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Improvement in extraction and sensory properties of soapnut extract
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Sapindus saponins are potential biosurfactants that can widely be used to replace many chemical cleaning products.
This study aimed to investigate the water extraction of saponins from the pericarps of Sapindus mukorossi and
enhance the sensory properties of the extract by yeast fermentation. Extraction conditions including temperature,
solid-to-liquid ratio, extraction time, and number of extraction times were studied. A yield of 21.4% was obtained
by 2 h of extraction at 80 °C with a solid-to-liquid of 1/6 (w/v) and two times. Fermentation was used to purify the
Sapindus extract, inoculum amount and fermentation time were optimized. The fermentation by S. cerevisiae (2%)
within 4 days significantly improved the color and smell of aqueous extract, turbidity decreased by 75.6%, total
sugar content decreased by nearly 50% and saponins content slightly decreased. These results could contribute to

the development of industrial-scale production of Sapindus saponins.
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INTRODUCTION

Sapindus mukorossi Gaertn (also known as soapnut)
is a deciduous tree that is widely distributed in Asia’s
tropical and sub-tropical regions" 2. Soapnut is tolerant to
reasonably poor soil and each tree can produce 30-35 kg
of fruit per year’. The major active components of its
pericarp are saponins, which have been confirmed to be
effective natural nonionic surfactants and have very low
toxicity, hemolysis, and skin irritability*. Sapindus saponins
have also been proven to possess many pharmacological
effects, including anti-microbial, anti-fungal, anti-derma-
tophytic, and anti-inflammatory activities®. Therefore,
having great potential in developing functional cosmetics
and daily cleaning products® . The natural surfactants
were also proven to be readily biodegradable and have
excellent performance for environmental remediation,
as opposed to chemical and synthetic surfactants®. As
a result, Sapindus saponins which are environmentally
friendly surface-active agents, have raised great interest
worldwide in terms of the replacement for chemical
cleaning products.

Sapindus saponins can be extracted efficiently by water
due to their compatibility; hence water — an inexpensive
and safe solvent has been investigated for Sapindus
saponins extraction in many research’. However, the
Sapindus water extract (SW) has some undesired sen-
sory characteristics such as color, odor, and turbidity.
The dark brown color, intensely sour odor, and higher
turbidity during the storage time of the SW have lim-
ited its application in commercial cleaning products'’.
A method to decolorize the SW by hydrogen peroxide
has been investigated in some research.'" Despite its
quick efficiency, the strong oxidizer partially affects the
surface activities of the SW and raises safety concerns
in daily uses.

Sapindus crude extract contains an abundance of carbo-
hydrates, a few proteins, calcium, magnesium, iron, and

other impurities'?, which correlates with the undesired
sensory properties of the SW' . Enzymatic treatment
and bacterial fermentation are effective methods in pu-
rifying fruit/plant extract, improving its quality and sen-
sory characteristics' '®. The enzymatic process is quick,
productive, and targeted for certain substances, while the
fermentation method is less expensive, resulted reducing
various components and producing some by-products'” '8,
Microbial fermentation to purify the Sapindus saponins
after water extraction was a recently introduced method".
After purification, Sapindus fermentation product (SWF)
has been shown to enhance various properties, such as
surface activities, microorganism inhibition, and anti-ac-
ne* 2, The fermentation process also showed significant
positive changes in sensory characteristics (color, odor,
and turbidity)*" 2. Via the activities of bacteria, the dark
brown color of the SW has been transformed into light
yellow-brown, reducing the turbidity and creating a better
smell. Therefore, fermentation is grasping attention as
a potential method of purifying Sapindus saponins extract.

Traditional fermentation of Sapindus extract is also
applied by many people to obtain the SWF as a multi-
purpose cleaner®. This method is inexpensive and
straightforward, whereas spontaneous and uncontrolled
fermentation has created a real challenge in achieving
consistent quality of the final products*. Therefore,
some issues regarding standards and efficiency should
be carefully considered, primarily to conduct on a large
scale. This study aimed to optimize the water extraction
of Sapindus saponins, which could be used to develop
more extensive manufacturing processes. Then yeast
fermentation is employed to remove impurities and
improve the sensory properties of Sapindus extract, and
natural fermentation was also compared.
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EXPERIMENTAL DESIGN

Materials

Samples of S. mukorossi pericarp were harvested in
Tay Ninh province, Vietnam (in January); Saccharomy-
ces cerevisieae dry yeast was purchased from Brenntag
Vietnam Co. Ltd; Analytical standard Oleanolic acid,
D-glucose were purchased from Sigma Co. Ltd (USA).
Besides, other chemicals such as Diatomite (90%), Vanil-
lin (99%), and Sulfuric acid (98%) were purchased in
Xilong, China.

Extraction of Sapindus saponins

For large-scale production, pericarps of S. mukorossi
were kept at their initial size. Sapindus pericarps were
extracted with distilled water by maceration and stirring
under specific conditions. The first extract was crudely
filtered through a gauze and the residue obtained was
continuously extracted with the same procedure. Sub-
sequently, the product solutions were combined and
thoroughly mixed to obtain the Sapindus saponins extract
(SW) for the fermentation process or filtered with filter
aid powder (diatomite) for further analysis. The extrac-
tion conditions such as temperature, material-to-liquid
ratio, and extraction time were investigated.

Yeast fermentation of Sapindus saponins extract

Yeast Activation

Before inoculation, 3 g of the S. cerevisiae dry yeast
was rehydrated in 15 mL of distilled water and 15 mL
of SW. The yeast solutions were activated for 30 min in
a water bath at 35 °C and used for further fermentation.

Fermentation Method

The activated yeast was inoculated into 150 mL of SW
obtained from the extraction process. The containers were
sealed and incubated at room temperature (25-35 °C),
away from direct sunlight. Then, the fermented extract
was then autoclaved and filtered with filter aid powder
to obtain the Sapindus fermentation product (SWF).
Fermentation parameters such as time and inoculum
amount were investigated.

Traditional fermentation method

Sapindus pericarps were pre-washed in tap water to
remove dust and impurities. Then Sapindus pericarps,
jaggery, and water with the ratio of 1:1:10 (w/w/w) were
added together and thoroughly mixed in a container with
a lid. Subsequently, the immersion was covered, placed at
sunny places, and fermented in anaerobic conditions. At
the beginning of the fermentation process, the mixture
should be gently stirred once a day to provide oxygen,
boosting the growth of microorganisms. Until a thin
layer of microorganisms appeared on top, the immersion
can completely be sealed and fermented in anaerobic
conditions for three months. The sample solutions were
collected weekly and filtered with filter aid powder to
determine the total saponin content.

Determination of total saponins

The total saponins of SW and SWF were determined
according to the vanillin-sulfuric acid assay®. Oleanolic
acid was used as the saponin standard.

Sample measurement: 0.3 mL of vanillin 8% solution
and 3 mL of sulfuric acid 72% were respectively added
into 0.3 mL of sample diluted several times. The solu-
tions were evenly mixed using a vortex shaker, warmed
in a water bath at 60 °C for 10 min then cooled in ice-
-cold water for 10 min. The absorbance was determined
at 538 nm by using a UV-Vis spectrophotometer (model
GENESYS™ 10S, ThermoFisher Scientific Inc., USA).
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Where: Yi (%) is the extraction yield of total saponins
W, (g) is the weight of total saponins in the extract.
W, (g) is the weight of the Sapindus pericarp.

Determination of total sugars

The total sugars were determined according to the
phenol — acid sulfuric?®. The absorbance was measured
at 490 nm, D-glucose was used as the sugar standard.
The quantitative colorimetric method can determine the
content of sugars and their methyl derivatives, oligosac-
charides, and polysaccharides.

Sample measurement: 0.5 mL of phenol 5% solution
and 2.5 mL of concentrated sulfuric acid were respecti-
vely added into 0.5 mL of sample diluted several times.
The solutions were allowed to stand for 10 min, then
they were evenly mixed and placed for 20 min. The ab-
sorbance was determined at 490 nm by using a UV-Vis
spectrophotometer (model GENESYS™ 10S, Thermo-
Fisher Scientific Inc., USA) and the concentration of
total sugar (mg Glu/mL) was calculated.

Evaluation of sensory properties

Evaluation of turbidity

The turbidity was evaluated by UV-Vis spectrophoto-
meter (model GENESYS™ 10S, ThermoFisher Scientific
Inc., USA) according to Batch’s report®. Principle of the
evaluation was based on the amount of light absorbed,
scattered, or reflected by particles in the solution. The
absorbance was determined at 860 nm.

0D, = 0D, - 0D, 2)

Where:

ODy, indicated the turbidity of Sapindus solution at
860 nm

ODy is the absorbance of a sample

ODy, is the absorbance of a sample filtered by 0.2 um
microfilter.

Evaluation of color

The sample colors were measured by a CR-400 Chroma
Meter. The L axis describes the Lightness of the color,
going from absolute black (L = 0) to absolute white
(L = 100). Samples were measured color directly without
any dilution in a 1 cm glass cuvette.



Evaluation of odor

The odor evaluation focused on odor quality and prefe-
rence. A group of 15 people was invited to evaluate the
odor of the samples measured on a 5 — point scale. The
samples were presented in random order and marked by
each attendant (attendants were required to smell water
before starting a new sample). The data were statistical
analyses by ANOVA.

The 5 — point scale described for:

1 - very unpleasant

2 — unpleasant

3 — moderate

4 — pleasant

5 — very pleasant.

Analysis data

The procedure was repeated three times for each
sample. The mean and standard deviation of the results
were calculated using Microsoft Excel program (Micro-
soft Inc., Redmond, WA, USA). Experiment data were
analyzed using a one-way analysis of variance (ANOVA)
test in the SPSS program (IBM Company, USA) with
a level of significance at 5%.

RESULTS AND DISCUSSION

Effects of extraction conditions

Sapindus saponins can be extracted efficiently by water
and ethanol. Although the yield of total saponins with
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ethanol extraction was slightly higher, water was pre-
ferred in Sapindus saponins extraction because it is an
inexpensive and safe solvent® 2. Since Sapindus saponins
were stable with high temperature®?, it was evident that
increasing the extraction temperature could improve the
efficiency and reduce extraction time without leading
to degradation of the compounds. However, extraction
of Sapindus saponins was generally conducted at low
temperatures (40-60 °C)'%. It is because water extrac-
tion under high temperatures could increase the swelling
ability of starch Inoculation amount-based components®
that fully existed in the Sapindus extract, making the fil-
ter process impossible. In this study, Sapindus pericarps
were kept at their original size, hence the swelling of
the material was minimized, and the water extraction of
Sapindus saponins has become more possible with higher
temperatures. As can be seen, this slight adjustment has
made the extraction process of Sapindus saponins more
suitable and efficient on a larger scale.

Factors such as temperature, material-to-solvent ratio,
extraction time, and the number of times of extraction
were considered to have a significant effect on the
extraction yield. The results of the single-factor test
are shown in Figure 1. An extraction temperature of
80 °C, a solid-to-liquid ratio of 1/6 (g/mL), an extraction
time of 120 min, and extraction two times gave the best
results. Under these conditions, the water extraction of
saponins yielded 21.4%.
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Figure 1. Effect of extraction conditions (temperature (a); material to solvent ratio (b); time (c) and times (d)) on the yield of total

Sapindus saponins
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Fermentation condition

To improve the purity as well as sensory properties of
SW, further fermentation by S. cerevisiae was investiga-
ted. Since the optimal temperature for the growth of S.
cerevisieae was 28-32 °C, the fermentation was conducted
at room temperature, and factors such as fermentation
time and inoculation amount were optimized.

Fermentation time

Each container was filled with 150 mL SW inoculated
with 1.5% (v/v) activated yeast and incubated at room
temperature for 1-7 days. The concentration of total sugar
decreased markedly, and saponins were also consumed
in small amounts during the fermentation process due to
the growth of yeasts (Fig. 2). At the beginning of 4 days,
the total sugar content reduced rapidly from 42.86 *
1.58 mg Glu/mL to 23.04 *+ 1.81 mg Glu/mL and then
became quite stable. In contrast, the concentration of
saponins declined significantly after 4 days of fermenta-
tion. The potential explanation was the preference of
yeast in using carbohydrates and proteins in the Sapin-
dus extract; hence the amount of sugar in the first four
days decreased tremendously, and the saponins content
was less affected. Some previous studies also show that
Sapindis’s fermentation time of 4 days is necessary. At
this time, the total sugar content dropped to the lowest
level, while the purity of saponin and ethanol content
increased significantly® 2.
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Figure 2. Effects of fermentation time on saponins and total
sugar content

In terms of sensory characteristics, SWF also showed
a vast improvement in turbidity, color, and smell after
4-5 days of fermentation, which will be presented af-
terward. Consequently, the optimal fermentation time
of SW by S. cerevisiae was 4 days.

Inoculation amount

As can be seen clearly, the inoculation amount showed
little effect on saponins but significantly affected the
sugar content (Fig. 3). The concentration of saponins
only declined less than 1 mg Ole/mL when the inoculum
amount changed from 0.5% to 3%. There was a signi-
ficant drop in total sugar content when increasing the
inoculum amount to 2% (from 39.66 = 0.60 mg Glu/mL
to 21.74 * 0.93 mg Glu/mL). The increased inoculum
volume (3%) is related to a change in the concentration
of total sugar. When considering sensory properties, the
SWF also showed evident progress with 2% or 2.5% of
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Figure 3. Effects of inoculum amount on saponins and total
sugar content

the inoculum amount. Therefore, it was concluded that
the appropriate amount of inoculum was 2%.

Effects of fermentation on sensory characteristics of
Sapindus extract

The dark brown, intensely sour odor, and high turbidity
of the Sapindus extract have limited its application in
commercial cleaning products. By purifying the crude
extract, fermentation has made significant improvements
in the sensory properties of the final product.

Turbidity and color

The SW treated by fermentation showed a remar-
kable decrease in turbidity over the days (Fig. 4). The
decreasing stage of turbidity was most apparent in the
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Figure 4. Effects of fermentation time (a) and Inoculation
amount (b) on turbidity of Sapindus extract.



first 4-5 days of fermentation, and with the inoculation
amount above 1% (improved more than 70%). In terms
of color, the SWF showed an increase in the lightness
axis (Table 1) and fermentation had changed the dark
brown of the SW into a light yellow-brown color (Fig. 5).
The improvements in turbidity and color have made the
final product’s appearance possible to apply in commer-
cial cleansers.
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Figure 5. Effects of fermentation time (a) and Inoculation
amount (b) on color of Sapindus extract

The activities of S.cerevisiae can explain the improve-
ment in turbidity and color of the SW. The cloudiness of
Sapindus crude extract was due to an abundant amount of
impurities such as sugars, proteins, and polysaccharides"
which were consumed by yeast. Additionally, fermenta-
tions helped to reduce a large number of sugars that
could be responsible for the browning intensity due to
caramelization and participation in Maillard reactions
during a long time of extraction®.

Odor

The Sapindus extract was intensely sour in odor, which
might create displeasing experiences for customers.
However, after being treated by yeast fermentation, the
products showed great changes in aroma, which was
more familiar and tolerant to most people. The odor
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of samples was evaluated on a 5 — point scale based on
odor quality and preferences.

Table 2. Sensory ratings of Sapindus extract before and after
fermentation by S. cerevisiae

Fermentation time
Contrast D-3 D-4 D-5
1.93+0.72 2.93+0.8b 3.53+0.9c2¢ 3.610.51¢
Inoculum amount
Contrast 1.5% 2% 25%
1.87+0.74a 2.73+0.46b 3.27+0.8b 3.27+0.88b

The results showed that the aroma of Sapindus extract
after being fermented was given a higher mark, espe-
cially after 4-5 days of fermentation and the inoculum
amount of 2% or 2.5%. (Table 2). The changes in the
odor of SWF can be explained by various volatile com-
pounds produced by S. cerevisiae during a fermentation
process. This yeast strain was known to produce signi-
ficant amounts of alcohols, ethyl, acetate esters, and
ethyl esters, which were generally associated with fresh
fruit and citrus aromas?®. Also, the fermented products
by S. cerevisiae were characterized as having aromas of
fruity apple, bakeries, yeast, dairy, and acidity®’, which
was preferable to most experiencers.

Natural fermentation of Sapindus saponin

Traditional fermentation is applied by many Vietnamese
people to obtain the SWF as a dish- or cloth-washing
liquid. Although this method is relatively affordable and
simple to perform, it is considered time-consuming and
produces low-quality products (Fig. 6).

Figure 6. Sapindus solution conducted by traditional fermen-
tation after 1, 5, 10 weeks (W-1; W-5 and W-10,
respectively)

The extraction efficiency of Sapindus saponins by natu-
ral fermentation was illustrated in Figure 7. The extraction
process of saponins by natural fermentation was much
more than heat and stirring—assisted extraction (yielded
21.4% in 2 hours). After the first week, the extraction
yield was only 12.7% and gradually increased to the
peak of 20.1% after 5-6 weeks. However, the weight of
saponins extracted decreased significantly after 8 weeks
of fermentation. The explanation for this tendency is the

Table 1. Effects of fermentation on the lightness of Sapindus extract

Fermentation time
Contrast D-1 D-2 D-3 D-4 D-5 D-6 D-7
The L axis 27.32 28.73 29.03 29.03 29.56 29.41 29.46 29.51
Inoculum amount
Contrast 0.5% 1% 1.5% 2% 2.5% 3%
The L axis 26.68 27.24 27.66 27.69 28.90 28.73 28.60
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activities of microorganisms during the natural fermenta-
tion process. After the maximum amount of Sanpindus
saponins has been obtained, the microorganisms continue
to grow and spend the extracted saponins, leading to
a gradual decrease inefficiency. Generally, the natural
fermentation process was finished after 3 months to
collect the SWE. Therefore, the low content of saponins
in Sapindus solution was unavoidable®.
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Figure 7. Extraction yield of Sapindus saponins by natural
fermentation

Besides, the natural fermentation of Sapindus extract
is spontaneous and uncontrolled. Consequently, achiev-
ing consistent quality in the final product is the major
challenge®’. Naturally fermented products come with
a diverse bacterial community and contamination of
unwanted which might fail to meet the quality assur-
ance and raise many customer concerns. Therefore,
the naturally fermented product of Sapindus extract is
not suitable to become a commercial product. In the
quest for better quality and process management, yeast
fermentation after water extraction is a promising ap-
proach to industrial scale.

CONCLUSION

In this study, water extraction and yeast fermentation
were optimized to purify the SW and enhance its sen-
sory characteristics, traditional fermentation was also
examined. Under 2 hours of extraction at 80 °C with
a solid-to-liquid of 1/6 (w/v) and 2 times, the yield of
Sapindus saponins reached 21.4%. Fermentation by
S. cerevisiae with inoculate amount of 2% within 4 days
was the ideal condition to purify Sapindus extract. While
the saponins concentration of SWF slightly decreased,
the total sugar content reduced approximately by 50%,
turbidity decreased by 75.6% and obvious improvements
in color and odor were observed.

In conclusion, yeast fermentation was a potential
method to purify and improve the poorness in sensory
properties of the crude Sapindus water extract (the
fermentation had changed the dark brown of the SW
into light yellow-brown color and sensory ratings from
1.93+0.7 and 3.6%0.51 before and after fermentation
by S.cerevisiae). These results could contribute to the
development of large-scale production of Sapindus
saponins and their applications in commercial products.

ACKNOWLEDGEMENTS

We acknowledge the support of time and facilities from
Ho Chi Minh City University of Technology (HCMUT),
VNU-HCM for this study.

LITERATURE CITED

1. Sharma, A., Sati, S.C., Sati, O.P, Sati, M.D., Kothiyal,
S.K., Semwal, D.K. & Mehta, A. (2013). A new triterpe-
noid saponin and antimicrobial activity of ethanolic extract
from Sapindus mukorossi Gaertn. J. Chem., 2013, 1-5. DOI:
10.1155/2013/218510.

2. Nivsarkar, M., Shrivastava, N., Patel, M., Padh, H. & Bapu,
C. (2002). Sperm membrane modulation by Sapindus mukorossi
during sperm maturation. Asian J. Androl., 4(3), 233-235.

3. Siva, M., Ramamurthy, K. & Dhamodharan, R. (2017).
Development of a green foaming agent and its performance
evaluation. Cem. Concr. Compos., 80, 245-257. DOI: 10.1016/j.
cemconcomp.2017.03.012.

4. Chen, C.Y., Kuo, PL., Chen, Y.H., Huang, J.C., Ho,
M.L., Lin, RJ., Chang, J.S. & Wang, H.M. (2010). Tyrosi-
nase inhibition, free radical scavenging, antimicroorganism
and anticancer proliferation activities of Sapindus mukorossi
extracts. J. Taiwan Inst. Chem. Eng, 41(2), 129-135. DOI:
10.1016/j.jtice.2009.08.005.

5. Dobhal, U., Bisht, N.S. & Bhandari S.L. (2007). Traditional
values of Sapindus mukorossi Gaertn. Vern. Ritha: a review.
Plant Arc., 7(2) 485-486.

6. Shiau, I.L., Shih, T.L., Wang, Y.N., Chen, H.T,, Lan, H.F,
Lin, H.C,, Yang, B.Y., Ko, C.H., & Murase, Y. (2009). Quan-
tification for saponin from a soapberry (Sapindus mukorossi
Gaertn) in cleaning products by a chromatographic and two
colorimetric assays. J. Fac. Agric. Kyushu Univ., 54(1), 215-221.
DOI: 10.5109/14063.

7. Wei, M., Qiu, J., Li, L., Xie, Y., Yu, H., Guo, Y. & Yao,
W. (2021). Saponin fraction from Sapindus mukorossi Gaertn
as a novel cosmetic additive: Extraction, biological evaluation,
analysis of anti-acne mechanism and toxicity prediction. J.
Ethnopharmacol., 268, 113552. DOI: 10.1016/j.jep.2020.113552.

8. Liu, Z., Li, Z., Zhong, H., Zeng, G., Liang, Y., Chen,
M., Wu, Z., Zhou, Y., Yu, M. & Shao, B. (2017). Recent
advances in the environmental applications of biosurfactant
saponins: A review. J. Environ. Chem. Eng., 5(6), 6030-6038.
DOI: 10.1016/j.jece.2017.11.021.

9. Chen, C., Li, R., Li, D., Shen, E, Xiao, G. & Zhou, J.
(2021). Extraction and purification of saponins from Sapin-
dus mukorossi. New J. Chem., 45(2), 952-960. DOI: 10.1039/
DONJ04047A.

10. Denglong, C., Jinling, L., Shanshan, W., Xiuping, H.
& Yong (2015). Method of preparing light-colored sapindus
saponin through oxidization-reduction combination,” Quangang
Petrochemical Research Institute of Fujian Normal University.

11. Wang, N., Wang, H., Weng, Z., Zhang, C., Wu, H., Guo,
Y., Sun, Z. & Yao, W. (2014). Decolorization of sapindus
pericarp extract by hydrogen peroxide and a comparison of
basic characteristics before and after decolorization. J. Surf.
Deterg., 17(5), 1003-1011. DOI: 10.1007/s11743-014-1570-9.

12. Heng, W, Ling, Z., Na, W,, Youzhi, G., Zhen, W., Zhiyong,
S., Deping, X., Yunfei, X., & Weirong, Y. (2015). Extraction
and fermentation-based purification of saponins from Sapindus
mukorossi gaertn. J. Surf. Deterg., 18(3), 429-438. DOI: 10.1007/
s11743-015-1668-8.

13. Ng’ong’ola-Manani, T.A., Mwangwela, A.M., Schiiller,
R.B., @stlie, HM. & Wicklund, T. (2014). Sensory evaluation
and consumer acceptance of naturally and lactic acid bacteria-
fermented pastes of soybeans and soybean—-maize blends. Food
Sci. Nutri., 2(2), 114-131. DOI: 10.1002/fsn3.82.

14. Warsaw, P., Wroniak, M., Rekas, A. & Ratusz, K. (2016).
Influence of impurities in raw material on sensory and physico-



chemical properties of cold-pressed rapeseedoil produced from
conventionally and ecologically grown seeds. Acta Sci. Pol. Tech-
nol. Aliment., 15(3), 289-297. DOI: 10.17306/J.AFS.2016.3.28.

15. Apprich, S., Tirpanalan, 0., Hell, J., Reisinger, M.,
Bohmdorfer, S., Siebenhandl-Ehn, S., Novalin, S. & Kneifel,
W. (2014). Wheat bran-based biorefinery 2: Valorization of
products. LWT-Food Sci. Technol., 56(2), 222-231. DOI:
10.1016/j.1wt.2013.12.003.

16. Sharma, H.P, Patel, H. & Sugandha. (2017). Enzy-
matic added extraction and clarification of fruit juices—A re-
view. Crit. Rev. Food Sci. Nutri., 57(6), 1215-1227. DOI:
10.1080/10408398.2014.977434.

17. Ferri, M., Happel, A., Zanaroli, G., Bertolini, M., Chiesa,
S., Commisso, M., Guzzo, F. & Tassoni, A. (2020). Advances
in combined enzymatic extraction of ferulic acid from wheat
bran. N. Biotechnol., 56, 38-45. DOI: 10.1016/j.nbt.2019.10.010.

18. Das, A., Raychaudhuri, U. & Chakraborty, R. (2012).
Cereal based functional food of Indian subcontinent: A re-
view. J. Food. Sci. Technol., 49(6), 665-672. DOI: 10.1007/
$13197-011-0474-1.

19. Wei, M., Wu, H., Xie, Y., Guo, Y., Cheng, Y., Qian,
H., Chen, Y. & Yao, W. (2017). In vitro anti-microorganism
activity and detergency of Sapindus mukorossi extract based on
surfactive nature. J. Taiwan. Inst. Chem. Eng., 80, 1-9. DOI:
10.1016/j.jtice.2017.06.015.

20. Wei, M.P, Qiu, J.D., Li, L., Xie, Y.F, Guo, Y.H., Yu,
H., Cheng, Y.L., Qian, H. & Yao, W.R. (2021). The chemical
profile and biological activity of different extracts of Sapindus
mukorossi Gaertn. Against Cutibacterium acnes. Nat. Prod.
Res., 35(22), 4740-4745. DOI: 10.1080/14786419.2020.1715399.

21. Farag, M.A., Jomaa, S.A., Abd El-Wahed, A. & R. El-
Seedi, H. (2020). The many faces of kefir fermented dairy
products: Quality characteristics, flavour chemistry, nutritional
value, health benefits, and safety. Nutrients, 12(2), 346. DOL:
10.3390/nu12020346.

22. Lisjak, K., Lelova, Z., Zigon, U., Bolta, S.V,, Teissedre,
P. & Vanzo, A. (2020). Effect of extraction time on content,
composition and sensory perception of proanthocyanidins in
wine-like medium and during industrial fermentation of Cab-
ernet Sauvignon. J. Sci. Food Agric., 100(5), 1887-1896. DOI:
10.1002/jsfa.10189.

23. Sochacki, M. & Vogt, O. (2022). Triterpenoid saponins
from washnut (Sapindus mukorossi Gaertn.)—A source of

Pol. J. Chem. Tech., Vol. 25, No. 2, 2023 7

natural surfactants and other active components. Plants, 11(18),
2355. DOI: 10.3390/plants11182355.

24. Capozzi, V., Fragasso, M., Romaniello, R., Berbegal, C,,
Russo, P. & Spano, G. (2017). Spontaneous food fermentations
and potential risks for human health. Fermentation, 3(4), 49.
DOI: 10.3390/fermentation3040049.

25. Hiai, S., Oura, H. & Nakajima, T. (1976). Color reaction
of some sapogenins and saponins with vanillin and sulfurlc
acid. Planta Med., 29(02), 116-122. DOI: 10.1055/s-0028-
1097639.

26. Dubois, M., Gilles, K., Hamilton, J.K., Rebers, PA. &
Smith, E (1951). A colorimetric method for the determination
of sugars. Nature, 168(4265), 167. DOI: 10.1038/168167a0.

27. Sharma, A., Sati, S.C., Sati, O.P, Sati, M.D. & Kothiyal,
S.K. (2013). Triterpenoid Saponins from the Pericarps of Sapin-
dus mukorossi. J. Chem., 2013, 1-5. DOI: 10.1155/2013/613190.

28. Li, J.Y. & Yeh, A.I. (2001). Relationships between
thermal, rheological characteristics and swelling power for
various starches. J. Food. Eng., 50(3), 141-148. DOI: 10.1016/
S0260-8774(00)00236-3.

29. Callejon, R.M., Clavijo, A., Ortigueira, P,, Troncoso, A.M.,
Paneque, P. & Morales, M.L. (2010). Volatile and sensory profile
of organic red wines produced by different selected autochtho-
nous and commercial Saccharomyces cerevisiae strains. Anal.
Chim. Acta., 660(1-2), 68-75. DOI: 10.1016/j.aca.2009.09.040.

30. Luo, S. (Rossie), DeMarsh, TA., deRiancho, D., Stelick,
A. & Alcaine, S.D. (2021). Characterization of the fermenta-
tion and sensory profiles of novel yeast-fermented acid whey
beverages. Foods, 10(6), 1204. DOI: 10.3390/foods10061204.

31. Nguyen, L.T., Farcas, A.C., Socaci, S.A., Tofana, M., Dia-
coneasa, Z.M., Pop, O.L., & Salanta, L.C. (2020). An overview
of saponins — a bioactive group. Bulletin of University of Agri-
cultural Sciences and Veterinary Medicine Cluj-Napoca. Food
Sci. Technol., 77(1), 25. DOI: 10.15835/buasvmen-fst:2019.0036.

32. Fentie, E.G., Emire, S.A., Demsash, H.D., Dadi, D.W.
& Shin, J.H. (2020). Cereal- and fruit-based ethiopian tradi-
tional fermented alcoholic beverages. Foods, 9(12), 1781. DOLI:
10.3390/foods9121781.



