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ABSTRACT

Objectives: This research aimed to determine the optimum type of solvent and extraction time
to produce secondary metabolites (phenolics, flavonoids, tannins, and antioxidants) from mango-
steen leaves (Garcinia mangostana L.) as feed additive candidates for poultry.

Materials and Methods: This research used a completely randomized design with a 2 x 5 factorial
design with three replications. Factor A used two types of distilled water as a solvent (ordinary dis-
tilled water and distilled water heated at 100°C), while Factor B encompassed various extraction
times (15, 30, 45, 60, and 75 min). The parameters assessed included total phenolic content (TPC),
total flavonoid content (TFC), total tannin content (TTC), and overall antioxidant activity.

Results: The TPC, TFC, TTC, and total antioxidant activity all showed a highly significant interaction
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(p < 0.01) with the type of solvent and extraction duration.

Conclusion: The best solvent and time for mangosteen leaf extract to produce secondary metab-
olites, which can be candidates for feed additives in poultry, is ordinary distilled water for 45 min.
In this research, the phenol content was 81.03%, flavonoids 11.07%, tannins 1.01%, and antioxi-
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dants 77.61%.

Introduction

The poultry population in modern and developing coun-
tries has witnessed a consistent year-to-year increase,
primarily attributed to significant advancements in genet-
ics. This development cannot be separated from the rapid
progress in genetics so that poultry (especially broilers
and laying hens) can be produced relatively quickly and
efficiently. So far, antibiotic growth promoters (AGPs)
are often used to increase poultry productivity. However,
starting in 2018, in Indonesia, the utilization of AGP as a
supplement in animal feed has been prohibited because of
concerns about its potential influence on bacterial resis-
tance and chemical residues in poultry products consumed
by consumers. Consequently, banning AGP in poultry feed
has impacted decreasing chicken production and health. In

License (http://creativecommons.org/
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recent years, there has been research exploring the appli-
cation of natural growth promoters in poultry farming,
such as green algae [1], propolis [2], oregano [3], graviola
[4], cinnamon, and onion [5].

Indonesia boasts a potentially valuable natural growth
promoter in mangosteen (Garcinia mangostana L.). The
mangosteen rind (powder and extract) is rich in sev-
eral bioactive compounds, including xanthones and their
derivatives [6], anthocyanins [7], phenolic compounds,
flavonoids, and alkaloids [8]. These active compounds
have properties such as antioxidants [6, 8], anti-bacterial,
anti-proliferative, anti-inflammatory [6], and anti-cancer
[7]. These compounds effectively increase appetite, immu-
nity, digestive tract health, and antioxidants, improving
livestock performance. Mangosteen peel can be given in
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extract form to broilers [9], quail [10], and meal to laying
hens [11,12].

In addition to mangosteen rind, mangosteen leaves con-
tain active compounds such as flavonoids, alkaloids, sapo-
nins, and tannins [13]. Some research results show that
extracting mangosteen leaves can use ethanol [13,14] and
methanol [15], but these solvents are not applicable and
expensive when applied to the livestock sector. Information
regarding the use of distilled water and extraction time to
produce secondary metabolites is still limited. In this con-
text, this study was designed. The main objective was to
validate mangosteen leaf extract as a source of phytochem-
ical compounds used as feed additive candidates in poul-
try. Specifically, the objective of this research was to extract
and assess bioactive compounds from mangosteen leaves
using various extraction times and solvents.

Material and Methods
Materials

Mangosteen leaves (Garcinia mangostana L.) were from
a local plantation in Koto Lua Village, Padang City, West
Sumatra, Indonesia.

Preparation of extract

The mangosteen leaf extraction process (Fig. 1) refers to
Yassin et al. [16] with some modifications. Mangosteen
leaves (shoots) are washed thoroughly with running water
to remove dust and other impurities. After that, the man-
gosteen leaves were withered for 24 h, then dried in an
oven at 50°C for 24 h. After drying, the mangosteen leaves
were ground and then filtered (355 pm, Endecotts Ltd.,
London, England). 10 gm of mangosteen leaf powder is
mixed with 100 ml of distilled water, both ordinary and
heated distilled water. Furthermore, the extraction process
was carried out using a hot plate with a processing time of
15, 30, 45, 60, and 75 min at 50°C. After that, the extracted
mangosteen leaves were cooled at room temperature and
then filtered twice using Whatman paper No. 1 (Cytiva,

China). The mangosteen leaf extraction results were stored
at a refrigerator temperature of 4°C.

Experimental design

This research used a completely randomized design with
a 2 x 5 factorial design with three replications. Factor A,
two types of distilled water as a solvent (ordinary distilled
water and distilled water heated at 100°C), and factor B,
different extraction times (15, 30, 45, 60, and 75 min).

Total phenolic content (TPC)

Analysis of TPC Using the Folin-Ciocalteu method by
Calvindi et al. [17], In a microplate, up to 20 pl of sample
extract and 120 pl of 10% (v/v) Folin-Ciocalteu reagent
were combined. Next, let it sit at room temperature for
5 min. 80 pl of a 7.5% Na,CO, solution was added to the
mixture after incubation. After that, the mixture was left
to stand at room temperature in the dark for 30 min. The
sample’s absorbance was then determined using a spectro-
photometer (Shimadzu UV-1800, Japan) at a wavelength of
725 nm. The measurement for TPC is mg gallic acid equiv-
alent (GAE)/gm dry weight.

Total flavonoid content (TFC)

TFC analysis was based on the procedure performed by
Chang et al. [18]. The sample is diluted beforehand with
a ratio between the sample (1 gm) and methanol (10 ml).
Then 1 ml of the sample was added with 3 ml of methanol,
0.2 ml of 2% ALCL,, 0.2 ml of 1 M glacial acetic acid, and
5.6 ml of distilled water. Then the mixture was left for 30
min, and the absorbance was measured using a spectro-
photometer (Shimadzu UV-1800, Japan) at an absorbance
of 370 nm. To create a calibration curve, quercetin is used.
The content of total flavonoids in the ethanol extract was
expressed as mg quercetin/gm.

Total tannin content (TTC)

TTC analysis was based on the procedure performed by
Kuentzel [19]. The sample weighed 1 gm, which was then
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Figure 1. Procedure extract of mangosteen leaf.
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dissolved in 100 ml of distilled water. After that, it was
extracted by ultrasonics for 15 min at room temperature.
The precipitate was separated by centrifugation at 3,000
rpm for 25 min; then, the solution was taken. Take 1 ml of
solution and dilute it with 10 ml of distilled water. After
that, it was read at a wavelength of 278 nm using a spectro-
photometer (Shimadzu UV-1800, Japan).

Total antioxidant activity (TAA)

TAA analysis was performed by Melia et al. [20] in 375 pl
ethanol (99%), and 125 ul DPPH solution (0.02% in eth-
anol), and 500 pl sample volume was added as a source
of free radicals at different concentrations (25 pg/ml, 50
pg/ml, 75 pg/ml, 100 pg/ml, and 125 pg/ml). After 30 min
at room temperature, the absorbance of the solution was
measured at a wavelength of 517 nm using a spectropho-
tometer (Shimadzu UV VIS-1800, Japan).

Data analysis

The obtained data was analyzed using analysis of variance.
Continue with Duncan’s multiple range test if the results
are significantly different.

Results and Discussion

In this study, we present the effect of two types of solvents
(ordinary distilled water and distilled water heated at
100°C) five different times (15, 30, 45, 60, and 75 min) in
the mangosteen leaf extraction process as a feed additive
candidate for poultry.

TPC

The results of the statistical analysis showed that there was
a highly significant interaction (p < 0.01) between the type
of solvent and extraction time for the TPC of mangosteen
leaf extract (Table 1). The results of this study showed
that the highest TPC (81.03%) was found in ordinary dis-
tilled water, with an extraction time of 45 min. This study’s
results indicate an increase in TPC in normal distilled
water and a longer extraction time. Still, after reaching the
optimum time, the additional extraction time can decrease
the TPC. In contrast to distilled water heated at 100°C, the

highest TPC (34.03%) was found in the extraction time
of 30 min, but this figure was much lower than the opti-
mal time with ordinary distilled water. TPC is easily dam-
aged by the heating process and a longer extraction time;
in the A2 treatment, the solvent-distilled water used has
been preheated to a temperature of 100°C. Heat can cause
changes in physicochemical properties and the evapora-
tion of some phenolic compounds until decomposition.
This is in line with that reported by Thoo et al. [21]; the
longer extraction time reduced the phenolic compounds
contained in Morinda citrifolia. TPC is also influenced by
several factors, such as solvent type and extraction time
[22]. Mohammedi et al. [23] stated that the best Bassia
muricata L. phenol content was extracted using water
compared to other solvents such as acetone, ethanol, and
hexane. In this study, the phenol content of Bassia muricata
L. was obtained at 100.12-120.94 mg GAE/gm. The solu-
bility of the phenolic is influenced by the nature of the sol-
vent used and its polarity. Extraction with water solvents
also provides advantages such as low cost and non-toxicity
compared to other solvents.

According to earlier studies, phenolic compounds,
green antimicrobials [24,25], and antioxidants [26,27]
could be utilized as natural feed additives in poultry to
encourage growth [26,28]. Because of their antioxidant
and anti-inflammatory properties, phenolic compounds
promote growth by increasing digestive enzyme secretion,
decreasing the number of pathogenic bacteria in the diges-
tive tract, or modulating intestinal morphology [29].

TFC

The interaction between solvent type and extraction time
had a significant (p < 0.01) effect on the TFC of mango-
steen leaf extract (Table 2). TFC mangosteen leaf extract
with ordinary distilled water and 45 min (A1B3) gave the
best results, namely: 11.07%. This study’s results indi-
cated increased TFC in ordinary distilled water and a lon-
ger extraction time. Still, after reaching the optimum time
(45 min), the TFC decreased (11.07%-0.66%). Different
results were obtained when distilled water was heated to
100°C and longer extraction times caused TFC to be dam-
aged or absent. Flavonoids are phenolic compounds that

Table 1. Effect of solvent type and extraction time on the total phenol content of mangosteen leaves (%).

Time (B)
Solvent (A) Average
Bl B2 B3 B4 B5
Al 71.46 +1.20° 59.98 + 0.72°¢ 81.03 £ 0.54° 35.15 +0.98¢ 34.26 £ 0.09¢ 56.37 £19.58
A2 31.81 +1.30¢ 34.03 £2.43¢ 31.77 £ 0.59¢ 30.75 +1.28¢ 26.97 £ 0.40¢° 31.07 £ 2.67
Average 51.63+21.74 47.00 £ 14.30 56.40 + 26.98 32.95+2.62 30.62 £4.00
Means in the same variable with different superscripts differ significantly (p < 0.01).
Al = ordinary distilled water; A2 = distilled water heated at 100°C; B1 = 15 min; B2 = 30 min; B3 = 45 min; B4 = 60 min; B5 = 75 min.
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have conjugated aromatic systems and glycosidic bonds
with sugar molecules. Conjugated aromatic systems and
glycosidic adhesives will be easily damaged at high tem-
peratures [22]. Different results were reported by Razila
[30], indicating that the best conditions to produce TPC of
mangosteen peel extract using an ethanol solvent were at
50°C with an extraction time of 59 min. The TPC obtained
was 7.78 mg QE/gm. Extraction time and temperature are
the most significant factors for flavonoid activity.

Flavonoids benefit the gastrointestinal tract, cardiovas-
cular system, immune system, modulation of lipid metab-
olism, the release of insulin hormones, and antioxidant
activity in broilers [31-34] In the meantime, flavonoids in
laying hens can alter the fatty acid profile and lower the
cholesterol content of eggs, improving their nutritional
quality [35,36].

TTC

This research showed that there was a highly significant
interaction (p < 0.01) between the type of solvent and the
extraction time for the TTC of mangosteen leaf extract
(Table 3). The results of this study showed that the high-
est TTC was found in ordinary distilled water, with an
extraction time of 45 min. This study’s results indicate an
increase in TTC in ordinary distilled water and a longer
extraction time. Still, after reaching the optimum time, the
additional extraction time can decrease the TTC. In con-
trast to the distilled water, which was heated to 100°C, TTC
is damaged or absent after 15-75 min of extraction time. It
is suspected that high temperatures can trigger chemical
degradation in tannins. Tannins are susceptible to degra-
dation by heat, which can cause changes in their chemical

structure and ultimately reduce their tannin content.
These results are by Sekarsari et al. [22] reported that the
optimum time and temperature for extracting tannins from
Psidium guajava leaves was 45°C for 20 min; the higher the
temperature and time used in the extraction process, the
lower the tannin content. Arina and Harisun [37] reported
that extraction temperature affects the tannin content of
Quercus infectoria. At a minimum temperature of 75°C, a
tannin amount of 2232.82 mg/gm was obtained, while at
100°C, the tannin content decreased to 2150.74 mg/gm.
According to Simamora et al. [38] the distilled water sol-
vent can still maintain tannin levels in the extraction pro-
cess of Protium javanicum burm. f. leaves, namely 2.81 *
0.26 mg TAE/gm.

Feed supplementation containing tannin in poultry
can have both positive and negative effects. Feeding low
amounts of tannin in the diet has no adverse effects on
amino acid digestibility, growth rate, or carcass [39,40].
However, the high amounts of tannin in the ratio can inter-
fere with amino acid digestibility, reduce performance
(body weight gain and FCR), and affect lymphoid organs
[41].

Total antioxidant activity

This study showed that the interaction between the type
of solvent and extraction time, which was significantly dif-
ferent (p < 0.01), reduced the TAA of mangosteen leaves
(Table 4). The A1B2 treatment gave the highest TAA of
87.75% compared to the other treatments. The TAA of
distilled water heated at 100°C was the lowest and sig-
nificantly different from the others. This is by Butsat and
Siriamornpun [42], who stated that TAA was affected by

Table 2. Effect of solvent type and extraction time on the TFC of mangosteen leaves (%).

Time (B)
Solvent (A) Average
B1 B2 B3 B4 B5
Al 8.97 +0.01° 8.11 +0.20¢ 11.07 £ 0.40° 2.19+0.86¢ 0.66 +0.25 6.20+4.20
A2 0.00 + 0.00" 0.00 + 0.00f 0.00 + 0.00f 0.00 + 0.00f 0.00 + 0.00° 0.00 +0.00
Average 4.49 +4.91 4.05+4.44 5.53+6.07 1.09+1.31 0.33+0.39
Means in the same variable with different superscripts differ significantly (p < 0.01).
Al = ordinary distilled water; A2 = distilled water heated at 100°C; B1 = 15 min; B2 = 30 min; B3 = 45 min; B4 = 60 min; B5 = 75 min.
Table 3. Effect of solvent type and extraction time on the total tannin content of mangosteen leaves (%).
Time (B)
Solvent (A) Average
B1 B2 B4 B5
Al 0.83 +0.02° 0.71 +0.01¢ 1.01+0.02° 0.00 + 0.00¢ 0.00 + 0.00¢ 0.51+0.44
A2 0.00 £ 0.00¢ 0.00 + 0.00¢ 0.00 + 0.00¢ 0.00 + 0.00¢ 0.00 + 0.00¢ 0.00 £ 0.00
Average 0.42 +0.45 0.35+0.39 0.51+0.55 0.00 = 0.00 0.00 = 0.00
Means in the same variable with different superscripts differ significantly (p < 0.01).
Al = ordinary distilled water; A2 = distilled water heated at 100°C; B1 = 15 min; B2 = 30 min; B3 = 45 min; B4 = 60 min; B5 = 75 min.
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Tabel 4. Effect of solvent type and extraction time on the TAA of mangosteen leaves (%).

Time (B)
Solvent (A) Average
B1 B2 B3 B4 B5
Al 69.85 + 0.67¢ 87.75 +2.47° 77.61+1.48° 35.67 £ 0.65° 28.76 +2.13¢ 59.93 +24.29
A2 40.99 +2.24¢ 43.88 +1.24% 38.80 + 0.74° 29.69 + 5.40¢ 14.85 + 2.70" 33.64 +11.18
Average 55.42 +15.87 65.81 +24.09 58.20+21.28 32.68 £4.75 21.80+7.93

Means in the same variable with different superscripts differ significantly (p < 0.01).
Al = ordinary distilled water; A2 = distilled water heated at 100°C; B1 = 15 min; B2 = 30 min; B3 = 45 min; B4 = 60 min; B5 = 75 min.

solvent and extraction time. In this study, the hot distilled
water solvent at the beginning of the extraction had a tem-
perature of 100°C; this high temperature was thought to
damage the secondary metabolites of the material. The
TAA of mangosteen leaf extract increases linearly with
increasing antioxidant compounds such as TPC, TFC, and
TTC. Still, after reaching optimum conditions (time), the
antioxidant activity decreases linearly according to the
decrease in these compounds. Similar results were also
found by Muhamad et al. [43], who found that ordinary
distilled water is more effective in producing antioxidant
content in Cucumis melo. According to Sekarsari et al. [22],
the optimum extraction time for antioxidants in P. guajava
leaves is 20-30 min. This is the research result obtained:
the highest antioxidant content was found in extraction
for 30-45 min. Arina and Harisun [37] also reported that
extraction temperature affects the antioxidant activity of Q.
infectoria. At a minimum temperature of 75°C, the antiox-
idant activity was 93.42%, while at 100°C, the antioxidant
activity decreased to 90.76%.

In poultry production, antioxidants are essential.
Natural antioxidants can improve product quality, lower
oxidative stress, and enhance general health [11,31,44-
46]. It has been demonstrated that natural antioxidants
can either entirely or partially replace synthetic antioxi-
dant vitamins in lowering oxidative stress in chickens [11].

The weaknesses of our research are: (i) This study is
at an early stage in determining the effective solvent and
time to produce phytochemical compounds. (ii) Further
research on the in vitro test of extraction mangostenn leaf
against several pathogenic bacteria (Salmonella enterica,
Escherichia coli, etc.) in the poultry gastrointestinal tract
as antibacterial is needed, and (iii) further research on in
vivo tests on poultry (especially broilers) is needed.

Conclusion

The best solvent and time for mangosteen leaf extract to
produce secondary metabolites, which can be candidates
for feed additives in poultry, is ordinary distilled water for
45 min. In this research, the phenol content was 81.03%,
flavonoids 11.07%, tannins 1.01%, and antioxidants
77.61%.
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