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Abstract: Type 2 diabetes mellitus involves a variety of pathological mechanisms. Chinese medicine treatment often employs the Chinese
medicinal materials such as Coptidis Rhizoma and Astragali Radix with both medicinal and edible values to achieve multi-target synergistic
blood glucose-lowering effects. Using these materials as the main ingredients to develop functional foods such as meal replacements, snacks,
and drinks for lowering blood glucose becomes an innovative strategy for managing type 2 diabetes mellitus. This paper systematically
reviews five blood glucose-lowering mechanisms of functional foods and drug ingredients, including protection of islet 5-cells, enhancement
of insulin sensitivity, inhibition of «-amylase, regulation of lipid metabolism, and modulation of intestinal flora. Furthermore, this paper
summarizes the mature functional blood glucose-lowering products and processing technologies and makes an outlook on their future
development directions.
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Figure 1 Summary of the applications, advantages, and
limitations of blood glucose-lowering functional

foods

3 L&k
3.1 #EMT

il A LN TR R PR Rt 5 A A AT A A
B BACE S TY XN T T2 B PR e A AT e
PER TR SR o Hidr, $ogh 3R S 2 i Al fe 2 i T F- Bt
A SE O 2 e SO Ty RS B AV TR A Ak
S5 SR R I T AR BT . R, A BRTE 25 AR
Hh S B IR UE B 43 ] 0 U A T MR E DR 5 4 A Ok &5 A
JEE 38 b 4 SRR T ) KA A R B0 T A 31 R R
A AR E(GD) o B, 58 5 28 A S AL FE B 2
£ R Ty BE M B UK B T 25 AT e B #1072 T
Ty he Pk Kb S VE R I AL R S GIE AR fL . TR R AL 1
FeARTE 1 TE 10%~30% 7K & & T AT 90~120 °C i1y 44k
B (A LA AR A N AR IR XU (1 [R) SR S B R
il R AR BT R K R S G B A R
Tl P N A A B O S R Y B UE B N 27.7%~35.4%



F&M | Vol.42, No.2

FEAR 3 2.7%~20.0% , W] A 2503 e 3 78 V2 ¥ 1 PLE AL PR B
I 48 i LR RS I BB AR VED . B L R, AE AL SN T Ak
PHAYSE A b W R A BN TR W] Ok I & LA B S
A PR AR 0 DR R B AR B OR S, AN IR I T
£ NN D) | I el 7 O NI 5T 5 2 NI 3 1 B U
e AR FH 88 0 0 0 JR) 958 43 o R O B AR VE B 43 i R
A R AR GIME . T 5 K Y B SR HUBY 1 7
AT O PO A TE R B i AR T AR TR RS R
BN 17.32%,53.80%,30.22% (43 7.89%,42.58%,
23.92%, A %k AR B MK MR R A GUIEY . ZE LB K R
ORI ) 1IN 5 s N /7B L)1 B 2 N7 N VO e 2 8
1o AR AT B 34 P 3 o o U A 4 R AR T A A I
B AL, J2 oA e I o g M AR o T 5 i B R
TR
32 E¥YmI

AWM T T i A2 R R A R I T R AL S
BRI IEAT I T AL, R kAR 7 5 25 R AL AL, O
N TERR SG SR DI RR TG T . R EERORAE A R Y
AN TR AN AL AR HE I P 5T 0 R B Ak R AR
5 GUIE , i Ge K B FH AR B 09 A 4= A= o O /T
b 2 P B R A S R . FLER TR R
TR 7E R T 8 b R HE ) U IR VR D, AN U 5 I £ &1 4t F
Z WS T RE Ay | 70 B AR I R W O M B3 1 R AR
B A Y R AR DG Al S R AR T BRI Kk I T
Tk R VE A 1 22 LR 45 A R iR 1 S T R B0 T Ak g
Tyt skt ik BT L R K, BLAE & Bt B o]
g ox AR B R Y B EA TR AR TR/ A el
BV A A Ak 00 AR A A [) £ 0 A YR B R sk A AN TR
B T 2, 30 e N T A e 308 49 il ) B S ke b o T AR A
RGP S AN 00 A B A o Tl R BT L R K
TE oy MR 2R T AN F D003 5, T O B ] W B (A5 U
o F 0O, DL R AR E B 19 4 I AR AR . ISR R
P4 T T R 1) D R Ak L 38 AR T O DR A U R K A
R A 1A 1 GUAE 'Y o AR Sy J5URE, i) FH £ 4k 2 i
R SRHE T D ) 21 1 T ] 2 R T AR5 R 4R e AR 8 T 1k i 4
i YRR TG B MR RE N BRIL 2 AN W
TR A] 25 G R, T 2 AR I A B 2 Wl v e T
U5 AT Jec A B AT A B 22 W BB I M 4y 1 B
eI PN b Al N TS e 1 R AT v g e A A
B3GR UE AR DU AL BE T, (R T A R T R B
SV R B IR T AR S TR B ek R
ST E B )2 m L s L, R A AR 2 A
YT —FRE T 0 2 % ZEAN B 23 1 JRORL Y Bt AR
A BB T3 KX - UE M3 1 0 400 1 30 A i 1 g, AT S R AR
i AR 5 3 1 2 B LR L oL RS TN Rk,
WA A JE s R R R B JE I . X Ao Ty =

ERRE - aEERERRRAMEREAHR

PR AE T 20 (TR 4, O A A 8 A JRURE IR o BE T
THBLA K 25 40 BRI 98 M 4 v T8 0 in T Kok vl 2 jE il
— R R AN R T A L N T A 2
B[R] T RE P BRI T AR R
33 HEFEEiM

b 248 1 2 46 12 FH Ak 22 T B ol AR 6 PR R 1A
i B 22 Ml 4 R J A R R AT LR TP RIS i 2 4 H
BB F TS 2 B A TR ML S P 3
JHie T 50 CHEFE 12 honf H T il 4540 A 22 4, i 6l = 424k
T B 1 T ) R R R 25 W A T A I ) - A
TREEGE M PR T OB R 1k B U kA 2 RSN R TP b s
2 A S 1) 22 D RE RETSOZE £ I ZE W TR . R TP L
Z IR AER Z Ko T8 h AR T B — A s B
FEPR F LB AT E B — 2 AR 0 T 2 0 2 0
AW . R H LA AE 1 i 2 DU 25 W RE 5 1 2 DUSR 2
PP A AL PERE o FR Y Ak 0 A3 A 2 Ak G £ 41 2 a-VE B
it 355 200 ) R AR S0 g A T A 16 A U ke 1 T T
Z BB £ oL R b, DR 20 Sl T R A LGS S R 2
W, A 0 i 22 W B 2 WIS R R A 22 X o
T B0 R T A AR 2. 25 b Ak B A R L
BT RE E B AR £ T B 2 M R BE BT 1 R 2
i, (07 B4 M 0 3R ) kS RS, A RE I B )
RE Tk 2 WEAE B MR B S i )iz BT
4 Jaghh

2l £ [ V5 0 R 2 6 I R N FH A R O A R R
HET A, TEAHEIRIES RS EMAE R TR
SRAL A W 3 3o 22 H A B I AR I 4 R 2R B L
BAC L BE & SR TR A TR A B e iR
A I TR AR TR AR N, AR 3 ko B 2R A R
JE 33 2 9 5 B — 2 1 AR IR R AR G5 4 HE S
LB 2 B B N S50 =8 ) Tl k7= . M AT 5
A E R e T B LA — S Y B AR VR VR
B T B T 0V ) BCE AR R T T
DA 55 77 il DRI 71 380 475 2 A SR BIE 9T 1) S5 17

5% 3k

[1JLIN X L, XU Y F, PAN X W, et al. Global, regional, and
national burden and trend of diabetes in 195 countries and
territories: an analysis from 1990 to 2025[J]. Scientific Reports,
2020, 10(1): 14790.

[21ZHAO G M, ZHANG Q, WU F, et al. Comparison of weight
loss and adverse events of obesity drugs in children and
adolescents: a systematic review and meta-analysis[J]. Expert
Review of Clinical Pharmacology, 2022, 15(9): 1 119-1 125.

[31YU D S X, HUI C K, ISMAIL-FITRY M R, et al. High-pressure

processing and heat treatment of Murrah buffalo milk:

221



222

% 3t B ADVANCES

comparative study on microbial changes during refrigerated
storage[J]. International Journal of Food Microbiology, 2025,
426:110926.

[4]AUGUSTIN M A, HARTLEY C J, MALONEY G, et al.
Innovation in precision fermentation for food ingredients[J].
Critical Reviews in Food Science and Nutrition, 2024, 64(18):
6218-6 238.

[SJRICHTER E, GEETHA T, BURNETT D, et al. The effects of

charantia on 2 diabetes mellitus and

disease[J].
Sciences, 2023, 24(5): 4 643.

[61]ZHAO M M, LU J, LI S, et al. Berberine is an insulin
secretagogue the KCNH6 potassium channel[J].
Nature Communications, 2021, 1(1): 6 342.

[71ZHANG Y L, ZHOU G S, PENG Y, et al. Anti-hyperglycemic

momordica type

Alzheimer's International Journal of Molecular

targeting

and anti-hyperlipidemic effects of a fraction of
Luohanguo extract on obese T2DM
Ethnopharmacology, 2020, 247: 112273.

[8] XU S'Y, CHEN Y, GONG Y S. Improvement of theaflavins on

special

rats[J]. Journal of

glucose and lipid metabolism in diabetes mellitus[J]. Foods,
2024, 13(11): 1 763.

[91 ZHUANG L, LI Q, YOU W J, et al. Complement C3 promotes
islet f -cell dedifferentiation by activating Wnt/f -catenin
pathway[J]. iScience, 2024, 27(10): 111064.

[1I0]LU K Y, CHEN S H, LIN Y S, et al. An antidiabetic

nutraceutical rice

combination of red yeast (Monascus

purpureus), bitter gourd (Momordica charantia), and
chromium alleviates dedifferentiation of pancreatic £ cells in
db/db mice[J]. Food Science & Nutrition, 2020, 8(12): 6 718-
6 726.

[111YU W, WANG Y N, JIANG D, et al. A saponin from astragalus
promotes differentiation into

insulin-producing cells[J]. Phytomedicine, 2022, 102: 154190.

[12] LIU X, NING K H, LI J C, et al. Panax notoginseng saponins

pancreatic ductal organoids

inhibit apoptosis and alleviate renal ischemia-reperfusion
injury through the ROCK2/NF-«B pathway[J/OL]. Molecular
Biotechnology. (2025-02-17) [2025-02-22].
ncbi.nlm.nih.gov/39820856/.

[13]CHEN H P, LOU Y M, LIN S Y, et al. Formononetin, a

https://pubmed.

bioactive  isoflavonoid  constituent  from  Astragalus
membranaceus (Fisch.) Bunge, ameliorates type 1 diabetes
mellitus via activation of Keapl/Nrf2 signaling pathway: an
integrated study supported by network pharmacology and
experimental validation[J]. Journal of Ethnopharmacology,
2024, 322: 117576.

[14] HOCA M, BECER E, VATANSEVER H S. Carvacrol is
potential molecule for diabetes treatment[J]. Archives of
Physiology and Biochemistry, 2024, 130(6): 823-830.

[1I5]CATJ L, ZHU Y L, ZUO Y J, et al. Polygonatum sibiricum
polysaccharide alleviates and

inflammatory  cytokines

B 2928 | 20265 2 A | RGBS

promotes glucose uptake in high-glucose-and high-insulin-
induced 3T3-L1 adipocytes by promoting Nrf2 expression[J].
Molecular Medicine Reports, 2019, 20(4): 3 951-3 958.

[16] LIU J, WANG X, ZHU Y Q, et al. Theabrownin from dark tea
ameliorates insulin resistance via attenuating oxidative stress
and modulating IRS-1/PI3K/Akt pathway in HepG2 cells[J].
Nutrients, 2023, 15(18): 3 862.

[17] ALz 8, 2200, AR &, 45 . % 3000t e 0 2% A M ) 4

PIBIL T - DA SZ 1A P9 A 310 Jp & SR ARPT 9 5% A8 [T]. Tl A9,
2024, 54(2): 167-169.
DU Y P, LI H, HUANG R M, et al. Exploring the intracellular
mechanism of baicalin promoting insulin sensitivity: the
transition from receptor internalization to insulin resistance[J].
Industrial Microbiology, 2024, 54(2): 167-169.

[18] ZHAO J, TOSTIVINT I, XU L D, et al. Efficacy of combined
abelmoschus Manihot and irbesartan for reduction of
albuminuria in patients with type 2 diabetes and diabetic
kidney disease: a multicenter randomized double-blind parallel
controlled clinical trial[J]. Diabetes Care, 2022, 45(7): el13-
ell5.

[19] WANG J, WU T, FANG L, et al. Peptides from walnut
(Juglans mandshurica Maxim.) protect hepatic HepG2 cells
from high glucose-induced insulin resistance and oxidative
stress[J]. Food & Function, 2020, 11(9): 8 112-8 121.

[20] BEHL T, GUPTA A, SEHGAL A, et al. Exploring protein

(PTP) and PTP-1B

tyrosine phosphatases inhibitors in

management of diabetes mellitus[J]. Biomedicine &
Pharmacotherapy, 2022, 153: 113405.

[211ZHOU X, WANG L L, TANG W J, et al. Astragaloside IV
inhibits protein tyrosine phosphatase 1B and improves insulin
resistance in insulin-resistant HepG2 cells and triglyceride
accumulation in oleic acid (OA) -treated HepG2 cells[J].
Journal of Ethnopharmacology, 2021, 268: 113556.

[22] DI STEFANO E, TSOPMO A, OLIVIERO T, et al
Bioprocessing  of common  pulses changed seed
microstructures, and improved dipeptidyl peptidase-IV and
a-glucosidase inhibitory activities[J]. Scientific Reports, 2019,
9(1): 15308.

[23] SUN L J, WARREN F J, GIDLEY M J, et al. Mechanism of
binding interactions between young apple polyphenols and
porcine pancreatic o -amylase[J]. Food Chemistry, 2019, 283:
468-474.

[24] JAGER R, ABOU SAWAN S, PURPURA M, et al. Proprietary
alpha-amylase inhibitor formulation from white kidney bean
(Phaseolus vulgaris L.) promotes weight and fat loss: a 12-
week, double-blind, placebo-controlled, randomized trial[J].
Scientific Reports, 2024, 14(1): 12685.

[25] CHEN C, HUANG J, OMEDI J O, et al. Characteristics of the
microstructure and the key components of white kidney bean

sourdough bread induced by mixed-strain fermentation and its



F&M | Vol.42, No.2

influence on gut microbiota[J]. Food & Function, 2023, 14
(16): 7 413-7 425.

[26] LUO J Y, CHAI Y Y, ZHAO M, et al. Hypoglycemic effects
and modulation of gut microbiota of diabetic mice by saponin
from Polygonatum sibiricum[J]. Food & Function, 2020, 11
(5): 4 327-4 338.

[27] SRINUANCHAI W, NOOIN R, PITCHAKARN P, et al.
Inhibitory effects of Gymnema inodorum (Lour.) Decne leaf
extracts and its triterpene saponin on carbohydrate digestion
and  intestinal  glucose Journal  of

Ethnopharmacology, 2021, 266: 113398.

[28] LI C G, DENG S P, LIU W, et al. a-Glucosidase inhibitory and

absorption[J].

anti-inflammatory activities of dammarane triterpenoids from
the leaves of Cyclocarya paliurus[J]. Bioorganic Chemistry,
2021, 111: 104847.

[29] ZHANG H X, XU J, WANG M Z, et al. Steroidal saponins and
sapogenins from fenugreek and their inhibitory activity against
a-glucosidase[J]. Steroids, 2020, 161: 108690.

[30] X1 B30, A0 7 ik, A e 2, 2 . ol Rl i, 85 4 5 5 0 41 5
2023)E SR ELT]. T E A FHE A%, 2025, 28(1): 20-38.

LIU M B, HE X Y, YANG X H, et al. Interpretation of report
on cardiovascular health and diseases in China 2023[J].
Chinese General Practice, 2025, 28(1): 20-38.

[31] WAWEIR, sk R I . 2 5C 0 fl o o0 K% 25 B4R T 90 3 Jee ).
245 KL, 2021, 38(1): 76-82.

HU N N, ZHANG X J. Research progress on chemical
constituents effects

and pharmacological of Astragalus

membranaceus[J]. Information on Traditional Chinese
Medicine, 2021, 38(1): 76-82.

[32] ZHANG B, YANG Y, XIANG L, et al. Adipose-derived
exosomes: a novel adipokine in obesity-associated diabetes[J].
Journal of Cellular Physiology, 2019, 234(10): 16 692-16 702.

[33]LIU J, REN J, ZHOU L L, et al. Proteomic and lipidomic
analysis of the mechanism underlying astragaloside IV in
mitigating ferroptosis through hypoxia-inducible factor la/
heme oxygenase 1 pathway in renal tubular epithelial cells in
diabetic kidney disease[J]. Journal of Ethnopharmacology,
2024, 334: 118517.

[34] KANG Y M, KANG H A, COMINGUEZ D C, et al. Papain
ameliorates lipid accumulation and inflammation in high-fat
diet-induced obesity mice and 3T3-L1 adipocytes via AMPK
activation[J]. International Journal of Molecular Sciences,
2021,22(18): 9 885.

[35]KUANG D D, LI X Y, QIAN X P, et al. Tea polysaccharide
ameliorates high-fat diet-induced renal tubular ectopic lipid
deposition via regulating the dynamic balance of lipogenesis
and lipolysis[J]. Journal of Agricultural and Food Chemistry,
2024, 72(22): 12 582-12 595.

[36] FLAHERTY S E, GRIJALVA A, XU X Y, et al. A lipase-

independent pathway of lipid release and immune modulation

ERRE - aEERERRRAMEREAHR

by adipocytes[J]. Science, 2019, 363(6 430): 989-993.

[371BIAN Y P, LI W Z, JIANG X Q, et al. Garlic-derived
exosomes carrying miR-396e shapes macrophage metabolic
reprograming to mitigate the inflammatory response in obese
adipose tissue[J]. The Journal of Nutritional Biochemistry,
2023, 113: 109249.

[38] ZHANG C H, SHENG J Q, SARSAIYA S, et al. The anti-
diabetic activities, gut microbiota composition, the anti-
inflammatory effects of Scutellaria - coptis herb couple
against insulin resistance-model of diabetes involving the toll-
like receptor 4
Ethnopharmacology, 2019, 237: 202-214.

[39]CHAI Y Y, LUO J Y, BAO Y H. Effects of Polygonatum

signaling  pathway[J]. Journal of

sibiricum  saponin on hyperglycemia, gut microbiota
composition and metabolic profiles in type 2 diabetes mice[J].
Biomedicine & Pharmacotherapy, 2021, 143: 112155.

[40] WEI Y G, YANG H X, ZHU C H, et al. Hypoglycemic effect
of ginsenoside Rg5 mediated partly by modulating gut
microbiota dysbiosis in diabetic db/db mice[J]. Journal of
Agricultural and Food Chemistry, 2020, 68(18): 5 107-5 117.

[411XU J, LI T, XIA X Y, et al. Dietary ginsenoside T19
supplementation regulates glucose and lipid metabolism via
AMPK and PI3K pathways and its effect on intestinal
microbiota[J]. Journal of Agricultural and Food Chemistry,
2020, 68(49): 14 452-14 462.

[42] CHADT A, AL-HASANI H. Glucose transporters in adipose
tissue, liver, and skeletal muscle in metabolic health and
disease[J]. Pfliigers Archiv - European Journal of Physiology,
2020, 472(9): 1 273-1 298.

[43] MERINO B, FERNANDEZ-DIAZ C M, PARRADO-
FERNANDEZ C, et al. Hepatic insulin-degrading enzyme
regulates glucose and insulin homeostasis in diet-induced
obese mice[J]. Metabolism, 2020, 113: 154352.

[44]HE C X, WANG K, XIA J, et al. Natural exosomes-like
nanoparticles in mung bean sprouts possesses anti-diabetic
effects via activation of PI3K/Akt/GLUT4/GSK-38 signaling
pathway[J]. Journal of Nanobiotechnology, 2023, 21(1): 349.

[45] ZHENG S, CHEN N X, KANG X J, et al. Irisin alleviates FFA
induced f -cell insulin resistance and inflammatory response
through activating PI3K/AKT/FOXO1 signaling pathway[J].
Endocrine, 2022, 75(3): 740-751.

[46] B dii 05, TRV, W B15E, 45 R RVE R I E R KIF R
SFEI. B AL S AL, 2023, 39(12): 221-226.

YANG R F, BAIJ J, TANG J H, et al. Analysis of the elements
and development trends of cereal meal replacement powder[J].
Food & Machinery, 2023, 39(12): 221-226.

[47] 5k 3%, Sevr W] 52 Jr g iy AR A 00 1 B e 1 R A T (0], &
5HLAK, 2021, 37(11): 178-182.

ZHANG L, NIE S M. Auxiliary hypolipidemic effect of

compound kelp meal substitute powder[J]. Food & Machinery,

223



224

% 3t B ADVANCES

2021, 37(11): 178-182.

[48] SIRIBADDANA S, MEDAGAMA A, WICKRAMASINGHE
N, et al. The effect of salacia reticulata extract biscuits on
blood sugar control of type 2 diabetes mellitus patients: a two-
period, randomized, triple-blind,

placebo-controlled, clinical trial[J]. Cureus, 2023, 15(9): e45921.

[49] NADIAN N, AZIZI M H, ABBASTABAR AHANGAR H, et

two-sequence, Crossover,

al. Textural and sensory characteristics of sugar-free biscuit
formulated with quinoa flour, isomalt, and maltodextrin[J].
Food Science & Nutrition, 2021, 9(12): 6 501-6 512.

[50] SAMPATH KUMAR N S, SARBON N M, RANA S S, et al.
Extraction of bioactive compounds from Psidium guajava
leaves and its utilization in preparation of jellies[J]. AMB
Express, 2021, 11(1): 36.

[51]1 MUNOZ-LABRADOR A, HERNANDEZ-HERNANDEZ O,
MORENO F J. A review of the state of sweeteners science: the
natural versus artificial non-caloric sweeteners debate. Stevia
rebaudiana and Siraitia grosvenorii into the spotlight[J].
Critical Reviews in Biotechnology, 2024, 44(6): 1 080-1 102.

[52] GOMEZ-DELGADO F, TORRES-PENA J D, GUTIERREZ-
LARA G, et al. Artificial sweeteners and cardiovascular risk
[J]. Current Opinion in Cardiology, 2023, 38(4): 344-351.

[53] JIANG J Q, FAN H L, ZHOU J, et al. In vitro inhibitory effect
of five natural sweeteners on a-glucosidase and a-amylase[J].
Food & Function, 2024, 15(4): 2 234-2 248.

[S4] MORA M R, DANDO R. The sensory properties and

metabolic impact of natural and synthetic sweeteners[J].
Comprehensive Reviews in Food Science and Food Safety,
2021, 20(2): 1 554-1 583.

[S5]CHEN Y Y, AN D, LI S, et al. Oxygen promotes radical-
mediated heterogeneous hygrothermal degradation of konjac
glucomannan: molecular structure and influence mechanism
[J]. International Journal of Biological Macromolecules, 2025,
289: 138848.

[S6]YEH Y, LAI L S. Effect of single and dual hydrothermal
treatments on the resistant starch content and physicochemical
properties of lotus rhizome starches[J]. Molecules, 2021, 26
(14): 4 339.

[S77TRAN T T B, SHELAT K J, TANG D, et al. Milling of rice
grains. the degradation on three structural levels of starch in
rice flour can be independently controlled during grinding[J].
Journal of Agricultural and Food Chemistry, 2011, 59(8):
3964-3 973.

[58] ZHANG Y T, ZHANG Y J, LI B, et al. In vitro hydrolysis and

estimated glycemic index of jackfruit seed starch prepared by

B 2928 | 20265 2 A | RGBS

improved extrusion International
Journal of Biological Macromolecules, 2019, 121: 1 109-1 117.

[59] #wk, XUBORE, 4= 5, 45 . LR v P I ¥ ) A % 2 I
R AR 58 HE JRE (D). B S5 HLAR, 2024, 40(11): 211-218.

YANG H, LIU J K, LI P L, et al. Research progress on

cooking technology[J].

hypoglycemic effect of coarse grain bread fermented by lactic
acid bacteria and yeast[J]. Food & Machinery, 2024, 40(11):
211-218.

[60] TU Y, HUANG S X, CHI C D, et al. Digestibility and structure
changes of rice starch following co-fermentation of yeast and
Lactobacillus strains[J]. International Journal of Biological
Macromolecules, 2021, 184: 530-537.

[61]YANG Z L, WU Y W, OUYANG J. Effect of cooking method
and enzymatic treatment on the in vitro digestibility of cooked
and instant chestnut flour[J]. Plant Foods for Human Nutrition,
2023, 78(1): 166-172.

[62] sZAlAl, X, XBAR ), A5 . T Ak B B ) 21 o o ] 285 e 1 AR %
Xof HLAR 2 A 9 2 R (D], £ 5 S LA, 2025, 41(3): 17-25.
PENG C C, LIU T, DENG J J, et al. Effects of enzyme
treatment combined with Monascus solid-state fermentation on
chemical composition of Poria cocos[J]. Food & Machinery,
2025, 41(3): 17-25.

[63] % [k, A=, A JF R, 45 . g B P A B 2 Wl 46 T2
DAl K 5 M FRAE[I]. £L i S ALK, 2024, 40(4): 187-195.
JIANG Z G, LI D, LI K F, et al. Optimization of preparation
process and preliminary structure characterization of
polysaccharides from lemon peel with high hypoglycemic
activity[J]. Food & Machinery, 2024, 40(4): 187-195.

[64] KIM H, KIM O W, AHN J H, et al. Metabolomic analysis of
germinated brown rice at different germination stages[J].
Foods, 2020, 9(8): 1 130.

[65] XIAO Y D, HUANG Q L, ZHENG Z M, et al. Construction of
a Cordyceps sinensis exopolysaccharide-conjugated selenium
nanoparticles and enhancement of their antioxidant activities
[J]. International Journal of Biological Macromolecules, 2017,
99: 483-491.

[66] ZHENG Y 1,

TIAN H L, LI Y, et al. Effects of

carboxymethylation, hydroxypropylation and dual enzyme
hydrolysis combination with heating on physicochemical and
functional properties and antioxidant activity of coconut cake
dietary fibre[J]. Food Chemistry, 2021, 336: 127688.

[67TCHENG L Z, WANG Y F, HE X X, et al. Preparation,
structural characterization and bioactivities of Se-containing

polysaccharide: a review[J]. International Journal of Biological

Macromolecules, 2018, 120: 82-92.



