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Caprine milk is a nutraceutical source with various benefits for human health. The content of bioactive
peptides in caprine milk has biological functions as an antioxidant, anti-inflammatory, and antimicrobial.
Based on the benefits of caprine and its dairy products, we utilized them as the main ingredient for soap
formulation. Stability evaluation is important to determine the shelf life and safety of the soap. This study
aimed to examine the effect of different temperatures and storage time on the physical characteristic, pH
level, heavy metal contents, and the antimicrobial activity of the soaps. We showed that the color and
aroma of the soaps were relatively stable with a minor change in their hardness levels. The level of pH
for all samples was around 7,00–8,70, which could be safely used on human skin. The level of heavy metal
including Cd, Pb, and Hg were below the maximum standard allowed for the soap products. A little
increase in the number of bacteria colonies were found when the soaps were stored at the longer dura-
tions. Based on the physical stability, pH level, heavy metal contents, and antimicrobial activity, these
soaps might be safe for application on human skin.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Caprine milk is a nutraceutical source with a higher nutrition
than cow’s milk. Caprine milk has a higher calcium, potassium,
phosphorus, vitamins, and less lactose. Furthermore, caprine milk
contains six of ten essential amino acids with higher levels than
cow’s milk (Kumar et al., 2016). The bioactive peptide in caprine
has many benefits for human health such as playing an important
role in the digestive system, pathogenesis, and physiology. In the
previous reports, we found that alpha-S2-casein (CSN1S2) in capr-
ine milk has eight peptide residues that have various functions
such as antioxidant, anti-inflammatory, and antimicrobial
(Chotimah et al, 2015; Bia et al, 2015; Triprisila et al, 2016). To
increase its nutritional value, caprine milk can be processed by sev-
eral methods such as pasteurization and fermentation. Pasteuriza-
tion can prevent damage of the milk from the microbial and
enzymes, extend shelf life, and maintain the aroma, color, and fla-
vor same as the fresh milk condition (Sulmiyati et al, 2016).

Bioactive peptides from caprine milk yogurt have greater
antioxidants activity than yogurt made from cow’s milk. During
fermentation process, antioxidant is produced by the activation
process of lactic acid bacteria (LAB). In addition, the LAB activity
can stimulate the immune system, control the balance of intestinal
flora, and function as a natural anti-aging agent. Several studies
showed that the casein of caprine milk yogurt can prevent the
increase of Malondialdehyde levels (MDA) (Sada et al, 2020;
Papaioannou et al., 2021). Kefir is a dairy product fermented by lac-
tic acid bacteria, acetic acid bacteria, and yeast. Peptides and other
bioactive compounds produced during kefir fermentation and has
several functions such as an anticarcinogenic, increased insulin
sensitivity, provide therapeutic effect on osteoporosis, and antihy-
pertensive effect (Sulmiyati et al, 2019; Sharifi et al, 2017;
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Alihosseini et al, 2017; Tu et al, 2015; O’Brien et al, 2015). Interest-
ingly, the lactic acid found in the dairy product can be beneficial of
acne-prone skin and eczema (Vaughn and Sivarmani, 2015). Based
on their biological functions, caprine milk and its dairy products
can be used as a natural ingredient to increase the value of the cos-
metic products.

Soap is one of the skincare products produced by saponification
reaction. Saponification is the reaction between fatty acid and base
compounds (NaOH and KOH). The oil on the soap formula will be
heated with the alkali (Febriani et al, 2020; Kirkbride et al,
2021). In this research, we formulated a soaps product using capr-
ine milk, yogurt, and kefir as the main ingredients. The stability
and the safety of the new cosmetic products needs to be examined
before its commercialization and distribution. The physical stabil-
ity of the cosmetic product can measure based on its product
appearance, pH level, viscosity, and microbial activity. The quality
and safety standard of the cosmetic products in Indonesia were
determined and supervised by the BPOM (National Agency of Drug
and Food Control). This study aimed to predict the effect of differ-
ent temperatures and storage times on the stability, pH level,
heavy metal contents, and antimicrobial activity of solid soap from
caprine milk, yogurt, and kefir. The soaps were stored under differ-
ent conditions and temperatures for 12 months. Based on our
observation, we found that there is no significant change in the
physical appearance of the soaps. The pH level and heavy metal
contents of the soap were on the range that could be safely used
in human skin.
2. Methods

2.1. Formulation of solid soap

Three different soaps were made based on their main ingredi-
ents that are caprine milk, kefir, and yogurt. The main ingredient
is obtained from UPTD (Unit Pelaksana Teknis Daerah) in Malang.
The pasteurized caprine milk, yogurt, or kefir was mixed with
the other materials as formulated on Patent No. IDP000079150.
The soap mixture was stirred until it was thick, then poured into
the mold. The mixture was incubated to solidify for 24 h at room
temperature. The caprine milk soap was treated at 4 �C (M4C),
25 �C (M25C), 25 �C under light exposure (M25CLE), and 33 �C
(M33C). The kefir soap was also treated at 4 �C (K4C), 25 �C
(K25C), 25 �C under light exposure (K25CLE), and 33 �C (K33C).
Similarly, the yogurt soap was treated at 4 �C (Y4C), 25 �C
(Y25C), 25 �C under light exposure (Y25CLE), and 33 �C (Y33C).
The observation was performed at the 0, 1, 3, 6, 9, and 12 months
of incubation.
2.2. Organoleptic and pH test

The organoleptic parameters of the soap are the aroma, color,
and hardness level. The scoring for the organoleptic test can be
seen in Table 1 (Rahayu et al, 2021). The pH test was carried out
by dissolving 1 g of the soap in 10 mL of distilled water. pH paper
Table 1
Rating scale of organoleptic test of solid soap samples.

Organoleptic parameters Scale

1 2

Color Black Brown
Aroma No fragrant Slightly fragrant
Hardness Levels Slightly soft Slightly hard

2

was used to measure the alkalinity of the soap (Febriani et al,
2020). Twenty panelists participated in the organoleptic test of
the soaps with the age range is 20–40 years old, and the gender
percentage is 20% of men and 80% of women. The panelist is always
the same for examining the soap organoleptic for 12 months.

2.3. Heavy metals level

The level of heavy metals including Cadmium (Cd), Lead (Pb),
and Mercury (Hg) were measured using the Atom Absorption Spec-
trophotometer (AAS). To determine the level of lead (Pb), 1 g sam-
ple were diluted with 65% HNO3 and 30% H2O and then heated at
100 �C. After cooled down, the ash of the mixture was filtered
and analyzed by AAS. The level of cadmium (Cd) was measured
by dissolving 1 g sample in HNO3: perchloric acid (3:1) solution.
The mixtures were heated on a hotplate for 2–3 h. After that, the
mixtures were dissolved with distilled water and then filtered
using a filter paper. The filtrate was analyzed using AAS. The Hg
levels were determined by dissolving 1 g sample in aqua regia
solution (65% HNO3 and 35% HCl) and the boiled. After that, the
solutions were subjected for AAS analysis (Chauhan et al, 2010;
Jelic et al, 2017; Endah and Surantaatmadja, 2019).

2.4. Total Plate Count test (TPC)

Each solid soap sample is 5 g was dissolved into 45 mL of dis-
tilled water and diluted into the serial dilution method in a
10 mL test tube. Then, 1 mL of each dilution was taken and poured
into Nutrient Agar (NA) media. The media was incubated at 37 �C
at the incubator for 24 h. The colonies were counted by the Total
Plate Count (TPC) method (Triprisila et al, 2016).

2.5. Antimicrobial activity test

The bacteria used in antimicrobial activity test is S. aureus, P.
aeruginosa, and C. albicans. The bacteria culture was obtained from
the Medical Faculty, Brawijaya University Type Culture Collection.
The diffusion method analysis was carried out based on Tripisila et.
al (2016) with some modifications. The microbial were grown in
Luria Berthani (LB) agar at 37 �C for 24 h. A well of 8 mmwas made
in the agar and 200 lL of each soap solution was added to the well.
The plate was incubated at 37 �C for 24 h. The diameters of the
clear zone were measured.
3. Results

3.1. Physical characteristics of the solid soap

To examine the stability of the soap made from caprine milk,
yogurt, or kefir, we performed organoleptic analysis of the soaps
under different temperature storage (4 �C, 25 �C, 25 �C LE, and
33 �C) at 0, 1, 3, 6, 9, and 12 months. Twenty panelists measured
the hardness level, color, and aroma of each soap, and the results
were shown in Fig. 1. The aroma of the soaps was scored into 1
3 4 5

Yellow Slightly yellow White
Strong fragrant
Hard



Fig. 1. Aroma and color parameter of organoleptic test of each solid soap treatment in different temperature (in 4 �C, 25 �C, 25 �C light exposure, and 33 �C) and storage time.
The two-way ANOVA test were obtained by Graphpad Prism 8.0.2 (p = 0.05).

F. Fatchiyah, E. Rahmania Criswahyudianti, N. Kurnianingsih et al. Journal of King Saud University – Science 35 (2023) 102908
(no fragrant), 2 (slightly fragrant), and 3 (strong fragrant) (Table 1).
The soap made of caprine milk, yogurt, or kefir has a strong
fragrance. We found that there is no change in the aroma of the
soap stored at different temperatures for 12-month period of incu-
bation. The color change of the soap was categorized into 1 (black),
2 (brown), 3 (yellow), 4 (slightly yellow), and 5 (white) (Table 1).
We observed that there is no significant change in the color of
the soaps, and it was stable at score of 5 (Fig. 1). Caprine milk soap
has a decreased score at 6 until 12 months because some of the
panelists have the rate of soap color is yellow. The mean of this
score is 4,67 and was still categorized as white color. The stability
of the sample’s color with different temperatures can indicate that
the sample is safe to use.

The hardness level and pH were related to the water content in
the soap sample (Fig. 2). At month 0, the mean score of all solid
soaps were around 2,00 (moderately hard). From the first until
the twelfth month, the hardness level of all samples was increased
and had a score of 3 (hard soap). The increase of hardness can be
affected by the temperature factors and storage time of the solid
soap. The stability test of the cosmetic product including pH value
has important. This is because the pH of the product can directly
impact the health of the skin. The measurement of pH level is fluc-
tuated in several months of incubation. The pH level of all samples
3

was ranged from 7,00–7,50 at month 0. Subsequently, at month 12
the pH value of each soap ranged from 8,10–8,70.

3.2. Heavy metal levels

The content of heavy metals in each solid soap sample was
tested using the AAS. The level of Cadmium (Cd), Lead (Pb), and
Mercury (Hg) were measured at 0, 1, 3, 6, 9, and 12 months (Tables
2–4). The results were then compared with the BPOM standard.
The low level of cadmium was found in all sample and it was rel-
atively stable for several months. All of the soap sample has Cd
content around < 0,01 ± 0,00 mg/kg or not determined at 0–
12 months, except for the kefir solid soap at 25 �C and at 4 �C is
0,25 ± 0,00 mg/kg and 0,94 ± 0,06 mg/kg in month 0. However,
these results were still below the maximum standard for cosmetic
product from BPOM RI (2019) which is 5 mg/kg. The levels of lead
(Pb) in each soap sample with the different storage time showed
the same value, <0,01 ± 0,00 mg/kg, except for the kefir solid soap
at 25 �C (K25C) and light exposure (KLE) is 0,49 ± 0,00 mg/kg and
0,20 ± 0,00 mg/kg. The Hg levels of each soap sample
were < 0,01 ± 0,00 mg/kg. This result indicates that the contamina-
tion of heavy metals in the solid soap is very low, and it can be cat-
egorized as safe and healthy for the application in human skin.



Fig. 2. Hardness level and pH value of each solid soap treatment in different temperature (in 4 �C, 25 �C, 25 �C light exposure, and 33 �C) and storage time. The two-way
ANOVA test were obtained by Graphpad Prism 8.0.2 (p = 0.05).

Table 2
Cadmium level of each solid soap treatment in different temperature and storage time.

Soap Treatment Heavy Metals Level (mg/kg)

Month 0 Month 1 Month 3 Month 6 Month 9 Month 12

M4C 0,55 ± 0,00 0,91 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M25C <0,01 ± 0,00 0,41 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y4C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y25C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K4C 0,25 ± 0,00 0,32 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K25C 0,94 ± 0,06 1,13 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
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3.3. Number of colonies of the solid soap samples

The calculation of the colony will be compared with the stan-
dard from BPOM for the contamination of microbial in the cos-
4

metic product. Based on the analysis, there are different numbers
of colonies in each soap sample at several months (Table 5). All
the soap samples had some colonies under 3,0 � 102 CFU/mL from
month 0 until 6. However, in the 9–12 months, there was an



Table 3
Lead level of each solid soap treatment in different temperature and storage time.

Soap Treatment Heavy Metals Level (mg/kg)

Month 0 Month 1 Month 3 Month 6 Month 9 Month 12

M4C 0,55 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M25C <0,01 ± 0,00 0,25 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y4C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y25C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K4C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K25C 0,49 ± 0,00 0,34 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00

Table 4
Mercury level of each solid soap treatment in different temperature and storage time.

Soap Treatment Heavy Metals Level (mg/kg)

Month 0 Month 1 Month 3 Month 6 Month 9 Month 12

M4C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M25C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
M33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y4C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y25C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
Y33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K4C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K25C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K25LE <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00
K33C <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00 <0,01 ± 0,00

Table 5
Number of colony bacteria of each solid soap treatment in different temperature and storage time.

Treatment Number of Colony (CFU/mL)

Month 0 Month 1 Month 3 Month 6 Month 9 Month 12

M4C 0,4 � 102 0,8 � 102 1,3 � 102 1,5 � 102 2,6 � 102 3,2 � 102

M25C 0,5 � 102 0,8 � 102 1,2 � 102 1,2 � 102 2,7 � 102 4,5 � 102

M25LE 0,7 � 102 1,0 � 102 1,0 � 102 1,4 � 102 3,0 � 102 4,0 � 102

M33C 0,7 � 102 1,5 � 102 1,5 � 102 2,0 � 102 4,0 � 102 4,3 � 102

Y4C 0,4 � 102 0,8 � 102 1,3 � 102 2,0 � 102 2,7 � 102 3,4 � 102

Y25C 0,6 � 102 1,1 � 102 1,3 � 102 1,6 � 102 2,5 � 102 3,8 � 102

Y25LE 0,5 � 102 0,7 � 102 1,2 � 102 1,5 � 102 2,4 � 102 3,2 � 102

Y33C 0,6 � 102 0,8 � 102 1,6 � 102 2,0 � 102 2,6 � 102 3,9 � 102

K4C 0,2 � 102 0,7 � 102 1,6 � 102 1,9 � 102 2,5 � 102 2,7 � 102

K25C 0,5 � 102 1,2 � 102 1,7 � 102 2,0 � 102 3,7 � 102 5,6 � 102

K25LE 0,3 � 102 0,7 � 102 1,2 � 102 2,2 � 102 3,0 � 102 3,9 � 102

K33C 0,4 � 102 1,1 � 102 1,8 � 102 2,7 � 102 4,0 � 102 4,8 � 102
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increasing number of colonies in all the samples. The highest of the
colonies was in the kefir solid soap at 25 �C (K25C) is 5,6 � 102

CFU/mL at 12 months. Based on the BPOM regulations, the number
of colonies that are counted in all samples is still within the stan-
dard and classified as healthy soap.

3.4. Antimicrobial activity

The antimicrobial activity of soap samples can be determined
with qualitative analysis using an agar diffusion method and mea-
suring the diameter of the inhibition zone (Fig. 3). The storage time
5

can increase the diameter of the inhibition zone in all the soap
samples. In the S. aureus culture, all of the samples had an inhibi-
tory diameter zone is 9,17 mm, except the caprine milk soap at
33 �C, the yogurt soap at 4 �C, and the kefir soap at 33 �C. The diam-
eter at 6, 9, and 12 months have nearly stable in all temperatures
which are 10,00–10,83 mm. The P. aeruginosa culture had a stable
diameter of inhibition zone from 1 to 12 months is 10,00–
10,83 mm for all soap treatments. The lowest diameter in the capr-
ine milk soap is 8,00 mm at 0 months. Different results were seen
in C. albicans culture than the others. The kefir soap had a more
stable diameter of inhibition zone than caprine milk and yogurt



Fig. 3. Inhibition diameter zone of each solid soap treatment in different temperature (in 4 �C, 25 �C, 25 �C light exposure, and 33 �C) and storage time. The two-way ANOVA
test were obtained by Graphpad Prism 8.0.2 (p = 0.05).
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soap at 1–12 months which is 10,00–10,50 mm. The highest diam-
eter at 0 months was found on caprine milk soap at 25 �C, yogurt
soap at 25 �C LE and 33 �C, and kefir soap at 25 �C. Yogurt soap
at 25 �C LE had similar diameters at 0, 1, and 3 months.
4. Discussion

The panelist’s preference for the aroma of each soap sample is
shown in Fig. 1. The stability of aroma in the different tempera-
tures indicates that there was no change reaction in all samples.
This can conclude that the soap samples are stable in terms of their
aroma. Caprine milk, yogurt, and kefir contain volatile compounds
such as octanoic acid (caprylic acid), decanoic acid (capric), nona-
nal aldehydes, and carboxylic acids, that play a role in influencing
the aroma and quality of the product. The level of caprylic acid and
capric acid is higher than the others and can be characterized by a
sharp and persistent odor that is typical of caprine (Sant’Ana et al,
2017). Volatile compounds in yogurt are aldehydes, ketones, car-
boxylic acids, hydrocarbons, and terpenes. Aldehydes are a degra-
dation product frommilk fat or amino acid catabolism. Ketones are
higher volatile compounds than others in yogurt (Papaioannou
et al, 2021). The aroma of kefir is rather sour but not fresh. This
aroma can produce from metabolite products such as lactic acid,
carbon dioxide, ethanol, acetaldehyde, diacetyl, and acetone acid
(Beshkova et al, 2003).

The ingredients in the soap formula can affect the color of the
soap. Caprine milk is high in vitamins A and B but contains fewer
carotenoids. There is the conversion of carotenoids to retinol that
causes the color of caprine milk to become whiter. Therefore, the
soap has white and clean (Kumar et al, 2016). Yogurt and kefir
are fermented products and have the same color as the caprine
milk which is white. The kefir grain that was added to the kefir
mixture has a yellow color, but it does not change the color of
the kefir. Kefir grain can change the taste and smell of the kefir
(Sulmiyati et al, 2019; Bruzantin et al, 2016).

Moisture content is the parameter that is used to determine the
shelf life of the product, especially soap. The water content of the
soap product should not be more than 10–20% because it promotes
6

the growth of microbial. The high temperature used to store the
soap samples can decrease the water content. This is because the
water will evaporate when the saponification process still running.
Soap samples stored for a long time can make the saponification
process perfect. The saponification process produces soap and glyc-
erin. Glycerin can bind with water, so if the soap was stored for a
long time and at a high temperature a lot of glycerin will be pro-
duced. This condition will make the water content in the soap
decrease because the water binds with glycerin (Febriani et al,
2020; Idoko et al, 2018; Pramadhanti and Dianursanti, 2019).

Soap can undergo a curving process which reduces the water
content in the soap through the evaporation process and make
the soap harder. Furthermore, the curing process can influence
the pH value of soap (Faruk et al, 2021; Widyasanti et al, 2018).
Based on the result, the pH value of all samples according to the
2016 BSN standard is 8–11. The surface of the skin has slightly
acidic. Soap as a cleanser can increase the pH of the skin’s surface.
Increasing the skin pH can affect the skin’s dehydration, and irri-
tability, and increase the count of propionibacteria (Tarun et al,
2014).

Low heavy metal levels were detected in all samples at 0 and
1 months but at 3, 6, 9, and 12 months. The presence of heavy
metal contamination in cosmetics is common, but it needs to be
controlled. Contamination in cosmetics can occur during the pro-
duction process or from raw materials in the formula. The cosmet-
ics material, especially soap, which is oil, dyes, pigments such as
titanium dioxide, and water can affect the levels of heavy metals.
Based on the result, heavy metal levels in all soap samples are still
within the standard and could be categorized as safe. However, the
‘‘safe” levels still need to be evaluated because metals can accumu-
late in the human body for a long time. Several heavy metals also
cause varied long-term health effects, such as cancer, disorders of
reproductive, cardiovascular, and problems with kidneys, and
other vital organs disease. Lead, cadmium, and mercury include
metals as potential impurities and have toxic or allergology con-
cerns in the human body (Bocca et al, 2014).

The quantitative analysis for microbiology tests can use the
Total Plate Count (TPC) method. TPC aims to determine the number
of colonies of microbial in solid soap samples (Wenas et al, 2020).
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An increase in the number of microbial colonies at 9 and 12months
is possible due to environmental factors or related to heavy metal
levels. Contamination of the heavy metals in the soap samples can
be utilized by the microbes to grow. Microbial, such as bacteria or
fungi, can process the heavy metals to be the source of energy on
the cell surface and change into a non-toxic product called biore-
mediation. Microbial bioremediation also depends on environmen-
tal conditions suitable for their growth and metabolism. The
temperature has an important role in accelerating the metabolism
and enzyme activity to carry out bioremediation become fast (Rana
et al, 2020; Tarekegn et al, 2020).

Storage time can affect the inhibition zone diameter of each
soap sample in all microbial cultures. The saponification process
has an impact on reducing the water content in the soap. The water
content besides affecting the hardness of the soap, can accelerate
the growth of microorganisms in the soap. That condition affects
the shelf life of soap which does not last long. When the soap
was stored for a long time, the saponification process will be more
perfect and decrease water content, so the bacteria can be reduced
(Aznury et al, 2022). In addition, the materials of the soap formulas
also affect the growth of microorganisms. Caprine milk, yogurt, and
kefir have bioactive compounds to inhibit the growth of patho-
genic bacteria. In addition, the probiotics contained in fermented
milk can produce antimicrobial peptides. The biochemical activity
carried out by lactic acid bacteria (LAB) can produce peptide frag-
ment that shows antimicrobial activity (Triprisila et al, 2016;
Hanifah et al, 2016). Coconut oil that is used in the formula also
has antimicrobial activity on several microorganisms is C. albicans,
Gram-positive and negative bacteria such as E. vulneris, S. aureus,
and S. mutans (Peedikayil et al, 2016).

5. Conclusion

The physical stability of the soaps was not affected by the tem-
perature and time of incubations. Based on the analysis of heavy
metal content and antimicrobial activity, the solid soap samples
from caprine milk, yogurt, and kefir are categorized as safe and
healthy for use on human skin.
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