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(Production & Construction Group Key Laboratory of Special Agricultural Products Further Processing in Southern
Xinjiang, College of Food Science and Engineering, Tarim University, Alar 843300, China)

Abstract: Natural polyphenols are widely found in plants and have biological activities such as antioxidant, anti-
inflammatory and anticancer. Polyphenols can be categorized into free polyphenols and bound polyphenols according to
their solubility characteristics. Compared with free polyphenols that can be directly extracted, bound polyphenols have a
higher proportion and wider distribution, which have potential application value and are increasingly being paid attention to.
Therefore, this paper summarizes and analyzes the in vitro release of bound polyphenols, and briefly reviews the release
mechanism of bound polyphenols in the human body, and focuses on the mechanisms and research progress of the
functional activities of bound polyphenols, such as antioxidant, anti-inflammatory, anticancer, and regulate of the intestinal
environment. This is expected to provide reference and guidance for future research and application of bound polyphenols.
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Fig.1 Binding mode of polyphenols and dietary fiber!”
1 HEZEHMEEIMERERE
BP i H i oL R . R TR C-C iE el i

TEE IR RS Frb, 84T il s KA B AE B A
SRS RERE . R, B & — A R0 PR
7, Bz A A B S 3 S R I fi 2 Ok . BP
A8 i BBGHE R 2am ad M LR B FP Ay BRI TP T T,
BP M9 E MEEBOR AN 2. R, & A b2,
FRFNIRA s 290, ANPR/K AR . R TRETR 4 B, 4
TR . AR P ARG FLRAAR R ICEE R B R, R SOk
RN LR Tk

FRIUFR}
UL FIFEHL
A\ 4 y
PEEUR skt
e B BP
A\ 4 y
EEA B
B &
A\ 4
G2

Kl 2 BP F# IR EORTE

Fig.2 Conventional extraction process of BP
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1 : LPH: Lactase phloridzine hydrolase( Z| 4 fiff #R Kz 5 /K fif
fit} ) ; SGLTI: Sodium-dependent glucose transport (EH4%K 6 1 %
%5032 Hi &) ; MCT: Monocarboxylic acid transport( 32 fig
ﬁ%) o

# 1 BP RURHO A

Table 1 Release methods and conditions of BP

R = YA FURRE ST i P ik
W 2 mol/L NaOH/Kff#, 6 mol/L HCI 5 pHZE2  2.27 mg GAE/g DW [26]
TSR 2 mol/L NaOHKfi#:, 12 mol/LERRR T £ pH2~3 0.61 mg GAE/g DW RS () 46
. A% 2 mol/L NaOH/Kf#, 6 mol/L HCHH ¥ pHZE1.5~2 7.58 mg GAE/g DW PARCRIEIRSE T L 5 Kbl [47]
G 8 mol/L NaOHUKfift, etk RV T FIpHE 7 37.638 mg FAE/g 1 lﬁmg?%i gﬂ%gﬁfg@# EENPTY
2k R 8 mol/L NaOH, ¥ [& [t 520 mL/g, 4b#4 h  6.49 mg GAE/g DW ' [28]
Bk 3.26 mol/L NaOH, 4b3#4.6 h, BZHEIREES3 °C 30.16 mg GAE/100 g [49]
£S5 12% BRI WK #%, 6 mol/L NaOHFF MIpHE7  7.98 mg FAE/g S [48]
Wk RO 4 mol/L HC1, /K fIRLIEZ9S °C. /K MITIS0 b 2.47 mg GAE/g DW gz v | - o 1 b s [50]
WE VBN, W 20 mUjg, dhERAL 1'1550“;%?\?}3/ HERRH 2B [28]
WE® 2.4 mg/mLR, B 20 mL/g, £bFE90 min 25'?0“;’5])(1}\?}3/ gﬁﬁ %T&E {ﬁgiﬁfiﬁgﬁgﬁ [28]
J] R N ,_\_, ,_‘:' N ) 8 . ik}

R WA P, BEE 1000 U, FRA#20 h 1301.90 mg/kg DP i T*ﬁﬁfﬁfﬁk AE [51]
i I pH4; @7KEG§’%§§E%IOS spores/g; 5.55 mg GAE/g DW [(32]

n L0 GRS, T JENaOHE SRRDb TR RiE: Uiy
R SR PHZ4.5, PV 1950.88 g/L 0.821 mg/g @Eﬁgﬁgzﬁggfﬁ gf,f’g [33]

BRI/ 105, D16, JRERIH6 . B N
2N [ BT 136 h, £ (0 ACHE A1 2 254 8.607 mg/g GAE [52]
et 12

(DUTIEIS S 79 2 mol/L NaOH, 700 Wi 4b#3 min 1.90 mg GAE/g DW [47]
o FHguE RN L1120, FREGEEE80 °C, $2HUTEI60 min 258.19 mg/g - . [53]
FRWAK 2 mol/L NaOH, 270 W, 60 C/KIA /20 min  1.98 mg GAE/g DW A FEBUNTE] BRAMATBLEHITE 179

VIR wmie R . gty 08 2 NaHSOs, 2 mol/L NaOH, 20 mLZEIRIK, *?g&*;;?ﬁﬁfé@%ﬂ*‘
i ] 170 «CFAEHL20 min 1.99 mg GAE/g DW %E—éx%%ﬁf [47]
Jik el 3% Ei] Jikip2501K, 5811.8 kV/em, WBEHE0.35:1 1.5 mg/g DW [54]
- i TIEDIFR600 W R85 C. AbFH37 min 1.48 mg GAFE/g [55]
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P2 o R AP R IG TEAE = FPHLHID 7, Fd 4
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BE W FRAIL iNOS (Inducible nitric oxide synthase) 1)
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SE AT 0 1 Bl 22 8% (Lipopolysaccharides, LPS) #ill##
i HT-29 AU RAER VTS, 25 LT, BP i@ i)
AR 2 I LU Rl . (R UET 5 4l I Rl Y ek AR
T RIEAH AT TR B URIETE, 4P
T RIEAE L A R L.
2.3 IEEEM

SO 3 A G AR M P SR A K R BT 2 T &
PR DGR, B TS SR A R T, T B s bR
BRI AE . 2T R Y BP B Fik Fiek
FIEREMIYER o Okarter” WF5Y Ras/NE BP Al iR
BEAIL Caco-2 41 it i %5 5 3 40 il 45 Az Jds i i i 3
W VORISR BP AT A 40 B 5, X4k iz
2T A IR E P e Sl 35 Y BP X NS e
s HCT-116 B A7 BH i Al 18 58 9V A, i LA )
YER BP ZET FPRO®, ZRUE™ iox i, 290
BP 7] DL T ZLAM@ AN PCYTIA FEHERIEL, T34
HHBE IR EZLAE A AR B, SR SR A B
WK, S5 R ZU S AN e AWErESET -, B
BRI, SHEE |~ BP BEA RN T HepG-2 4HAAYIY
FH, ISR

Z WG WTED U T 0 B E APLH =2k
M UL LI : s 4i i o1k . BEFE AT Z2 M2
B YhE g T SN 2 R B 2B B, R RE
R AR T GO/G1 I, NI EA S Wik G2/
M B, I A A B GE, [RIE, X ik 5 ih
REF I AR R T, IXTEZR 2 W4T A iiyas 2t it
¥ AR B T IE SE B P8 AE S i e Rl
MAPK 15538 B ¥, 22806 P 6eis i 22 1
VR I AU A S B, AR L St IR4E
FHERLAEDY, X R Z M2 b & fE e 19
{5 AL Faftsk A I UME AV E A ; T ik ek
iR AR WA g R AT DL i i s e s v i e
FEAI R 24t At S BH A IpyeR e ks, e T Ieg 19 & A
TR It AR v i e R R L BT EE A B0, BR
T FIRHLHISL, 22 E id AT Geii i A A A AL



5 46 % 5 44

AU, % YRR P& WM RE I RE PR TS - 409 -

il AR, A G D RE LA ER . BP
TEP U TR VE MRS Z 07 HAY, X BP BCATEAE
EIRRESL /IO (7St /]
2.4 FSIHEINE

JHIE AR AL IiE A2 IiE NS . SasEng
JUs TR Az i PR RE S . 2 IS i i S A E e
FRULAIGPIR ) M A5 1 B RetE, DT i A 3
PRBEAO A | BRAR IR B 1 1 355900 [mIBsE, 22128
AbAE Y BE R S P SR SE B A T P, DXz H—
FANIBEHAE =A™, ARk, IS iE wiE N
T 22Ty A VR T i 8 B T i R AR e A AR R
AR : P99 B BRI e, 2219 HE S PR 7 1 R R
BB DIEE, X -5 S TP ALY R VE % VI
Ko Bilhn, ZxZ vk L IRENS M it TLR4/p38 MAPK/
Nrf2 38 4 A0 A 38 AU N SR N 1), T i e SR 2 Ty
HAREHNGRE . N Uz R AR . Y R i
BELEFR 53 AT BOVE IS S izt My ik, 221yl
ot 5 A i AR AR, S A oy RE . R
FHEAEFRERT ME A #5 RAEHS, WrT DAl a3
PRBOIESE . BN, Z2 iy BEfs e PR M (e A 25 TR
CanFLBR B A=, 3Piila T e s aE, esh, Z iy
B HARIH =114 B 18 52 i iz 18 Sk A= ) Rl AH S T s
il AR JE T gE A R, i S HAR U = hE
EIE T ZFPALHIRZ I E B aE R Ui . XA E SR
it vh b B i A, T SE R A =
it Ay A IS FIES L 5 U0 o) 440 T M o 22 T it A i A, AT
S RE R T DL GE T ARG 8 b B R 2L B i
ARUHE?) B I B A2 2 W BENS I L AT I iE il
AR A AR G AL . AN, 220 R AEALE i AR
PR SZA | A% 32 ARG S5  A45 HAE PRVE I, iAHE
{0 SR Ol NS =R R AW B e ek 11 DR B s o A e8]
TE ORI Qi Z W A BENS 235 718 57 T B, i
AEREAE i TE v S SR IR ORCR it i, 2=
Py AEAREL S i T At A B R s TR AR AR
HH, X iz 18 4 Bl AR A s d 25000

Z2 1y 38 L R i 1 B IR RE . SR i R
L. AT RERA G, B R AR L AR DR i
W R AT T A 22 P PATLR, b7 25 A il r= A= FRAR S )
SR A L RS AT A TEREE K B 2 5 iE R
Wiz MIAEEAER, INTTHE R T 2 A )8 17 1B (e
7 T A E AR
2.5 HAb{ER

TR B B A5 ) (L FE 193 198 AN H R S 1
Y1), A EAN IR SR AR PIAR Hh 2 g, Ok
PRI « IS HER « 2B TR AR e AT 2L M Th
PEOOS R K B T BP AE B E AL a-
20 WEET I S 4, RS N S s PIBK/FOXO1/
GLUT?2 155 538 4 A 98 775 0 I A 35 A i b A2
o AR, WA UFFT RS BP HAT PR EIfE, X
e S HbtR MpTE LI REA 26, B ot &

B, HIE N BP AT LA SR A A, R A
T, RS TR FAL5 72 () MDA S, DAL
WiFERWI, BP TEMRLC AT RS0 . eI, rseiess
95 TG FLAT AR, ZE DR £ SRR S B2 A o7
FEABRHIE ST,
3 REERE

L Er 221y e — 2 FLAT T2 A s P F8R
Ty, FAT BB R N2 FHVE 1, ARk 4
TPV, ST FAERI S B ST VRS MR TR
Sy BT, BT % 2o Fh B i 7 vk, A | i
ik SR I | MR D R IOL S . (RS
WA I D T KR RIFGE S SR2e , Af 4%
£ L AT S IBTRAL . BUA . BUR R R
BRI AN, S5 & S I TE B h R
T AL AL B e 80 1 18 RS ) | B3 M i
B 7 HORFTE AR . SRTT, SR Skt es
E LW RN LS BUS T B3 R, (BT —EE N
S, FLl, S5 4 S IR B AR A R,
RETEHEVE ML A VR ABISE . AR IIBRST
T T 2 S AN ISR 45 B S R, LA S
P ELAEHE R RO, B 22 AT Il i
PERIA S5 5 228 UK, Bt — B IR AR H)
TG PEAE R Pt rh 125 1 L 2 AEAAs P9 Bl B VE FH
BLAR A5, LA B ik A T R T 7 T 14
SRR LE A, L K T AT A 7 T 9837
WITBR R R R e D RS R S | R
FI24 i S5 4 137 PR

© The Author(s) 2025. 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/).

Sk
[ 1] OLAGARAY K E, BRADFOED B J. Plant flavonoids to im-
prove productivity of ru-minants—A review[J]. Animal Feed Sci-
ence and Technology, 2019, 251: 21-36.
[2] CHEYNIER V, COMTE G, DAVIES K M, et al. Plant pheno-
lics: recent advances on their biosynthesis, genetics, and ecophysiol-
ogy[J]. Plant Physiology and Piochemistry, 2013, 72: 1-20.
[3] S, KM, FH0, 5. Hdh B iim &2 B
R (0], 4 b E 2 4 &, 2020, 35(12): 6236-6240. [ WENG
W, ZHANG Q M, LI S K, et al. Research progress on antiviral effi-
cacy and mechanism of plant polyphenols[J]. Chinese Journal of
Traditional Chinese Medicine, 2020, 35(12): 6236—6240. ]
[4] GORZYNIK-DEBICKA M, PRZYCHODZEN P, CAP-PEL-
LOF, et al. Potential health benefits of olive oil and plant poly-phe-
nols[J]. International Journal of Molecular Sciences, 2018, 19(3):
686.
[ 5] PHAN A D, NETZEL G, WANG D, et al. Binding of dietary-
polyphenols to cellulose: Structural and nutritional aspects[J]. Food
Chemistry, 2015, 171(15): 388-396.
(6] BRAM, vh &4, RE . RS F % BH S0 RE ]
fee A, 2015,36(15): 249-254. [YANCZ, YEF Y, ZHAO G
H. Research progress of polyphenols in food[J]. Food Science, 2015,


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/10.1016/j.anifeedsci.2019.02.004
https://doi.org/10.1016/j.anifeedsci.2019.02.004
https://doi.org/10.1016/j.anifeedsci.2019.02.004
https://doi.org/10.1016/j.plaphy.2013.05.009
https://doi.org/10.3390/ijms19030686
https://doi.org/10.7506/spkx1002-6630-201515046
https://doi.org/10.7506/spkx1002-6630-201515046

- 410 - £ Tl B4

20254 2 A

36(15): 249-254. ]
[7] R&4 25MBrEDRBLRBAERF T RRET]. AR
Jm I.,2016,41(1):28-36. [ ZHNAG M W. Research progress on
phenolic compounds and their antioxidant activity in whole
grains[J]. Food Processing, 2016, 41(1): 28-36. ]
[ 8 ] MORA-ROCHIN S, GUTIERREZ-URIBE J A, SERNA-SAL-
DIVAR S O, et al. Phenolic content and antioxidant activity of tor-
tillas produced from pigmented maize processed by conventional
nixtamalization or extrusion cooking[J]. Journal of Cereal Science,
2010, 52(3): 502-508.
[9] ZHOU Z K, ROBARDS K, HELLIWELL S, et al. The distri-
bution of phenolic acids in rice[J]. Food Chemistry, 2003, 87(3):
401-406.
[10] x4, X648, 245, S-SR i ARL Y@ %
B A ) R AT L R (D). R B R, 2022, 37(7): 179-187.
[LIU T T, WU X J, WU W. Research progress on polyphenol-di-
etary fiber interaction and its effect on polyphenol bioavailability
[J]. Chinese Journal of Grain and Oil, 2022, 37(7): 179-187. |
[11] EB#, 57, GKE o5 EBHREMERNLLS W
B RERT] 25 T A3, 2022,43(11): 440-448.
[ ZHUANG G D, TANG D, CHEN Y S. Research progress of con-
jugated polyphenols in improving intestinal oxidative stress and in-
testinal barrier[J]. Science and Technology of Food Industry, 2022,
43(11): 440-448. ]
[12] PACHECO-ORDAZ R, ANTUNES-RICARDO M, GUT-
IERREZ-URIBE J A, et al. Intestinal permeability and cellular an-
tioxidant activity of phenolic compounds from Mango (Mangifera
indica cv. Ataulfo) peels[J]. International Journal of Molecular Sci-
ences, 2018, 19(2): 514.
[ 13 ] ALSHIKH N, CAMARGO D C A, SHAHIDI F. Phenolics of
selected lentil cultivars: Antioxidant activities and inhibition of low-
density lipoprotein and DNA damage[J]. Journal of Functional
Foods, 2015, 18: 1022—-1038.
[14] WANG Y K, ZHANG X, CHEN G L, et al. Antioxidant
property and their free, solubleconjugate and insoluble-bound phe-
nolic contents in selected beans[J]. Journal of Functional Foods,
2016, 24: 359-372.
[15] %) RAT. DR LA RE RS89 5 B % RS AAME
A [D]. B X d R R LK F, 2015 [LIUT X. Isolation identi-
fication and antioxidant activity evaluation of millet bound phenolic
compounds [D]. Nanjing: Nanjing Agricultural University, 2015. ]
[16 ] GUO W, BETA T. Phenolic acid composition and antioxi-
dant potential of insoluble and soluble dietary fibre extracts derived
from select whole-grain cereals[J]. Food Research International,
2013,51(2): 518-525.
[17] WANG Z, L1 S, GE S, et al. Review of distribution, extrac-
tion methods, and health benefits of bound phenolics in food
plants[J]. Journal of Agricultural and Food Chemistry, 2020, 68
(11):3330-3343.
[ 18] ZHANG B, ZHANG Y, LI H, et al. A review on insoluble-
bound phenolics in plant-based food matrix and their contribution to
human health with future perspectives [J]. Trends in Food Science &
Technology, 2020, 105: 347-362.
[ 19 ] ARRANZ S, CALIXTO F S. Analysis of polyphenols in ce-
reals may be improved performing acidic hydrolysis: A study in
wheat flour and wheat bran and cereals of the diet[J]. Journal of Ce-
real Science, 2010, 51(3): 313-318.
[20] wiasb. sy % e R LA (D). o Ri%: b RIER
I X %, 2019. [ TIAN X K. Research on the extraction process

of plant polyphenols[D]. Harbin: Harbin Institute of Technology,
2019. ]

[21] SANIIM, IQBAL S, CHAN K W, et al. Effect of acid and
base catalyzed hydrolysis on the yield of phenolics and antioxidant
activity of extracts from germinated brown rice (GBR)[J].
Molecules, 2012, 17(6): 7584—7594.

[22] KIM K H, TSAO R, YANG R, et al. Phenolic acid profiles
and antioxidant activities of wheat bran extracts and the effect of hy-
drolysis conditions[J]. Food Chemistry, 2006, 95(3): 466—473.

[ 23] VERMA B, HUCL P, CHIBBAR R N. Phenolic acid compo-
sition and antioxidant capacity of acid and alkali hydrolysed wheat
bran fractions[J]. Food Chemistry, 2009, 116(4): 947-954.

[24] PENG H, LI W, LI H, et al. Extractable and non-extractable
bound phenolic compositions and their antioxidant properties in seed
coat and cotyledon of black soybean (Glycinemax (L.) merr) [J].
Journal of Functional Foods, 2017, 32: 296—312.

[25] WONG D W S. Feruloyl esterase: A key enzyme in biomass
degradation[J]. Applied Biochemistry and Biotechnology, 2006,
133: 87-112.

[26] &8 AAHLEPRRLESSEHAR.EHEAYT
BERERARENAERSA(D]. 8. &S X, 2018 [LIW
T. Study on the composition of different bound polyphenols, gas-
trointestinal bioacceptability rate and antioxidant activity in six
kinds of legumes [D]. Nanchang: Nanchang University, 2018. |
[27] TANG Y, ZHANG B, LI X, et al. Bound phenolics of quinoa
seeds released by acid, alkaline, and enzymatic treatments and their
antioxidant and a-glucosidase and pancreatic lipase inhibitory ef-
fects[J]. Journal of Agricultural and Food Chemistry, 2016, 64(8):
1712—-1719.

HACEE A e BT R (D], A1 & § X ¥, 2022, [ ZHANG X U
Optimization of the extraction process of combined polyphenols
from dietary fiber of pineapple honey and its digestive and enzymat-
ic properties [D]. Nanchang: Nanchang University, 2022. ]

[29 ] XIEJ, LIU S, DONG R, et al. Bound polyphenols from insol-
uble dietary fiber of defatted rice bran by Solid-State fermentation
with trichoderma viride: Profile, activity, and release mechanism[J].
Journal of Agricultural and Food Chemistry, 2021, 69(17): 5026~
5039.

[30] CHU J, ZHAO H, LU Z, et al. Improved physicochemical
and functional properties of dietary fiber from millet bran fermented
by Bacillus natto[J]. Food Chemistry, 2019, 294: 79-86.

[31] TORRES-LEON C, RAMIREZ-GUZMAN N, ASCACIO-
VALDES J, et al. Solid-state fermentation with Aspergillus niger to
enhance the phenolic contents and antioxidative activity of Mexican
mango seed: A promising source of natural antioxidants[J]. LWT-
Food Science and Technology, 2019, 112: 108236.

[32] . &K% B SR BAHIUIE RAE R AR 4
LSRRI FWIEAFRRZZWAHFMRL(D]. &13: -3
X %, 2023. [ XIE J Y. Solid-state fermentation of Trichoderma
viride to release insoluble dietary fiber-bound polyphenols from de-
fatted rice bran and its mechanism of delaying the aging of Caenor-
habditis elegans[D]. Nanchang: Nanchang University, 2023. ]

[33] ZfK, sKakn, A, . 3 AP SLB M A BT % 5 B
RIEFEEZBARBMFRA Y0 I]. £S5, 2020,41(24):
87-94. [ WANG C Y, ZHANG J G, YANG L Q, et al. Compara-
tive effects of fermentation with three species of lactic acid bacteria
on polyphenol and proanthocyanidin contents and antioxidant activi-
ty of blueberry fruit[J]. Food Science, 2020, 41(24): 87-94. |


https://doi.org/10.1016/j.jcs.2010.08.010
https://doi.org/10.3390/ijms19020514
https://doi.org/10.3390/ijms19020514
https://doi.org/10.3390/ijms19020514
https://doi.org/10.1016/j.jff.2015.05.018
https://doi.org/10.1016/j.jff.2015.05.018
https://doi.org/10.1016/j.jff.2016.04.026
https://doi.org/10.1016/j.foodres.2013.01.008
https://doi.org/10.1021/acs.jafc.9b06574
https://doi.org/10.1016/j.jcs.2010.01.006
https://doi.org/10.1016/j.jcs.2010.01.006
https://doi.org/10.1016/j.jcs.2010.01.006
https://doi.org/10.3390/molecules17067584
https://doi.org/10.1016/j.foodchem.2005.01.032
https://doi.org/10.1016/j.foodchem.2009.03.060
https://doi.org/10.1016/j.jff.2017.03.003
https://doi.org/10.1385/ABAB:133:2:87
https://doi.org/10.1021/acs.jafc.5b05761
https://doi.org/10.1021/acs.jafc.1c00752
https://doi.org/10.1016/j.lwt.2019.06.003
https://doi.org/10.1016/j.lwt.2019.06.003
https://doi.org/10.1016/j.lwt.2019.06.003
https://doi.org/10.7506/spkx1002-6630-20200326-387
https://doi.org/10.7506/spkx1002-6630-20200326-387

5 46 % 5 44

AU, % YRR P& WM RE I RE PR TS 411 -

[34] CHEMATF, VIAN M A, FABIANO-TIXIER A-S, et al. A
review of sustainable and intensified techniques forextraction of
food and natural products[J]. Green Chemistry, 2020, 22(8): 2325—
2353.

[35] AMEER K, SHAHBAZ H M, KWON J H. Green extraction
methods for polyphenols from plant matrices and their byproducts: A
review [J]. Comprehensive Reviews in Food Science and Food Safe-
ty, 2017, 16(2): 295-315.

[36 ] GONZALES G B, SMAGGHE G, RAES K, et al. Combined
alkaline hydrolysis and ultrasound-assisted extraction for the release
of nonextractable phenolics from cauliflower (Brassica oleracea
var. botrytis) waste[J]. Journal of Agricultural and Food Chem-
istry, 2014, 62(15): 3371-3376.

[37] CHIREMBA C, ROONEY L W, BETA T. Microwave-assist-
ed extraction of bound phenolic acids in bran and flour fractions
from sorghum and maize cultivars varying in hardness[J]. Journal
of Agricultural and Food Chemistry, 2012, 60(18): 4735-4742.
[38] sLe=, Ffa, &7 W, 4. MOk REBOHHBLR & % B
0], &5 & B T ak, 2011,37(4): 233-237. [KONG W B, L1Y,
BAI W M, et al. Microwave-assisted extraction of polyphenols from
olive pomace[J]. Food and Fermentation Industry,2011,37(4):
233-237. ]

[39] Zm, &mW, LAMK, 5. ML RREIN-T & HRA L
WA MRS R[], =di,2015,42(6):11-15. [LIL, YUL,
PENG X C, et al. Microwave-assisted extraction of total flavonoids
from wild damselfly and its antibacterial properties[J]. Yunnan
Chemical Industry, 2015, 42(6): 11-15. ]

[40 ] ERSAN S, USTUNDAG O G, CARLE R, et al. Determina-
tion of pistachio (Pistacia vera L.) hull (exo-and mesocarp) pheno-
lics by HPLC-DAD-ESI/MSn and UHPLC-DAD-ELSD after ultra-
sound-assisted extraction[J]. Journal of Food Composition and
Analysis, 2017, 62: 103—114.

[41 ] DZAH C S, DUAN Y, ZHANG H, et al. Effects of pretreat-
ment and type of hydrolysis on the composition, antioxidant poten-
tial and HepG2 cytotoxicity of bound polyphenols from Tartary
buckwheat (Fagopyrum tataricum L. Gaerth) hulls[J]. Food Re-
search International, 2021, 142: 110187.

[42 ] ERSAN S, USTUNDAG O G, CARELE R, et al. Subcritical
water extraction of phenolic and antioxidant constituents from pista-
chio (Pistacia vera L.) hulls[J]. Food Chemistry, 2018, 253(1): 46—
54.

[43] ZHANG Y, ZHANG Y, TAHA A A, et al. Subcritical water
extraction of bioactive components from ginseng roots (Panax gin-
seng CA Mey) [J]. Industrial Crops and Products, 2018, 117: 118—
127.

[44] MUNIR M T, KHEIRKHAH H, BAROUTIAN 8§, et al. Sub-
critical water extraction of bioactive compounds from waste onion
skin[J]. Journal of Cleaner Production, 2018, 183(10): 487—494.
[45] CVETANOVIC A, SVARC-GAJIC J, ZEKOVIC Z, et al.
Subcritical water extraction as a cutting edge technology for the ex-
traction of bioactive compounds from chamomile: Influence of pres-
sure on chemical composition and bioactivity of extracts[J]. Food
Chemistry, 2018, 266(15): 389-396.

[46 ] Teby. &R 3k 254 % B e BB 3 A 0 B AR
SEARNAE R [D]. 44, i 7 KX 5, 2023. [ WEI M. Extraction of
sorghum bran-bound polyphenols and its regulatory effect on intesti-
nal microenvironment of aging mice[D]. Zhenjiang: Jiangsu Uni-
versity, 2023. |

[47] kb RRBA 4T LS S BB [D]. XiF: X

FAH K %, 2022. [ ZHANG L. Study on the release of bound
polyphenols from wheat bran dietary fiber[D]. Tianjin: Tianjin Uni-
versity of Science and Technology, 2022. ]
[48 ] #8245, 2% 2 HABR LT 4P 254 % By e RBEAL Ao L AL
FWE AR EBERG Y0 ([D]. S8 K F, 2022
[ ZHENG Y T. Extraction optimization and antioxidant activity of
bound polyphenols from mung bean skin dietary fiber and its effect
on amylase activity [D]. Nanchang: Nanchang University, 2022. ]
[49] WkdkiR, #aXR, K —, F. v @A ELER T LA 5
e R I T ¥ [J]. & T A, 2018, 39(23): 164-168. [ YAO
Y J,JU X R, ZHANG Y Y, et al. Response surface methodology for
optimizing the extraction process of bound polyphenols from Job's
tears[J]. Food Industry Science and Technology, 2018, 39(23): 164—
168. ]
[50] 3w, IR, WAL, 5. & B4 F 254 % Bk it sk
R T EMAGE T RR Z WA R 5 T A, 2018,
30(7): 1242-1251. [LUO Y L, YANG C Y, XIAO H, et al. Com-
parison of optimization of extraction process of combined polyphe-
nols from guava by alkali hydrolysis and acid hydrolysis[J]. Re-
search and development of natural products, 2018, 30(7): 1242~
1251. ]
[51] R&R. FERE T BB S0 IRBUL I o) fesF bt
B [D]. A e b RkFHHE K 52, 2016. [ ZHANG J H. Extrac-
tion of free and bound phenols from apple pomace and research on
their functional properties[D]. Xianyang: Northwest Agriculture
and Forestry University, 2016. ]
[52] B2 REXMBHKNY RS E TS SHATHER
BEdt @iy AID]. 3@ 8 K5, 2023
[ LIAO W. Application of polyphenols and soluble dietary fiber re-
leased from carrot dietary fiber by mixed fermentation in instant
noodles [D]. Nanchang: Nanchang University, 2023. ]
[53] Rlokia, 3Rk, §4. FEREFTLELEI LB RRILER
[J]. A A 5, 2020(9): 84-87. [ ZHOU B Y, ZHANG B, CAO
Y. Optimization of extraction process of bound polyphenols from
mulberry fruit pomace[J]. Modern Food, 2020(9): 84-87. ]
[54] RIER. &M EE S BRI ARINELTOK BT 2 5
KeyFBEARLID]. Kb d R K%, 2023 [ZHUY W.
Study on the extraction, in vitro digestion and absorption of
kumquat-bound polyphenols and their activity against colitis[D].
Changsha: Hunan Agricultural University, 2023. ]
(551 3 AL Mok -Bk bl & A BUE R L e Ao 254 5 By B> S T
Z#R (D). a1 g d g K, 2023. [ PENG G Y. Preparation of
pomelo peel dietary fiber and bound polyphenols by microwave-en-
zymatic method and product development research[D]. Nanchang:
Nanchang University, 2023. ]
[56] MOSELE J I, MACIA A, ROMERO M P, et al. Application
of in vitro gastrointestinal digestion and colonic fermentation mod-
els to pomegranate products (juice, pulp and peel extract) to study
he stability and catabolism of phenolic compounds[J]. Journal of
Functional Foods, 2015, 14: 529-540.
[57] AF, B&, 5%, % AT Wi Sohuh e iR % B R e
gt JE 1], &3, 2017,38(7): 266-271. [ ZUO D, LIAO X,
LI Y, et al. Research progress of dietary polyphenol metabolism
based on intestinal absorption mechanism[J]. Food Science, 2017,
38(7):266-271. ]
[ 58] SERRA A, MACIA A, ROMERO M P, et al. Metabolic path-
ways of the colonic metabolism of flavonoids (flavonols, flavones
and flavanones) and phenolic acids[J]. Food Chemistry, 2012, 130
(2):383-393.


https://doi.org/10.1039/C9GC03878G
https://doi.org/10.1111/1541-4337.12253
https://doi.org/10.1111/1541-4337.12253
https://doi.org/10.1111/1541-4337.12253
https://doi.org/10.1021/jf500835q
https://doi.org/10.1021/jf500835q
https://doi.org/10.1021/jf500835q
https://doi.org/10.1021/jf300279t
https://doi.org/10.1021/jf300279t
https://doi.org/10.1016/j.jfca.2017.04.013
https://doi.org/10.1016/j.jfca.2017.04.013
https://doi.org/10.1016/j.foodres.2021.110187
https://doi.org/10.1016/j.foodres.2021.110187
https://doi.org/10.1016/j.foodres.2021.110187
https://doi.org/10.1016/j.indcrop.2018.02.079
https://doi.org/10.1016/j.jff.2015.02.026
https://doi.org/10.1016/j.jff.2015.02.026
https://doi.org/10.1016/j.foodchem.2011.07.055

- 412 - £ Tl B4

20254 2 A

[59] #de, vt ZAR%, R B 4. JER 5 By L Wy 18 4k 2k AR AR R AT
R[] A &AE, 2015,36(3): 223-227. [ YANGH, YEFY,
ZHAO G H. Research progress on the interaction between dietary
polyphenols and intestinal microorganisms[J]. Food Science, 2015,
36(3):223-227. ]

[60] SAURA-CALIXTO F, SERRANO J, GONI I. Intake and
bioaccessibility of total polyphenols in a whole diet[J]. Food Chem-
istry, 2007, 101(2): 492-501.

[61] £, ki $mENR ARG TIE ] £S5
R 5 % ,2012,33(2): 211-214. [ WANG X F, ZHANG H. Re-
search progress on physiological functions of polyphenols[J]. Food
Research and Development, 2012, 33(2): 211-214. |

[62] 473%, BLIF, &2 MY E T8 ERFHED] A FTS
T3k,2001(1): 80-85. [ HE Q, YAO K, SHI B. Nutritional charac-
teristics of plant tannins[J]. Forest Chemistry and Industry, 2001(1):
80-85. ]

[63] &k, HER. &5 %0 AAA R Z L puh o Rt R
(J]. B FR2h F A5 2 &, 2009, 36(5): 332-335,361. [ GAO W B,
WENG G B. Progress in the study of antioxidant effects of green tea
polyphenols and their mechanisms [J]. International Journal of Phar-
maceutical Research, 2009, 36(5): 332-335,361. |

[64] YAO Y, WANG H, XU F, et al. Insoluble-bound polyphe-
nols of adlay seed ameliorate H,0,- induced oxidative stress in
HepG2 cells via Nrf2 signalling[J]. Food Chemistry, 2020, 325:
126865.

[65] Fhsh, ikle—, i, . BRES S o B ETALREAMN
RPN [Cl/F AR FHRAFAE T OEFLELL
Jo F £k Bk 3%, 2017: 660-661. [ CHEN L, ZHANG Y
Y, XU Q, et al. Study on the separation and identification of adlay
bound polyphenols and its antioxidant mechanism [C]// The 14th an-
nual meeting of China Food Science and Technology Association
and the 9th China-US Food Industry Forum, 2017: 660—661. ]

[66 ] Wfk, iy, X2, . K Tl G- Mgk m AT %
RESNTLIART TERAFESBLEF 1] RRAF,
2019, 40(10): 178—186. [ DUN Q, PENG H, MAI Q Y, et al. Qual-
itative and quantitative analysis of soluble and bound anthocyanins
in black bean seed coats based on liquid chromatography-mass spec-
trometry [J]. Food Science, 2019, 40(10): 178—186. ]

[ 67 ] IRAKLI M, KLEISIARIS F, KADOGLIDOU K, et al. Opti-
mizing extraction conditions of free and bound phenolic compounds
from rice by-products and their antioxidant effects[J]. Foods, 2018,
7(6):93.

[68] MEH T4k I8, F LERMNEESD B LEE
PR P R PR I8 %455 HepG2 #a it 8 = [1]. B 53k, 2020, 42(4):
374-381. [ZHAO H L, WANG H Y, WANG Q, et al. Black
sesame seed coat-bound polyphenols induce apoptosis of HepG2
cells through mitochondrial endogenous pathway[J]. Acta Nutri-
menta Sinica, 2020, 42(4): 374-381. ]

[69] EH, #03%, #BL, 5. 5 B4yl g B BAL A9 1 A AL A
AR LS P R ey B (1] RS Tk AR, 2022, 43(10):
417-425. [ WANG S P, ZHONG Q, YANG X Y, et al. Research
progress on the mechanism of polyphenol inhibition of fat oxidation
and its application in meat products[J]. Food Industry Science and
Technology, 2022, 43(10): 417-425. ]

[70] 3mA, IR A, TER. M % Breh 50 Ko RO AL
R R T, F B & 5§ 4R, 2022,22(7): 417-427. [CALP I,
SUN A D, JIA G L. Anti-inflammatory effects of plant polyphenols
and progress of microencapsulation[J]. Journal of Chinese Institute
of Food Science and Technology, 2022, 22(7): 417-427. ]

[71] b A&, &3, A3, . SRt is % 4 #1869 RAW
264.7 A L KA R [T]. SUEAT R, 2014, 63: 81-90. [ HUANG
JJ,JINY, BUY, et al. Anti-inflammatory effects of chlorogenic
acid on lipopolysaccharide-stimulated RAW 264.7 cells[J]. Inflam-
mation Research, 2014, 63: 81-90. ]

[72] A2/, T4, ke, . 6484 % 5Bt ¥4 MAPKs #1Lap
# LPS i 3 6 RAW264.7 E *% 20 6o % 52 [J]. Sh sk £ & 4R,
2018(43): 62—69. [ DU J, L1J, ZHANG X, et al. Pomegranate peel
polyphenols suppress LPS-induced inflammation in RAW264.7
macrophages by inhibiting MAPKSs activation[J]. Journal of Func-
tional Foods, 2018(43): 62—69. ]

(73] #XA, KRR, HiL, F EMEEE BRI
Wy R E AT R T, E IR F AR, 2023, 45(5): 465-473. [ XIE
W, ZHU Y W, XIAO H, et al. Immune activity of in vitro simulat-
ed digestion products of conjugated polyphenols from kumquats [J].
Acta Nutrimenta Sinica, 2023, 45(5): 465—473. |

[74] HAN Y, SONG M, GU M, et al. Dietary intake of whole
strawberry inhibited colonic inflammation in dextran-sulfate-sodi-
um-treated mice via restoring immune homeostasis and alleviating
gut microbiota dysbiosis[J]. Journal of Agricultural and Food
Chemistry, 2019, 67(33): 9168-9177.

[75] SZABO C. Multiple pathways of peroxynitrite cytotoxicity
[J]. Toxicology Letters, 2003, 140: 105—-112.

[76 ] REYES-FARIAS M, CARRASCO-POZO C. The anti-can-
cer effect of quercetin: Molecular implications in cancer metabo-
lism[J]. International Journal of Molecular Sciences, 2019, 20(13):
3177.

[77] E5¢04k, 28k, K% %, F. Ao FAMG BT 3w IL-10 & HO-
| A A LPS % F & W54y 0 R eyt 47E R [J]. L d EA X
% % 3%, 2022, 53(4): 423-427. [ WANG G Z, LIU L, ZHANG
YY, et al. Protective effects of and Houpalol on LPS-induced acute
lung injury in mice by increasing IL-10 and HO-1 expression[J].
Journal of Shanxi Medical University, 2022, 53(4): 423-427. ]

[ 78] SHI J, SHAN S, LI H, et al. Anti-inflammatory effects of
millet bran derived-bound polyphenols in LPS-induced HT-29 cell
via ROS/miR-149/Akt/NF-xB signaling pathway[J]. Oncotarget,
2017, 8(43): 7458274594,

[79 ] OKARTER N. Phenolic extracts from insoluble-bound frac-
tion of whole wheat inhibit the proliferation of colon cancer cells [J].
Life Sciences and Medicine Research, 2011 : LSMR38.

[80] EARK. UHRLESAD ML ERRS AN
FAuH [D]. KR L d K3, 2020. [ CUIM M. Active compo-
nents and molecular mechanism of the anti-colon cancer effect of
sea buckthorn fruit-bound polyphenols[D]. Taiyuan: Shanxi Univer-
sity, 2020. ]

[81] BFF. ket bk % B ¥ B E MRS 0 2 B 210
B H#r[D]. KR L X 42, 2020. [LUY Y. Separation pu-
rification and component analysis of anti-tumor active components
in seabuckthorn leaf-bound polyphenols[D]. Taiyuan: Shanxi Uni-
versity, 2020. ]

[82] Zbik. BARLEE S ErAFHMM A A LT T8 5
F AL AR [D]. KR & K 5, 2020. [ LI S T. Molecular
mechanism of autophagic death induced by millet bran-bound
polyphenols in breast cancer cells[D]. Taiyuan: Shanxi University,
2020. ]

[83] ZH, BEH FE5F, 5. 9¥ FE6E 8% HepG-2 IF
5 om0 3G 98 30 ) AR OB AR A ey BT (1], B R 3R, 2019,
41(4):386-392,397. [ WANG Q, ZHAO H L, NIU J P. Study on
the effect of carrot bound polyphenols on the proliferation inhibition


https://doi.org/10.1016/j.foodchem.2006.02.006
https://doi.org/10.1016/j.foodchem.2006.02.006
https://doi.org/10.1016/j.foodchem.2006.02.006
https://doi.org/10.1016/j.foodchem.2020.126865
https://doi.org/10.3390/foods7060093
https://doi.org/10.1021/acs.jafc.8b05581
https://doi.org/10.1021/acs.jafc.8b05581
https://doi.org/10.3390/ijms20133177
https://doi.org/10.18632/oncotarget.20216

5 46 % 5 44

AU, % YRR P& WM RE I RE PR TS 413 -

and apoptosis promotion of HepG-2 liver cancer cells[J]. Acta Nu-
trimenta Sinica, 2019, 41(4): 386—392,397. ]
[84 ] e, MR F, A K, 5. 5% S B Rshif S AE 20 JLA =
AT [T). P B b E LA &, 2005(3): 244-247. [ XIE
J,CHEN Q Y, ZHOU J Y, et al. Mechanism of apoptosis induced by
tea polyphenols in human lung cancer cells in vitro[J]. Chinese
Journal of Integrative Medicine, 2005(3): 244—247. |
[85] Zaz, B, 0 A&, ¥ 4 % B il i MAPK 15 5 i@ 35
F2 B i A R AU B L R (T). & se A5, 2017, 38(7): 296-301.
[LIY, LIAO X, ZHENG S 7, et al. Progress of research on the
mechanism of plant polyphenols regulating tumor action through
MAPK signaling pathway[J]. Food Science, 2017,38(7):296—
301. ]
[86] sLiatk, RBLA, THE, F. 7% 5 Bt i Sk ki og 3]
A A R D). A R F F M OR L 5 £ 44 5%, 2018,
44(5):539-548. [ KONG D D, ZHAO Y L, WANG Y F, et al. Re-
search progress on the inhibition mechanism of tea polyphenols on
tumor immune escape[J]. Journal of Zhejiang University (Agricul-
ture and Life Science Edition), 2018, 44(5): 539-548. |
[87] NICHENAMETLA S N, TARUSCIO T G, BARNEY D L, et
al. A review of the effects and mechanisms of polyphenolics in can-
cer[J]. Critical Reviews in Food Science and Nutrition, 2006, 46(2):
161-183.
[88] A, BUbZ N, 5. %83t i it A w e BT Rk
Je Bt % B % 7 B a9 4Kt U], & Tk A3, 2018, 39(16):
330-335. [LUF, LIAO X J, HU X S, et al. Research progress on
the effects of polyphenols on intestinal microorganisms and discus-
sion on polyphenol indicator bacteria[J]. Food Industry Science and
Technology, 2018, 39(16): 330-335. |
(89 ] Mysim, A, KRAXR, . AR, $8, RO % 116
Fo g B B xF B 18 4k B 69 % vd [T]. R oe T Ak AHAE, 2017, 38(22):
336-340. [ YANG LN, WU K W, ZHU L J, et al. Effects of prebi-
otics, polyphenols, proteins and polyunsaturated fatty acids on in-
testinal health[J]. Food Industry Science and Technology, 2017,
38(22): 336-340. ]
[90] F4, W&, KAK, F. 5285500 AW
B E 5 A R LR ], A & A, 2022,43(11): 149-155.
[ WEI Z, HE Y, HUANG X Z, et al. Improvement and mechanism
of action of tea polysaccharides-tea polyphenols on intestinal oxida-
tive stress in mice[J]. Food Science, 2022, 43(11): 149-155. ]
[91] KT, Emtk, EAY, & BRR 2 H Lz LA

W AR A S W AR R ALE (1], & e A, 2023, 44(15): 147-155.
[ ZHANG L Y, PAN L J, HOU S X, et al. Mechanism of action of
indigo fruit polyphenols in regulating intestinal microecology in im-
munosuppressed mice [J]. Food Science, 2023, 44(15): 147-155. ]
[92] Hfams, $44, §IR-F, . % il il MAHAT AR ER
WA R [J]. & s A+ 5, 2012,33(3):300-303. [ XIAO J S,
SAN J M, CAO Y P, et al. Progress of polyphenols regulating ener-
gy metabolism through intestinal flora[J]. Food Science, 2012,
33(3):300-303. ]
[93] LINS, WANG Z, LAM K L, et al. Role of intestinal microe-
cology in the regulation of energy metabolism by dietary polyphe-
nols and their metabolites[J]. Food & Nutrition Research, 2019, 63.
[94] Buik, E—ok, BT, F LN EDEEAILAT S
W 38 26 JE B 7 e 04 - T ALRD (D). 3h 8 Ak 4R, 2021, 33(4):
1801-1810. [ RUAN D, WANG Y B, JIANG S Q, et al. Bioactivi-
ty of curcumin and its molecular mechanism in regulating the barri-
er function of animal intestinal mucosa[J]. Journal of Animal Nutri-
tion, 2021, 33(4): 1801-1810.
[95] 2%, £, Thadk, . K 5B AR E il d 2§ 4
A E MR K AL H A [J]. R AR & A H,2021,37(7):
115-120,22. [LIY N, WANG R, WANG X J, et al. Changing law
of content and activity of tea polyphenols in simulated gastrointesti-
nal digestion[J]. Modern Food Science and Technology, 2021,
37(7): 115-120,22. ]
[96] EITSUKA T, TATEWAKI N, NISHIDA H, et al. Synergis-
tic inhibition of cancer cell proliferation with a combination of d-to-
cotrienol and ferulic acid[J]. Biochemical and Biophysical Re-
search Communications, 2014, 453(3): 606—611.
[97] LIAO W, CHEN L, MA X, et al. Protective effects of
kaempferol against reactive oxygen species-induced hemolysis and
its antiproliferative activity on human cancer cells[J]. European
Journal of Medicinal Chemistry, 2016, 114: 24-32.
[ 98 ] NARASIMHAN A, CHINNIYAN M, KARUNDEVI B. Fer-
ulic acid regulates hepatic GLUT2 gene expression in high fat and
fructose-induced type-2 diabetic adult male rat[J]. European Jour-
nal of Pharmacology, 2015, 761: 391-397.
[99] #E. &% T ¥ a-F) H 455875 A 69 7 £ 2548 RR
A AR D], 7M. &P T K%, 2021, [ XIE X. Screening of
a-glucosidase inhibitors from artemisia and their anti-diabetic mech-
anism[D]. Guangzhou: South China University of Technology,
2021. ]


https://doi.org/10.3321/j.issn:1003-5370.2005.03.014
https://doi.org/10.3321/j.issn:1003-5370.2005.03.014
https://doi.org/10.3321/j.issn:1003-5370.2005.03.014
https://doi.org/10.7506/spkx1002-6630-201707047
https://doi.org/10.7506/spkx1002-6630-201707047
https://doi.org/10.1080/10408390591000541
https://doi.org/10.7506/spkx1002-6630-20210503-015
https://doi.org/10.7506/spkx1002-6630-20210503-015
https://doi.org/10.1016/j.bbrc.2014.09.126
https://doi.org/10.1016/j.bbrc.2014.09.126
https://doi.org/10.1016/j.bbrc.2014.09.126
https://doi.org/10.1016/j.ejmech.2016.02.045
https://doi.org/10.1016/j.ejmech.2016.02.045
https://doi.org/10.1016/j.ejphar.2015.04.043
https://doi.org/10.1016/j.ejphar.2015.04.043
https://doi.org/10.1016/j.ejphar.2015.04.043

	1 结合多酚的体外释放提取
	1.1 结合多酚的体外释放提取
	1.1.1 化学法（碱、酸水解法）
	1.1.2 生物法（酶水解、发酵）
	1.1.3 物理辅助法

	1.2 结合多酚的体内释放

	2 结合多酚的功能活性
	2.1 抗氧化
	2.2 抗炎活性
	2.3 抗癌活性
	2.4 调节肠道环境
	2.5 其他作用

	3 总结与展望
	参考文献

