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Abstract: In this study, on the basis of single factor experiments, the effects of raw material mass concentration, ethanol
volume fraction, ultrasonic power, extraction temperature, and extraction time on the lipase inhibition activity of mulberry
leaves extract were investigated in combination with response surface methodology to optimize the ultrasonic-assisted
extraction process of the lipase-inhibiting components of mulberry leaves. Meanwhile, the active ingredients of mulberry
leaves extract were analyzed by UPLC-Q-TOF HRMS. The results showed that the optimal extraction process parameters

RS EHEE: 2023-10-09
HETWR: ;&4 KRA#ie AL ZEREIK A ZEFRF4 (2023B0202010004 ) 3 )7 Z AR LA =057 (202134 ) 3 Z AR LA F AR DS
P ZAEARGERA R (202119TD) ; B ZIARR L = LK1k % (CARS-18) .
EEBr: BE (1998-) %, LA Z A, BHR 7 6): AT A 5 4448, E-mail: liaohuiyil 998@163.com,
*EISIEE: 2L (1983—) , B, W4, SIH R, AR é1: K= Fadn L A4S, E-mail: liufan1234@126.com.,
BE (1978—) %, W, %, #1275 @ 25445, E-mail: gywenl@163.com,


https://doi.org/10.13386/j.issn1002-0306.2023090322
https://doi.org/10.13386/j.issn1002-0306.2023090322
https://doi.org/10.13386/j.issn1002-0306.2023090322
mailto:liaohuiyi1998@163.com
mailto:liufan1234@126.com
mailto:gywenl@163.com

- 188 - £ Tl B4

2024 4F 10 A

for the lipase-inhibiting components of mulberry leaves were as follows: The mass concentration of raw material was

0.05 g/mL, volume fraction of ethanol was 70%, ultrasonic power was 195 W, extraction temperature was 31 °C and the

extraction time was 40 min. Under these conditions, the lipase inhibition rate of mulberry leaves extract was 39.68%. A

total of 1067 compounds were identified. Flavonoids and phenolic acids accounted for the highest proportion, containing

203 and 201 compounds, respectively. These compounds might be the material basis for the lipase inhibiting activity of

mulberry leaves extract. In this study, the ultrasonic-assisted extraction process of mulberry leaves was optimized to

improve the extraction efficiency of the lipase-inhibiting active components, and the main active ingredients were analyzed.

The results may provide a reference for the functional application of mulberry leaves in improving lipid metabolism and the

development of health food.

Key words: mulberry leaves; lipase activity; response surface methodology; ultrasonic; process optimization
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Fig.1 Effect of raw material mass concentration on the lipase
inhibitory activity of mulberry leaf extracts
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Fig.2 Effect of ethanol volume fraction on the lipase inhibitory
activity of mulberry leaf extracts
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Fig.3 Effect of ultrasonic power on the lipase inhibitory
activity of mulberry leaf extracts
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Fig.4 Effect of extraction temperature on the lipase inhibitory
activity of mulberry leaf extracts

2.1.5 $eEHenfm  ME 5 nlE H, FREETEIAE 10~
40 min 19 X 8], Z&rHE& B X N s f g P il R 5 b
Fa, MFRIATE] S 40 min B, FEECYI TG 5T
AR R =, S 39.50%; 4k pE I HRE AT [a], $RH
Yy X1 R Wit RS TR, XA R TS
VAR [E] S AR F S G R S i SR 0 BRI, 16
MG S U AL BEES B] S, BB TR 0 A Bl 4R
BOTY BRI TR R b, SR OB 2 75 b 3
40 min J&, KESIEHEL 53 O 0505, RS
U R RS [a] X S i3 P 2H 43 B BSUSUR BTN R,
SN A] GEV L T 22 i 2= o, 11 HLAR S IR PR B )i <
A e R BAG PEST TS5 32 2R, S T sE i HE L
Puxt g s vt A A i ECO BRIk, 38 R B HCRT (]
A 40 min,

(9% B
(=] (=]
I I

PV BEEI 2 (%)
S
I

10 | | 1 1 |
10 20 30 40 50

PRI ] (min)
PS5 S HUE TR X 5 i S ) A e 5 1 52
Fig.5 Effect of extraction time on the lipase inhibitory activity
of mulberry leaf extracts
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Table 3 Variance analysis of response surface model
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9 0 0 0 41.96
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17 0 0 0 40.43
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Table 5 Major flavonoids and phenolic acids in lipase inhibiting activity extract from mulberry leaves

7 &) FREANE (min) BTz FERAE T (nz) e 47 BT
1 LM 30.32 465.10 [M+H]" 303.05 464.09736 C,H,,0,, IEET
2 2'3'4'5,7- HFEHL B 31.22 303.05 [M+H]"  257.05,229.05, 153.02 302.04447 C;sH,,0, 1EEF
3 RIHR-3-O-H 4 BT 31.93 449.10 [M+H]" 287.06 448.10261 C,H,,0,, IE&ET
4 P 32.85 287.06 [M+H]" 153.02 286.04982 C,sH,(0, IEET
5 LRIEUR 15.68 399.09 [M+FA-H] 191.03 354.09321 C,H;0, FETF
6 KMERFE-3-0-(6'-0-0-MIHg R ZEHESL- - I Al 4 ) 20.41 609.15 [M-H] 301.03 610.15509 Cp;H300, HEST
7 SN 2135 463.09 [M-H]™  301.03,271.02,243.03 464.09574 CyHyOp, BT
8 E Y 23.18 447.09 [M-H]"  285.04,255.03,227.03 448.10046 C,,H,,0,, M&ET

3 & fitho BTSSR AT Sy S P2 3 a SR R AL i A

A SR AE LR 2R L gt R4l uﬂaﬂﬁﬁ&?ﬂ]?ﬁu
SRR N AR, X SRR R A PR T2
Trtitfl, @S T mi A AN AR 2 22 0] B@g&%miﬂ,
I F]H UPLC-Q-TOF HRMS 4% R4 T 5= 412 i
Y EBEREPE 4. S5 ERFREH, TR AR R R A b T
{D"J;S%Mﬁm%ﬁﬂ iTLEAESEUIG HI R X | B il 7Y
RS R LH A3 PR B U AL T 25 JFURHR B % 0.05 g/mL~

HAFETIE 195 Wi $EEUREE 31 °C. FEAIF T, 52
BRilA5 S i SR B R DT B4 #1224 39.68%+0.49%
RACSS W T 228G ATk, $ T S pg s
BEE P 2H o3 n PG . FIIA] UPLC-Q-TOF HRMS
oM s e S R B 1067 Fiib-G 4, BRI
BRI & Wi 5, b &2 kv . 2'.3'.,4',5,7-
TR | RGBS B -3-O- AN . ILASEy . SR
B . KIHEEE 22 -3-O-(6'-O-o- S A= I I b 3 - p- ML s 75
B ) . S R m e A S S B, iX
oAb AT RE S S I S D Tl T ) 5 ) o

1, P ST A2 B IR B AR IR, S St )
BEPEN AR (Al 2 fe fit—E Bl =% . A
WIFFEXT S-S B ) 5 05 1t 05 1 s e = TR
W, Je SRt — 25 B S -l s s TR A g ) o
FLRH AN E AL -

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3Lk

[ 1] YOUNOSSIZ M, KOENIG A B, ABDELATIF D, et al. Glob-
al epidemiology of nonalcoholic fatty liver disease-meta-analytic as-
sessment of prevalence, incidence, and outcomes[J]. Hepatology,
2016, 64(1): 73-84.

[2] TARGHER G, BYRNE C D, TILG H. NAFLD and increased
risk of cardiovascular disease: Clinical associations, pathophysiolog-
ical mechanisms and pharmacological implications [J]. Gut, 2020, 69
(9): 1691-705.


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1002/hep.28431
https://doi.org/10.1136/gutjnl-2020-320622

- 194 - £ Tl B4

2024 4F 10 A

[3] DING L, OLIGSCHLAEGER Y, SHIRI-SVERDLOV R, et al.
Nonalcoholic fatty liver disease[J]. Handb Exp Pharmacol, 2022,
270: 233-69.

[4] LIM S Y, STEINER J M, CRIDGE H. Lipases: It's not just
pancreatic lipase! [J]. Am J Vet Res, 2022, 83(8): 80-92.

[5] LIX, LIR, WANG X, et al. Effects and mechanism of action
of chrysanthemum morifolium (Jinsi Huangju) on hyperlipidemia
and non-alcoholic fatty liver disease [J]. Eur ] Med Chem, 2023, 255:
115391-115403.

[6] KIMJ,KIM C S, JO K, et al. POCU1b, the n-butanol soluble
fraction of polygoni cuspidati rhizoma et radix, attenuates obesity,
non-alcoholic fatty liver, and insulin resistance via inhibitions of
pancreatic lipase, cAMP-dependent PDE activity, AMPK activation,
and SOCS-3 suppression [J]. Nutrients, 2020, 12(12): 3612-3624.
[7] LIUTT, LIU X T, CHEN Q X, et al. Lipase inhibitors for
obesity: A review[J]. Biomed Pharmacother, 2020, 128: 110314—
110323.

[8] ALI KHAN R, KAPUR P, JAIN A, et al. Effect of orlistat on
periostin, adiponectin, inflammatory markers and ultrasound grades
of fatty liver in obese NAFLD patients[J]. Ther Clin Risk Manag,
2017, 13: 139-49.

[9] ATANASOV A G, WALTENBERGER B, PFERSCHY-WEN-
ZI1G E M, et al. Discovery and resupply of pharmacologically active
plant-derived natural products: A review[J]. Biotechnol Adv,
2015, 33(8): 1582-1614.

[10] THOMFORD N E, SENTHEBANE D A, ROWE A, et al.
Natural products for drug discovery in the 21st century: Innovations
for novel drug discovery [J]. Int J Mol Sci, 2018, 19(6): 1578—1596.
[11] AL ZARZOUR R H, AHMAD M, ASMAWI M Z, et al.
Phyllanthus niruri standardized extract alleviates the progression of
non-alcoholic fatty liver disease and decreases atherosclerotic risk in
sprague-dawley rats [J]. Nutrients, 2017, 9(7): 766—779.

[12] RAJAN L, PALANISWAMY D, MOHANKUMAR S K.
Targeting obesity with plant-derived pancreatic lipase inhibitors:
A comprehensive review[J]. Pharmacol Res, 2020, 155: 104681~
104699.

[13 ] Rk, BAT, &A=k, . Fvb b 2R MRS HEAERR
ERB LT ] FHEHF R SR, 2023,44(2):
144-146. [ ZHU Lin, TANG He, AN Renbo, et al. Research pro-
gress on the main active ingredients, pharmacological effects, and
extraction process of mulberry leaves[J]. Journal of Jilin Medical
University, 2023, 44(2): 144—146. |

[14] LITS,JIT, SUS L, et al. Mulberry leaves ameliorate dia-
betes via regulating metabolic profiling and AGEs/RAGE and p38
MAPK/NF-xB pathway[J]. J Ethnopharmacol, 2022, 283: 114713—
114724.

[15] KIMSY,GAOJJ,LEE W C, et al. Antioxidative flavonoids
from the leaves of Morus albalJ]. Arch Pharm Res, 1999, 22(1): 81—
85.

[16] HE L, XING Y, REN X, et al. Mulberry leaf extract im-
proves metabolic syndrome by alleviating lipid accumulation in vit-
ro and in vivo[J]. Molecules, 2022, 27(16): 5111-5131.

[17] ANNIJY, EO H, LIM Y. Mulberry leaves (Morus alba L.)
ameliorate obesity-induced hepatic lipogenesis, fibrosis, and oxida-
tive stress in high-fat diet-fed mice[J]. Genes Nutr, 2015, 10(6): 46.
[18] k4, T, T4, 5. £7F B2 F - HAMFRRR T ZHK
WAL FEAEET]. PR, 2020,42(8): 1972-1977. [ ZHANG
Hua, MENG Bo, WANG Li, el al. Ultrasonic-microwave synergis-
tic extraction process optimization and anti-oxidant activity for

polysaccharides from Mori folium[J]. Chinese Traditional Patent
Medicine, 2020, 42(8): 1972-1977. ]
(19 ] Aoz, but, Bk, 5. vt BRI T LRACR AP I i
[J]. A4 1,2018,4(2): 53-54,60. [ QI Weiliang, RUAN Mei,
FENG Hong, et al. Optimization of mulberry leaf polyphenol extrac-
tion process and variety selection[J]. Biological Chemical Engineer-
ing, 2018, 4(2): 53-54,60. ]
[20] RAE3s, FRtan, &4, . 21898 FRIURSAEL
fo T LA A 0 [T]. & 5 Tk A3, 2023, 44(16):
236—245. [ WU Yaru, CHEN Guiru, LEI Jiandu, et al. Optimiza-
tion of ultrasonic extraction combined with ultrafiltration for purifi-
cation of mulberry leaf protein and its nutritional evaluation[J]. Sci-
ence and Technology of Food Industry, 2023, 44(16): 236-245. |
[21] LIJ, CHEN Z, SHI H, et al. Ultrasound-assisted extraction
and properties of polysaccharide from Ginkgo biloba leaves[J]. Ul-
trason Sonochem, 2023, 93: 106295.
[22] ZHANG L, ZHENG J, MA M, et al. Drug-guided screening
for pancreatic lipase inhibitors in functional foods[J]. Food Funct,
2021, 12(10): 4644-4653.
(23] 3 B AR JLAHFe 8k 2 B4R 4 a0y NG By Bl 0 A 46 A R AT L
[D]. 48 48 M EHA X 3, 2021. [ SA Rina. Study on the inhibito-
ry effect of alcohol extract from Shandan flower bulb on mouse li-
pase[D]. Jinzhou: Jinzhou Medical University, 2021. ]
[24] #ARBe, HRued, KA, F. A8 &% — AR R & 474
FATRI P 0 SA S B K AR U B oA & &, 2016,
36(8): 1330-1337. [ YANG Daixiao, CHEN Xiaojing, HU Qiuju,
et al. LC-MS method for determination of 5 kinds of polyphenols in
grape seed extract[J]. Chinese Journal of Pharmaceutical Analysis,
2016, 36(8): 1330-1337. ]
[25] W, 8t ), =M Lk gs F RIKAR F AR B 3R T
LA F BAC AT ST [T]. 40 £ S AL, 2023, 31(4): 78-86.
[ WANG Bo, YAO Lunguang, LU Yunfeng. Ultrasonic-assisted
extraction process optimization and antioxidant activity of pectin
from hawthorn peel dregs[J]. Science and Technology of Cereals,
Oils and Foods, 2023, 31(4): 78-86. ]
[26] BIALECKA-FLORJANCZYK E, FABISZEWSKA A U,
KRZYCZKOWSKA J, et al. Synthetic and natural lipase inhibitors
[7]. Mini Rev Med Chem, 2018, 18(8): 672-83.
(27 ] iR, R W3Rk R R IR 3 30 R AR 69 T 244 (1],
£k T A3, 2019, 40(23): 172-176. [ WANG Jianhong. Opti-
mization of extraction technology of flavonoids from elecharis
tuberosa peel by decompression internal ebullition[J]. Science and
Technology of Food Industry, 2019, 40(23): 172-176. ]
[28 ] EHLr. SUKARMB) AR Ip G LRI LT S8R [J]. £ &
B 5 JF &, 2022,43(4):22-28. [ WANG Jianhong. Extraction
of flavonoids from osmanthus fragrans leaves by dual aqueous phase
assisted internal boiling method[J]. Food Research and Develop-
ment, 2022, 43(4): 22-28. ]
(29 ] wfisk, sbmik, F4E F 0L F EHFRERR L LMK
WA F WA R [J]. £ A4, 2023,48(7): 191-197. [ TIAN
Xiaoxuan, XIAN Liqing, LI Jiayuan, et al. Optimization of extrac-
tion technology and antioxidant activity of pectin from jackfruit
seed [J]. Food Science and Technology, 2023, 48(7): 191-197. ]
[30] L. m/ENFRBEXRROE AR PR
% m #,2019,30(8):41-47. [ WANG Jianhong. Extraction of
flavonoids from blood orange peel by decompression internal boil-
ing method[J]. China Food Additives, 2019, 30(8): 41—47. ]
(31 ] gk, 4R iR, 38&, . BRI o ) W s oy B 7 M A R
A BRI T L AR SMR BOR (T]. W40 54k, 2020, 39(2): 441-451.


https://doi.org/10.1016/j.ejmech.2023.115391
https://doi.org/10.3390/nu12123612
https://doi.org/10.1016/j.biopha.2020.110314
https://doi.org/10.2147/TCRM.S124621
https://doi.org/10.1016/j.biotechadv.2015.08.001
https://doi.org/10.3390/ijms19061578
https://doi.org/10.3390/nu9070766
https://doi.org/10.1016/j.phrs.2020.104681
https://doi.org/10.1016/j.jep.2021.114713
https://doi.org/10.1007/BF02976442
https://doi.org/10.3390/molecules27165111
https://doi.org/10.1007/s12263-015-0495-x
https://doi.org/10.3969/j.issn.1001-1528.2020.08.002
https://doi.org/10.3969/j.issn.1001-1528.2020.08.002
https://doi.org/10.3969/j.issn.1001-1528.2020.08.002
https://doi.org/10.3969/j.issn.2096-0387.2018.02.014
https://doi.org/10.3969/j.issn.2096-0387.2018.02.014
https://doi.org/10.3969/j.issn.2096-0387.2018.02.014
https://doi.org/10.3969/j.issn.2096-0387.2018.02.014
https://doi.org/10.1016/j.ultsonch.2023.106295
https://doi.org/10.1016/j.ultsonch.2023.106295
https://doi.org/10.1039/D0FO03366A
https://doi.org/10.2174/1389557516666160630123356
https://doi.org/10.12161/j.issn.1005-6521.2022.04.004
https://doi.org/10.12161/j.issn.1005-6521.2022.04.004
https://doi.org/10.12161/j.issn.1005-6521.2022.04.004
https://doi.org/10.12161/j.issn.1005-6521.2022.04.004
https://doi.org/10.12161/j.issn.1005-6521.2022.04.004
https://doi.org/10.3969/j.issn.1006-2513.2019.08.001
https://doi.org/10.3969/j.issn.1006-2513.2019.08.001
https://doi.org/10.3969/j.issn.1006-2513.2019.08.001

%4534 55 19

B A5 SRR R R T2 R B G H - 195 -

[ HUANG Linxiang, SHI Lele, CAI Zhiying, et al. Extraction tech-
nology and inhibitory effects in vitro of substances inhibiting pan-
creatic lipase activities from fruiting body of auricaria heimuer[J].
Mycosystema, 2020, 39(2): 441-451. ]

[32] FAl4e. GR2F 2 B 6948 5 4K B FIRA A EACM LT T

[(J]. &% = kA4, 2016,37(8): 295-298,312. [ LI Lihua. Ultra-
sonic assisted extraction and antioxidant properties of polyphenols
from Houttuynia cordata[J]. Science and Technology of Food In-
dustry, 2016, 37(8): 295-298,312. |
[33] mig, X4k, R, 5, & F4 F Mg b s 5] R T
L. A&BR L T4, 2010, 31(4): 41-44. [ TIAN Qiang, WU
Zijian, HUANG Daorong, et al. Optimizing conditions for the isola-
tion of pancreatic lipase inhibitive substance from grape seeds[J].
Food Research and Development, 2010, 31(4): 41-44. ]

[34] ASSINIJ M, MULVIHILL E E, HUFF M W. Citrus flavo-
noids and lipid metabolism[J]. Curr Opin Lipidol, 2013, 24(1): 34—
40.

[ 35] RODRIGUEZ-PEREZ C, SEGURA-CARRETERO A, DEL
MAR CONTRERAS M. Phenolic compounds as natural and multi-
functional anti-obesity agents: A review[J]. Crit Rev Food Sci Nu-
tr, 2019, 59(8): 1212-1229.

[36 ] BUCHHOLZ T, MELZIG M F. Polyphenolic compounds as
pancreatic lipase inhibitors[J]. Planta Med, 2015, 81(10): 771-783.

[37] ZHANG X, LI D, WANG K, et al. Hyperoside inhibits pan-
creatic lipase activity in vitro and reduces fat accumulation in
vivo[J]. Food Funct, 2023, 14(10): 4763—4776.

[38] WANG Y, CHEN L, LIU H, et al. Characterization of the
synergistic inhibitory effect of cyanidin-3-O-glucoside and catechin
on pancreatic lipase[J]. Food Chem, 2023, 404(Pt B): 134672-80.
[39] E4&. et o BoA 5 05 B4 h) & 09 o 5 5 % = [D].
i BiAPEZ XS, 2020. [ WANG Chan. Separation and identifica-
tion of lipase inhibiting activity components in Nelumbinis folium
[D]. Shanghai: Shanghai University of Traditional Chinese Medicine,
2020. ]

[40] CHEN J, WU X, ZHOU Y, et al. Camellia nitidissima Chi
leaf as pancreatic lipase inhibitors: Inhibition potentials and mecha-
nism[J]. J Food Biochem, 2021, 45(9): e13837-50.

[41] 3pmr. 4k/RE A" EGCG * g b B 04 3 51 4F A 2RI 7= o
4 [D]. &18: &8 X ¥,2023. [ GUO Pan. The inhibition mech-
anism of chlorogenic acid and EGCG on pancreatic lipase and devel-
opment of fat reduction product[D]. Nanchang: Nanchang Universi-
ty, 2023. ]

(42 ] Ay, Z= 3675 Ff & 3% B o IR F0HE B W AR 1o B 0 490 ) 4 )
[J]. & &4 5, 2015,36(11): 60-63. [ YANG Peng, LI Yangin.
Inhibitory effect of flavonoids and fagopyritols from buckwheat on
pancreatic lipase[J]. Food Science, 2015, 36(11): 60-63. ]


https://doi.org/10.1097/MOL.0b013e32835c07fd
https://doi.org/10.1080/10408398.2017.1399859
https://doi.org/10.1080/10408398.2017.1399859
https://doi.org/10.1080/10408398.2017.1399859
https://doi.org/10.1055/s-0035-1546173
https://doi.org/10.1039/D2FO03219H
https://doi.org/10.7506/spkx1002-6630-201511012
https://doi.org/10.7506/spkx1002-6630-201511012

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 桑叶提取物制备
	1.2.2 单因素实验
	1.2.3 响应面试验设计
	1.2.4 脂肪酶反应体系的建立
	1.2.5 提取物成分分析

	1.3 数据处理

	2 结果与分析
	2.1 不同提取条件对桑叶提取物脂肪酶抑制活性的影响
	2.1.1 原料质量浓度
	2.1.2 乙醇体积分数
	2.1.3 超声波功率
	2.1.4 提取温度
	2.1.5 提取时间

	2.2 响应面试验结果
	2.2.1 回归模型及方差分析
	2.2.2 响应面分析
	2.2.3 验证实验

	2.3 桑叶抑制脂肪酶活性提取物组分分析

	3 结论
	参考文献

