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Abstract: Highland barley is a unique cereal in the Qinghai-Tibet Plateau of China, and has good effects on
improving blood glucose metabolism. However, its specific hypoglycemic ingredients and compatibility are

not yet clear. In this manuscript, the polyphenols, polysaccharides, and peptides in whole grain highland
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barley (WHB) were extracted. And the a-glucosidase inhibitory activity of 3 key active ingredients
components and their interaction were investigated. The optimal reaction system for measuring a-glucosidase
inhibitory activity using the microplate method was first determined through single factor experiments and
Box-Benhnken response surface optimization experiments, i.e., 0.5 U/mL of enzyme concentration, 80
mmol/L of buffer concentration, and 5 mmol/L of substrate concentration. The results showed that all 3 WHB
extracts exhibited good a-glucosidase inhibitory activity, with WHB polyphenols having the strongest
inhibitory activity. Its inhibition rate reached 83.63% =+ 2.92%, corresponding to an ICs, of 0.18 mg/mL. In
addition, any 2 hypoglycemic ingredients combinations of the 3 WHB extracts had a certain synergistic effect.
Our results will provide guidance for dietary choices in blood glucose control populations and new evidence
for the development of functional foods.

Key words: whole grain highland barley; hypoglycemic active ingredients; a-glucosidase; inhibitory activity;

synergistic compatibility
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Note: A: enzyme concentrations; B: substrate concentrations; C: PBS concentrations; D: heating time. Different lowercase letters indicated
significant difference (P<0.05) and the average value of the test was taken for 3 times, same as below.
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Effects of different single factors on a-glucosidase inhibition rate
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Table 1 Design and results of response
surface experiment
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Note: Green, hydrogen bond; Blue, hydrophobic interaction; Red, ionic interactions. The solid lines were the molecular interactions
reported in the literature, and the dashed lines were the presumed molecular interactions.
2 ZEERX ~HEREFHEMNGENZN (A) ISKRSH-SH-SRZEANS FHEEERTER (B)
Fig.2 (A) Effect of interactions on a-glucosidase inhibition (A) and schematic of molecular interactions between
highland barley polyphenols-polysaccharides-peptides (B)
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Fig.3 Effects of polysaccharides, polyphenols and peptides on the inhibition rate of a-glucosidase
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R2 ZHASREN «HEBEHFHETENZ NS
HEER (n=3)

Table 2 Effects and interactions of the three components
in combination on a-glucosidase activity (n = 3)

Wing/(mg/mL) ZB-ZH/% ZWH-ZH/% ZH-ZK%

0.1 12.50+0.63 5.73+£0.58 9.41+0.77
0.2 23.62+1.08 13.14+0.33 24.51+1.79
0.3 36.80+0.45 21.91+0.89 29.11+0.39
0.4 55.84+1.04 33.73+0.60 30.714+0.48
0.5 67.64+1.07 55.84+0.41 47.994+0.30
0.6 70.31+0.62 63.10+0.42 55.01£0.56
0.7 72.35+0.43 65.97+0.45 64.93£1.18
0.8 76.34+0.94 66.34+0.94 65.25+2.70

Ho R R LA . FEFEE M 2 Ik 3 A0 ] LLGE 3
T 1. FKIasKA EAEREZ M5 2 5
MHEAEH. A, g b2 sitns £
i A EL AR B s 1 1

HHRZWM 5 E R IR Z RIS Bk
HAEHU RS FSEH AR T, Hrh Z kT 2
AR BRI PO L S A RE S S 22 1 BT B AT R
WA R A BUKAMHEAER, 28 ey iRt 5 K
HERTLUE S, 2K B S nT DL S By et
RAEBTFHEAEHN. 2wl S5&EAHEEA/ERT
Pl 8 05 e a AN I S ES DL EA /iD0)
IKISER ST, 2R RN | 5 FnE SR 41 ),
Hrh @ srFa . R DL AR E R i 7 R
ZME RS SEREZIREE G

XF T B 1 AR 20, E A TR R
TAER, HERZ KT HAT Ak | PO Stk g It A
WATRES Z W B ) L 3E . H AR S e 3 1A
RAEBUKMEAEH, ZhrEE . RN
AJfE5 AR RSB, TG 2K AH AR R S X
P B AR AR R R A /N T L B 2R 1
P 2R, 1T LIE BGR R 51 ) 0 i
LA A0, e R R 2 (] T R A LA
HAER, T EES 22 b R 1R oy B T BRI R
(AR AT B 55 Bl 3 A, DT il
ZhE-Z IKE G ige e e, JE M2 o3 2 0
PRt 3 12

3 it

ASBIETE B S P A DR B LA B e 7 1 S 6 A

BHE T o~ 2B 1T B I0 55 PR SC B A5 1, Bl
WS 0.5 U/mL, JIEY)MREE A 5 mmol/L, PBS %
MR N 80 mmol/L; X5 43wl $E BUCE B IG
PR (2. 20 Z0K0), @ RINEE X
3 FhE AR BRI Y o 25 W1 TG R 0 7 AE
71, HhERZB>EFREH>-E M2k, #ms
Frip RS 45y Z B AH BEAE R, SRR
HHEW ., THREMRAEFHLENITFMIERT
y<lL, U P45 4145 B G AT Y B T P IR 3 A
FH o AT 5T 25 BN A2 320 75 BRAF 2 5 W0 2 iR T 9%
FEXT I SL T REME B T & A W M T Y R
HA—EmMiETE L.

SE Wk

[1] LIY,ZHANG W, ZHAO R, et al. Advances in oral peptide drug
nanoparticles for diabetes mellitus treatment[J]. Bioact Mater,
2022, 15: 392-408.

[2] OGURTSOVA K, GUARIGUATA L, BARENGO N C, et al.
IDF diabetes Atlas: Global estimates of undiagnosed diabetes in
adults for 2021[J]. Diabetes research and clinical practice, 2022,
183: 109118.

[3] RUSSELL W R, BAKA A, BJORCK 1, et al. Impact of diet
composition on blood glucose regulation[J]. Crit Rev Food Sci
Nutr, 2016, 56(4): 541-590.

[4] DONG Q, HU N, YUE H, et al. Inhibitory activity and
mechanism investigation of hypericin as a novel alpha-glucosidase
inhibitor[J]. Molecules, 2021, 26(15): 4566.

[S] GONG L X, FENG D N, WANG T X, et al. Inhibitors of
a-amylase and a-glucosidase: Potential linkage for whole cereal
foods on prevention of hyperglycemia[J]. Food science nutrition,
2020, 8(12): 6320-6337.

[6] ARAK, EAREE, SR, S5 BUNO RN X8 LIRS GER I b
FHERRIALT]. B ABEARIAR R, 2022, 40(5): 129-138.
REN X, WANG L X, ZHANG M, et al. Effect of simulated oral
processing on starch digestion characteristics in vitro of steamed
bread[J]. Journal of Food Science and Technology, 2022, 40(5):
129-138.

[71 REN X, ZHANG F L, ZHANG M, et al. Fecal microbiota
transplantation: whole grain highland barley improves glycolipid
metabolism by changing gut microbiota[J]. Food Science and
Human Wellness, 2024, 13(4): 9250167.

[8] HANL, FANG C, ZHU R, et al. Inhibitory effect of phloretin on
alpha-glucosidase: Kinetics, interaction mechanism and molecular
docking[J]. Int J Biol Macromol, 2017, 95: 520-527.

[91 EEBC PHERFR S FHSELE 53 FCAL BRI B 95 I IR 500
WFFE[D]. R A BREG R, 2021.




325 2024 F 3 H

?ﬁ InmBesETnE

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

WANG Q W. Study on the synergistic effect of salvianolic acid
and tanshinone on diabetic kidney disease[D]. Nanjing University of
Chinese Medicine, 2021.

ALY, ZRIs0, SRk, 55, R 1R B DUR R &
TN B X oA BT RO E ], Mol TRE2AHR,
2022, 7(5): 93-98.

CONG K P, LI T T, WU C E, et al. Development of rapid
method for determination of 1-deoxynojirimycin in Morus alba
L. leaves and its inhibitory effect on a-glucosidase[J]. Journal of
Forestry Engineering, 2022, 7(5): 93-98.

Wik, AR, REEAN, S KRR T A 00 Bk 5
IR R S (0] bl R A2 4R, 2017, 36(1):
103-109.

HUY, YANG L L, XIONG S B, et al. Hydrolysis process of fish
scale and its effect on properties of collagen peptide[J]. Journal
of Huazhong Agricultural University, 2017, 36(1): 103-109.
ARIREH, FHEF, BRADE, S5 WUR - BADE AR G5 ik
R R MR B AT ). BUCE SR, 2016, 32(12):
164-170.

ZHU JJ, YIN Z P, CHEN J G, et al. A model for screening trace
amounts of a-glucosidase inhibitors and methods for judging
inhibition type[J]. Modern Food Science and Technology, 2016,
32(12): 164-170.

WAV, KB, WHBE IR EEZL S W & R PTR
P B RV E IR ZE (). Hh Tl 2023(2): 102-104+112.
LEIL T, ZHOU Y C, PU X Y. Preparation of flavonoids from
Tartary buckwheat and their antioxidant and hypoglycemic
effects[J]. China Food Industry, 2023(2): 102-104+112.

FILAR, e, BRI, % FORIE PR X IR IR AR
FHEBIFFEHERET]. e SR, 2021, 34(12): 17-21.

WANG L D, L1 X Q, LI Z J. Research progress on the regulation
of blood glucose by active components in coarse cereals[J].
Cereals & Oils 2021, 34(12): 17-21.

KONG F, KANG S, ZHANG J, et al. The non-covalent interactions
between whey protein and various food functional ingredients[J].
Food Chemistry, 2022, 394: 133455.

BORDENAVE N, HAMAKER B R, FERRUZZI M G. Nature
and consequences of non-covalent interactions between flavonoids
and macronutrients in foods[J]. Food & function, 2014, 5(1):
18-34.

WEBER F. Noncovalent polyphenol-macromolecule interactions
and their effects on the sensory properties of foods[J]. Journal of
Agricultural and Food Chemistry, 2021, 70(1): 72-78.

Le BOURVELLEC C, RENARD C M G C. Interactions between
polyphenols and macromolecules: Quantification methods and
mechanisms[J]. Critical reviews in food science and nutrition,
2012, 52(3): 213-248.

RODRIGUEZ PATINO J M, PILOSOF A M R. Protein-
polysaccharide interactions at fluid interfaces[J]. Food Hydrocolloids,
2011, 25(8): 1925-1937.

[20] BOUROUIS I, PANG Z, LIU X. Recent advances on uses of

protein and/or polysaccharide as fat replacers: Textural and
tribological perspectives: A review[J]. Journal of Agriculture and

Food Research, 2023: 100519. &

#iE: ASUEARFTNAFE M (hitp/lyspkj.jjournal.cn ),

FERIR, 575, e R AR SRR




