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Fig.1 HPLC chromatogram of amygdalin
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Fig.2 Effects of different factors on the extraction rate of amygdalin from peach kernel
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A(T Bk A BIRRE  C(RRE 543 e A(T B4 BRRE  C(RRE  F54-3F
2 %)% JE)IC ] )/min R E/% 2 %)% )G B )/min BB E/%
1 80 70 40 3.75 10 80 90 60 2.58
2 60 70 60 2.09 11 80 90 20 2.95
3 60 70 20 1.81 12 100 70 60 1.79
4 100 70 20 2.26 13 80 70 40 3.63
5 80 70 40 3.59 14 80 50 60 3.16
6 80 70 40 3.7 15 100 90 40 1.19
7 60 90 40 1.02 16 80 50 20 3.11
8 80 70 40 3.69 17 100 50 40 1.53
9 60 50 40 1.41
F2 BIAFESTER
Table 2 Analysis of variance for the fitted regression model
A P75 Fe 8w ¥ F 14 P1a 2 M
HEA 15.08737 9 1.676374 579.3444 <0.0001 ok
A 0.0242 1 0.0242 8.363367 0.023251 *
B 0.270113 1 0.270113 93.34917 <0.0001 ok
Cc 0.032512 1 0.032512 11.23611 0.012217 *
AB 0.000625 1 0.000625 0.215996 0.656218
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EE 0.004575 3 0.001525 0.389031 0.768003
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Fig.3 Effect of two interactions on the extraction rate of amygdalin
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Table 3 Effects of amygdalin on blood coagulation in wvitro (x s, n=3)

48 51 TR R H AR 5 5 o B % o Bl B 18 5 ofn Blp SR B 1) HEEFAQREE

mg+ mL"! B 1] (APTT)/s (TT)/s (PT)/s (FIB)/g- 1.
=G R 0 34.37 + 0.49 8.97 +0.95 1.77 +0.09 3.37 +0.09
T e 5 33.00 + 0.64 11.60 + 1.15 1.17 £ 0.15% 3.17£0.26
15 36.73 + 0.92% 12.67 + 1.07* 1.00 + 0.17%% 2.87 £ 0.09
25 38.53 + 1.33%* 10.40 + 1.04 1.27 + 0.20% 3.27 £0.26
50 41.40 + 0.75%* 6.00 +0.23 0.87 + 0.23%* 3.70 +0.29

100 37.37 + 0.95% 9.77 + 0.65 0.40 + 0.17%* 4.60 + 0.25%*
200 33.17 £ 0.43 11.50 + 1.39 0.50 + 0.17%* 3.10 £ 0.12

W 55 FXTIRALA L = 28 5 3% (P<0.05) , . 22 5 4% 1.3 (P<0.01),
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Fig.4 Effects of amygdalin on pancreatic lipase activity and cholate binding
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Fig.5 Inhibitory rate of amygdalin on a-amylase (a) and a—glucosidase (b) activities
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Fig.6 Molecular docking of amygdalin with a—amylase (a), a-glucosidase (b) and pancreatic lipase (c)

fﬂg%‘% s %%ﬁﬁi%ﬁ 4)212 ﬁi&ﬁ?%fﬂ N %E ﬁ’\ E’ﬂ 7T<|J duced diabetic -like phenotypes in  fruit fly
RS T AR S FREE 0T v Bkl B b (s 4t T (Drosophila melanogaster Meigen)[J]. Food Frontiers,
B 2021, 2: 77-90.

[4]  FAREL, g, ¥, % BMCRIPRR RN
2y, 2015, 46(17): 2649-2655.

XU X F, LI T, WANG Y T, et al. Research
progress in Persicae Semen|[J]. Chinese Traditional
and Herbal Drugs, 2015, 46(17): 2649-2655.

[S] HE XY, WU L J, WANG W X, et al. Amygdalin
— A pharmacological and toxicological review [J].
Journal of Ethnopharmacology, 2020, 254. 112717.

[6] BARCELOUX D G. Cyanogenic foods (Cassava,
Fruit Kernels, and Cycad Seeds) [J|. Disease —a —
Month, 2009, 55(6): 336-352.

[71 KAJINOA A, BAIB W, YOSHIMURAC N,
TAKAYANAGI M. Identification of peach and apri-

cot kernels for traditional Chinese medicines using

2 % x #

(1] Efgd, Mg, Bwede, S F ek TH AR
S ()] B A S ALA, 2012, 28(1):. 268-271,
274.

LU J, BI J F, ZHAO X Y, et al. Research
progress on peach processing technology[J]. Food &
Machinery, 2012, 28(1). 268-271, 274.

[2] JASWAL V, PALANIVELU J, DR R C. Effects of
the gut microbiota on amygdalin and its use as an
anti —cancer therapy: Substantial review on the key
components involved in altering dose efficacy and
toxicity [J]. Biochemistry and Biophysics Reports,
2018, 14(C): 125-132.

[3] OYENIRAN O H, ADEMILUYI A O, OBOH G.

African mistletoe (Tapinanthus bangwensis Lor.) in-

near-infrared spectroscopylJ]. Vibrational Spectroscopy,
2021, 113: 103202.
[8] ZHANG X Q, HU J G, ZHOU Y Z, et al.

Amygdalin  improves  microcirculatory  disturbance
festation improves the phenolic constituents, antiox- o . .
and attenuates pancreatic fibrosis by regulating the
idative and antidiabetic effects of almond (Termina- . . .

expression of endothelin—1 and calcitonin gene—re-
lia catappa Linn.) host leaf in sucrose-rich diet—in- . . .
lated peptide in rats[J]. Journal of the Chinese



154

O &

[
[215)

i

2023 455 4 #)

9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Medical Association, 2018, 81(5): 437-443.
B, BN A Y 25 B B 5 ik ()]
B S5IEIR, 2012, 27(5): 530-535.

LU J Z, DENG J G. Research progress in pharma-
cological effects of amygdalin[J]. Drugs & Clinic,
2012, 27(5): 530-535.

DENG J G, LI C Y, WANG H L, et al. Amyg-
dalin mediates relieved atherosclerosis in apolipopro-
tein E deficient mice through the induction of regu-
latory T cells[J]. Biochemical and Biophysical Re-
search Communications, 2011, 411(3): 523-529.
DENG J G, WANG H L, LIU Y D, et al. Anti—
atherosclerotic effects mediated by the combination
of probucol and amygdalin in apolipoprotein e —
knockout mice fed with a high fat diet[J]. Journal of
Animal & Veterinary Advances, 2012, 11(1): 20-
25.

PR, W A5 X R PSR 3R AT B0 RO DUIE R
R FIBEFED]. Sk RS, 2014,

CHEN Y. Effect of amygdalin on the action of my-
ocardial hypertrophy induced by isoproterenol in rats
[D]. Jilin: Yanbian University, 2014.

¥, T3, &moF, F RECES{CHE SER
b B985 A Loxk 19N 107 T A A T SN ARk B
2%, 2018, 46(9). 136-138.

ZHANG L, DING W Y, GAO F, et al. Conjuga-
tion rate of amygdalin extract from cerasus humilis
combined with three cholates and inhibition effect of
the amygdalin extract on pancrelipase[J]. Guizhou A-
gricultural Sciences, 2018, 46(9): 136-138.
ARy BRAR T A AT O BRI A WIS A SE (D).
WERITE AR . N SEd KA, 2019.

LI R L. Extraction and biological activity of amyg-
dalin from prunus humilis|D]. Hohhot: Inner Mongo-
lia University, 2019.

BANA, SRELIE, AMEB, AF. BEAT 2 AR EU X
VAN 1 T e R R T SR T N A 1 7 Ny e
=4z, 2010, 33(2): 98-99.

JIN S J, ZHANG H Y, PIAO H S, et al. Effects
of ethanol extract of the Semen persicae for bleeding
time and coagulation time in mice [J]. Journal of
Medical Science Yanbian University, 2010, 33(2):
98-99.

K, BRI, IhAA, A R A )5 g
o A R T2 A)]. a5 P, 2018,

[18]

[19]

[20]

[21]

[22]

34(10): 163-168.

ZHANG X, LI R L, SUN X R, et al. Optimization
of ultrasonic —assisted extraction of amygdalin from
prunus humilis seed[J]. Food & Machinery, 2018,
34(10): 163-168.

BOn A, Wi, BRAE, SF. KR SR IROL A Bk
AR T W] AR, 2017, 31(7): 1365-
1373.

QIAN H J, GAO H Y, MU H L, et al. Study on
the extraction technology of walnut oil by aqueous
enzymatic method[J]. Journal of Nuclear Agricultural
Sciences, 2017, 31(7). 1365-1373.

TR, kTA, £2, % BRI
B B AR SMUBEMLAR BT SE)]. £ 8 Tolk BH, 2013,
34(9): 238-241.

WANG C L, ZHANG Z Q, WANG M, et al. Study
on extraction, isolation and in witro anitcoagulation
of polysaccharides from Auricularia auricular|J]. Sci-
ence and Technology of Food Industry, 2013, 34
(9): 238-241.

T, AREE, SRINIR, . BRI 45 A S BT R
XS R s Js T 1) 400 0 A L) B AR AReE, 2018, 39
(2): 31-37.

WANG Y, ZHENG W, CAI J J, et al. Structural
analysis and anti —pancreatic lipase activity of
flavonoids from Moringa oleifera Lam. leaves[J]. Food
Science, 2018, 39(2):. 31-37.

P, BRKE, BRE, 5O RBR AL LW AT HF
TR B H A5 G IR #h BE D1 AT AN ()], b A A R
2019, 19(10): 172-178.

LU Y, LU C X, JIAO T H, et al. Ability of bile
salt—binding of red raspberry seed flavonoids puri-
fuication by polyamide[J]. Journal of Chinese Insti-
tute of Food Science and Technology, 2019, 19
(10): 172-178.

JebE, WA, BT, . M R A5
FAE T e MR RGP GE ()] &5 5 Rl ol 2021,
47(18): 119-126.

YAN S L, PAN C, YANG X Q, et al. Degrada-
tion, structural characterization and hypoglycemic
activity of polysaccharides from Codium cylindricum
2021, 47

[J]. Food and Fermentation Industries,

(18): 119-126.

B, i, INRE, 2 MR a-

AT 0 B T ) A A D], b R R A AR, 2021,



5234 4 W

Bef= b 5 54

W& AP AR S W E AR 155

[23] sFaEle, BT, &Res, 4.

[24] MiHg, &6

[25] ML,

[26] RHHT,

Ministry of Agriculture and Rural Affairs,

21(4): 39-45.
CAI S X, HUJJ, SUN L C,

fect of two antioxidants on a-glucosidase[J]. Journal

et al. Inhibitory ef-

of Chinese Institute of Food Science and Technolo-
gy, 2021, 21(4): 39-45.

o7 4 Wl K
51 B AH HLAE M SRR OC R D). AW AE R 5,
2015, 13(3): 141-149.
QLY J, LUH N, JINN Z,
evolutional analysis of a—glucosidases and Miglitol[]].

2015, 13(3):

et al. Interaction and

Chinese Journal of Bioinformatics,
141-149.

DAL, AFL AN TR L A A 1 TR
4R P — TR B ) G A 3 R HE bt S A T L)) B
m Bk, 2021, 42(3): 112-120.
LIU M, GAO H Y, FANG X ],
of ultrasonic—microwave assisted extraction of pheno-

(Morella rubra

et al. Optimization

lic acids from Chinese bayberries
Sieb. Et zucc) of different maturities and a compar-
ative study of their antioxidant activities [J]. Food
2021, 42(3): 112-120.

XEGF, RABAS, A5, JOHE AR 2k TR Ak
Tl T A B H B IR KR A AT D], B Tl R,
2021, 42(19): 226-237.

SHANG F Z, LIU R L, WU W J,

optimization of sugar —free probiotic preserved ki-

Science,

et al. Process

Science

42 (19):

wifruit and analysis of nutritional flavor[J].
and Technology of Food Industry, 2021,
226-237.

AR, SR, . AR ER MG
BUBE LA B SE[)]. VAL 252 2435, 2020, 35(4):
481-484.

SONG Y L, GUO J Q, GUO Q F, et al. Study on

[27]

(28]

[29]

[30]

[31]

the preparation and anticoagulant effect of cochliodi-

2020, 35

nol[J]. Northwest Pharmaceutical Journal,
(4): 481-484.
LIU L, DUAN J A, TANG Y P,

et al. Taoren-—
Honghua herb pair and its main components pro-

moting  blood circulation through influencing on

hemorheology, plasma coagulation, and platelet ag-

gregation [J]. Journal of FEthnopharmacology, 2012,
139(2): 381-387.
TISS M, SOUIY Z, ABDELJELIL N B, et al. Fer-

mented soy milk prepared using kefir grains prevents
and ameliorates obesity, type 2 diabetes, hyperlipi-
demia and liver—kidney toxicities in HFFD —rats|[J].
Journal of Functional Foods, 2020, 67:. 103869.
B, BRANEE, B, S ORI TEA T A 2R
A5 G TR L B8 01 B9 4 AT (0] b R D
2017, 9. 49-54.

YANG Q S, CHEN X L, GAO L,

of bile salt-binding ability of water—soluble polysac-

et al. Analysis

charide from Lethariella spp. in wvitro [J]. Chinese
Food Additives, 2017, 9. 49-54.

CAO J W, ZHANG Y, HAN L, et al. Number of
galloyl moieties and molecular flexibility are both
important in alpha —amylase inhibition by galloyl —
based polyphenols[J]. Food & Function, 2020, 11
(5): 3838-3850.

Ewpr, XUz, A LR 0 0 X e As 1 AL 2
KRBT iR, 2013, 34(9): 104-107
WANG S H, LIU Y. Effect of

chin-3 -gallate as an inhibitor on the structure-ac-

(- ) -Epigallocate-

tivity relationship of pancreatic lipase[J]. Food Sci-
2013, 34(9): 104-107.

ence,

High-Efficiency Extraction and in Vitro Bioactivity of Amygdalin from Peach Kernel

Wu Weijie>™,
Niu Ben?,

Huang Xinli'?,

(“‘School of Food Science and Engineering, Zhejiang University of Technology,

2Food Science Institute ,

Research of Zhejiang Province

Chen Hangjun®,

Fang Xiangjun®,
Sun Peilong',

Zhejiang Academy of Agricultural Science,

Han Yanchao?,
Gao Haiyan™

Mu Honglei?,

Hangzhou 310014
Key Laboratory of Post—Harvest Handling of Fruits,

Key Laboratory of Fruits and Vegetables Postharvest and Processing Technology
Key Laboratory of Postharvest Preservation and Processing of Fruits and Vegetables ,

China National Light Industry, Hangzhou 310021
State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro—products,
Hangzhou 310021)



156 hoE N % R 2023 445 4 ]

Abstract To extract amygdalin from the peach kernel, a by-product of white peach processing, and study its in wvitro
biological activities. A single—factor experiment was carried out under different drying methods. Based on microwave dry-
ing, the extraction process was optimized by response surface methodology. The study of anticoagulant, hypoglycemic and
hypolipidemic activities of amygdalin were carried out by in witro analysis, and the interaction between amygdalin and
enzyme was studied by molecular docking. The optimal extraction conditions of amygdalin were as follows: ethanol volume
fraction 81.43%, extraction temperature 68.91 C and extraction time 20.00 min. Amygdalin prolonged the activated partial
thromboplastin time and thrombin time, reduced the content of fibrinogen. Moreover, amygdalin inhibited the catalytic ac-
tivities of a—amylase, a—glucosidase and pancreatic lipase. Meanwhile, it could combine with taurine cholate and glycine
cholate. Molecular docking analysis showed that amygdalin from the peach kernel could form hydrogen bonds with hy-
drophilic amino acids of a—amylase, a—glucosidase and pancreatic lipase, which might change the molecular conformation
of enzymes or form competitive inhibition with the substrate. Results indicated that amygdalin in the peach kernel showed
effectively in vitro anticoagulant, hypoglycemic and hypolipidemic activities. The results of this study provide a reference
for the efficient extraction of amygdalin in the peach kernel and the further utilization of peach kernel.

Keywords peach kernel; amygdalin; ultrasonic extraction; biological activity; molecular docking



