative trends rather than conclusive effects. GHR expression in muscle was highest in HR and showed a numerical decrease in LR, indicating a possible downregulation of peripheral growth signalling along the somatotropic axis during energy restriction. In contrast, brain GHR expression tended to be highest in LR, although this difference was not statistically significant and should be viewed as a preliminary trend rather than a definitive indication of preserved central GH sensitivity (Du et al., 2018). 

			In the present study, feed restriction did not produce statistically significant changes in GHR or IGF1 mRNA expression in brain, liver or longissimus dorsi. Visual inspection of the data suggested that liver and muscle GHR/IGF1 expression tended to be numerically lower in LR goats than in HR and MD goats, in parallel with the observed reductions in carcass yield, whereas brain GHR appeared relatively less affected. Given the small group size and the lack of significant treatment effects, these patterns should be interpreted as qualitative and hypothesis-generating rather than as evidence for a true central–peripheral “disconnect” in the somatotropic axis. They are compatible with the idea that central and peripheral components of GH signalling may differ in their sensitivity to energy deficit, but our data do not provide direct functional evidence of central prioritisation, as we did not assess receptor activity, downstream signalling or tissue-specific hormone fluxes. 

			For the lipogenic genes, FASN and ACACA showed modest tissue- and treatment-related numerical variation, but these changes were not accompanied by detectable differences in intramuscular fat content or in the proportions of major fatty acid classes. This suggests a partial dissociation between mRNA abundance and the measured lipid traits under the present experimental conditions. While we initially referred to a “compensatory hepatic lipogenic response” in LR goats, we recognise that, under severe energy restriction, classical metabolic theory would predict a downregulation of lipogenesis rather than an increase, and our non-significant mRNA data are not sufficient to challenge this framework. A more cautious interpretation is that the small numerical differences observed in hepatic FASN and ACACA expression may reflect complex regulatory processes or random variation rather than a robust adaptive upregulation of lipogenesis, and they should therefore be viewed as preliminary and in need of confirmation.

			This interpretation is hypothetical and requires validation through larger studies with more extensive sampling. The observed trends provide a basis for further investigation of GHR, IGF1, FASN, and ACACA as candidate genes associated with nutritional stress, carcass performance, and lipid metabolism in Kacang goats (Cai et al., 2024; Zhang et al., 2014). This theory remains hypothetical and necessitates larger studies with more extensive sampling for validation. The observed trends justify the need for additional research on the GHR, IGF1, FASN, and ACACA genes in Kacang goats. This association is attributed to nutritional stress, carcass performance, and lipid metabolism (Cai et al., 2024; Zhang et al., 2014). FASN and ACACA, two key lipogenic genes, showed tissue- and treatment-related variation in expression, but these changes did not translate into detectable differences in meat fat composition. ACACA expression in muscle tended to be higher in HR, whereas muscle FASN levels remained low and broadly comparable across groups. Both ACACA and FASN encode essential enzymes for de novo fatty acid synthesis and are known to influence intramuscular fat (IMF) and muscle lipid content (Kęsek-Woźniak et al., 2023; Li et al., 2015a, b).

			Multiple mechanisms may explain the observed dissociation between hepatic and muscular gene expression and the stability of intramuscular fat and fatty acid profiles. One possibility is that post-transcriptional and post-translational regulation, along with substrate availability, mitigated the effects of mRNA changes on enzyme activity. Another possibility is that fat mobilization and deposition during restriction primarily occurred in non-intramuscular depots, resulting in relatively conserved intramuscular fat (IMF). Previous studies on Taihang black and Yaoshan white goats have reported positive associations between elevated FASN and ACACA expression in the longissimus muscle and increased IMF content (Cai et al., 2024; Zhang et al., 2020).

			The observed numerical decrease in IGF1 and GHR expression in the liver and muscle of LR goats parallels the reduction in carcass yield, but this pattern was not statistically significant and should therefore be interpreted as a qualitative trend rather than a definitive effect. The increase in GHR in the brain indicates a homeostatic mechanism that prioritizes nutrient allocation and hormonal signals to sustain central nervous system function. In contrast, alterations in FASN and ACACA expression were negligible and did not significantly affect intramuscular fat or the SFA–MUFA–PUFA profile.

			CONCLUSION

			This study suggests that Kacang goats with feed restriction exhibit greater sensitivity regarding carcass quantity compared to meat lipid quality. A feed allowance of 2% DM BW (LR) significantly decreased slaughter weight, carcass weight and percentage, meat and bone yields, as well as various non-carcass components, in comparison to allowances of 3% (MD) and 4% (HR). This suggests that severe restriction adversely affects tissue accretion and carcass yield. Under the present conditions, a feeding level of approximately 3% DM BW reduced feed allowance relative to 4% DM BW while preserving carcass performance, and therefore may be considered a practical moderate restriction strategy for Kacang goats.

			Acknowledgments

			The authors would like to extend their heartfelt gratitude to the Doctoral Program in Animal Science, Faculty of Animal Science, Universitas Brawijaya, for its academic support, research facilities, and conducive scientific environment during the course of this study. The research design, experimental work conducted at the Sumber Sekar Field Laboratory and the Animal Biotechnology Laboratory, and the preparation and refinement of this manuscript were all significantly influenced by this support.

			The authors also express their gratitude to the lecturer and administrative staff of the Doctoral Program in Animal Science for their invaluable academic discussions, constructive feedback, and administrative support throughout the research and manuscript development process.

			Novelty Statement

			This study presents the inaugural comprehensive evidence in Indonesian Kacang goats indicating that graded feed restriction (4%, 3%, and 2% dry matter relative to body weight for 90 days) significantly diminishes carcass yield and essential carcass and non-carcass components, whereas the proximate composition of meat and the intramuscular fatty acid profile remain predominantly unchanged. Additionally, this study used a tissue-specific molecular methodology to quantify the expression of GHR, IGF1, FASN, and ACACA in the brain, liver, and longissimus dorsi, uncovering qualitative tissue-dependent changes in response to dietary stress that are not reflected by lipid characteristics. These results demonstrate that a 3% dry matter body weight can sustain carcass performance similar to a 4% dry matter body weight under the investigated conditions, hence establishing foundational nutrigenomic-carcass linkages for Kacang goats.

			Author’s Contribution

			Wike Andre Septian: Conceptualization, Methodology, Investigation, Data curation, Formal analysis, Visualization, Writing original draft.

			Kuswati Kuswati: Methodology, Investigation, Supervision, Writing review & editing.

			Muhaimin Rifa’i: Formal analysis, Data curation, Visualization, Writing review & editing.

			Agus Susilo: Investigation, Resources, Project administration, Writing review & editing.

			Tri Eko Susilorini: Supervision, Methodology, Writing review & editing.

			Mashudi: Investigation, Resources, Writing review & editing.

			Ari Ardiantoro: Investigation, Laboratory analysis (qPCR), Data curation, Writing review & editing.

			Herlina Pratiwi: Investigation, Sample collection, Writing review & editing.

			Rafika Febriani Putri: Investigation, Data curation, Writing review & editing.

			Chairdin Dwi Nugraha: Methodology, Validation, Writing review & editing.

			Irida Novianti: Laboratory analysis, Validation, Writing review & editing.

			Ahmad Furqon: Methodology, Validation, Writing review & editing.

			Suyadi: Conceptualization, Supervision, Writing review & editing.

			Generative AI and AI-assisted technology statement

			The authors claim that no generative AI technology or artificial intelligence was utilized to generate, analyze, or interpret the research data. The sole application of generative AI technology was to assist with language editing, enhancing the book’s readability, comprehensibility, and coherence. The authors bear complete responsibility for the integrity and accuracy of the work, having developed and validated all scientific material, data interpretations, and findings.

			Ethical approval and animal welfare

			The experimental method received approval from the Animal Care and Use Research Ethics Committee at Brawijaya University (No: 204-KEP-UB_2024). The manuscript includes the essential research details and methodology.

			Conflict of interest

			The authors have declared no conflict of interest.

			REFERENCES

			Beyleto VY, Hilmia N (2023). Morphological characterization of doe kacang goat in the dry land area. J. Ilmu Ternak Dan Vet., 28(2): 143–151. https://doi.org/10.14334/jitv.v28i2.3234

			Bezerra AB, Neto SG, de Medeiros AN, de Carvalho FFR, Bispo SV, Souza AP, Neto JMS, Ribeiro LPS (2017). Carcass characteristics of canindé goats subjected to feed restriction. Ciencia Rural, 47(8). https://doi.org/10.1590/0103-8478cr20160690

			Bezerra LR, Neto SG, de Medeiros AN, Mariz TMDA, Oliveira RL, Cândido EP, Silva AMDA (2013). Feed restriction followed by realimentation in prepubescent Zebu females. Trop. Anim. Health Prod., 45(5): 1161–1169. https://doi.org/10.1007/s11250-012-0341-8

			Bhasker CR, Friedmann T (2008). Insulin-like growth factor-1 coordinately induces the expression of fatty acid and cholesterol biosynthetic genes in murine C2C12 myoblasts. BMC Genomics, 9. https://doi.org/10.1186/1471-2164-9-535

			Brand TS, Van Der Merwe DA, Hoffman LC, Geldenhuys G (2018). The effect of dietary energy content on quality characteristics of Boer goat meat. Meat Sci., 139: 74–81. https://doi.org/10.1016/j.meatsci.2018.01.018

			Cai A, Wang S, Li P, Yao Z, Li G (2024). Evaluation of carcass traits, meat quality and the expression of lipid metabolism-related genes in different slaughter ages and muscles of Taihang black goats. Anim. Biosci., 37(8): 1483–1494. https://doi.org/10.5713/ab.23.0418

			Cardoso GJ, Ticiani E, Sandri EC, de Oliveira DE (2020). Expression of selected lipogenic genes and fatty acid transporters changes across stages of lactation in dairy ewes. Trop. Subtrop. Agroecosyst., 23(3). https://doi.org/10.56369/tsaes.3279

			Clarke SD (1993). Regulation of fatty acid synthase gene expression: An approach for reducing fat accumulation. J. Anim. Sci., 71(7): 1957–1965. https://doi.org/10.2527/1993.7171957x

			Costa ASH, Costa P, Alves SP, Alfaia CM, Prates JAM, Vleck V, Cassar-Malek I, Hocquette J-F, Bessa RJB (2018). Does growth path influence beef lipid deposition and fatty acid composition? PLoS One, 13(4). https://doi.org/10.1371/journal.pone.0193875

			Creyghton WM, Van Dam PS, Koppeschaar HPF (2004). The role of the somatotropic system in cognition and other cerebral functions. Semin. Vasc. Med., 4(2): 167–172. https://doi.org/10.1055/s-2004-835375

			Donato J, Kopchick JJ (2024). New findings on brain actions of growth hormone and potential clinical implications. Rev. Endocr. Metab. Disord., 25(3): 541–553. https://doi.org/10.1007/s11154-023-09861-x

			Dos Santos AA, Pimentel PG, Pereira ES, Moreira GR, Delfino Barbosa Filho JA, Mizubuti IY, De Azambuja Ribeiro EL, De Sousa DL (2016). Carcass and non-carcass components of Santa Ines lambs subjected to food restriction. Semina: Ciencias Agrarias, 37(2): 947–958. https://doi.org/10.5433/1679-0359.2016v37n2p947

			Du X, Zhu Y, Peng Z, Cui Y, Zhang Q, Shi Z, Guan Y, Sha X, Shen T, Yang Y, Li X, Wang Z, Li X, Liu G (2018). High concentrations of fatty acids and β-hydroxybutyrate impair the growth hormone-mediated hepatic JAK2-STAT5 pathway in clinically ketotic cows. J. Dairy Sci., 101(4): 3476–3487. https://doi.org/10.3168/jds.2017-13234

			Dupont J, Scaramuzzi RJ, Reverchon M (2014). The effect of nutrition and metabolic status on the development of follicles, oocytes and embryos in ruminants. Animal, 8(7): 1031–1044. https://doi.org/10.1017/S1751731114000937

			Filho JMP, de Resend KT, Teixeira IAMA, Sobrinho AGS, Yáñez EA, Ferreira ACD (2007). Effect of feed restriction on some carcass traits of F1-Boer X Saanen goats. Ciencia e Agrotecnol., 31(2): 499–505. https://doi.org/10.1590/S1413-70542007000200034

			Firmenich CS, Schnepel N, Hansen K, Schmicke M, Muscher-Banse AS (2020). Modulation of growth hormone receptor-insulin-like growth factor 1 axis by dietary protein in young ruminants. Br. J. Nutr., 123(6): 652–663. https://doi.org/10.1017/S0007114519003040

			Gurung NK, Tuoho KB, Abrahamsen FW, Min BR (2021). Meat goat diet supplementation with crude glycerine: Ruminal fermentation metabolism, blood chemistry profile, animal performance and carcass traits. J. Anim. Physiol. Anim. Nutr., 105(3): 470–477. https://doi.org/10.1111/jpn.13489

			Hasan MS, Wang Y, Feugang JM, Zhou H, Liao SF (2023). RNA sequencing analysis revealed differentially expressed genes and their functional annotation in porcine longissimus dorsi muscle affected by dietary lysine restriction. Front. Vet. Sci., 10. https://doi.org/10.3389/fvets.2023.1233292

			Huang J, Jiao S, Fu Y, Zhao W, Diao Q, Ma T, Zhang N (2024). Effect of feeding level on growth and slaughter performance, and allometric growth of tissues and organs in female growing saanen dairy goats. Animals, 14(5). https://doi.org/10.3390/ani14050730

			Ilham F, Ciptadi G, Susilorini TE, Putra WPB (2023). Morphology and morphometric diversity of three local goats in Gorontalo, Indonesia. Biodiversitas, 24(3): 1366–1375. https://doi.org/10.13057/biodiv/d240305

			Irawan A, Hartatik T, Bintara S, Astuti A (2025). Nutrient intake, nutrient digestibility, growth performance, and blood parameters of Kacang goats with GDF9 genotype. Vet. Integr. Sci., 23(1). https://doi.org/10.12982/VIS.2025.018

			Kang HJ, Trang NH, Baik M (2015). Effects of dietary restriction on the expression of lipid metabolism and growth hormone signaling genes in the longissimus dorsi muscle of Korean cattle steers. Asian-Australas. J. Anim. Sci., 28(8): 1187–1193. https://doi.org/10.5713/ajas.15.0056

			Ke T, Zhao M, Zhang X, Cheng Y, Sun Y, Wang P, Ren C, Cheng X, Zhang Z, Huang Y (2023). Review of feeding systems affecting production, carcass attributes, and meat quality of ovine and caprine species. Life, 13(5). https://doi.org/10.3390/life13051215

			Keogh K, Kenny DA, Cormican P, Kelly AK, Waters SM (2016). Effect of dietary restriction and subsequent re-alimentation on the transcriptional profile of hepatic tissue in cattle. BMC Genom., 17(1). https://doi.org/10.1186/s12864-016-2578-5

			Kęsek-Woźniak M, Danielewicz K, Para J, Majewska A, Śmieszek A, Paszczyk B, Zielak-Steciwko A (2023). ACACA, FASN and SCD gene expression in somatic cells throughout lactation and its relation to fatty acid profile in cow milk. Anim. Sci. Pap. Rep., 41(1): 17–26. 

			Kobayashi Y, Boyd CK, McCormack BL, Lucy MC (2002). Reduced insulin-like growth factor-I after acute feed restriction in lactating dairy cows is independent of changes in growth hormone receptor 1A mRNA. J. Dairy Sci., 85(4): 748–754. https://doi.org/10.3168/jds.S0022-0302(02)74132-5

			Kusakabe T, Maeda M, Hoshi N, Sugino T, Watanabe K, Fukuda T, Suzuki T (2000). Fatty acid synthase is expressed mainly in adult hormone-sensitive cells or cells with high lipid metabolism and in proliferating fetal cells. J. Histochem. Cytochem., 48(5): 613–622. https://doi.org/10.1177/002215540004800505

			Kusminanto RY, Alawiansyah A, Pramono A, Sutarno, Cahyadi M (2020). Body weight and body measurement characteristics of seven goat breeds in Indonesia. IOP Conf. Ser. Earth Environ. Sci., 478(1): 012039. https://doi.org/10.1088/1755-1315/478/1/012039

			Lebret B, Heyer A, Gondret F, Louveau I (2007). The response of various muscle types to a restriction-re-alimentation feeding strategy in growing pigs. Animal, 1(6): 849–857. https://doi.org/10.1017/S1751731107000201

			Lee JH, Kannan G, Kouakou B (2006). Concentration and distribution of conjugated linoleic acids and trans-fatty acids in small ruminant milk and meat lipids. J. Food Lipids, 13(1): 100–111. https://doi.org/10.1111/j.1745-4522.2006.00037.x

			Li J, Luo J, Xu H, Wang M, Zhu J, Shi H, Haile AB, Wang H, Sun Y (2015). Fatty acid synthase promoter: Characterization, and transcriptional regulation by sterol regulatory element binding protein-1 in goat mammary epithelial cells. Gene, 561(1): 157–164. https://doi.org/10.1016/j.gene.2015.02.034

			Li J, Luo J, Zhu J, Sun Y, Yao D, Shi H, Wang W (2015). Regulation of the fatty acid synthase promoter by liver X receptor α through direct and indirect mechanisms in goat mammary epithelial cells. Compar. Biochem. Physiol. B: Biochem. Mol. Biol., 184: 44–51. https://doi.org/10.1016/j.cbpb.2015.02.005

			Lin Y, Zhu J, Wang Y, Li Q, Lin S (2017). Identification of differentially expressed genes through RNA sequencing in goats (Capra hircus) at different postnatal stages. https://doi.org/10.1371/journal.pone.0182602

			Lobiezz PE, Zhu T, Graichen R, Goh ELK (2000). Growth hormone, insulin-like growth factor I and the CNS: Localization, function and mechanism of action. Growth Hormone and IGF Research, 10(SUPPL. B): S51–S56. https://doi.org/10.1016/S1096-6374(00)80010-6

			Lopes LS, Martins SR, Chizzotti ML, Busato KC, Oliveira IM, Machado Neto OR, Paulino PVR, Lanna DPD, Ladeira MM (2014). Meat quality and fatty acid profile of Brazilian goats subjected to different nutritional treatments. Meat Sci., 97(4): 602–608. https://doi.org/10.1016/j.meatsci.2014.03.005

			Lu S, Chen S, Li J, Li H, Cai Y, Chen X, Hong L (2021). Effects of diets with different concentrate to roughage ratios on muscle nutritional composition of guizhou white goats. Chinese J. Anim. Nutr., 33(6): 3380–3388.

			Luthfi N, Rianto E, Purbowati E, Maria Sri Lestari C, Purnomoadi A, Mukminah N (2024). Rumen fluid profile, methane emission and nitrogen excretion of young and mature kacang goats under different feeding levels. J. Anim. Health Prod., 12(3): 420–428. https://doi.org/10.17582/journal.jahp/2024/12.3.420.428

			Madhusoodan AP, Sejian V, Afsal A, Bagath M, Krishnan G, Savitha ST, Rashamol VP, Devaraj C, Bhatta R (2021). Differential expression patterns of candidate genes pertaining to productive and immune functions in hepatic tissue of heat-stressed Salem Black goats. Biol. Rhythm Res., 52(6): 809–820. https://doi.org/10.1080/09291016.2019.1607213

			Nasich M, Sarah OL, Ciptadi G, Busono W, Budiarto A (2019). The productivity of kacang goat pre-weaning period in low-land and high-land in West Timor, Timor Island Indonesia. IOP Conf. Ser. Earth Environ. Sci., 247(1). https://doi.org/10.1088/1755-1315/247/1/012017

			Ndandala CB, Zhou Q, Li Z, Guo Y, Li G, Chen H (2024). Identification of insulin-like growth factor (IGF) family genes in the golden pompano, Trachinotus ovatus: Molecular cloning, characterization and gene expression. Int. J. Mol. Sci., 25(5). https://doi.org/10.3390/ijms25052499

			Pasteán MG, Izaguirre OM, Soto RMM, Muñoz JLR, Avila HV, Miyasaka AS (2010). Effect of a long term feeding restriction on the subsequent body weight, condition score, and tissue composition of mature goats. Rev. Mexicana De Ciencias Pecuarias, 1(3): 205–219. 

			Pratiwi H, Putra DP, Septian WA, Furqon A, Suyadi S (2024). Macroanatomy, histomorphometry, and androgen receptor expression in the epididymis of kacang goats aged 4 , 8 , and 12 Months. 7(2): 300–309. https://doi.org/10.20473/jmv.vol7.iss2.2024.300-309

			Putri, R. febriani, Chairdin dwi nugraha, Ari Ardiantoro, Irida Novianti, Irisa Trianti, wike andRe septian, ahmad furqon, Kuswati, K., Widodo, N., and Suyadi, S. (2024). Behavioral and Hematological in Kacang Goats with Different Levels. 12(10), 2022–2028.

			Radcliff RP, McCormack BL, Crooker BA, Lucy, MC (2003). Growth hormone (GH) binding and expression of GH receptor 1A mRNA in hepatic tissue of periparturient dairy cows. J. Dairy Sci., 86(12): 3933–3940. https://doi.org/10.3168/jds.S0022-0302(03)74002-8

			Safari J, Mushi DE, Mtenga LA, Kifaro GC, Eik LO (2009). Effects of concentrate supplementation on carcass and meat quality attributes of feedlot finished Small East African goats. Livest. Sci., 125(2–3): 266–274. https://doi.org/10.1016/j.livsci.2009.05.007

			Sahlu T, Dawson LJ, Gipson TA, Hart SP, Merkel RC, Puchala R, Wang Z, Zeng S, Goetsch AL (2009). ASAS centennial paper: Impact of animal science research on United States goat production and predictions for the future. J. Anim. Sci., 87(1): 400–418. https://doi.org/10.2527/jas.2008-1291

			Susilorini TE, Wulandari D, Furqon A, Septian WA, Saputra F, Suyadi S (2022). Genetic diversity of various goat breeds in East Java Based on DNA microsatellite markers. Trop. Anim. Sci. J., 45(3): 247–254. https://doi.org/10.5398/tasj.2022.45.3.247

			Sutopo S, Purbowati E, Kurnianto E (2018). Genetic variation of cytochrome b gene in three local goat breeds in Central Java of Indonesia. Iran. J. Appl. Anim. Sci., 8(4): 661–667. 

			Suyadi S, Andre Septian W, Furqon A, Susilorini TE, Nasich M (2019). Reproduction index of kacang goat dam reared under closed population in Buduran sub-district, Sidoarjo Regency, East Java, Indonesia. IOP Conf. Ser. Earth Environ. Sci., 391(1): 012007. https://doi.org/10.1088/1755-1315/391/1/012007

			Tilahun M, Kefelegn K, Abebe G, Goetsch AL (2014). Feed intake, digestibility, weight gain, and slaughter characteristics influenced by genetic percentage of Boer in goats and Dorper in sheep in the central highlands of Ethiopia. Trop. Anim. Health Prod., 46(4): 593–602. https://doi.org/10.1007/s11250-013-0532-y

			Tse MCL, Cheng CHK, Chan KM (2006). Effects of chronic cysteamine treatment on growth enhancement and insulin-like growth factor I and II mRNA levels in common carp tissues. Br. J. Nutr., 96(4): 650–659.

			Vázquez-borrego MC, Del Rio-Moreno M, Kineman RD (2021). Towards understanding the direct and indirect actions of growth hormone in controlling hepatocyte carbohydrate and lipid metabolism. Cells, 10(10). https://doi.org/10.3390/cells10102532

			Xie Y, Zhang C, Qin Q, Li X, Guo J, Dai D, Wang Z, Zhao Y, Su R, Wang Z, Wang R, Zhang Y, Li J, Liu Z (2023). Proteomics analysis of meat to identify goat intramuscular fat deposits potential biomarkers. Food Anal. Meth., 16(7): 1191–1202. https://doi.org/10.1007/s12161-023-02483-8

			Yáñez EA, De Resende KT, Ferreira ÂCD, De Medeiros AN, Sobrinho AGDS, Artoni SMB (2007). Effects of feed restriction on yield, retail cuts and tissue composition of carcass of Saanen kids. Rev. Brasil. Zoot., 36(3): 666–673. https://doi.org/10.1590/S1516-35982007000300021

			Yang J, Lu X, Hou X, Wang H, Shi C, Wang G, Wu S, Gao A (2016). Feed restriction alters lipogenic and adipokine gene expression in visceral and subcutaneous fat depots in lamb. Livest. Sci., 188: 48–54. https://doi.org/10.1016/j.livsci.2016.04.007

			Zhang L, Wang Y-Y, Fu M-Z, Li G, An N, Li S-Y, Zhou Z-Q (2014). The effects of ovariectomy on meat performance and expression of GH/IGF-I in young goats. Can. J. Anim. Sci., 94(4): 619–626. https://doi.org/10.4141/cjas-2014-001

			Zhang L, Wang Y-Y, Zhou Z-Q, Fu M-Z, Li G, Peng, F, Wan, L (2016). Fatty acid composition and mRNA expression levels of lipid-metabolic genes in the muscles of ovariectomised young goats. Anim. Prod. Sci., 56(10): 1585–1592. https://doi.org/10.1071/AN14922

			Zhang N, Teng Z, Qi Q, Hu G, Lian H, Gao T (2020). Carcass traits, meat quality characteristics, and lipid metabolism-related gene expression pattern of Yaoshan white goats raised in traditional extensive production system: Effects of slaughter age and meat cuts. Small Rumin. Res., 182: 29–36. https://doi.org/10.1016/j.smallrumres.2019.11.004.

			Zhang XX, Li YX, Tang ZR, Sun WZ, Wu LT, An R, Chen HY, Wan K, Sun ZH (2020). Reducing protein content in the diet of growing goats: implications for nitrogen balance, intestinal nutrient digestion and absorption, and rumen microbiota. Animal, 14(10): 2063–2073. https://doi.org/10.1017/S1751731120000890

			Zhong H, Zhou Y, Liu S, Tao M, Long Y, Liu Z, Zhang C, Duan W, Hu J, Song C, Liu Y (2012). Elevated expressions of GH/IGF axis genes in triploid crucian carp. Gen. Compar. Endocrinol., 178(2): 291–300. https://doi.org/10.1016/j.ygcen.2012.06.006

			Zhu JJ, Luo J, Wang W, Yu K, Wang HB, Shi HB, Sun YT, Lin XZ, Li J (2014). Inhibition of FASN reduces the synthesis of medium-chain fatty acids in goat mammary gland. Animal, 8(9): 1469–1478. https://doi.org/10.1017/S1751731114001323

			Zhu MJ, Han B, Tong J, Ma C, Kimzey JM, Underwood KR, Xiao Y, Hess BW, Ford SP, Nathanielsz PW, Du M (2008). AMP-activated protein kinase signalling pathways are down regulated and skeletal muscle development impaired in fetuses of obese, over-nourished sheep. J. Physiol., 586(10): 2651–2664. https://doi.org/10.1113/jphysiol.2007.149633

			[image: ]

			Supplementary Figure 1: Heatmap of tissue-specific expression patterns of GHR, IGF1, FASN and ACACA in the brain, liver and longissimus dorsi of Kacang goats under three feeding levels (HR = 4% DM BW, MD = 3% DM BW, LR = 2% DM BW). Each cell represents the mean relative expression for a given gene–tissue–treatment combination; darker shading indicates relatively higher expression, whereas lighter shading indicates relatively lower expression. The heatmap is provided as a qualitative illustration of gene expression trends only, and no statistically significant differences among feeding levels were detected for any gene–tissue combination.
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Feed Restriction in Kacang Goats: Major Impacts on Carcass Yield
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Abstract | Feed restriction is commonly implemented in smallholder goat systems; however, its effects on carcass, meat
quality, and molecular aspects in Indonesian Kacang goats remain inadequately defined. Fifteen intact male Kacang
goats were allocated to three dry-matter allowances over a period of 90 days: Higher (HR, 4% DM BW), Medium
(MD, 3% DM BW), and Lower (LR, 2% DM BW). Data on slaughter traits, carcass and non-carcass components,
primal cuts, meat proximate composition, and intramuscular fatty acid profile were collected. The expression levels
of GHR, IGF1, FASN, and ACACA were quantified in the brain, liver, and longissimus dorsi using qPCR. Severe
restriction (LR) significantly reduced slaughter weight, carcass weight and percentage, meat and bone yields,and various
non-carcass components compared to high restriction (HR) and moderate restriction (MD), while MD generally
preserved carcass performance akin to HR. Meat proximate composition and intramuscular fatty acid profile did not
differ significantly among treatments. Showed a non-significant trend of higher expression in HR and MD groups
compared to LR, whereas brain GHR appeared to be highest in LR. FASN and ACACA variability between tissues
and treatments did not affect intramuscular fat levels or fatty acid classes. Severe feed limitation lowered carcass yield
but not meat lipid quality in this 90-day experiment. A feeding level of 3% DM BW maintained carcass performance
comparable to 4% DM BW, suggesting that moderate restriction may reduce feed allowance without compromising
carcass yield within the conditions of this study.

Keywords | Carcass, Feed restriction, Gene expression, Intramuscular fat, Kacang goat

Received | November 24, 2025; Accepted | December 14, 2025; Published | February 19,2026
*Correspondence | Wike Andre Septian, Faculy of Animal Science, Brawijaya University; Malang, 65145, Indonesia; Email: wike.andre@ub.ac.id

Citation | Septian WA, Kuswati K, RifaT M, Susilo A, Susilorini TE, Mashudi, Ardiantoro A, Pratiwi H, Putri RF, Nugraha CD, Novianti I, Furqon A, Suyadi
(2026). Feed restriction in Kacang goats: Major impacts on carcass yield and metabolic gene expression, but not meat fatty acid profile. Adv. Anim. Vet. Sci.,
14(3):499-509.

DO | hetps://dx.doi.org/10.17582/journal.aavs/2026/14.3.499.509

ISSN (Online) | 2307-8316

Copyright: 2026 by the authors. Licensce ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.

orgllicenses/by/4.0/).

INTRODUCTION in lowland and marginal environments (Sutopo e al.,
2018; Suyadi ef al., 2019). Understanding the diversity of

Indonesia is a vast archipelago nation characterized by Indonesian Kacang goats in terms of morphology, genetics,
agro-ecological zones that facilitate the presence of and ecology is essential for conservation, the development
diverse local goat breeds (Ilham ez 4/, 2023; Kusminanto of genetic improvement programs, and sustainable
et al., 2020; Susilorini ez al., 2022). Kacang goats exhibit livestock farming (Putri et al., 2024; Pratiwi ez al., 2024).
notable adaptability and demonstrate economic viability ~The primary limitation for Kacang goats is the lack of feed
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