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Abstract.

This study aimed to determine milk quality of local Southeast Sulawesi female Ettawa

crossbreed (EC) goats which fed calcium soap soybean oil (CaS-soybean oil) in the ration.

This study used 4 lactating female local EC goats from Southeast Sulawesi with a weight of

24-33 kg. The experimental design used was the Latin Square Design (LSD) with 4 treatments

and 4 replications. The treatments consisted of T1 (ration without CaS_soybean oil (control),

T2 (concentrate containing 1.5% CaS soybean oil, T3 (concentrate containing 3.0%

CaS_soybean oil, and T4 (concentrate containing 4.5% CaS_soybean oil). Data were analyzed

by using Krusskal Wallis one way ANOVA and Mann-Whitney U tests. The observed

variables were contents of protein, fat, lactose, dry matter (DM) and solid non-fat (SNF) The

results showed that protein, fat, dry matter and solid non-fat were significantly different but

lactose did not significantly different. The quality of local female EC goat milk in Southeast
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Sulawesi that is fat, protein, lactose contents was categorized in good quality according to

Thai Agriculture Standard (TAS) No 6006-2008. The conclusion of this study was the

administration of 4.5% CaS_soybean oil showed better milk quality than other treatment on

lactating local female EC goat.

Keywords: Ettawa Crossbreed Goat, Soybean Oil Calcium Soap (SCa-soybean), milk

quality

1. Introduction

Ettawa crossbreed goat (EC) is a type of dual-purpose goat, a livestock that can produce both

meat and milk. Goat milk has superior nutritional content. Fat and protein in goat's milk are

also easier to digest and contain higher levels of vitamin B1 than cow milk. However, low

goat milk production is influenced by the genetic quality of the livestock itself, the age of the

female parent, lactation duration, udder size, short milking intervals, poor maintenance

management, such as stable management that is still not optimal and feeding that only utilizes

field grass as the main feed, which results in the nutritional needs of livestock not being met,

both for production and reproduction. The low milk production can result in losses for EC

goat breeders. Therefore, to support the production performance of EC goats, better

management of feeding in terms of quality according to the physiological needs of the

livestock needs to be improved, one of which is by improving the quality of the nutritional

content of the feed. Feed greatly affects livestock productivity. Ruminant feed consists of

forage containing high fibre as the main feed and concentrate as a booster feed. Concentrate is

feed that is easily digested and contains nutrients that are good for livestock productivity, but

its administration must be limited because it is expensive and contains fatty acids which if

given in excess will interfere with the digestive process in the rumen. Utilization of feed from

agricultural and plantation industrial waste is an alternative to reduce the cost of feed paid by

farmers. In addition, the use of feed ingredients containing high energy density such as

vegetable oil is expected to support livestock productivity. The use of high energy density

feed ingredients such as fats or vegetable oils continues to be developed in the beef cattle

industry.
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Vegetable oil supplementation with polyunsaturated fatty acids in feed is not only aimed at

increasing consumption and energy use efficiency but is also expected to increase the content

of polyunsaturated fatty acids (PUFA) in ruminant meat and milk products [1]. The use of

vegetable oils as an energy source and PUFA is faced with the negative effects of PUFA on

microbes and the rumen ecosystem which can have implications for the production

performance of ruminants. One of the feed methods to reduce the negative impact of

polyunsaturated fatty acid (PUFA) in soybean oil on the digestive process of ruminant is

through modification of its feeding with fatty acid calcium soap technology [2]. The addition

of feed ingredients containing high PUFA is expected to improve milk production

performance and PUFA content in milk [3]. This study was conducted to evaluate the

effectiveness of using soybean oil calcium soap (CaS soybean oil) in feed on the production

performance of local female EC goats in Southeast Sulawesi.

2. Materials and methods

2.1. Material

Milk samples from local female EC goats from Southeast Sulawesi with a body weight of 24-

33 kg. The feed ingredients used consisted of 60% forage, namely odot grass (Pennisetum

purpureum Cv.Mott) and concentrate (cassava, fine rice bran, coconut cake, molasses, CaCO3,

urea, pollard and CaS_soybean oil). The tools used include a milk analyzer (Master Pro Milk

tester, Bulgaria), lactodensimeter, pH meter, cup, tube, laminar, incubator. The livestock used

were 4 lactating female EC goats The materials used for the chemical analysis of milk

consisted of fresh milk and distilled water.

2.2. Methods

2.2.1. Making Calcium Soap-Soybean Oil (CaS_soybean oil)

The process of making CaS-soybean oil was carried out by following [3] as follows: 1).

NaOH 566 g was dissolved in distilled water until the volume of the solution in a plastic

bucket was 5.5 litres. 2). CaCl2 964 g dissolved in 1.5 litres of distilled water. 3). 4.1 kg of oil

was heated in the reactor tube. 4). The prepared NaOH solution was slowly introduced into

the reactor containing heated oil. 5). The reactor stirrer was run for 30 minutes with 1000 rpm

rotation until the oil and NaOH solution dissolved completely at 238 0C. 6). The solution of

oil and NaOH was poured from the reactor into the stirring tube of the soy calcium soap
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product. 7). The compactor unit was closed and the mixer was turned on. CaCl2 solution was

dripped until a mixture of oil, NaOH and CaCl2 solution formed a solid product. 8). The

mixer in the stirrer tube was continuously turned on until the product was crushed to form a

powder. 9). If there was excess water during the compaction process, the water was discarded.

The calcium soap powder was removed from the mixing tube and stored in a stainless-steel

container. 10). Calcium soap products were put in a 1 kg package and then stored in the

freezer to avoid the oxidation process.

2.1.1. Making Treatment Feed

The ration were used consisted of 60% forage and 40% concentrate. The forage used was odot

grass, which was cultivated around the land of the Faculty of Animal Science Halu Oleo

University. The concentrate used was composed of ingredients: cassava, fine rice bran,

coconut cake, molasses, CaCO3, urea and CaS_soybean oil which were mixed manually and

then followed by an electric-powered feed mixer with a capacity of 50 kg. Feed mixing was

done by starting with small portions of feed ingredients and followed by mixing large portions

of feed ingredients. Mixing was carried out until evenly mixed [4].

2.1.2. Milk Production

Milk production was the result of the production of each experimental animal in the morning

and evening measurements after milking. Milking was done every 07.00-08.00 WITA

(UTC+08:00) and in the afternoon 17.00-18.00 WITA. Milk production was measured using a

measuring cup, after which 50-100 ml of milk samples were taken from each research animal

to analyse its chemical quality which included protein, fat, lactose, dry matter (DM) and solid

non-fat (SNF).

2.1.3. Parameters Measurement

Fresh milk testing was done with the Master Pro Milkoester. Milk samples were prepared as

much as ± 50 ml and put into a measuring cup. The Master Pro Milkoester tool was turned on

by pressing the on button and there would be an option for selecting the quality test of

livestock milk, then selecting the choice of goats. The tool was ready to use. The milk sample

that had been prepared earlier, was inserted into the small pipe that was already available on

the tool. The tube would help the milk sample into the device. It will take some time for the

device to detect the chemical composition of the milk. After that, the results of the analysis of

the chemical composition of the milk would appear on the display screen including tests for

fat, protein, lactose, dry matter (DM) and solid non-fat (SNF). Furthermore, the small pipe
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was sterilized with distilled water and then tested again with the same thing on the next

sample [5]. Test of Dry Matter (DM) and solid non-fat (SNF) Content. The dry matter can be

calculated using the formula [6] as follows:

�� = ���� % − �� (2)

Notes: FL = Fat Level (in % DM) = Dry Matter

The data were analysed using the Latin Square Design. If the treatment had a significant

effect, it would be continued with Duncan with the help of a software program SPSS 23

(Statistic Package for the Social Sciences) [7].

3. Results and Discussion

3.1.1. Milk Protein

The quality of milk obtained from the study can be seen from several parameters, one of

which is protein. The results showed that the addition of SCa-soybean at different levels had a

significant effect (P<0.05) on milk protein content (Table 1). Further test results showed that

P1 (4.03%) was not significantly different P3 (4.19%) and P4 (4.03%), but significantly

different (lower) (P<0.05) compared to P2 (4.30%). Milk protein content ranged from 4.03-

4.30%, the highest protein content was in treatment P2 (4.30%) and the lowest was in

treatment P1 (4.03%), P2 (4.30%) and P4 (4.03%). The protein content of milk in this study

was higher than [8] which was 3.43% and [9] which was 2.80% without the use of calcium

fatty acid in dairy cows, while with the use of calcium fatty acid it was 2.85%. In general, the

milk protein level obtained in this study was classified to be in very good milk protein range.

This meant that the feed containing SCa-soybean was able to contribute or influence the

genetic potential in producing optimal milk protein levels. This is in accordance with the

report [10] that the protein level of milk was influenced by breed, pregnancy duration, body

size, oestrus, age, calving interval, dry period of the stable, milking frequency, feed,

maintenance management and lactation period.

3.1.2. Milk Fat

The addition of of SCa-soy at different levels had a significant effect (P<0.05) on the average

fat level of EC goat milk (Table 1). Further test results showed that the mean fat content of

EC goat milk treated with P1 (6.96%) was significantly different (P<0.05) with P2 (7.00%),
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P3 (7.65%) and P4 (7.14%). The highest milk fat was obtained in all treatments with CaS

soybean oil administration, while the lowest occurred in the control treatment. Milk fat

content in this study had met the standards of SNI (Indonesian National Standard) 2011 and

Thai Agricultural Standard (TAS) 2008 which was 3.0% and above 4.0%. Research shows

that the use of SCa-soy levels up to 4.5% given in concentrate tended to increase the fat level

of EC goat milk. This was assumed to be due to the influence of SCa-soy fatty acid content or

protected feed fat from soybean oil. that soybean oil was one of the oils that contains quite

high polyunsaturated fatty acids around ±84.6% consisting of 23.3% oleic acid, 53.7%

linoleic acid and 7.6% linolenic acid. Milk fat content in each treatment in this study (6.96-

7.65%) was higher than the study [11] (5.98-6.13%) who were fed the same forage and

concentrate diet and (6.29%) who were given basal diet. Milk fat content ranged from 6.96-

7.65%. [12] added that CaS soybean oil was a form of protected fat and an effective source of

fat as an energy source for ruminants.

3.1.3. Milk Lactose

The addition of SCa-soybean at different levels had no significant effect on the lactose level

of EC goat milk given each treatment (Table 1). The lactose level of EC goat milk ranged

from 4.45-4.79%. The results of this study are higher than between 2.59-2.89% [12]. Very

high levels of lactose in certain studies were closely related to the effect of of CaS soybean oil

supplementation as a source of energy and minerals in this study. Milk lactose is a milk

carbohydrate that is synthesized in the udder. The main ingredient for the formation of lactose

in milk is blood glucose, which reaches 80% [13]. The process of lactose formation in the

udder gland is not the same as other cells, as it is not affected by blood insulin concentrations.

The lactose level of milk is relatively constant but lactose production increases in line with the

increase in milk production. Fluctuations in lactose content according to the dynamics of milk

production during lactation [14]. The main component of milk carbohydrates is mostly lactose,

which is formed from glucose and galactose molecules. The main precursor of lactose is

blood glucose. In the mammary gland, glucose molecules are phosphorylated from glucose 6-

phosphate to glucose 1-phosphate form. Glucose 1-phosphate together with uridine

triphosphate (UTP) to form glucose diphosphate (UDP); UDP glucose is then converted to

UDP galactose; UDP glucose combines with free glycose to form lactose with the release of

UDP. Furthermore, lactose synthesis is catalysed by the enzyme lactose [15]. In ruminants,

the concentration of glucose in the circulating system is derived from the extraction of

propionate in the liver [16]. Normal lactose is only found in milk, which is a kind of
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disaccharide made from glucose from food. The use of lactose for the body is the same as

other carbohydrates, but it must first be broken down into glucose and galactose by the lactase

enzyme from the digestive tract [17]. Research [18] [19] reported the lactose content of goat

milk was 2.76%. While EC goat milk contains 4.05% lactose [20].

3.1.4. Dry Matter (DM)

The addition of SCa-soybean at different levels had a significant effect (P<0.05) on the dry

matter of milk (Table 1). DM levels in milk ranged from 14.35-14.86%, where the highest

DM in milk was obtained in treatment P3 (14.86%). Further test results showed that P3

(14.86%) was not significantly different from P2 (14.75%), but significantly different from P4

(14.41%) and P1 (14.35%). However, the total dry matter content had met the SNI (2011)

standard, which was a minimum of 10.8%. Milk DM consisted of SNF and milk fat [21]. Milk

fat level was influenced by milk DM level; if milk fat levels were high then milk DM levels

would be high, as some milk DM content consisted of milk fat, while the rest were lactose,

protein, minerals and vitamins which were included in SNF [22]. [23] The components of

milk were influenced by the pattern of fermentation carried out by rumen microbes, so it was

necessary to create or provide optimal conditions for the life of microorganisms in the rumen.

Fatty acid calcium soap is one of the chemical PUFA protection methods that is resistant to

rumen digestion and is able to suppress the negative effects of PUFA fatty acids so as not to

interfere with the fermentation process in the rumen [24]. If this can be controlled and done

properly, the use of vegetable oils containing high PUFA could have positive implications in

improving productivity and quality of ruminant fat products [25].

3.1.5. Solid Non-Fat (SNF)

The addition of of SCa-soy at different levels had a significant effect (P<0.05) on the milk’s

SNF (Table 1). Further test results showed that P2 (7.7%) was significantly different from P1

(7.40%), P3 (7.21%) and P4 (7.25%). This was assumed to be due to the high levels of lactose

and milk protein. This was in line with [26] that SNF of milk was influenced by lactose,

protein and good feed quality, which tended to increase the SNF level of milk. The results of

SNF in this study were lower than those of [27]. i.e., 10.29-11.09%. This was presumably due

to differences in feeding containing tofu dregs, where tofu dregs were a protein source feed

that can increase milk SNF levels. Milk SNF levels in this study ranged from 7.21-7.76%,

where the highest SNF was obtained in treatment P2 (7.76%) and the lowest was in treatment

P3 (7.21%). Another study reported that goat milk’s SNF ranged from 8.75-9.57%, then [28].



19

Stated the SNF component was 9.65%, next [29] stated that in different feeding the EC goats

produced milk components in the form of SNF ranging from 9.44-9.86%.

Table 1. Milk Quality of EC Goat Milk

Treatment
Milk Quality (%)

P value
P1 P2 P3 P4

Protein 4.03±0.03b 4.30±0.22a 4.19±0.17ab 4.03±0.05b 0.02

Fat 6.96±0.11 a 7.00±0.24 b 7.65±0.51 b 7.14±0.20 b 0.01

Lactose 4.45±0.04 4.79±0.32 4.71±0.24 4.50±0.07 0.06

Dry Matter 14.35±0.05c 14.75±0.24ab 14.86±0.47a 14.41±0.07bc 0.03

Non-Fat Dry Matter 7.40±0.09b 7.76±0.09a 7.21±0.24b 7.25±0.17b 0.01

Different superscripts on the same line show significant differences (P<0.05): P1 (Concentrate

without CaS_soybean oil (control); P2 = concentrate containing 1.5% CaS_soybean oil; P3 =

concentrate containing 3.0% CaSsoy; P4 = concentrate Containing 4.5% CaS_soybean oil.

4. Conclusions

The use of of SCa-soy can increase the chemical quality of lactating local EC goat from

Southeast Sulawesi which can be seen from the increase of protein, fat, DM, and SNF milk.
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