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Abstract— Apple leaves (Ziziphusmauritiana Lam) are a traditional plant, contain numerous
bioactive ingredients. The paper focused on polyphenol content and antibacterial activity of acetone,
hexane, and ethyl acetate extracts from apple leave Ziziphusmauritiana Lam selecting in NinhThuan
province, Vietnam on four-strain Pseudomonas aeruginosa, Bacillus subtilis, Escherichia coli, and
Staphylococusaureus. Antibacterial activity of different fractions was evaluated by using minimum
inhibitory concentration. The results showed that apple leaves (Ziziphusmauritiana Lam) exhibited
high antibacterial activity as the evaluation of antibacterial activity by using MIC method in liquid
medium, and MIC of three fractions was in the range of 3.125 to 6.25 mg/ml. Polyphenol content of
acetone fraction from apple leaves was 68.96 + 0.53 mg gallic acid equivalent/g DW. The purity of
polyphenols in different fractions was arranged in ascending order, acetone, n-hexane, and ethyl
acetate. Apple leaves Ziziphusmauritiana was potential in functional food and pharmaceuticals.
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1. Introduction

Medical plants are usually evaluated high in food, functional food, and pharmaceuticals because they
contain numerous bioactive ingredients composed of polyphenol. Polyphenols are secondary
metabolisms, possess numerous bioactive activities such as antioxidant activity, antibacterial, anti-
virus, and improve resistance. They are valuable for treating diseases, controlling the number of
microorganisms, inhibiting the growth of pathogenic bacteria, inhibiting food spoilage bacteria, and
acting as a preservative for a safe level for human health.

Apple leaves Ziziphusmauritiana Lam are belong to the family Rhamnaceae, mainly distributed in
Bangladesh, India, Sri Lanka, and Southern East-Asian. Ziziphusmauritiana is an abundant resource
of carbohydrates, protein, vitamins, and fibers that help laxatives and are beneficial to human health.
[11Ziziphusmauritiana is also rich in minerals. Hence, some animals such as cattle, camels, goats use
these leaves for their healthy improvement. [2] Outside, apple leaves are rich in vitamin C, triterpene,
polysaccharides, and polyphenols. They are valuable factors in some diseases treatment such as liver,
asthma, and fever. [3]

Some valuable bioactive ingredients of apple leave Ziziphusmauritiana such as various
phytoconstituents are studied and extracted by different solvents such as methanol, n-hexane,
chloroform, and ethanol. Methanol fraction contained saponins, anthraquinones, [4] alkaloids, [5]
tannins, [6] terpenoids, flavonoids, [7] polyphenols, [8] and phytoconstituents. [9] Studies on the
active substances from family Rhamnaceae focus on pharmaceuticals, for example, antioxidant,
antibacterial, anti-inflammatory, [10] and anti-tumor. [9] Extract from plant Ziziphusis useful for the
prevention of sausage because of their antibacterial. [11] According to Yalewet al., (2016) [12],
methanol and chloroform fractions from the family Rhamnaceaeare an antibacterial ability with a
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broad antibacterial spectrum on disease-cause bacterial, for example, Staphylococcus aureus,
Streptococcus pyogen, Streptococcus pneumoniae, and Salmonella typhi. The mean values of the
minimum inhibitory concentrations of the methanol and chloroform fractions ranged from 8.13 to
32.5 mg/ml and from 8.13 to 16.25 mg/ml, respectively. Therefore, apple leaves are potential in
pharmaceutical. However, polyphenol content and antibacterial activity of various fractions such as n-
hexane, acetone, and ethyl acetate from Ziziphusmauritiana still be less, especially apple leaves in
Vietnam.

Therefore, the paper focused on polyphenol content and antibacterial activity of different fractions
from apple leaves in Vietnam.

2. Materials and methods
2.1. Materials

Apple leaves (Ziziphusmauritiana) were alternate, ovate or elliptical, and size (length x width, 2.5 -
4.0 cm x 1.8 - 3.8 cm, respectively). Apple leaves were selected from trees grown 25 years olds in
NinhPhuoc district, NinhThuan province, Vietnam, and the collection time was seven months after
harvesting apples. Apple leaves must be fresh, not wilted or crushed. Four strains of microorganisms
were used, including two gram-positive bacteria (Staphylococcus aureus, Bacillus subtilis) and two
gram-negative bacteria (Escherichia coli, Pseudomonas aeruginosa) purchasing from the Institute of
Food and Biotechnology, City University of Industry Ho Chi Minh Street.

2.2. Sample preparation

After harvesting, apple leaves drying was at 40 °C until the moisture lower 10%, finally ground to a
fine powder and stored in vacuum-sealed PE bags for further studies.

2.3. Extract preparation

Apple leaves powder was vortex-assisted soaked in 80% acetone with the solvent-to-material ratio of
20/1 (v/w) for 120 minutes at 350 rpm and filtered through Whatman No. 1. The filtrate was
vacuumed rotary evaporator at a temperature of 40 °C, and a concentrated extract was then fracted by
n-hexane and ethyl acetate. Fractions of n-hexane and ethyl acetate were also vacuumed concentration
at a temperature of 40 °C. All concentrated extracts were used for further studies.

2.4. Microorganism preparation

Medium preparation

2.4 g of nutrient broth were accurately weighed and dissolved in 300 mL of distilled-autoclaved
water. Then let them cool at room temperature.

Cultivation of increase bacteria

The original microbiological was kept at -18 to 0°C for 6 hours, incubated then at 0 to 4°C for 6 hours.
The microorganisms were then moved into test tubes which contained 15 ml of nutrient broth and
autoclaved for 15 minutes at 121°C. Finally, all samples were kept for 24 hours at 37°C for formatting
microorganisms in a liquid medium.

Preparation of strains and adjustment of microbial density

Obtaining bacterial strains were from slanted agar by pouring nutrient broth medium into test tubes
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and then using circular culture rods to scrape bacteria from the surface of the agar. Pour the solution
from that test tube into the centrifuge tube to get the bacterial solution. Centrifuge at 3.000 rpm for 15
minutes to wash bacteria with sterile distilled water with triplication. The final bacterial culture fluid
was vortexed for 1 min, and then the bacterial density was adjusted by photometric at the wavelength
of 625 nm and set blank with distilled water. Measure absorbance from 0.08 — 0.1 ~ 0.5 McFarland
(~10° CFU/ml). The bacterial suspension was adjusted from 10° CFU/ml to 10° CFU/ml by aspirating
200 pl of the suspension into 19.8 ml saline for obtaining a density of 10° CFU/ml (4 tubes of 19.8 ml
saline + 4 tubes of bacteria centrifuge).

Microorganisms inoculation

Inoculation on agar is similar to an aqueous medium but was added with 2% agar, and the inoculation
medium was incubated at a suitable temperature to achieve the growth of microorganisms. After 24
hours, the grown microorganisms was kept at 4 — 8 °C for further studies. According to the method,
the microorganisms has a survival time from 3 to 6 months longer than the liquid inoculation.

2.5. Quantification of polyphenol content

100 pl was separately added into various fractions for vortexing, and then, in turn, poured 0.5 ml
Folin reagent and 2.5 ml 10% Na,CO; in the mixture and kept for 30 minutes for measuring at the
wavelength of 750 nm with the gallic acid standard. [13]

2.6. Antibacterial activity evaluation by MIC method

10g extracts of each were prepared separately in 8 ml of DMSO. All extracts were separately diluted
at concentrations of 100 mg/ml, 50 mg/ml, 25 mg/ml, 12.5 mg/ml, 6.25 mg/ml, 3.125 mg/ml, 1.562
mg/ ml, respectively and added into the volume tube of 10 ml which contained 10° CFU/ml. The
mixture was incubated at 37 °C for 24 hours and measured the turbidity. Thereby comparing and
evaluating the antibacterial ability of various fractions by MIC method.[14]

2.7. Data analysis

All experiments were triplication (n=3). Analysis of one factor ANOVA and statistical by software R
and MS. Excel 2013. Data were expressed under the mean + standard deviation. Movement of
unnormal value was by Duncan method.

3. Results and discussion

3.1. Polyphenol content

Polyphenol content of apple leaves was calculated based on the standard curve (Figure 1),
corresponding to 68.96 £ 0.53 mg gallic acid equivalent/g DW as extracted by acetone. Fraction of n-
hexane and ethyl acetate possessed polyphenol content of 76.09 + 1.31 and 87.22 + 0.43 mg gallic
acid equivalent/g DW, respectively (Table 1). The thing showed that the ratio of polyphenol content-
to-drying weight in the n-hexane fraction was higher than one in the acetone fraction but lower than
the ethyl acetate fraction. It meant that polyphenol purification in ethyl acetate fraction was the
highest value, following fraction n-hexane and acetone. Polyphenol content ratio in other fractions
was a significant difference (p<0.05). These results were suitable for the previous studies on the
purification of polyphenol. [15] Polyphenol was focused in the current study because polyphenol was
known as antioxidant, antibacterial, and the information on polyphenol of apple leaves is not yet
much. [16]
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Table 1. Polyphenol content of various fractions

Polyphenol content S
Extract ) yp. . L6 y=0au7ix 03101
(mg gallic acid equivalent/g DW) S 14
= E
gg | 71
Acetone 68.96 + 0.53 25 10 ]
é En 0.8
g 4 0.4 4
n-hexane 76.09 +1.31 @
0.0 T T T T T
] 25 50 100 150 200
Polyphcnol content (ug gallic acid cquivalent/pl)
Ethyl acetate 87.22+0.43 Figure 1. Standard curve of polyphenol

3.2. Antibacteria activity of acetone fraction

Acetone fraction extracted from apple leaves had antibacterial activity. In terms of turbidity and
bacterial number on the four bacterial strains, it exhibited that the minimum inhibitory concentration
of the extract against Escherichia coli strain (3.125 mg extract/ml, 7.1 x 10° CFU/ml), Bacillus
subtilis strain (3.125 mg extract/ml, 2.7x10° CFU/ml), Staphylococcus aureus strain (6.25 mg
extract/ml, 5.5%10° CFU/ml), and Pseudomonas aeruginosa strain (3.125 mg extract/ml, 5.1 x 10’
CFU/ml) (Table 2). MIC of acetone extract from Pouzolzia mixta on the strains of Bacillus cereus,
Bacillus pumilus, Bacillus subtilis, Staphylococcus aureus, Enterococcus fecalis; Enterobacter
cloacae, Escherichia coli, Pantoea agglomerans, Pseudomonas aeruginosa, Shigella flexneri,
Aeromonas hydrophila, Proteus mirabilis, Klebsiella pneumoniae, Salmonella cholerae-suis and
Serratia marcescens was more than 12 mg/ml. [17] Hence, the antibacterial activity of all extracts
from apple leaves in Vietnam was higher than Pouzolzia mixta. Antibacterial activity of various
fractions from apple leaves in Bangladesh [16] was lower than one in Vietnam, but in comparison to
one in Pakistan, [18] one in Vietnam was lower.

Table 2.Antibacteria activity of acetone fraction on four microoganism trains

Escherichia coli Bacillus subtilis Staphylococcus Pseud0fnonas
Extract aureus aeruginosa
t t‘ 0 . 0 .
concentrati Turbidit Bacteria Turbid Bacteria Turbid Bacteria Turbid Bacteria
on (mg/ml) 1 . 1 . 1 .
ity ity ity
number number number number
100 T 43x10° T 52x10° T 56x10° T 1.2 x 10°
50 T 6.8x10> T 59x10° T 72x10° T 42 % 10'
25 T 95%x10> T 74x10° T 9.1x10° T 35 % 107
12.5 T 34x10° T 83x10* T 43x10* T 5.4 % 10°
6.25 T 56x10° T 85x10° T 55x10° T 2.5x%x10°
3.125 T 71x10° T 27%x10° N 49x10° T 5.1 x 10°
1.5625 N 25%x10° N 54x10° N 73x10° N 7.9 x 10*
0 N 51x107 N 1.4x10° N 3.5%x10° N 3.5 %107
0 N 74%x10° N 3.5%x10° N 73x10° N 7.8x 10°

*Note: T: Turbidity; N: Non-turbidity

3.3. Antibacteria activity of n-hexane fraction

The hexane fraction had antibacterial activity against four strains of microorganisms. In terms of

turbidity and bacterial number on the four bacterial strains, it showed that the minimum inhibitory

concentration of the extract against Escherichia coli strain (6.25 mg extract/ml, 1.2 x 10° CFU/ml),

Bacillus subtilis strain (3.175 mg extract/ml, 4.1x10° CFU/ml), Staphylococcus aureus strain (6.25
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mg extract/ml, 6.6x10° CFU/ml), and Pseudomonas aeruginosa (3.175 mg extract/ml, 2.1 x 10’
CFU/ml). Luong et al., (2018) [19] noticed MIC of hibiscus leaves (H. rosa-sinensis) on three strains
Pseudomonas aeruginosa (12.5 mg extract/ml), Proteus mirabilis (10 mg extract/ml), and Klebsiella
pneumoniae (15 mg extract/ml), the thing showed that antibacterial activity of hexane extract from
hibiscus leaves was lower than one of the apple leaves.n-hexane fraction was interested in the
previous study [20-22] because of their antibacterial, antifungal and antioxidant activity.

Table 3. Antibacteria activity of n-hexane fraction on four microoganism trains

Escherichia coli Bacillus subtilis Staphylococcus Pseudofnonas
aureus aerugmosa
Extract Bacteria Bacteria Bacterial Bacteria
concentrati . 1 . 1 ] .
Turbid Turbid Turbid number Turbid
on (mg/ml) it number it number it (CFU/ml it number
y (CFU/ml " (CFU/ml " y (CFU/m
) ) ) D

100 T 3.9x10" T 1.9x10> T 43x10> T 1.5 % 10°
50 T 25%x100 T 22x10° T 12x10° T 2.5%10°
25 T 56x100 T 22x10° T 57x10° T 1.6 x 10
12.5 T 93x10° T 25%x10° T 75%x10° T 5.4x 107
6.25 T 12x10° T 36x10° T 6.6x10° T 1.2 x10°
3.125 N 21x10° T 41x10° N 3.0x10° T 2.1 x10°
1.5625 N 56x10° N 1.4x10° N 52x10° N 5.6 x 10*
0 N 25x10° N 32x10° N 6.7x10° N 2.5 % 10°
0 N 5.8x10° N 75%x 108 N 8.5x10° N 5.8 x 108

*Note: T: Turbidity; N:Non-turbidity

3.4. Antibacteria activity of ethyl acetate fraction

The ethyl acetate fraction possessed antibacterial activity against four strains of microorganisms. In
terms of turbidity and bacterial number on the four bacterial strains, it showed that the minimum
inhibitory concentration of the extract against Escherichia coli strain (3.125 mg extract/ml, 4.1 x 10’
CFU/ml), Bacillus subtilis strain (3.125 mg extract/ml, 2.1x10° CFU/ml), Staphylococcus aureus
strain (6.25 mg extract/ml, 2.5x10° CFU/ml), and Pseudomonas aeruginosa strain (3.125 mg
extract/ml, 3.1 x 10° CFU/ml) (Table 4). In the study of Luonget al., (2018) on the antibacterial
activity of Hibiscus rosasinensis L leaves, ethyl acetate fraction exhibited the highest activity against
all three strains (Proteus mirabilis, Pseudomonas aeruginosa, and Klebsiellapneumoniae). MIC of
ethyl acetate fraction in the study of Luonget al., (2018) [19] corresponded to 7.5 mg extract/ml for
two strains of Proteus mirabilis and Pseudomonas aeruginosa, and 10 mg extract/ml for strain
Klebsiellapneumoniae. The thing showed that the antibacterial activity of apple leaves was higher
than hibiscus leaves. From the above results, all three extracts (acetone, hexane, and ethyl acetate)
were antibacterial against four strains of Escherichia coli, Bacillus subtilis, Staphylococcus aureus,
and Pseudomonas aeruginosa with minimum inhibitory concentrations ranging from 3.175 mg/ml to
6.25 mg/ml.Comparison to the antibacterial activity of Calotropisgigantea leaves [23], apple leaves in
Vietnam was somewhat higher. Polyphenol content and antibacterial activity of various fractions from
apple leaves in Vietnam were presented in the current study but found in previous studies. [24,25]

Table 4. Antibacteria activity of ethyl acetate fraction on four microoganism trains

Extract Escherichia coli Bacillus subtilis Staphylococcus Pseudomonas
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concentrat aureus aeruginosa
ion Bacteria Bacteria Bacteria Bacteria
/ml
(mg/mb . rbidi | Turbidi | Turbidi | Turbidi
¢ number ¢ number ¢ number ¢ number
y (CFU/m (CFU/m (CFU/m (CFU/m
L) L) L) L)
100 T 25x10° T 33x10°0 T 45x10° T 1.2 x 10°
50 T 48x10° T 58x10° T 76x10° T 4.6 x 10°
25 T 6.6x10° T 8.6x10° T 83x10° T 8.5 x 10
12.5 T 84x10> T 43x10" T 53x10° T 5.4 x 10
6.25 T 1.6x10° T 75%x10" T 25%x10° T 1.6 x 10°
3.125 T 41x10° T 21x10° b 41x10° T 3.1 x10°
1.5625 b 1.4x10° b 44x10° P 55%x10° P 6.7 x 10*
0 b 42x10" b 89x10" P 29x10° b 3.1 x 10’
0 b 55x10° P 3.5x10° P 55x10° P 6.4 x10°

*Note: T: Turbidity; N: Non-turbidity

3. Conclusion

Apple leaves (Ziziphusmauritiana Lam) contained polyphenol and possessed antibacterial activity on
four microorganism strains (Escherichia coli, Bacillus subtilis, Staphylococcus aureus, and
Pseudomonas aeruginosa). All three fractions (acetone, n-hexane, and ethyl acetate) exhibited
polyphenol content and antibacterial activity. The antibacterial activity of ethyl acetate fraction was
the highest value on four microorganisms strains, compared to other extracts, lowest in acetone
fraction. Minimum inhibitory concentrations of three extracts on four bacterial strains were from
3.125 mg/ml to 6.25 mg/ml. Apple leaves can be used as extracts to supplement functional foods and
pharmaceuticals to create safe antibacterial products in the trend of nature, protecting health and the
environment.

4.Acknowledgements

Thankful for Industrial University of Ho Chi Minh City for funding the study.

5.Competing interests

Authors have declared that no competing interests exist.

6. References

[1] Lykke AM, Padonou EA.Carbohydrates, proteins, fats and otheressentialcomponents of
foodfromnativetrees in West Africa. Heliyon. 2019;5(5):e01744.
doi:10.1016/j.heliyon.2019.e01744.

[2]  Morton J. Indianjujube, in book: Fruits of WarmClimates.MortanJF, Miami FL (Eds.), Center
for New Crops&PlantProducts, PurdueUniversity, Lafayette, Ind, USA, 1987; pp. 272-275.

[3] Dahiru D, Sini JM, John-Africa L.Antidiarrhoealactivity of Ziziphusmauritianarootextract in
rodent. AfrJournalBiotech. 2006;5(10):941-945.



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Sapporo Medical Journal

Volume 55, Issue 12, December 2021

Stahl E. Drug analysis by chromatography and microscopy. Ann Arbor Scientific Publishers,
Inc., Michigan, USA. 1973;238 pages.

Yusuf AZ, Zakir A, Shemau Z, Abdullahi M, Halima SA. Phytochemical analysis of the
methanol leaves extract of Paulliniapinnata Lin. J Pharm Phyto. 2014;6(2):10-16.

Ashfaq M, Shah KW, Ahmad S, Singh D. Preliminary phytochemical screening of alcoholic
and aqueous extracts of Menthalongifolia Linn. leaves. Int J Biol Pharm Res. 2012;3(3):384-
386.

Mujeeb F, Bajpai P, Pathak N. Phytochemical evaluation, antimicrobial activity, and
determination of bio-active components from leaves of Aeglemarmelos. BioMed Res
Inter Hindawi Publishing Corporation. 2014;Article ID 497606.
http://dx.doi.org/10.1155/2014/497606.

Clarke EGC. Isolation and identification of drugs.The pharmaceutical Press, London, UK.
1975;385 pages.

Sonia SS, Singh SK. Phytoconstituents of Ziziphusnummularia (Burm. F.) Wight &Arn.
leavesextractsusing GC-MS spectroscopy. RRJoLS. 2019;9(1):109-118.

Soliman YH. Topical anti-inflammatory and wound healing activities of herbal gel of
Ziziphusnummularia L. (F. Rhamnaceae) leaf extract. Int J Pharm. 2011;7:862-867.

Galal A, Mohamed A-SA-S. Evaluation of theantioxidant and antimicrobialeffects of
Ziziphusleavesextract in sausageduringcoldstorage. PJFS. 2016;26(1):10-20.

Yalew M, Teshome N, Getachew T, Haile A, Workineh S. Evaluation of the in vitro
antibacterialactivity of thesolventfractions of theleaves of Rhamnusprinoidesl’Herit
(Rhamnaceae) againstpathogenic bacteria. BMC ComplementAlternMed.
2016;6:Articlenumber: 287.

Dang XC, Dao TH. Evaluation of polyphenol, chlorophyllcontentwithantioxidantactivities of
extractionfractionfromeachpart of maize. Science and TechnologyJournal of Agriculture and
Rural Development. 2014;24:60-67.

Andrews JM. Determination of minimuminhibitoryconcentrations. J AntimicrobChemothery.
2001;48(1):5-16. doi:10.1093/jac/48.suppl_1.5.

Vu NB, Nguyen TMT, Dang XC, Hoang TH. Antioxidant phlorotannin from brown algae
Sargassumdupplicatum: Enzyme-assissted extraction and purification. World Journal of Food
Science and Technology.Special Issue: Marine Bio-Polymer: Bio-Activity, Extraction and
Application. 2020;4(2):62-68. doi: 10.11648/j.wjfst.20200402.17.

Preeti J, Arifa H, Tairin I, AshrafulAMd, Hasan MR. Comparative evaluation of
Ziziphusmauritiana leaf extracts for phenolic content, antioxidant and antibacterial activities.
J Herbs Spices Med Plants. 2019;25(3):1-23.

Samie A, Obi C, Bessong P, Namrita L. Activityprofiles of fourteenselected medicinal
plantsfrom Rural Venda communities in South Africafifteenclinicalbacterialspecies. Afr J
Biotechnol. 2005;4(12):1443-1451.

Ambrin L, Ghulam D, Jehan B, Muhammad A. Antimicrobial and phytochemical evaluation
of Ziziphus mauritiana var. spontanea Edgew. and Oenothera biennis. Pakistan J Zool.
2020;52(5):1809-1815.

Luong TMN, Le TKL, Nguyen TTL, Nguyen NQ, Le TTL, Truong THH, Tran TH.
Studyonantibacterialactivities of Hibiscus rosa-sinensis L. leaf and

7



Le Huong T, Dang X SMJ

[20]

[21]

[22]

(23]

[24]

[25]

flowerextractsagainstProteusmirabilis, Pseudomonasaeruginosa, and Klebsiellapneumoniae.
STDJINS. 2018;2(1):19-26.

Adnan A, Swahid S, Saadia A, Muhammad MK, Muhammad AK. Studies on antimicrobial
and antifungal activities of Ziziphusmauritiana against human clinical bacterial and fungal
pathogens. Pak J Scilnd Res B: Biol Sci. 2012:55(1):1-35.

Ahmad B, Ibrar K, Shumaila B, Sadiq A, Niaz A. The antifungal, cytotoxic, antitermite and
insecticidal activities of Zizyphus jujube. Pak J Pharm Sci. 2011;24(4):489-93.

Mbahi MA, MbahiAM, Umar 1A, Ameh DA, Joseph I, Amos PI. Phytochemical screening
and antimicrobial activity of the pulp extract and fractions of Ziziphusmauritiana.Biochem
Anal Biochem. 2018;7(2):352. doi: 10.4172/2161-1009.1000352.

Gaurav K, Karthik L, Bhaskar R. Antibacterialactivity of aqueousextract of Calotropis
gigantealeaves - An in vitro study. Int J PharmSciRev Res. 2020;4(2):141-144.

Emad MA, Eman RE,Abdelaziz E-d.Biologicalactivities of methanolicleafextract of
Ziziphusmauritiana. BiosciBiotech Res Comm. 2016;9(4):605-614.

Aisha A, Raja AS.Chemicalcomposition and biologicalactivities of leaves of
Ziziphusmauritiana L. nativetoPakistan. PakJournalBot. 2015;47(1):367-376.

@ @ This work is licensed under a Creative Commons Attribution Non-Commercial
T 4.0 International License.



