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Abstract: Excessive physical activity will result in body fatigue. This causes oxidative stress that occurs
due to an imbalance between oxidants and antioxidants which can then cause damage characterized by MDA.
Moringa leaf extract is an antioxidant from outside the body that is useful in reducing fatigue. This study aimed to
decrease MDA levels in male Wistar rats by Moringa leaf extract. We gave swimming exercises to tire the mice. It
will increase the levels of MDA in their blood. Fatigue can be characterized by a variety of biological signs. The
difference in our research lies in the biological marker used as an indicator of fatigue, namely MDA levels. The
sample used in this study consisted of 4 groups to be given treatment, with each group consisting of 5 rats. MDA
levels were tested using the competitive ELISA (enzyme-linked immunosorbent assay) method. One-way ANOVA
test was used to find out where the difference was, with 95% correct confidence for this test, and if p < 0.05, a
significant difference was obtained. The lowest mean MDA levels were in the treatment of Moringa extract at 300
mg/kg in the pre-test, the first week, and the second week, 1.82 + 0.20, 1.24 + 0.03, and 0.86 + 0.12, respectively.
The results of the one-way ANOVA test in this study showed differences in each treatment group with p= 0.000.
The results of the examination of MDA levels at each treatment time showed a difference between before the
treatment, the first week, and the second week.
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1. Introduction This excessive activity will result in increased levels of
Fatigue is caused by too much physical activity. ~ free radicals in the body so that endogenous
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antioxidants cannot neutralize free radicals, and
exogenous antioxidants are needed in greater quantities
to counteract the effects of free radicals [1], [2]. MDA
is an indicator with the highest reaction sensitivity
when there are free radicals in tissue. Strenuous
exercise will produce excess ROS, thereby lowering
antioxidant defenses in the body, resulting in oxidative
stress [3]. Oxidative stress is a phenomenon caused by
an imbalance between the production and accumulation
of reactive oxygen species (ROS) in cells and tissues
and the ability of a biological system to detoxify these
reactive products [4]. Moringa leaves have a high
flavonoid function as antioxidants. Flavonoids are the
main phenolic compounds found in Moringa leaves
[5]-9]. For this reason, the purpose of this study was
to give Moringa leaf extract to decrease MDA levels in
male Wistar rats.

2. Materials

2.1. Ingredients and Preparation of Moringa Leaf
Extract

Moringa fresh leaves come from Blora Regency,
Central Java. After the leaves are harvested, then the
clean leaves are dried. Moringa leaf extract is made
using leaves dried and mashed as much as 3 kg, then
mixed into 75% ethanol for 72 hours. The ethanol was
evaporated at a temperature of 35 + 20 °C for 48 hours,
and a net residue of 25.7 g/bb was obtained and stored
at -40 °C; this is liquid extraction. Moringa leaf extract
is made at Unimus Food and Beverage Chemistry and
Biochemistry Laboratory.

2.2. Animals and Grouping

2.2.1. Treatment of Experimental Animals

The animal used in this experiment was a male
Wistar rat from the Experimental Animal Laboratory of
the Muhammadiyah University of Muhammadiyah
Semarang. Rat body weight is 150-200 g. Mice were
fed a basal diet and water ad libitum with standard
mouse chow feed.

2.2.2. Animal Group

The samples used in this study were 20 rats adapted
for seven days. The treatment of rats consisted of 4
groups, with each group consisting of 5 rats: positive
control group K (swimming for 45 minutes and given
0.5 ml of distilled water orally), P1 (swimming for 45
minutes, given Moringa leaf extract at a dose of 100
mg/kg in 0.5 ml of distilled water orally), P2
(swimming for 45 minutes, given Moringa leaf extract
at a dose of 200 mg/kg in 0.5 ml of distilled water
orally), and P3 (swimming for 45 minutes, given
Moringa leaf extract at a dose of 300 mg/kg in 0.5 ml
of distilled water orally). Moringa leaf extract was
administered orally (oesophageal intubation) for 14
days.

3. Methods

3.1. Swimming Treatment

Each animal was placed individually in a swimming
pool (90 cm x 45 cm x 45 cm), filled with water to a
depth of 35 cm, and maintained at 25 + 1°C. Swimming
in mice was carried out for 45 minutes. At the end of
the swim, the mice were rested for one hour and then
sacrificed (under ether anesthesia) by cutting through
the jugular vein.

3.2. MDA Check

MDA was taken in mice to obtain blood serum
taken from the orbital sinuses of the eyes and heart of
mice using a syringe. The blood is placed in a
centrifuge tube that has been anticoagulated and
labeled. Then, the blood was centrifuged at 3000 rpm
for 10 minutes. The centrifuge result used in MDA
measurement is yellowish plasma on the top layer.
Then, the serum is labeled on the sample holder. Serum
was stored at + -200C.

After the treatment, the mice's malondialdehyde
(MDA) levels were tested using the competitive ELISA
(enzyme-linked immunosorbent assay) method. The
examination is carried out by preparing serum and
allowing it to reach room temperature and no clots.
Standard HRP wash buffers were prepared and diluted
as required. Then, samples of 20 serums were
processed, which were read in ELISA Reader A 450.

3.3. Statistic Analysis

The data obtained were processed and analyzed
using SPSS. The one-way ANOVA test determines
where the difference lies, with 95% true confidence for
this test, and if P < 0.05, a significant difference is
obtained.

3.4. Ethical Approval
This research has received proper ethics from the
KEPK FK UNIMUS number 071/EC/FK/2021.

4. Results

The study results in Table 1 explain that the lowest
mean MDA levels were in the treatment of M. oleifera
extract at 300 mg/kg in the pre-test, the first week, and
the second week, 1.82 £ 0.20, 1.24 £+ 0.03, and 0.86 +
0.12, respectively. Compared with other treatment
groups, the control group showed high levels of MDA.
Meanwhile, MDA levels decreased in the second week
compared to those of the first week and before the
treatment.

Table 1 The results of the average measurement of MDA levels in
rats in each group

Control M. oleifera M. oleifera M. oleifera
(100 mg/kg) (200 mg/kg) (300 mg/kg)
Pre test 3,04 +0,19 1.86 + 0,08 1,95+ 0,17 1,82+0,20
Week 1 2,27+0,12 1,58+0,11 1,65 + 0,09 1,24 + 0,03
Week 2 2,52 +0,07 1,41+ 0,07 1,44 + 0,06 0,86 + 0,12




426

The results in Table 2 of the one-way ANOVA test
in this study showed that there were differences in each
treatment group with p = 0.000.

Table 2 Differences in MDA levels by treatment group

MDA Levels p-value

Pre-test 0,000

Week 1 0,000

Week 2 0,000
5. Discussion

Excessive and intense physical activity can cause
oxidative stress [2]. Oxidative stress occurs due to an
imbalance between oxidants and antioxidants, which
can cause cell damage. In this situation, ROS will be
formed. Strenuous physical exercise can lead to excess
ROS in skeletal muscle, leading to peripheral fatigue
[10]. Damage to body cells occurs due to free radicals
that cause oxidative stress conditions, which have
positive and negative physiological effects that result in
disease [11]-[13].

Cell damage caused by free radicals is characterized
by MDA [14]. MDA results from lipid peroxidation
[15] or producing unsaturated fatty acids by free
radicals in dialdehyde compounds with high toxicity. In
addition, it can react with DNA to form mutagenic
substances. Free radicals increase lipid peroxidation,
which decomposes into malondialdehyde (MDA\) in the
blood.

The average MDA in this study was the highest in
the control group, while the lowest MDA value was in
the P3 group with the administration of Moringa leaf
extract at 300 mg/kg. This indicates that the greater the
concentration of Moringa leaf extract given, the more
effective it reduces MDA in rats. The swimming
treatment given to the rats was intended as a physical
activity to show the fatigue that occurred [16].

The results of the one-way ANOVA test in this
study explained that there were differences in MDA
levels in rats with the treatment group given with
P<0.05. Oxidative stress can be effectively neutralized
by increasing defenses in the form of antioxidants [11].
Antioxidants can counteract free radicals in the body.
Antioxidant compounds react in one-electron reactions
with free radicals in vitro and prevent oxidative
damage. Previous studies in rats have shown that high
antioxidants can reduce various oxygen free radicals
and prevent oxidative stress [17].

Moringa leaves have flavonoid compounds that
function as antioxidants [18]-[20] that can prevent cell
damage due to oxidative stress. In addition, Moringa
leaves contain vitamins, nutrients, and amino acids that
can ward off free radicals, with vitamin C being the
most dominant vitamin in Moringa plants [21]. Vitamin
C and flavonoids in Moringa leaves play a major role
in fat metabolism, increasing the rate of cholesterol
excretion in the form of bile acids, increasing HDL
levels, and decreasing the reabsorption of bile acids

playing a role in forming collagen to inhibit lipid
peroxidation [22].

Previous research explained that Moringa leaf
extract  could reduce MDA levels in
hypercholesterolemic rats [23]. The antifatigue effect
of Moringa leaf extract may occur through the
protection of cell membranes by preventing lipid
oxidation by modifying several enzymes' activity.
These results agree with previous studies, which
showed the same effect of the course of red betel leaf
and purple passion fruit travel on decreasing MDA
levels [24], [25].

6. Conclusion

The decrease in MDA levels occurred in the second
week compared to the first week before the treatment.
The results of the examination of MDA levels at each
treatment time showed a difference between before the
treatment, the first week, and the second week. The
results showed that, of the three treatments of M.
oleifera extract, namely 100 mg/kg, 200 mg/kg, and
300 mg/kg, administration of M. oleifera extract at a
concentration of 300 mg/kg experienced an accelerated
decrease in MDA levels compared to other treatments.
The administration of Moringa leaf extract at 300
mg/kg in the P3 treatment group showed the lowest
mean MDA results. M. oleifera extract at 300 mg/kg
showed a significant effect on MDA levels in rat blood.
Further research is needed on the effects of other
fatigue factors with MDA. There are still many
biological signs of fatigue that M. oleifera is likely to
influence. Further research will answer this possibility.
The limitation of the study lies in the treatment of rats,
which was only carried out for 14 days. This is likely to
reduce the wealth of research data.

References

[1] ASTUTI S. Isoflavon Kedelai Dan Potensinya Sebagai
Penangkap Radikal Bebas. Jurnal Teknologi & Industri
Hasil Pertanian, 2008, 13(2): 126-136.
http://dx.doi.org/10.23960/jtihp.v13i2.126%20-%20136

[2] CHI A., LI H., KANG C., GUO H., WANG Y., GUO F.,
and TANG L. Anti-fatigue activity of a novel polysaccharide
conjugates from Ziyang green tea. International Journal of
Biological Macromolecules, 2015, 80: 566-572.
https://doi.org/10.1016/j.ijbiomac.2015.06.055

[3] HARUN I., SUSANTO H., and ROSIDI A. Pemberian
tempe menurunkan kadar malondialdehyde (MDA) dan
meningkatkan aktivitas enzim superoxide dismutase (SOD)
pada tikus dengan aktivitas fisik tinggi. Jurnal Gizi Dan
Pangan, 2017, 12(3): 211-216.
https://doi.org/10.25182/jgp.2017.12.3.211-216

[4] PIZZINO G., IRRERA N., CUCINOTTA M., PALLIO
G., MANNINO F., ARCORACI V., SQUADRITO F.,
ALTAVILLA D., and BITTO A. Oxidative Stress: Harms
and Benefits for Human Health. Oxidative Medicine and
Cellular Longevity, 2017, 2017: 8416763.
https://doi.org/10.1155/2017/8416763

[5] RIVAI A. T. O. Identifikasi Senyawa yang Terkandung
pada Ekstrak Daun Kelor (Moringa oleifera). Indonesian



Prasetio et al. The Effect of Moringa Leaf Extract on Malondialdehyde Levels in Male Wistar Rats, Vol. 49 No. 4 April 2022

427

Journal of Fundamental Sciences, 2020, 6(2): 63-70.
https://doi.org/10.26858/ijfs.v6i2.16870

[6] AMALIA G., ADHI G. B., LATIFAH U., NOVIANA L.,
and KURNIAWATI. Pemanfaatan daun kelor menjadi
sebuah produk bernilai jual, 2015.

[7] WANG Y., GAO Y., DING H., LIU S., HAN X., GUI J.,
and LIU D. Subcritical ethanol extraction of flavonoids from
Moringa oleifera leaf and evaluation of antioxidant activity.
Food Chemistry, 2017, 218: 152-158.
https://doi.org/10.1016/j.foodchem.2016.09.058

[8] ABO EL-FADL S., OSMAN A., AL-ZOHAIRY A,
DAHAB A., and ABO EL KHEIR Z. Assessment of Total
Phenolic, Flavonoid Content, Antioxidant Potential and Hplc
Profile of Three Moringa Species Leaf Extracts. Scientific
Journal of Flowers and Ornamental Plants, 2020, 7(1): 53—
70. https://dx.doi.org/10.21608/sjfop.2020.91397

[9] HARDININGTYAS S. D., PURWANINGSIH S., and
HANDHARYANI E. Aktivitas Antioksidan dan Efek
Hepatoprotektif Daun Bakau Api-Api Putih. Jurnal
Pengolahan Hasil Perikanan Indonesia, 2014, 17(1): 80-91.
https://doi.org/10.17844/jphpi.v17i1.8140

[10] LI D.,, RENJ. W., ZHANG T., LIUR.,, WU L., DU Q.,
and LI Y. Anti-fatigue effects of small-molecule
oligopeptides isolated from Panax quinquefolium L. in mice.
Food &  Function, 2018, 9(8):  4266-4273.
https://doi.org/10.1039/C7FO01658A

[11] NIMSE S. B., and PAL D. Free radicals, natural
antioxidants, and their reaction mechanisms. RSC Advances,
2015, 35: 27986-28006.
https://doi.org/10.1039/C4RA13315C

[12] KAWAMURA T., and MURAOKA I. Exercise-induced
oxidative stress and the effects of antioxidant intake from a
physiological viewpoint. Antioxidants, 2018, 7(9): 119.
https://doi.org/10.3390/antiox7090119

[13] PHANIENDRA A, JESTADI D. B. and
PERIYASAMY L. Free Radicals: Properties, Sources,
Targets, and Their Implication in Various Diseases. Indian
Journal of Clinical Biochemistry, 2015, 30(1): 11-26.
https://doi.org/10.1007/s12291-014-0446-0

[14] CHEN Y., MIAO Y., HUANG L., LI J., SUN H,,
ZHAOQO Y., YANG J., and ZHOU W. Antioxidant activities
of saponins extracted from Radix Trichosanthis: An in vivo
and in vitro evaluation. BMC Complementary and
Alternative Medicine, 2014, 14: 86.
https://doi.org/10.1186/1472-6882-14-86

[15] DING J.-F., L1 Y.-Y., XU J.-J., SU X.-R., GAO X., and
YUE F.-P. Study on effect of jellyfish collagen hydrolysate
on anti-fatigue and anti-oxidation. Food Hydrocolloids,
2011, 25(5): 1350-1353.
https://doi.org/10.1016/j.foodhyd.2010.12.013

[16] HAO G., ZHANG C., CAO W., and HAO J. Effects of
intragastric administration of five oyster components on
endurance exercise performance in mice. Pharmaceutical
Biology, 2014, 52(6): 723-728.
https://doi.org/10.3109/13880209.2013.866966

[17] LIU J,, FENG C., LI X., CHANG M., MENG 1J., and
XU L. Immunomodulatory and antioxidative activity of
Cordyceps militaris polysaccharides in mice. International
Journal of Biological Macromolecules, 2016, 86: 594-598.
https://doi.org/10.1016/j.ijbiomac.2016.02.009

[18] RIZKAYANTI R., DIAH A., and JURA M. Uji
Aktivitas Antioksidan Ekstrak Air dan Ekstrak Etanol Daun
Kelor (Moringa Oleifera LAM). Jurnal Akademika Kimia,
2017, 6(2): 125-131.

http://jurnal.untad.ac.id/jurnal/index.php/JAK/article/view/9
244

[19] YULIANI N. N., and DIENINA D. P. Uji Aktivitas
Antioksidan Infusa Daun Kelor (Moringa oleifera, Lamk)
dengan Metode 1,1- diphenyl-2-picrylhydrazyl (DPPH).
Jurnal Info Kesehatan, 2015, 13(2): 1060-1082.
https://jurnal.poltekeskupang.ac.id/index.php/infokes/article/
view/98

[20] SANGANNA B., CHITME H. R., VRUNDA K., and
JAMADAR M. J. Antiproliferative and antioxidant activity
of leaves extracts of Moringa oleifera. International Journal
of Current Pharmaceutical Research, 2016, 8(4): 54-56.
https://doi.org/10.22159/ijcpr.2016v8i4.15278

[21] KRISNADI A. D. Kelor, Super Nutrisi, Gerakan
Swadaya Masyarakat Penanaman dan Pemanfaatan Tanaman
Kelor Dalam rangka mendukung Gerakan Nasional Sadar
Gizi. Jurnal Kesehatan Masyarakat, 2015.

[22] ADISAKWATTANA S., and CHANATHONG B.
Alpha-glucosidase inhibitory activity and lipid-lowering
mechanisms of Moringa oleifera leaf extract. European
Review for Medical and Pharmacological Sciences, 2011,
15(7): 803-808.

[23] DAN SARI N. K. I, and FEBRIANA M. Perbedaan
Pengaruh Ekstrak Daun Kelor (Moringa Oleifera) Dan
Ekstrak Kacang Hijau (Phaseolus Radiatus) Terhadap Kadar
MDA Pada Tikus Putih (Rattus Norvegicus) yang Dibuat
Hiperkolesterolemia. Prosiding Seminar Nasional
Cendekiawan, 2018, 6(2): 471-476.
https://doi.org/10.25105/semnas.v0i0.3453

[24] PRAYITNO S. A., KUSNADI J., and MURITNI E. S.
Pengarun  Ekstrak  Etanol 90% terhadap Kadar
Malondialdehid (MDA) dan Superoksida Dismutase (SOD)
Mencit Tikus yang Dipapar Asap Rokok. ALCHEMY, 2018,
6(1): 1-9. https://doi.org/10.18860/al.v6i1.5018

[25] HU M., DU J., DU L., LUO Q., and XIONG J. Anti-
fatigue activity of purified anthocyanins prepared from
purple passion fruit (P. edulis Sim) epicarp in mice. Journal
of Functional Foods, 2020, 65: 103725.
https://doi.org/10.1016/}.jff.2019.103725

BEX:

[1] ASTUTI S. K5 s i K HAE N H A F0978 7.

BARZER TS TE/R- FAES B %2, 2008, 13(2) : 126-
136 http://dx.doi.org/10.23960/jtihp.v13i2.126%20-
%20136

[2] CHI A., LI H., KANG C,, GUO H.,, WANG Y., GUO F,,
i TANG L. SREHERZh—Thir B 2 s 45 S I B o7
M e ERAEYR T ZE 0 2015, 80 : 566-572,

https://doi.org/10.1016/j.ijbiomac.2015.06.055

[3] HARUN I.. SUSANTO H. 1 ROSIDI A. 457555 a]
R E A S E SN R BRI —BE(MDA) K I INE Ak
WA B (R B B TE R . Z%E & 28 P, 2017, 12(3):
211-216. https://doi.org/10.25182/jgp.2017.12.3.211-216

[4] PIZZINO G.. IRRERA N.., CUCINOTTA M.,

PALLIO G. ., MANNINO F. . ARCORACI V. .

SQUADRITO F., ALTAVILLA D. 1 BITTO A. ALK
B ANERENEENEL - fALEFS ARG
2017 , 2017 8416763 o

https://doi.org/10.1155/2017/8416763

[5] RIVAI A. T. O. BURMEZES) (BR) P& ey



428

%, FIEE e AR Rl 2473, 2020, 6(2): 63-70.
https://doi.org/10.26858/ijfs.v6i2.16870

[6] AMALIA G.. ADHI G. B.. LATIFAH U. .
NOVIANA L. f1 KURNIAWATI, FFBAM-E(L N EA
HENMERT M, 2015 4,

[7]WANG Y., GAO Y., DING H., LIU S., HAN X., GUI J.,
F1LIU D. BORM-SEFEALIG 5L 2B R B R 8 BiE M 1
o & &k % > 2017 4, 218 : 152-158 .
https://doi.org/10.1016/j.foodchem.2016.09.058

[8] ABO EL-FADL S.. OSMAN A.. AL-ZOHAIRY A..
DAHAB A. 1 ABO EL KHEIR Z. =fhiARH-#2 B K
~ REFE R - PLEALTE TR AR A S AT o
£ 5 WEEYRF 2% &, 2020, 7(1): 53-70.
https://dx.doi.org/10.21608/sjfop.2020.91397

[9]1 HARDININGTYAS S. D.. PURWANINGSIH S. fn
HANDHARYANI E. F K £LHARIAT A LIE R AR ET
fEFA. FIEEJEVE I H R » 2014 4F, 17(1) : 80-91,
https://doi.org/10.17844/jphpi.v17i1.8140

[10] LI D., REN J. W., ZHANG T., LIUR., WU L., DU Q.,
FLLY. PEPES. H a5 B/ IN - SRR/ N R B0 275
E F & 5 I g5, 2018, 9(8): 4266-4273.
https://doi.org/10.1039/C7FO01658A

[11] NIMSE S. B. f1 PAL D. Ak, KARHUEAH e H
K2 Wi #L & - RSC 3 f# > 2015, 35 : 27986-28006
https://doi.org/10.1039/C4RA13315C

[12] KAWAMURA T. il MURAOKA |. i5ZiE&HEAL
REHAIM BB 2 B AP EAL B2 - JrE b,
2018, 7(9): 119. https://doi.org/10.3390/antiox7090119

[13] PHANIENDRA A. . JESTADI D. B. fu
PERIYASAMY L. H A : Bk, k. BfRHEAES
PR AR X - HIEIRIRAEY b2 » 2015, 30 (1
) :11-26, https://doi.org/10.1007/s12291-014-0446-0
[14] CHEN Y., MIAO Y., HUANG L., LI J., SUN H.,
ZHAO Y., YANG J., 1 ZHOU W. K1tk BBt E LIS
PE RN FRSN AL - BMC #M TSRS (CEES: » 2014, 14
: 86, https://doi.org/10.1186/1472-6882-14-86

[15] T8, KI5, WmEE, HBEFE - S &5757
o HE IR EH KBRS TR LERHE - &
3 KB fk , 2011, 25(5): 1350-1353
https://doi.org/10.1016/j.foodhyd.2010.12.013

[16] HAO G., ZHANG C., CAO W., fil HAO J. Fiffi:u5
R o3 HE B /N B DB s R AT o 29 Y,
2014, 52(6): 723-728.
https://doi.org/10.3109/13880209.2013.866966

[17] LIU J., FENG C., LI X., CHANG M., MENG J., 1 XU
L. db& B R R N AT R TR RSN
b 4% K4+ 2+ & > 2016, 86 : 594-598 ,
https://doi.org/10.1016/j.ijbiomac.2016.02.009
[18] RIZKAYANTI R.. DIAH A. f1 JURA M. HBiAM- (
BRM)  HKEE R Sl B i) st s b & M.
R R E > 2007, 6 (2) 125-131
http://jurnal.untad.ac.id/jurnal/index.php/JAK/article/view/9
244
[19] YULIANI N. N. f1 DIENINA D. P. A1 1,1-BFE-2-3&
ELHF(DPPH) N E A2 (B, Rl se) HFi b
W, WITIE B YL B, 2015, 13(2): 1060-1082,
https://jurnal.poltekeskupang.ac.id/index.php/infokes/article/
view/98
[20] SANGANNA B., CHITME H. R., VRUNDA K. il
JAMADAR M. J. BRM-$2 U RHTE IR s s s,
E Fr Y mi 2 i 9 ¢ & > 2016, 8 (4) : 54-56,
https://doi.org/10.22159/ijcpr.2016v8i4.15278
[21] KRISNADI A. D. $R, HBE % » e FIF] B
HEYIRIFEBUNZES) » U FreEERBIREH. A&
BIEIH S IA-REE, 2015 4,
[22] ADISAKWATTANA S. 1 CHANATHONG B. #iA
MR B RY o8 2 AT RS MR AIBE IR ML, RN 1=
FRNZGEATG » 2011, 15 (7) @ 803-808,
[23] DAN SARI N. K. I. fil FEBRIANA M. B M-HEEW)(
FOR) 2k FHE U (G W) Yot EE A v L T e [y 1 L (78
ZH)MDA K75, EEEE T2,
2018, 6(2): 471-476.
https://doi.org/10.25105/semnas.v0i0.3453
[24] PRAYITNO S. A., KUSNADI J. f1 MURITNI E. S.
NG IR T TR 5 OIS B TR M ZE M KB 90%
AP S (MDA) FilE S AL BAG Bl (LB K JREAR
) 2018 6 ¢ 1 ) : 19
https://doi.org/10.18860/al.v6i1.5018
[25] HU M., DU J,, DU L., LUO Q., 1 XIONG J. 485 & &
(. JoAESR) SR B A EVAE R 20 NI 5 &
I BE B ¢ &, 2020, 65: 103725.
https://doi.org/10.1016/j.jff.2019.103725



