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Advance in interactions of phenolic compounds
with food macromolecules on digestion and metabolism
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Abstract : Recent researches indicated that discrepancy of the biological activity in vivo and in vitro have been discussed due to
the interactions of phenolic compounds with compounds present in foods, like carbohydrates, proteins or lipids. Interactions of
phenolic compounds with compounds present are the main reason to cause the inconsistency of the biological activity in vivo and
in vitro.The interactions between phenolic compounds with lipids, carbohydrates and proteins was reviewed in this paper,which
could provide a reference for understanding metabolic mechanism of phenolic compounds.
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Fig.1 Interaction of phenolics with nutrinents

(A IR (B) A (C) Bk e

AL IR IR . 5 R IR B-FLERE FIAH L, =
B9 B-FLEREE AR 5 R BB TILAA R B & TR NS
(EGCG) B4 my &G Re J1, HAF I J1 G 4% i A AR AR
FHRIZEE™ . Frazier %5 (RSS2 36 W58 vh | 4255
Z W HEDFFAETT R RSB T 2R D RGE i 2 AR
Mhsha, e LAy . 2R & Y ng 454 i
T REB RS EAMEAR N EZERZ R D
I T W A5 W T AN TR] A 2R PSSR B H B SR T
ZEFAR AR R T A RGP A BT 2
2R UNERAE T X I RS R B SR A 25 5 7 (B
XA LTS 3K B R AN T e85 . By Ak a o 14k
M RSB E R, SR PR AS  E  aR

B S Ak 5 W FIER 11 )33 19 A AR 2500 AR A
Z AP APV o BT ] DL S e v Y SR SR
AR RSN, o AR N 90 ) 9 9 B BB A T AR R A
AT 38 RSB, el AR B R L — R R 5
ZRNEIAL G W L5 M . O pH MR R 2SR (R
e B S AR AR ) RN R AR . W2tk
EYEEABISS G o E 5 R A S5, BE T2
W HDIE . ANEERSE AL G T DL B L S S TR
Candsi 2R | 2 TR AN > e S IR 45 ) S B, 1 T e A8 Tk
AR I R B R L R v B pH R L X —
YELZ B W b & AR IS B2 A, in2R )ik 5 B
FLERE 1 a9AH EAE A 23 5 BOR BUR E 0 75 2 35 1R
FRASHYEIC ™ o B2l AT LA 36 11 T A i 4k
A0 AT L A A ) i Y 45 A ke oA HOE M. a— BE
o3 B T LAK i 0 s AR OB SIS, AT BE 2 T B50OF B BE A
UE VT B KB T RS Y5 a— TERY BSS )5 fE i
AR AR FEIE PE Y L M 2 A 3 TT LA AR
TR | JBE A I S O Do 9 B P AR B Y K i
!

Wy A5 W aT 5 1 B A 2 e A A
R BT RILIR T 1R 1T -5 21 4 2R Tl 10 05 7 e 2 Ak
PR A% KL A S ORE, SR ILTE Y o AEBh R
b, RS AT LR R e e e 2R A G W i A= 0 R
O SR AR AR 2L, B R S A
Yy el LSS5 gl Aok 7, 3 BB S 2R mT AR
Al S A /| BN S 7R (R A oBI= NEG I NS B L L sk f ey
WITE B IH AL TE B9 TR B A HE AR, TR 45 i i A5 R

SR &R . NS — AN E SR E, TR R AR AE
T, B2k A w0 b AR AR FE & DB B9 Kok
BT

3.3 ERUEWSHmAKLEMHHEEER

H air i 224k -&- 9 5 i oK Ak A 9 00 A8 AR FH g ot
I BEEIE R HEIMEEAL . W2 S 90T LS AR Y g0
HOEER RIS LT Y R e AT i SF L N . B HE A
M2 1k G- Py re s i o SRR K AH B4R S5 AR Y 4
e b 2T 4 22 F R e VR Y o AR AN R Y A A 2
FLESFXT FiRKAL & P Al b & 0 &5 & 2 3B W
R, WS, K BE U5 T s K 11 AR X 4E
T EIE AL, DT B s S A A

TEW 2 &Y S5 koK AL-& 2 A 54/ b, B
ALE W AE R B B e T 5 254 G W e 7 N T
-tk A AW R G b B Ok, s R E A
15 Iy 2SIk B 5, By S — oKL B R & 45
Y 52 2 P RIS AL B AE FH T i K A6 & 9 1 A= 33
&, BMEE b &R AE N -k G R E
Wy REEcH ok, By 251k E W Sk K Ak & W AR BLAE
JHAR AT X A 7= A B B2 W . B 2540 A 9 L
Fe—toK G YRGS Y I Xk ik B KM, 7245
AT DA A A0 AR W AE FH R Ui 25 18 ok, B A R B 1R 45
170 o8 S A 8 0 1 & AT L B S - R KA B R
EWRNREE W G, B A W AE AR #4744
fift o WyZAb A W X H A f AR =y L R AVE A, e [E]
G 78 P AR T . P58 WA, 8 6 4 4 X
FUEWIE A VE I 2RI G IERNEHm Y R
gk, BF 1k TH A0 T8 T X 9y 251k & 9 1 45 i, PR H:
BRGER . NP AR NFE R ER T SR R, Y
X FPAE Y 00 4 B BE e A R A, T Ak S I BRI
W ELIGN, 17 18 T W e e BE BB M AE HH TS B AT
4k, Wy 25 1k & W 43 A Y BE R R B W 3E
R,

Wy 2 b G WA K A6 -G 9 W A B4R A AT L= A
SEA A RN . — T T, Bl K Ak B ) T 2 1 2
a2 G AR FHE, &a Y
A5 HP R A SR AN AR B 2R 5 T B T RS TG, IS5 K BT 2L TR
BRI R 55—y TR K AL )t 24 E

(20176 % 1am 323



I@%tﬂ%&

Science and Technology of Food Industry

KA B WA FI T . Schramm 25 AR SZ56G 2 1
WAL (TR ) 2341 32 #8 do 1 6 W AL, 33 7T i
WA AL W I 2 B P (T 30 kg 5 40 DA 458 ) o S
PRV 25 5, T BB 2 B K AL S s S M b R
TR AL G W - B e R IE T RIS . 5 — 7
AT, B3 25 A4 0 5 T 0 2T 4k 14 A 046 JH BE 5 12 0k i
S AP JTE 7K 435 e R R A, X AR SRR
S JUEL [ sy AV % R IS T O S e R =
BEK T2 2 B BB i 2 i Y L oAb, K Ak S
22 S5 B MR AR EAE e AR R, £
Sl U IR | BT 7 A7 W | SR P R 8 D fe 45 e 0 L 1
JFAETT 2 B, SIE AR S o BTRLA R
JE 25 e A BEL L IR Y0 25 11 B 5 (R A S8R I, D 2 1
s b B TRIR Y L BRI K AL W ) A A
FHALL 2 S 31 738 X 5Kk Ak S 1 6 R TR
4 HREERE

e Ay RS YN SR N e S [ W s =
WRAK A 25 ) F0 A B AR T 2 5 i FG 2 4 1) 88
N AEBIEYER) E R %R, By S Rl b
TR AR 5 08 L 8 1T R K A B & AR AR
PR, HORH B A P A 36 05 e S At — B6 B
KEVEM J1. B2k & W5 08 L8 1 5 s K 1k
B A A B M R A S | 1 2 - G
JEIR A T AR ARR G BT WAL, 0 % i I SR AL, IR ARG
JU 4B AT 0 B TR I 5 1 26— B F SR A 4 T LS R
U, TR AR P 1 A B M 5 i) S 5 1R 114
AR FH S % — e 2 PR AT AR 5 W 2 - ok fb &
Wy T AR R G AR R AT i 7K P 5% 1) 1
KAL) 5 HAE RS> T B A H AR A

W A W5 A P9 BT 43 T B A EAE P X T
A A P B ST BR 8 A i TR B A, I R LA 1R
F K AL -5 By A5 T 3R 45 W ) e g 1k
HC AR AR, AR LB IS R, R PR AR AR
FH , SR G5 A 44 P9 AT 1) 205 460 728 Ak i 7 2 30k —
WG, BRI AL B W 51 S R4 T A E A
AT B RS 52 U (R A ARG, (H R L Bl il i ik 3% 1
ot XU AR5 ) G840 2 420 1 RO A 3 45 0 T UL R A5 A
it

£ Sk

[ 1] Hollman P,Cassidy A,Comte B, et al.The biological relevance
of direct antioxidant effects of polyphenols for cardiovascular
health in humans is not established [ J ] . Journal of Nutrition,
2011,141(5) :989S-1009S.

[ 2 ] Palafox — Carlos, Ayala— Zavala H, Gonzalez— Aguilar G.The
role of dietary fiber in the bioaccessibility and bioavailability of
fruit and vegetable antioxidants [ J ] . Journal of Food Science,
2011,76(1) :R6-RI5.

[3]4 247, 5 &35 44 % 8 SCI Lkt A & # E R
B[] A A ,2013,23:375-383.

[4] Czank C,Cassidy A,Zhang Q,et al. Human metabolism and
elimination of the anthocyanin, cyanidin — 3 — glucoside: A (13)

c—tracer study[ J].American Journal of Clinical Nutrition, 2013,

324 517 m1am

tREE

97(5) :995-1003.

[ 5] Stalmach A, Williamson G, Crozier A.Impact of dose on the
bioavailability of coffee chlorogenic acids in humans[ J ].Food and
Function,2014,5(8) :1727-1737.

[6] Tomas — Barberan F, Andres — Lacueva C. Polyphenols and
health ; Current state and progress [ J ].Journal of Agricultural and
Food Chemistry,2012,60(36) .8773-8775.

[7 ] Padayachee A, Netzel G, Netzel M, et al. Binding of
polyphenols to plant cell wall analogues— part 2: Phenolic acids
[J].Food Chemistry,2012,135(4) :2287-2292.

[8]Mandalari G, Tomaino A, Rich G, et al. Wickham. Polyphenol
and nutrient release from skin of almonds during simulated human
digestion[ J].Food Chemistry,2010,122(4) :1083-1088.

[9 ]Duarte G,and Farah A.Effect of simultaneous consumption of
milk and coffee on chlorogenic acids’ bioavailability in humans
[J].Journal of Agricultural and Food Chemistry,2011,59(14) .
7925-7931.

[10 ] Del Rio D, Borges G, Crozier A. Berry flavonoids and
phenolics ; Bioavailability and evidence of protective effects[ J].Br
J Nutr,2010,104(3) :S67-90.

[11] Cheng D, Kuhn P, Poulev A, et al. In vivo and in witro
antidiabetic effects of aqueous cinnamon extract and cinnamon
polyphenol—enhanced food matrix[ J].Food Chemistry,2012,135
(4) :2994-3002.

[ 12 ] Shishikura Y, Khokhar S, Murray B. Effects of tea
polyphenols on emulsification of olive oil in a small intestine
model system [ J].Journal of Agricultural and Food Chemistry,
2006,54(5) :1906-1913.

[ 13 ] Sugiyama H, Akazome Y, Shoji T, et al. Oligomeric
procyanidins in apple polyphenol are main active components for
inhibition of pancreatic lipase and triglyceride absorption[]].
Journal of Agricultural and Food Chemistry, 2007, 55 (11):
4604-4609.

[ 14 ] Uchiyama S, Taniguchi Y,Saka A, et al.Prevention of diet—
induced obesity by dietary black tea polyphenols extract in vitro
and in vivo[ J].Nutrition,2011,27(3) ;287-292.

[15] Lorrain B, Dangles O, Genot C, et al. Chemical modeling of
heme—induced lipid oxidation in gastric conditions and inhibition
by dietary polyphenols [ J ] . Journal of Agricultural and Food
Chemistry,2010,58(1) :676-683.

[ 16 ] Lorrain B, Dangles O, Loonis M, et al. Dietary iron—initiated
lipid oxidation and its inhibition by polyphenols in gastric
conditions[ J].Journal of Agricultural and Food Chemistry,2012,
60(36) :9074-9081.

[17 ] Gorelik S, Kanner J, Schurr D, et al. A rational approach to
prevent postprandial modification of 1dl by dietary polyphenols
[J]. Journal of Functional Foods,2013,5(1) :163-169.
[18]Ortega N, Reguant J, Romero M, et al.Effect of fat content on
the digestibility and bioaccessibility of cocoa polyphenol by an in
vitro digestion model [ J ] . Journal of Agricultural and Food
Chemistry,2009,57(13) :5743-5749.

[19 ]Schramm D, Karim M,Schrader H, et al.Food effects on the

absorption and pharmacokinetics of cocoa flavanols [ J ] . Life



t®a &

/@%:ﬁ@}‘fil

Science ,2003,73(7) :857-869.

[20] Barras A, Mezzetti A, Richard A, et al. Formulation and
characterization of polyphenol — loaded lipid nanocapsules [ J] .
International Journal of Pharmaceutics,2009,379(2) :270-277.
[21 ] Von Staszewski M, Jara F, Ruiz A, et al. Nanocomplex
formation between B - lactoglobulin or caseinomacropeptide and
green tea polyphenols: Impact on protein gelation and polyphenols
antiproliferative activity[ J].Journal of Functional Foods,2012,4
(4) :800-809.

[22 ] Shpigelman A, Israeli G, Livney Y. Thermally — induced
protein — polyphenol co — assemblies: Beta lactoglobulin — based
nanocomplexes as protective nanovehicles for egeg [ J ] . Food
Hydrocolloids ,2010,24(8) :735-743.

[23 ] Frazier R, Deaville E, Green R, et al. Interactions of tea
tannins and condensed tannins with proteins[ J ].J Pharm Biomed
Anal,2010,51(2) :490-495.

[ 24 ] Kanakis C,Hasni I, Bourassa P, et al. Milk 8- lactoglobulin
complexes with tea polyphenols [ J].Food Chemistry, 2011, 127
(3) :1046-1055.

[25] Soares S, Mateus N, De Freitas V. Carbohydrates inhibit
salivary proteins precipitation by condensed tannins[ J].Journal of
Agricultural and Food Chemistry,2012,60(15) :3966-3972.
(26 izl 300 4, 4, F . K 2w AR 69 F 5 R
H[J]. P B R,2011(9) :98-110.

[27 ] Petzke K, Schuppe S, Rohn S, et al. Chlorogenic acid
moderately decreases the quality of whey proteins in rats [ J].
Journal of Agricultural and Food Chemistry, 2005, 53 (9):
3714-3720.

[28 ] Gongalves R, Mateus N, De Freitas V. Inhibition of
a—amylase activity by condensed tannins [ J].Food Chemistry,
2011,125(2) :665-672.

[29] Fwedk 4707, Ak, . NAaEFBARLREE[]]. B
L5 H,2011(1) :171-184.

[30]Tian Y, Y Jiang, S Ou. Interaction of cellulase with three
phenolic acids [ J ] . Food Chemistry, 2013, 138 (2 - 3 ).
1022-1027.

Vol.38,No.14,2017

[31 ] Ribnicky D, Roopchand D, Poulev A, et al. Artemisia
dracunculus 1. Polyphenols complexed to soy protein show
enhanced bioavailability and hypoglycemic activity in ¢57bl/6
mice[ J ].Nutrition,2014 ,30(7-8) ;:S4-SI0.

[ 32 ] Stojadinovic M, Radosavljevic J, Ognjenovic J, et al. Binding
affinity between dietary polyphenols and B - lactoglobulin
negatively correlates with the protein susceptibility to digestion
and total antioxidant activity of complexes formed [ J ] . Food
Chemistry,2013,136(3-4) :1263-1271.

[33]Wang Yu-xue, Liu Jia,Chen Fang, et al.Effects of molecular
structure of polyphenols on their noncovalent interactions with oat
B-glucan[ J].Journal of Agricultural and Food Chemistry,2013,
61(19) :4533-4538.

[34] Watrelot A, Le Bourvellec C, Imberty A, et al. Renard.
Interactions between pectic compounds and procyanidins are
influenced by methylation degree and chain length [ J] .
Biomacromolecules ,2013,14(3) :709-718.

[ 35 ] Tuohy K, Conterno L., Gasperotti M, et al.Up-regulating the
human intestinal microbiome using whole plant foods,
polyphenols, and/or fiber [ J ].Journal of Agricultural and Food
Chemistry,2012,60(36) :8776-8782.

[36 ] Nordlund E, Aura A, Mattila I, et al. Formation of phenolic
microbial metabolites and short—chain fatty acids from rye, wheat,
and oat bran and their fractions in the metabolical in vitro colon
model[ J ].Journal of Agricultural and Food Chemistry,2012,60
(33) .8134-8145.

[37 ] Adam A, Crespy V, Levrat — Verny M, et al. The
bioavailability of ferulic acid is governed primarily by the food
matrix rather than its metabolism in intestine and liver in rats
[J]. Journal of Nutrition,2002,132(7) :1962-1968.

[38 ] Saura — Calixto F. Dietary fiber as a carrier of dietary
antioxidants; An essential physiological function [ J] . Journal of
Agricultural and Food Chemistry,2011,59(1) :43-49.
(394,22 &, %5, % SBTLKEGERERTIL
REERTRERENY A[]].FEESFIR,2015(8):
47-54.

—8 (fm TR ) 125,
AL £ Wl Tk K e 4 3

(20175 % 1am 329



