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ABSTRACT

The success rate of aquaculture is highly influenced by several factors, including optimum
water quality, feed management, and microorganism control. Several microorganisms
interfere with the quality of media and fish culture, i.e., fish growth. Aeromonas and Vibrio
are the main pathogenic bacteria that disrupt fish growth and cause mortality. Sidr leaf
(Ziziphus spina-christi) extract contains phytochemicals that have antibacterial properties.
This study aimed to identify the phytochemical components and analyze the effect of Sidr
leaf extract on the growth of aquaculture-based pathogenic bacteria. Sidr leaf extract was
obtained using ethanol and tested via phytochemical analysis, chemical analysis, prediction
of activity spectra for substances (PASS) examination, and inhibition capability against
Aeromonas hydrophila, Aeromonas caviae, Aeromonas sobria, Pseudomonas putida,

Pseudomonas aeruginosa, Streptococcus

agalactiae, Vibrio vulnificus, Vibrio harveyi,
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alginolyticus. The results showed that Sidr
leaf extract contained phytochemicals,
namely, flavonoids, alkaloids, saponins,
tannins, and steroids. Gas chromatography-
mass spectrometry analyses showed that the
Sidr leaf extract contained 30 compounds
with antiseborrheic effects. PASS analysis
demonstrated that 15 compounds (64.51%
level) have potential as antibacterial, with
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a probability activity value of more than
0.300. The inhibition test showed that
the Sidr leaf extract exhibited moderate-
to-strong inhibition against pathogenic
bacterial growth, except for V. vulnificus,
for which it produced a weak inhibition. The
results indicate that Sidr leaf extract can be
used as a natural herb to control bacterial
pathogens in fish cultivation.

Keywords: Aeromonas, antibacterial, aquaculture, Sidr

leaf extract, Vibrio

INTRODUCTION

Aquaculture plays an essential role in the
Indonesian economy, and its production
increases annually. Fish production from the
marine culture in 2016 reached 9,773,055
tons and increased to 9,808,494 tons in
2017, and it is projected to reach 12 million
tons in 2023 (Statistics Indonesia [BPS],
2020). This target projection was launched
to meet both domestic and export needs.
Tran et al. (2017) stated that there is a
continuous increase in international market
demand. Therefore, considerable effort
should be exerted to achieve production and
fulfill food safety and food security.

One of the efforts to increase aquaculture
fish production is to avoid antibiotics while
improving fish culture and survival rate.
Feeds with good nutrition can also provide
well-maintained fish growth (Prabu et al.,
2017). Microorganisms in fish farming
grow naturally and, in several cases, are
intentionally added to maintain water
quality and fish survival. However, several

organisms interfere with fish growth through
infection and cause mortality to cultured fish
(Bentzon-Tilia et al., 2016). The pathogenic
bacteria that frequently disrupt fish culture
are generally members of Aeromonas and
Vibrio. In Aeromonas, fish infected include
A. sobria, A. caviae, and A. hydrophila,
whereas those from vibrios comprise
V. vulnificus and V. harveyi (Atujona et
al., 2018; Monteiro et al., 2018; Pan et
al., 2017). Several antibiotics, including
tetracycline, oxolinic acid, and florfenicol,
have suppressed pathogenic bacteria.
However, these antibiotics leave a residue,
and certain fish are resistant to antibiotics.
The improper utilization of antibiotics in
aquaculture can result in multidrug-resistant
bacteria in media culture (Igbinosa et al.,
2017). Aeromonas isolated from fish farming
in Denmark has shown 69% resistance to
oxytetracycline, 20% resistance to oxolinic
acid, and resistance to florfenicol for several
isolates. Antibiotic-resistant bacteria can
spread and infect humans (Monteiro et
al., 2018). Therefore, minimizing the use
of antibiotics is needed to prevent the
development of resistant bacteria. The
addition of microalgae (Spirulina platensis
and Chorella vulgaris) to aquafeed was
reported by Joshua and Zulperi (2020)
to improve fish immunity. Other natural
antibacterial sources have been used in
conventional medicine, such as Ziziphus
(Al-Mutairi et al., 2016), and may prove
useful to preventing disease outbreaks and
supporting sustainable aquaculture.

The Sidr plant (Ziziphus spina-christi)
is a tropical plant that has been used as

846 Pertanika J. Trop. Agric. Sci. 44 (4): 845 - 864 (2021)



Antibacterial Properties of Sidr Leaf Extract in Aquaculture

herbal medicine to treat fever, dandruff,
eye diseases, and inflammation. The studies
show that Sidr leaves have antibacterial
properties as demonstrated by the ability
to inhibit the growth of Escherichia coli,
Klebsiella spp., Pseudomonas aeruginosa,
and Salmonella sp. (Al-Mutairi et al.,
2016). Ethanol- and methanol-derived Sidr
leaf extracts can also inhibit the growth of
various Gram-positive and Gram-negative
bacteria (Khaleel et al., 2019; Temerk et
al., 2017). These effects are due to the
phytochemical contents of Sidr leaves,
such as alkaloids, flavonoids, and saponins
(Asgarpanah & Haghighat, 2012). Sidr
leaves also contain phenols with a lethal
concentration 50 (LCs,) concentration of
21.40 pg/mL. These serve as a source of
antioxidants for pharmaceuticals (Khaleel
et al., 2019). Based on their phytochemical
content, Sidr leaves can be a source of
natural antibiotics in aquaculture. Such a
natural source would be beneficial because
it can reduce antibiotic residues in cultured
products and bacteria resistance in the
aquaculture environment. This study aimed
to determine the phytochemical compounds
and the performance of Sidr leaf extract
to control various bacterial pathogens in
aquaculture in vitro.

MATERIALS AND METHODS

Materials

Dry Sidr leaves (Ziziphus spina-christi)
were obtained from Sukoharjo District,
Central Java, Indonesia. Aquatic pathogenic
bacteria (4. hydrophila, A. caviae, A. sobria,

P. putida, P. aeruginosa, and S. agalactiae)
were isolated from tilapia from Magelang,
Central Java, Indonesia. Additionally, V.
vulnificus, V. harveyi, V. parahaemolyticus,
and V. alginolyticus were obtained from
the Center for Brackish Water Cultivation
Fisheries Jepara, Central Java, Indonesia.
The bacteria were cultured on trypticase soy
agar, tryptone soya broth, nutrient broth, and
nutrient agar (Merck, Germany).

Preparation of Sidr Leaf Extract

Sidr leaf extract was prepared according
to Al-Mutairi et al. (2016) with several
modifications. A total of 200 g dried Sidr
leaves were sieved using a 60-mesh sieve.
The resulting Sidr leaf powder was then
immersed in 96% ethanol at a ratio of
1:10 (vol/vol) and then ultrasonicated for
1 hr. The powder was then macerated for
24 h and filtered using Whatman No. 1
filter paper with a vacuum pump to speed
up the process. The aqueous filtered part
was evaporated in a rotary evaporator at a
temperature of 45°C—60°C for 2 hr until the
extract thickened. The extract was stored at
+5°C for phytochemical and antibacterial
tests.

Phytochemical Analysis of Sidr Leaf
Extract

Phytochemical analysis was conducted to
identify the compounds in Sidr leaf extract,
including flavonoids, tannins, alkaloids,
saponins, and steroids. The phytochemical
procedure was performed according to
Temerk et al. (2017). The flavonoid test
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was conducted by adding 1 mL of 10%
sodium hydroxide (NaOH) to a 3 mL
extract. A yellow extract color exhibited the
presence of flavonoids. The tannin test was
conducted using one to two drops of 1%
iron (III) chloride (FeCl;) to 1 mL extract. A
positive reaction showed a color change to
green-black or dark-blue color. The alkaloid
test was conducted by adding 1 mL of 1%
hydrogen chloride (HCI) to 3 mL extract in
a test tube. The mixture was then heated for
20 min, chilled, and filtered. Two drops of
Mayer’s reagent were then added to 1 mL
of extract. A thick residue indicated the
presence of alkaloids. The saponin test was
conducted by shaking a 2 mL aliquot in a test
tube for 2 min. A foam formation indicated
a positive reaction. Finally, the steroid test
was conducted by adding five drops of
concentrated sulfuric acid (H,SO,) to 1 mL
extract in a test tube. The appearance of a
red color indicated the presence of steroids.

Chemical Component Analysis

of Sidr Leaf Extract with Gas
Chromatography-Mass Spectrometry
(GC-MS)

Phytochemical analysis with GC-MS was
conducted according to Ads et al. (2017). A
total of 1 uL sample was injected into the
GC-MS equipment (GC17A MSQP 5000
Shimadzu, Japan) using a TG-SQC column
15 MX (0.25 mm x 0.25 um) at an injector
temperature of 250°C. The oven temperature
was set to 50°C and increased to 150°C
with an average increase of 7°C/min. Then,
heating was continued until 250°C with an

average rate of 5°C/min and to 290°C with
an average rate of 10°C/min. The extract was
injected in split mode. The results were then
matched with the mass spectra peaks in the
Wiley library (Stein et al., 2011).

Prediction of Activity Spectra for
Substances (PASS)

PASS analysis was conducted according to
Parasuraman (2011) using the PASS web
tool. The PASS web tool interprets active
biological spectra with a two-dimensional
structure and predicts probability to be active
and probability to be inactive (Pa: Pi) ratio.
The research was conducted in two phases:
(1) accessing the Pub Chem server (https://
pubchem.ncbi.nlm.nih.gov/) to obtain the
canonical simplified molecular-input line-
entry system (SMILES) information and (2)
predicting the biological activity via PASS
analysis using the website, http://www.
way2drug.com/PASSOnline/index.php, by
entering the canonical SMILES structure
(Riyadi et al., 2020).

Inhibition Test

The inhibition test was conducted according
to Motamedi et al. (2014) using the disk
method. As much as 0.1 mL cultured
bacteria with 10® cfu/mL density were
obtained and spread onto an agar plate.
Sterilized 6-mm-diameter paper disks were
immersed in various Sidr leaf extracts
prepared using distilled water (100, 300,
500, and 800 mg/L) for 1 hr. Additionally,
tetracycline (10 mg/L) was used as the
positive control, and distilled water was
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used as the negative control. The paper disks
were then placed onto inoculated pathogenic
bacterial agar and incubated for 2448 hr.
The clear zone produced around the paper
disk was measured as the inhibition zone.
The test was conducted in triplicate at each
extract concentration.

RESULTS AND DISCUSSION

Phytochemistry of Sidr Leaf Extract
and Their Properties

The phytochemical screening tests (Figure
1) showed that the Sidr leaf extract contained
secondary metabolite compounds, such as
flavonoids, alkaloids, saponins, tannins,
and steroids.

Figure 1. Phytochemicals contained in Sidr (Ziziphus spina-christi) leaf extract

Note. a) flavonoid, b) alkaloid, c) saponin, d) tannin, and e) steroid

Table 1

Phytochemicals identified in Sidr (Ziziphus spina-christi) leaf extract

No. Compound Color Result analysis
1. Flavonoid Yellow + (Positive)
2. Alkaloid Thick sediment + (Positive)
3. Saponin Bubble + (Positive)
4. Tannin Blueish green color + (Positive)
5. Steroid Red color + (Positive)
6. Triterpenoid Brownish red + (Positive)

Flavonoids, phenolic compounds,
triterpenic acids, and polysaccharides have
been reported as the major phytoconstituents
of Zizyphus species (Soni & Malik, 2021).
However, various studies have reported

different phytochemical contents in Z.
spina-christi leaf extracts. According
to Asgarpanah and Haghighat (2012),
Sidr leaf phytochemical content consists
of saponins, alkaloids, and flavonoids.

Pertanika J. Trop. Agric. Sci. 44 (4): 845 - 864 (2021) 849



Sarjito, Lukita Purnamayati, Putut Har Riyadi, Desrinaand Slamet Budi Prayitno

Different results are shown by Ibrahim
et al. (2015), who found alkaloids to be
the significant phytochemical of Sidr leaf
from Nigeria. Ermias et al. (2011) and
Alhassan et al. (2019) found that steroid,
flavonoid, tannin, lipid, anthraquinone,
saponin, and alkaloid are present in Z.
spina-christi leaf extracts. By contrast,
Suliman and Mohammed (2018) found
that the phytochemical components of Sidr
leaf from Sudan do not contain steroids.
Furthermore, Taghipour et al. (2020) stated
that the ethanol extract of Iranian Sidr leaf
contains alkaloids, tannins, saponins, and
flavonoids. This variation in phytochemical
content is likely due to differences in climate
and environmental conditions where the
plant grows. Environmental and climatic
conditions, especially temperature, soil type,
and age of the plant, affect herbs’ chemical
content and functional properties (Gull et
al., 2012; Inbathamizh & Padmini, 2013).
Mbunde et al. (2018) also showed that the
areas where herbs grow, such as the coast,
highlands, and mountains with different soil
types, cause differences in phytochemical
content such as phenolics and flavonoids.
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The phytochemical components of Sidr
leaf extract (Table 1) can have antibacterial
properties. For example, flavonoids
have antibacterial, antioxidant, and anti-
inflammatory properties (Adamczak et al.,
2020). Alkaloids possess antibacterial and
antifungal properties. Saponins function
as barriers against pathogenic bacteria,
improve immunity, and have antibacterial,
antioxidant, anticancer, and antidiabetic
activities. Tannin is a compound that
binds proteins and forms water-insoluble
compounds. Tannins, as an antibacterial,
bind proteins in the bacterial cell wall
and coagulate the materials to inhibit
bacterial growth (Dangoggo et al., 2012;
Ravi et al., 2016). Steroids, consisting of
cholesterol and ergosterol, are components
of cell membranes. Fusidic acid is a steroid
compound that can prevent Gram-positive
and Gram-negative bacterial infections
(Dogan et al., 2017).

Sidr Leaf Compound Components and
PASS Results

Figure 2 and Table 2 describe the GC-MS
analysis results on Sidr leaf compounds.
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Figure 2. GC-MS chromatogram of the Sidr (Ziziphus spina-christi) leaf extract

850 Pertanika J. Trop. Agric. Sci. 44 (4): 845 - 864 (2021)



Antibacterial Properties of Sidr Leaf Extract in Aquaculture

ajeafo [Ayig vETI v98YLL69 611°1C 0T
[EUS0OPEXAY-6-SID 86'1€ LTO610¥61 €€0°1C 61
proe dlouadapejuad-f | 6C'1 88SHY6L 069'0T 81
(SvD)
-[[(D)- A" 1] ~1Apowena)-g 1 [°L ¢ “[0-1-UdIPEXAY-T 01°s 99TSLELE 119°0C LT
19183 [Aypowl ‘proe O10UIOAPEIV0-[ | 620 897L081T YLy 0T 91
C 918008 [Asoure, 9€°0 §STI6IT 01561 SI
(SVD) 10180 [Ay3o ‘proe d10ULIOPEXIH 86'¢ €0L69t¥T 6l 4!
PIo® J10UBOIPEXIY-U €781 161¥CCC11 9LT 61 €l
PIo® J10UBOIPEXIY-U SP'l 1LLYY68 ¥S6'81 1
IO J10UBOOPEXAY-U S¥°0 8¥L6VLT 69881 I
10180 [Ayjoul ‘proe OI0ULIIPEXIH o 08558ST 91L'81 01
[0- [-Ud00pEXAY-Z-[AYIOWend)-G [ [[°L ¢ 0€°0 ThPLY81 0ST'81 6
auatpeifydoaN 6L°0 €L1T68Y T6L'LT 8
[ouapiAuoing-g-1Ay1ow-¢J-N “ourtueueyio 940 8T69€8T 6L6°01 L
[oIp‘Opud‘0puL-/ ‘9-ued0[ 7 7 7]0[94d1qex0-Z-[AyIomIn-¢ ¢ | ¥8°0 SL6ILIS S68'L 9
[OIp-0pUd‘0pu-/ 9-aue)d0[ 7 g 7]0[9Ad1qex0-Z-[Ayowin-¢ ¢ | 05’1 6L88€T6 9T8'L S
opruwewio} Axoyjou-N LEO TPLI0ET 9Ty v
SVD (d)10-p-g-uaya [oueya (d-0) 95°0 18TETHE 0¥6'¢ €
p-, eydie-, eydje-eydjeeyde -ourprjorkq 6L'1 0€€91011 098°¢ C
-[Aypow-¢ ‘[oueing-| €20 1759Tr1 SYTE I
QwieN (%) BOIY BAIY ) UorudY #37e9d

SIW-DD PlA $2402] APIS JO S1sAIpup Juauoduiod [po1uayd Suisn pauviqo 1ov.43xa Jvaj (ystiyo-eurds snydiziz) 4pi§ u1 paiyfijuapr spunoduiod po1udy2038yJ

¢olqeL

851

Pertanika J. Trop. Agric. Sci. 44 (4): 845 - 864 (2021)



Sarjito, Lukita Purnamayati, Putut Har Riyadi, Desrinaand Slamet Budi Prayitno

00001 €9%20SS19
[osdue[os 19°0 60THELE €SS°LT 0€¢
[oyoo[e oruayag 98'1 8€99¢€H 11 TLT'LT 6T
audenbg 0T'S 6665661€ €869T 8¢
(SVD)
10159 JAA(JAYIOWAXOIPAT])--AX0IPAY-T “PIoE 010UBIIPLIOQ 98°0 PEEETES 09L'ST LT
-(7) ‘Teusoopendl-g L9Y 86LLYLST 985°ST 9T
10189 (JAXQU[AY19-Z)OUOW ‘PIo€ OI[AX0QIBIIPIUSZUQ-T ] Te0 01L€861 0rt'+T 4
(SVD)
10159 TAR([AIWAXOIPAT])--AX0IPAY-T ‘PIoE Ol0UBIIPLXOH 10°¢ 9TS1TS8T €E1T T
[0100£]3-(]A0U209p€100-6)-1(1 9%°0 70SSS8C TT8€T €C
(SVD) 10159 [A1pauet)d-7* [ -(JAYIOWAXOIPAY)-T ‘PIoB O10UBIIPELXOH €€°0 129600 L8T'TT rae
(SVD) 10182 [Aypo “proe oroueoapeldoy ve'l TL969T8 SYEIT 1T
oweN (o) BOTY BAIY owIn uonuAY #ye3d

(panuijuo)) g o1qeL

Pertanika J. Trop. Agric. Sci. 44 (4): 845 - 864 (2021)

vy



Antibacterial Properties of Sidr Leaf Extract in Aquaculture

Based on the GC-MS analysis, the
Sidr leaf extract contained 30 chemical
compounds (Table 2). These 30 chemical
compounds comprised the following:
1-butanol, 3-methyl; optical density (OD)
ethanol; pyrrolidine; n-methoxy formamide;
two kinds of 1,3,3-trimethyl-2-oxabicyclo
[2.2.2] octane-6,7-endo, endo-diol;
methenamine, N-[3-methyl-2-butenylidene];
neophytadiene; 3,7,11,15-tetramethyl-
2-hexadecen-1-0l; hexadecanoic acid,
methyl ester; three kinds of n-hexadecanoic
acid; farnesyl acetate 0.4780.4370.807;
11-octadecenoic acid, methyl ester;
2-hexadecen 3,7,11,15-tetramethyl-
[R-[R*,R*-(E)]]-0.5490.4170.736;
14-pentadecenoic acid; cis-9-hexadecenal;
ethyl oleate; heptadecanoic acid, ethyl ester;
hexadecanoic acid, 1-(hydroxymethyl)-
1,2-ethaned iyl ester; di-(9-octadecenoyl)-
glycerol; hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl) ethyl ester; 1,2-benzene
dicarboxylic acid, mono (2-ethylhexyl)
ester; 9-tetradecenal, (Z)-; octadecanoic
acid, 2-hydroxy-1-(hydroxymethyl) ethyl
ester; squalene; behenic alcohol; and
solanesol. Based on chemical analysis,
two major components were contained in
large quantities, i.e., n-hexadecanoic acid
(31.58%) and cis-9 hexadecenal (18.23%).
By contrast, Moustafa et al. (2016) found
that the main chemical compounds of Z.
spina-christi leaf extract are n-hexadecanoic
acid, tetradecanoic acid, and cis-vaccenic
acid, and Abu-Raghif'et al. (2017) identified
considerable amounts of n-hexadecanoic
acid and the flavonoid 4H-pyran-4-one,
2,3-dihydro-3,5-dihydroxy-6-methyl-.

These different results are likely due to
differences in the growing environment
(Inbathamizh & Padmini, 2013). However,
these studies have something in common.
They contain n-hexadecanoic acid in the
chemical composition of Sidr leaf, and
n-hexadecanoic acid has antioxidant,
anticancer, and antiinflammatory properties
(Aparna et al., 2012; Mazumder et al.,
2020).

The chemical compounds in the
Sidr leaf extract can act as antibacterial
agents. The mechanism for inhibiting
microbial growth involves the destruction
of the bacterial cytoplasm cell membrane’s
integrity and triggering intracellular leakage
(Bouyahya et al., 2019). This phenomenon
is achieved by accumulating hydrophobic
groups on phospholipids, causing cell
death (Huang et al., 2019; Kinnunen et al.,
2012). Phenolic components can inhibit
cell DNA and RNA synthesis (Ulanowska
et al., 2006). Additionally, the terpenoid
group can damage cell membrane efficacy
and interfere with microbial growth
(Wu et al., 2016). The most significant
antibacterial compound detected in the Sidr
leaf extract was cis-9 hexadecenal (31.58%).
Pyrrolidine, neophytadiene, farnesyl acetate,
and squalene were also detected. Cis-9
hexadecenal is a family of agrochemicals
used to prevent and eradicate pests (Mensah-
Agyei et al., 2020). Pyrrolidine is an
alkaloid class compound known to function
as an antifungal and antibacterial agent
(Thawabteh et al., 2019). Neophytadiene
and farnesyl acetate are members of the
terpenoid group. Neophytadiene is an
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antimicrobial, antioxidant, antipyretic,
and anti-inflammatory agent (Swamy et
al., 2017). Neophytadiene, together with
sitosterol components, can inhibit the growth
of Vibrio parahaemolyticus (Raman et al.,
2012).

Meanwhile, farnesyl acetate is a
volatile component that can inhibit the
growth of Gram-positive bacteria, namely,
Staphylococcus aureus, Staphylococcus
epidermidis, and Micrococcus luteus
(Boussaada et al., 2008). Squalene, a
steroid class member, detected in the
Sidr leaf extract, is also an antioxidant
and antibacterial agent that can inhibit
Pseuduomonas aeruginosa (Awang-Jamil
etal., 2021).

The fatty acids detected in the Sidr
leaf extract were saturated fatty acids
(25.39%) consisting of hexadecenoic
acid and octadecanoic acid, whereas the

Table 3

unsaturated fatty acids (11.63%) included
ethyl oleic and 11-octadecanoic acids. Fatty
acids can also have antimicrobial activity.
Fatty acids with an atomic C length less than
or equal to 6 can inhibit the growth of Gram-
negative bacteria (Yoon et al., 2018). Fatty
acids with C atoms between 10 and 12 can
inhibit yeast growth, whereas those witha C
atomic length of more than 12 can inhibit the
growth of Gram-positive bacteria (Potocki
etal.,2021; Yoon et al., 2018). Additionally,
oleic fatty acid acts as a bactericidal against
the development of mycobacteria and S.
aureus (Orhan et al., 2011). Stearic acid
and palmitic acid also have an inhibitory
effect but are not as significant as oleic acid
(Ababutain et al., 2019).

PASS analysis was applied to understand
further the potential antimicrobial role of the
compounds mentioned above in combating
bacterial pathogens in aquaculture (Table 3).

PASS analysis of compounds identified in Sidr leaf (Ziziphus spina-christi) extract

Amount Antibacterial
No. Compound
P (%) Pa Pi
1 1-butanol, 3-methyl- 0.23 0.298 0.061
2 Pyrrolidine 1.79 0.379 0.003
3 (OD) ethanol 0.56 ND ND
4 N-methoxy formamide 0.37 0.424 0.025
1,3,3-trimethyl-2-oxabicyclo [2.2.2 ] 1.50
> octane-6,7-endo, endo-diol 0.470 0.019
1,3,3-trimethyl-2-oxabicyclo [2.2.2] 0.84
6 octane-6,7-endo, endo-diol 0.470 0.019
7 Methanamine, N- [3-methyl-2- 0.46 0372 0.037
butenylidene]
8 Neophytadiene 0.79 0.363 0.040
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Table 3 (Continued)

Amount Antibacterial
No. Compound (%) Pa P
9 3,7,11,15-tetramethyl-2-hexadecen- 1-ol 0.30 0.417 0.026
10 Hexadecanoic acid, methyl ester 0.42 0.263 0.076
11 n-hexadecanoic acid 0.45 0.300 0.060
12 n-hexadecanoic acid 1.45 0.300 0.060
13 n-hexadecanoic acid 18.23 0.300 0.060
14 Acid 3.98 0.186 0.022
15 Farnesyl acetate0.4780.4370.807 0.36 0.437 0.023
16 11-octadecenoic acid, methyl ester 0.29 0.298 0.061
17 2-hexadecen 3,7,11, 15-tetramethyl- [R- [R 5.10 0.417 0.026
* R*-(E)]]-0.5490.4170.736

18 14-pentadecenoicacid 1.29 0.356 0.042
19 cis-9-hexadecenal 31.58 0.400 0.030
20 Ethyl oleate 11.34 0.270 0.073
21 Heptadecanoic acid, ethyl ester 1.34 0.186 0.022
2 Hexadeca_ri(.);;;;(i;eld— i(yhlyélsrt(:r;ymethyl) 0.33 0.277 0.069
23 Di- (9-octadecenoyl)—glycerol 0.46 0.340 0.046
T ot O
25 1,2 benzgifﬁ;?;ii);}ll)llecsil;ld’ mono 0.32 0.309 0.057
26 9-tetradecenal, (Z) - 4.67 0.400 0.030
y Ot bivyl 00 s oo
28 Squalene 5.20 0.295 0.062
29 Behenic alcohol 1.86 0.225 0.008
30 Solanesol 0.61 0.424 0.025

Note. Pa = Probability to be active ; Pi = Probability to be inactive
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Fifteen compounds (64.51% levels)
with a probability to be active (Pa) value
of more than 0.300 were found, indicating
that they possess antibacterial activity.
The bioactive compounds detected were
as follows: 1,3,3-trimethyl-2-oxabicyclo
[2.2.2] octane-6,7-endo, endo-diol (Pa:
0.470); farnesyl acetate 0.4780.4370.807
(Pa: 0.437); N-methoxy formamide
(Pa: 0.424); and solanesol (Pa: 0.424).
Interestingly, cis-9-hexadecenal (palmitic
acid), a main chemical compound in Sidr
leaf, also has antimicrobial activity (Pa:
0.400). Previously, Kumar and Rajakumar
(2016) found cis-9-hexadecenal to have
anti-inflammatory, nematicide, pesticide,
lubricant, antiandrogenic, flavor, hemolytic
S-alpha reductase inhibitor, antioxidant, and
hypocholesterolemic properties.

Pseudo-peptide pyrrolidinedione
natural products, namely moiramide B
and andrimid, represent a new class of
antibiotics that target bacterial fatty acid
biosynthesis (Pohlmann et al., 2005).
N-methyl formamide isolated from the red
algae Portieria hornemannii (Lyngbye)
P.C.Silva is effective against two plant
pathogenic bacteria (Sivakumar et al., 2017).
Additionally, Chen et al. (2007) showed that
solanesol has significant inhibitory effects

Table 4

against E. coli, Mycobacterium phlei, P.
aeruginosa, and S. aureus but poor inhibitory
effects against Bacillus circulans and
Bacillus subtilis. The PASS forecasting tool
was used to estimate Pa:Pi (active, inactive
ratio) at the forecast thresholds of Pa > 30%,
Pa > 50%, and Pa > 70% according to
Parasuraman (2011). The forecast’s average
accuracy was approximately 95% based on
the leave-out cross-validation calculation.
The PASS forecast accuracy depends on
detailed knowledge of the spectrum of
biological activity for each compound
available in the PASS training package.
Thus, the estimation of biological activity
is precise (Filimonov et al., 2014).

Inhibition Test of Sidr Leaf Extract
against Several Aquaculture Pathogenic
Bacteria

In vitro testing showed that the Sidr leaf
extract can be used to control several
aquaculture-based pathogenic bacteria.
Table 4 and Figure 3 show that the Sidr leaf
extract at a concentration of 500 ppm was
almost as effective as tetracycline, especially
for A. hydrophila, A. sobria, S. agalactiae,
and V. parahaemolyticus. By contrast, the
extract was less effective at controlling 4.
caviae, P. aeruginosa, and V. vulnificus.

Average inhibition zone size caused by Sidr leaf (Ziziphus spina-christi) extract when exposed to pathogenic

bacteria found in aquaculture settings

Average inhibition zone (mm)

Pathogenic bacteria Tetracycline 100 300 500 800
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aeromonas hydrophila 15.20 2.87 9.50 13.17 6.87
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Table 4 (Continued)

Average inhibition zone (mm)

Pathogenic bacteria Tetracycline 100 300 500 800
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Aeromonas caviae 8.67 6.57 6.20 4.50 6.20
Aeromonas sobria 5.40 13.90 10.43 12.67 4.53
Pseudomonas putida 15.17 4.83 5.87 9.23 9.33
Pseudomonas aeruginosa 12.10 4.83 5.87 5.80 6.07
Streptococcus agalactiae 8.73 11.00 10.97 8.47 7.90
Vibrio vulnificus 12.70 2.87 3.80 2.50 0.00
Vibrio harveyi 18.67 12.20 9.23 0.00 3.43
Vibrio parahaemolyticus 13.00 3.40 7.23 12.37 6.17
Vibrio alginolyticus 12.03 10.67 6.93 3.83 00.00

Figure 3. Visual examples of the inhibition zone caused by the Sidr leaf (Ziziphus spina-christi) extract when
exposed to pathogenic bacteria from aquaculture settings

Note. a) Aeromonas hydrophila, b) Aeromonas caviae, c) Aeromonas sobria, d) Aeromonas putida,
e) Pseudomonas aeruginosa, f) Streptococcus agalactiae, g) Vibrio vulnificus, h) Vibrio harveyi, 1) Vibrio
parahaemolyticus, and j) Vibrio alginolyticus
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Based on the in vitro results, the Sidr
leaf extract can inhibit the growth of 10
pathogenic bacteria, with the degree of
inhibition ranging from moderate to strong,
except for V. vulnificus (Table 4 and Figure
3). The 10 bacteria tested were pathogenic
to farmed fish and shrimp. Aeromonas are
pathogenic bacteria that cause diseases in
freshwater fish, such as common carp (Baba
et al., 2016), catfish (Sarjito et al., 2018a),
tilapias, eel, and goldfish (Algammal et al.,
2020). Meanwhile, members of Vibrio cause
a common disease among groupers, such as
marine fish (Sarjito et al., 2009), mud crabs
(Sarjito et al., 2018b), shrimp (Novriadi,
2016; Sarjito et al., 2018c), and cultured
shellfish (Novriadi, 2016). In addition, these
pathogenic bacteria can be transmitted to
humans through fresh seafood (Praja &
Safnurbaiti, 2018).

For inhibition tests, the potency of
inhibition is indicated by the zone diameter
(strong: 10-20 mm, moderate: 5—-10 mm,
and weak: less than 5 mm) (Pargaputri et
al., 2016). The zone diameter observed
from the Sidr leaf extract strongly showed
inhibition of V. parahaemolyticus and
Aeromonas bacteria at a dose of 500 mg/L,
except for 4. caviae. Similarly, the Sidr
leaf extract strongly inhibited vibrios
(V. harveyi and V. alginolyticus), A.
sobria, and S. agalactiae at 100 mg/L.
The Sidr leaf extract produced weak and
moderate inhibitions for V. vulnificus and
P. aeruginosa, respectively. Therefore, the
inhibition test results indicated that the
Sidr leaf extract could be used as a natural
antibiotic in fish cultivation.

The antibacterial properties of the Sidr
leaf extract are consistent with a previous
research report that methanolic extracts from
Apocynaceae and Lamiaceae moderately
inhibit A. hydrophila with an inhibition
zone of 9.67 mm (Haniffa & Kavitha,
2012). Additionally, Sidr leaf extract is
antibacterial agent that is both bacteriostatic,
i.e., able to inhibit the growth of bacteria,
and bactericidal, i.e., able to kill bacteria
(Abdel-Fatah et al., 2016; Mulyani et al.,
2021). For example, Motamedi et al. (2014)
showed that Sidr leaf extract is effective
against S. aureus with the same value of
minimum inhibition concentration (MIC)
and minimum bactericidal concentration
(MBC) of 8 mg/mL. Al-Mutairi et al.
(2016) reported that Sidr leaf extract could
inhibit the growth of P. aeruginosa with a
MIC of 100 mg/L. Mulyani et al. (2021)
demonstrated that MIC and MBC of Sidr
leaf extract impede E. coli with a zone
diameter of 11.1 mm were at 50 % and 75 %,
respectively. Moreover, Brito et al. (2015)
demonstrated that Sidr leaf extract could
inhibit several antibiotic-resistant bacterial
strains and acts against rhabdomyosarcoma
cells (Abu-Raghif et al., 2017). Table 2
shows that the lowest concentration of
Sidr leaf extract used in the present study
(100 mg/L) could inhibit tested aquatic
pathogenic bacteria. Based on these data, it
seems likely that Sidr extract is potentially
a natural antibiotic in aquaculture. The
results in this study are in line with those
of Alhassan et al. (2019), Al-Mutairi et
al. (2016), Khaleel et al. (2019), and
Temerk et al. (2017). The results indicate
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that the Sidr leaf extract has the potential
as an antibacterial agent. Thus, Sidr leaf
extract should be tested as an alternative
antibacterial agent to inhibit pathogenic
bacterial growth in aquaculture.

CONCLUSION

The Sidr leaf extract contains phytochemicals,
namely, flavonoids, alkaloids, saponins,
tannins, and steroids, with antibacterial
properties. GC-MS analysis showed that
the Sidr leaf extract has 30 compounds
that function as an antiseborrheic. These
compounds include the following: 1-butanol,
3-methyl; (OD) ethanol; pyrrolidine;
n-methoxy formamide; two molecules of
1,3,3-trimethyl-2-oxabicyclo [2.2.2] octane-
6,7-endo, endo-diol; methenamine, n-[3-
methyl-2-butenylidene]; neophytadiene;
3,7,11,15-tetramethyl-2-hexadecen-1-ol;
hexadecanoic acid, methyl ester; three
kinds of n-hexadecanoic acid; acid; farnesyl
acetate 0.4780.4370.807; 11-octadecenoic
acid, methyl ester; 2-hexadecen-3,7,11,
I5-tetramethyl-[R-[R*,R*-
(E)]]-0.5490.4170.736; 14-pentadecenoic
acid; cis-9-hexadecenal; cis-9-hexadecenal;
ethyl oleate; heptadecanoic acid, ethyl ester;
hexadecanoic acid, 1-(hydroxymethyl)-
1,2-ethanediyl ester; di-(9-octadecenoyl)-
glycerol; hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl) ethyl ester; 1,2 benzene
dicarboxylic acid, mono (2-ethylhexyl)
ester; 9-tetradecenal, (Z); octadecanoic acid,
2-hydroxy-1-(hydroxymethyl) ethyl ester;
squalene; behenic alcohol; and solanesol.
PASS analysis demonstrated 15 compounds
(64.51% level) having antibacterial activity

and a Pa value of more than 0.300. The
inhibition test demonstrated that the Sidr
leaf extract exhibits moderate-to-strong
inhibition to aquaculture pathogenic
bacteria, except for V. vulnificus, which
produced a weak inhibition. These results
indicate that the Sidr leaf extract can be
used as a natural herb to control bacterial
pathogens in fish cultivation.
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