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ABSTRACT 

	The study was aimed to examine the effect of Zinc soap supplementation in Sapera dairy goat on dry matter consumption, rumen fermentability, feed efficiency, conversion ratio and milk production. The study was conducted using in vivo and in vitro methods for three months, April - June 2024. For in vivo experiment 14 Sapera goats with average body weight of 48.86 ± 12.183 kg, divided into control (n=7) and treatment (n=7) group with 3% Zinc soap supplementation. The determination of 3% zinc soap supplementation is based on the amount of dry matter consumption of livestock and previous research conducted 5% Zinc soap supplementation which resulted in a drastic decrease in dry matter consumption. In vivo methods observing dry matter consumption, milk production, feed efficiency and conversion ratio. In vitro experiments were conducted to measure feed fermentability, including total volatile fatty acids (VFA) and NH3 in the rumen fluid. The results showed that Zn soap supplementation had a significant effect (p<0.05) on dry matter consumption, VFA and NH3, but had no significant effect on milk production and feed efficiency. 
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1. INTRODUCTION 

Sapera goats milk production ranges from 1-3 litre per day under good feeding and management practices (Sunardi et al., 2023). Lactating goats require energy in the form of at least 60% total digestible nutrients (TDN) (Supriyati et al., 2016). The primary energy source for lactating goat is concentrated feed, resulting in high feed costs. Energy supplementation is an alternative strategy for optimizing feed provision. Palm oil is an alternative source of energy for lactating dairy goats. Palm oil has an energy content 2.25 times higher than that of carbohydrate feed sources. Palm oil is abundant and affordable. According to Widayati and Muktiani (2021), adding 5% palm oil to feed significantly reduces consumption. Another negative impact of oil use is its antimicrobial properties, which disrupt rumen metabolism by reducing microbial activity and volatile fatty acid (VFA) production. According to Muktiani et al. (2024), oil coats feed particles, preventing rumen microbes such as fibrolytics from digesting fiber.

Palm oil contains 49.3% unsaturated fatty acids, which are beneficial for supporting enzymatic activity, intracellular metabolism, and increasing nutrient utilization efficiency. Rumen microbes biohydrogenate unsaturated fatty acids present in palm oil. Therefore, a saponification process is necessary, namely, the binding of free carboxyl groups from fatty acids to form fatty acid salts or soaps (Rizqiyah & Estiasih, 2016). Zn supplementation in feed has been widely used in livestock. This supplementation is necessary to prevent or improve biochemical conditions caused by zinc deficiency. Minerals can also be used in saponification. In addition to calcium (Ca), zinc (Zn) has the potential to be used in soap making as a supplement for ruminants.

The mineral Zn has various functions in both rumen microbes and livestock. Zn plays a role in the synthesis and degradation of protein in the rumen and post-rumen protein digestion (Jemiman et al., 2025). Zn plays a role in carbohydrate, fat, and protein metabolism, acting as a cofactor for more than 300 enzymes, maintaining cell membranes, and lipid oxidation processes. The addition of Zn increases rumen microbial activity, and nutrients can be optimally absorbed in the rumen (Muliani et al., 2024). Zn requirements in dairy goats are often deficient, and Zn supplementation is necessary in the feed. This study aimed to examine the effects of Zn soap supplementation on dry matter consumption, volatile fatty acids (VFA), NH3, feed efficiency ratio (FER), feed conversion ratio (FCR) and milk production in Sapera dairy goats.

2. material and methods

This study was conducted using in vivo and in vitro methods from April-June 2024. The sample size used in the in vivo study were 14 Sapera female goats, with an average body weight of 48.86 ± 12.18 kg. The feed consisted of 1546g field grass and 478g factory concentrates. An in vitro study was conducted using the Tilley and Terry (1963) method to measure feed fermentability, including the production of total volatile fatty acids and NH3 in rumen fluid.

Zn soap was prepared according to Cabatit (1979). The ingredients used to prepare Zn soap are palm oil, potassium hydroxide (KOH), zinc chloride (ZnCl2), ethanol, and distilled water. The first step was to determine the saponification number of the palm oil. The saponification number indicates the amount of KOH (mg) required to saponify 1 g g oil. Zn soap was prepared by adding ZnCl2 equivalent to the amount of KOH needed to saponify palm oil. After becoming Zn soap, it is mixed with other ingredients, namely soybean meal and cassava waste, in a ratio of 2 parts Zn soap: 1 part soybean meal: 1 part cassava waste. The purpose of this mixing is to make it easier to administer to the livestock. This mixture is referred to as a Zn soap supplement.
Table 1. Composition and Nutrient Content
	Composition
	T0
	T1

	
	-----------------%------------------

	Grass
	21.3
	20.81

	Concentrate
	78.7
	76.19

	Zn Soap
	0
	3,00

	Composition
	DM
	Ash
	Crude Fiber
	Fat
	Protein

	
	--------------------%----------------------

	Grass
	85.9
	15.934
	3.735
	2.431
	8.2

	Concentrate
	6.46
	22.4
	10.146
	2.385
	26.14

	Zn soap
	90.05
	14.085
	0.265
	27.35
	24.19



2.1. Research Implementation

2.1.1. Making Zinc Soap

Zn soap was prepared according to Cabatit (1979). The ingredients used to prepare Zn soap are palm oil, potassium hydroxide (KOH), zinc chloride (ZnCl2), ethanol, and distilled water. The first step was to determine the saponification number of the palm oil. The saponification number indicates the amount of KOH (mg) required to saponify 1 g g oil. Zn soap was prepared by adding ZnCl2 equivalent to the amount of KOH needed to saponify palm oil. After becoming Zn soap, it is mixed with other ingredients, namely 67.5g soybean meal and 67.5g cassava waste. The purpose of this mixing is to make it easier to administer to the livestock. This mixture is referred to as a Zn soap supplement.

2.1.2. Experimental Design  

  A total of 14 Sapera dairy goats were divided into control (n=7) and treatment (n=7) groups. The animals in the Zn soap supplementation in treatment group were fed 3% DM Zn soap. The animals in the treatment fed for six weeks. The feeding of Zn soap supplement was restricted to 4% of body weight. The industry manufactured concentrate feed was provided twice daily, at 6:00 AM and 3:00 PM WIB, Green fodder was provided once daily and drinking water was provided ad libitum.

2.2. Data Collection

The following data set were collected for analysis:

2.2.1. Measurement of Feed Consumption and Milk Production

The data on feed consumption was calculated by subtracting the amount of feed given from the remaining feed on the next day and was accordingly recorded. The concentrated feed was sampled for proximate analysis and was recorded. The results of proximate analysis were used to calculate the dry matter intake for control and treatment group. Milk production was measured daily. 

2.2.2. Measurement of total VFA, partial VFA and NH3

The in vitro experiments were conducted according to the method described by Tilley and Terry (1963). The parameters measured and recorded were the total VFA and NH3. Rumen fluid was collected as inoculum from the slaughterhouse. The fermenter tube, filled with 0.50-0.55 grams of sample, was added to 40 ml of McDougall’s solution, then tightly closed and placed in a water bath at 39°C. Ten milliliters of rumen fluid were placed in a fermenter tube, filled with CO2, and then tightly closed. A blank was prepared by filling it with buffer solution and rumen fluid without the sample. The fermenter tube was incubated for 3 h and the fermentation process was stopped by immersing the tube in ice water. The tube was then centrifuged at 3000 rpm to separate the supernatant and sediment, and the supernatant was stored in a freezer for the collection of data on total VFA and NH3 levels.

NH3 levels were determined using the Conway microdiffusion technique (General Laboratory Procedure 1966). The lip and lid of the Conway dish were smeared using Vaseline. A 1-millimeter volume of the supernatant from the fermentation process was collected and placed at one end of the Conway groove. A 1-millimeter volume of saturated NaOH solution was placed at one end of the Conway dish adjacent to the supernatant. A 1-millimeter volume of boric acid solution with methyl red and bromcressol green indicators was placed in a small dish located in the center of the Conway dish. 

The Conway cup, which was smeared with Vaseline, was tightly closed until it was airtight, and the NaOH solution was mixed with the supernatant until it was evenly distributed by shaking and tilting the cup. The mixture was then left for 24 h at room temperature. After 24 h at room temperature, it was opened and the boric acid indicator was titrated with 0.005 N H2SO4 until the color changed from black to pink. The level of NH3 production in the rumen fluid was calculated and recorded using the following formula:

NH3 (mM) = (V H2SO4 × N H2SO4 × 1000) mM
 
Description: 
V = Volume of H2SO4 used for titration 
N = Normality of H2SO4

VFA production was determined using steam distillation (General Laboratory Procedures, 1966). A 5 millimeter sample of supernatant was placed in a distillation tube heated with steam. The tube was immediately sealed by adding 1 mm of 15% H2SO4. The distillation tube was connected to a flask containing boiling water and was heated continuously throughout the distillation process. 
The hot steam forced the VFA through a condenser tube and collected in an Erlenmeyer flask containing 5 millimeters of 0.5 N NaOH until a volume of approximately 300 mm was reached. 2-3 drops of phenolphthalein indicator were then added and titrated with 0.5 N HCl. Titration was stopped when the color changed from pink to clear or colorless. Blank titration was performed with 5 mM H2SO4. The VFA content was calculated using the following formula:


Description: 
b 	= Blank titration volume
s 	= Sample titration volume
N      = Normality of HCl solution

2.2.3. Feed Efficiency and Conversion

Feed efficiency and conversion are measured using the following formula:

Feed efficiency ratio: 

Feed conversion ratio: 

2.3 Data analysis

The independent sample t-test (T test) to test for significant differences between two independent data groups with a small sample size (n < 30). A p-value<0.05 was considered significant.

3. results and discussion

3.1. Dry Matter Consumption, VFA Production and Ammonia (NH3) Production
	
Table 2 shows results of the independent t-test showed that supplementation of Zn soap in the feed caused a significant difference in dry matter consumption, total VFA production, and NH3 rumen fluid (P<0.05).

Table 2. Dry matter consumption, VFA production and NH3 production
	Parameter
	T0
	T1
	SEM
	p-Value

	DMI (g/head/day)
	2047.76b
	2117.11a
	4.37
	0.00

	DMI (%)
	4.10
	3.89
	0.04
	0.12

	VFA total (mM)
	88.57b
	111.43a
	8.20
	0.016

	NH3 (mM)
	6.43a
	5.82b
	0.28
	0.048


Note: Different superscripts in the same row and column indicate significant differences (p<0.05). DMI=dry matter intake, VFA=volatile fatty acids

3.1.1. Dry Matter Consumption

Table 2 shows that the dry matter consumption in treatment group T1 was higher than that in control group T0 (p<0.05). Dry matter consumption in this study was within the normal range, ranging from 3.89-4.10% of body weight. This finding aligns with research by Anwar et al. (2024), who found that dairy goats had a dry matter consumption rate of 3.5-4% of body weight or 1,986-2,597g/head/day. According to Langgajanji et al. (2024), dry matter consumption is influenced by nutrient content, especially protein and crude fiber content. The protein level recorded was 13.03% in control group and 15.44% in treatment group. A high protein content in the feed can provide a source of nitrogen for rumen microbes for growth. According to Suryani et al. (2014) that increasing the rumen microbial population supports a more active feed fermentation process, resulting in a faster rate of passage and gastric emptying, which will consequently encourage livestock to consume feed.

3.1.2. VFA Production

The Zn soap supplementation produced higher VFA levels than the control (p<0.05), namely 88.57 mM (control group) and 111.43 mM (treatment group). According to Fariani et al. (2022), the total VFA production that can support rumen microbial development ranges from to 70-150 mm. The VFA production results from this study were classified as good, reflecting active feed fermentation by rumen microbes. Zn soap supplementation protein levels was significant (p<0.05). The role of the mineral Zn is to increase rumen microbial growth, Zn as a metalloenzyme that plays a role in the activity of carboxy peptidase A and B enzymes and alkaline phosphatase enzymes which are important enzymes in the protein digestion system and protein synthesis (Marpaung & Ginting, 2024; Nathaniel et al., 2021). According to Adriani et al. (2023), the requirement for Zn minerals ranges from 130 to 220 mg/kg of feed for rumen microbial growth, so increasing Zn levels in the feed will support rumen microbial growth. This is in line with the statement by Farda et al. (2024) that the addition of Zn can increase microbial protein synthesis through the activation of microbial enzymes. According to Barlian et al. (2020), VFA production is influenced by several factors, including the type of rumen microbes, number of microbial populations, and level of carbohydrate fermentation in the rumen. 

3.1.3 Ammonia (NH3)

As shown in Table 2, the average NH3 production between control and treatment group was significantly different (p<0.05). The NH3 production recorded in both control 6.43mM and treatment group was ideal 5.82mM for supporting rumen microbial growth. Similarly, Fariani et al. (2022) the optimal NH3 production for microbial growth ranges from 4-12 mM. The concentration of NH3 in the treatment group did not difference because the protein content of the feed was protected so that only 40-60% was degraded in the rumen. According to Tanggela et al. (2024), the concentration of NH3 increases due to the large amount of protein being degraded in the rumen.

3.2. Zn soap Supplementation Effect on Production Performance

The milk production, feed conversion ratio, and feed efficiency ratio of lactating dairy goats supplemented with Zn soap are presented in Table 3. The results of the independent t-test showed that Zn soap supplementation had no significant effect on milk production, conversion, or feed efficiency.

Table 3. Milk production, feed conversion and efficiency
	Parameter
	T0
	T1
	SEM
	p-Value

	Milk Production (g/head/day)
	1267.66
	1380.47
	124.01
	0.381

	Feed Conversion Ratio
	1.65
	1.58
	0.13
	0.613

	Feed Efficiency Ratio
	61.90
	65.20
	5.90
	0.586



3.2.1. Milk Production

Zn soap supplementation had no effect on milk production (p>0.05). This milk production was slightly higher than the results of Saputri et al. (2024), who found that the average milk production of Sapera goats was 1.23 liters/head/day. According to Lestari et al. (2023), an increase in VFA, especially acetic acid produced from the rumen fermentation process, increases milk synthesis. Providing of Zn soap supplementation to Sapera dairy goats was to optimize microbial performance in the rumen, so that feed digestibility improves. Further, according to Adriani et al. (2023), the addition of Zn to feed has an impact on increasing milk production because Zn contains metalloenzyme components that can increase digestive enzyme production and protein synthesis.

3.2.2. Feed Efficiency Ratio (FER) and Feed Conversion Ratio (FCR)

As shown in Table 3, Zn soap supplementation showed no significant difference in FCR (p>0.05). The FCR recorded in the control group was 1.65 and treatment group was 1.58. A low FCR value indicates greater profitability as proven by Ali et al. (2022), the lower the feed conversion value, the better the performance. Goats supplemented with Zn soap had better feed quality, resulting in better feed conversion. The feed conversion value of T1 was 4.24% lower than that of the control feed. According to Abrori et al. (2022), a lower feed conversion value indicates that less feed is needed to produce a product, whereas a higher feed conversion value indicates lower feed quality.

Zn soap supplementation had no significant differences observed on FER between control and treatment groups (p>0.05). According to Abrori et al. (2022), feed efficiency is influenced by feed quality, feed consumption, digestibility, and animal body weight. Zn soap supplementation in the treatment group increased the protein content of the feed so that feed digestibility increased. According to Ali et al. (2022), the high protein content of the feed in the treatment group will increase the rumen microorganism population and production rate, thereby increasing feed digestibility.

4. Conclusion

In conclusion, the increase in total VFA could be attributed to the increased protein content of the feed in the 3% Zn soap supplementation group. Supplementation with 3% Zn soap resulted in higher feed intake and fermentation, but can't to significantly increase milk production and feed efficiency. 3% Zn soap supplementation did not have any negative effects, making it suitable for lactating Sapera goats.
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