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Abstract:Phenolic compounds are important active components of whole grains for their health effects. In addition to monomeric phenolic
acids such as ferulic acid and p-coumaric acid, ferulic acid polymers are also important phenolic active components enriched in cereal
bran.Compared with phenolic acid monomers such as ferulic acid, ferulic acid polymers are more complex and special in structure, while
possessing  significant antioxidant activity, antibacterial activity, disease and insect resistance, and other potential health benefits.To
comprehensively assess the value and potential applications of whole grain ferulic acid polymers in the field of health, this article reviews the
research progress of composition, distribution of content, antioxidant activity, and in vitro colonic fermentation of whole grain ferulic acid
polymers, and the research prospect was proposed to provide guidance for profound research in the field of health and reference for further
promotion of the whole grain food industry.
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Fig.1 Chemical structures of identified ferulic acid polymers in cereals
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MR AN 8-8's AP, 9-methyl-(8-5")-cyclic DFA. 8-hydroxy-9-methyl-(8-5")-cyclic DFA. 9'-methyl-(8-5") DFA
A1 9-methyl-(8-8')-cyclic DFA iX VU FhFa £REE — SRR E IRAERK h 8E B 0T =Rk, FEFT SIS 4 X
TR ARG I B SRR RS = Ak, = BARIER T ;AN 8-5Y5-5', 5-5Y/8-0-4', 8-8/8-0-4' 8-5'/8-0-4'F1 8-0-4'/8-0-4',
1M 4-0-8/5-5" %4577 RAAFAE T RERAF K. tbdh, BIBEER I SRR FL i/ WL, AAE FOKRER R AR ®),  H il
SPIX AR ARIAT & [HAERNR, FFE. KRR RI 2 AR — R AR T HA A 2
B, SARKINE] = SRR R A

AR RS G RV R BT BLR K& B i, =ik 900~1 170 ug/g DW, TP — 544 £ BN P ER
R SRR, ST T R A AR RS B A K P ERIR (AR REIR SRR SR LK 1) o W Andreasen 25120
Xt 17 FEEZE (Secale cereale L.) SRR M DFAs & &3 TIE, REFWHE BEHRFE M 8-0-4' DFA HJi &Ik
FEAN 9 130~200 pg/g DW s ASUR R S it 18 1 6 KA Y IR 25 5 N , BT R IR AE KA b (1) 2 5K 688.16 pg/g DW,
AR %S AT S0 A, 8-5'DFA &r&Efm, XN 92.98 ug/g DW. ANEFRERYEFEEER — Fik/ =%

TRERERN. BHRIARBYTER — RA& S ER a0 8-0-4' DFA. WK, Bl ETAREES
2 FR B EIR — A 8-O-4' DFA & i, ik 34 pg/gl?”. Guo S5 78 K B3 T K F 8-0-4' DFA % &
BIER T B, N 140.61 pg/g. Gong S HZIE 8-0-4' DFA (6.45~45.16 pg/g) EREK G 3R — Rk &
ERmile SR, BHA XSS PIBBER — SRR AR I — 20 % 8 R 8 BRI RIS RS9 s £ (1) DFASs
FRIHATEE—FE. W Guo 52, Zhang FBHGE T K. HKFEERANFENZ 8-5 K IR DFA (7.45~
20.84 pg/g) o Bily BN FK NI SR A E 45 R BoR 5-5' DFA & i femr, 7398 505 98 41 pug/g. Bunzel
SEBAXT 9 PR UIAENERE YA TIE, SR B RITAEBRYT 8-5 DFA & &5k PR =R/ R 2
L 5-58-0-4'F1 8-0-4'/8-0-4' TriFA N, KFRHEFZLL 8-0-4'/8-0-4' TriFA N, FFEFEH 8-0-4'/8-0-4' TriFA.
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10~20 151201, JbAh, FEFREBYAE SR A& B2 R IO, Andreasen 52000} 17 Fi B2 (MR ERIR — SRR & &
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TRECKAN 6 PRl S5 &8P BTN E, SRR DR T =R (FIEERR . X o R A i 2R
) masEREmTREOMEBORK (P<0.05 .
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FHAR [R]85 S B/ Bk I 1)) DFAs 758444 4 mol/L NaOH>>1 mol/L NaOH, iX % B % FH ik [ A NaOH
RESCAE A TE4N RS R AR — SRR A bR i ok . H ATV ST IR /K AN B /K AR S B 7 2O P 2R R 5 SR 1
PEICR S PR TC . (R S mi X &5 &AM o R 7 il AHEN,  BedRa LRI R i, RIS R AR T R
R TR & =N

®1 EAVEETHINRTENPRERFNRESE
Table 1 The main phenolic acid polymers of whole grain bound phenols and their content

R ULHES ERZFMRA =R (ng/gDW) B LK

8-5'DFA (32~91) . 8-O-4 DFA (10~41) . 5-5'DFA (6.94~36) . 8-5%3fvkvh
DFA(6.67~18.14 ).8-8 DFA( 6.68~15.34).4-0-5' DFA( 16.12 ). 9-methyl-(8-5')-cyclic
DFA (0.04~23.75) . 8-hydroxy-9-methyl-(8-5')-cyclic DFA (0.12~12.69) .
o _ [24,27,29-33]
9"-methyl-(8-5') DFA (0.04~2.78 ) . 8-5' DC DFA (4.06~23.86) . 9-methyl-(8-8')-cyclic
DFA(0.02~3.13 ). 8-8' DSA(3.02~24.46 ). 5-5/8-0-4' TriFA (0.28~6.57 ) . 4-O-8/5-5'

TriFA (D)
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8-5'DFA (17.14~84) . 8-O-4 DFA (27.80~107) . 5-5'DFA (8.52~132) . 8-8' DFA

(29~47) . 8-5'FJtvk7h DFA (103.3) . 8-8 kv DFA (66.01) . 5-5/8-0-4'

TriFA (5.98) . 8-0-4/8-O-4 TriFA (6.9) . 8-8/8-O-4 TriFA (3.22) . 8-5'/8-O-4'
TriFA (3.22) . 8-5/5-5'TriFA (3.68)

8-5'DFA (25~117) . 8-O-4' DFA (135~200) . 5-5' DFA (36~123) . 8-5%Jfvk
" DFA (68~102) . 8-8 3K Ffekd DFA (D) . 4-O-5 DFA (D) . 5-5/8-0-4' TriFA
(8.64) . 8-0-4/8-0-4 TriFA (6.48) . 8-8/8-0-4' TriFA (3.24) . 8-5/8-0-4' TriFA
(4.05) . 8-5/5-5'TriFA (4.86)

""""""""""" 8-5'DFA (10.6-135) . 8-0-4'DFA (46.55-163) . 5-5 DFA (26.4-114) . 8¢ DEA
(25~71) . 8-5'FJf7kré DFA (24.2~33.4) . 8-8 K=k DFA (76.36) . 4-O-5'
DFA (D) . 5-5'/8-O-4' TriFA (6.48) . 8-0-4'/8-0O-4' TriFA (6.96) . 8-8/8-O-4' TriFA

(3.6) . 8-5/8-O-4'TriFA (3.6) . 8-5'/5-5'TriFA (3.36)

""""""""""" 8-5'DFA (38~146) . 8-O-#' DFA (1152-182) . 5.5 DFA (279-205) . 8.8 DEA
(10~127) « 8-5'FJfekvd DFA (15~19) . 8-8'KFFekr#h DFA (12642) . 4-0-5'
DFA (11.86) . 5-5/8-0-4' TriFA (7.25) . 8-O-4'/8-O-4 TriFA (7.25) . 8-8/8-0-4'

TriFA (3.0) . 8-5'/8-O-4 TriFA (3.75) . 8-5/5-5'TriFA (3.75)

""""""""""" 88 DFA (45.67-946) . 8-O4'DFA (49-255) . 88%ADFA (37.79) .

5-5'DFA (65~239) . 8-5'3KFFek7# DFA (11~22) . 4-O-5'DFA (28.38) . 8-8 DSA
EX 3 (D) . 5-5/8-0-4'TriFA (14.62) . 8-O-4/8-O-4 TriFA (8.17) . 8-8/8-0-4' TriFA [22,25,28,31,34,39-41]
(6.88) . 8-5'/8-0-4' TriFA (6.02) . 8-5/5-5' TriFA (7.74) . 4-O-8/5-5' TriFA (D ).
4-0-8/5-5/8-0-4' TetraFA (D) . 4-0-8/5-5/8-5' TetraFA (D)

8-5'DFA (45) . 8-8'DFA (4) . 8-83jfvk%h DFA (0.5) . 5-5 DFA (D) . 8-0-4'

FE DFA (0.5) . 8-5'/8-0-4 TriFA (0.09) . 5-5'/8-O-4' TriFA (0.19) . 8-0-4'/8-O-4' TriFA [34]
(0.73)
8-5'DFA (44~393) . 8-8 DFA (182~332) . 5-5'DFA (192~281) . 8-O-4 DFA
Ik [7,32]
(163~374)
8-5'DFA (39~57) . 8-O-4 DFA (25~60) . 5-5'DFA (64~98) #= 8-5'K vk
5 [31,42]
DFA (15~4)
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WL RAEM IS, DFAs SR R R a0 283 fUH G AT TR IR E: R AR AT R 5
FLRA T B AE DU T R AT, 45 R IR 2R — SR %) B AL 3 — e gitE, Bily SWHBIINGE | —LA
() B DR Y oK ) SR R RORI R ZH 23 BT BRI — SRR IR B2, 25 R 7R 5L DFAs 5 & SRR i ™ B AR T 52 2 2 AR K,
&M ERE LR AR BRI ebr) 2R A,

H 024 rh B 2R IR — SR AR B SE A TR A6 o SR TP E UGS M. BHRUSIIE 1 11 M H AR AE R
DFAs F1 8 flt N\ T4 ) DFAs (BT ERE, 45 REFTINE I DFAs 7EiGRR B HEE R Ae ) B3I ThrdES
HE4) Trolox, H:r1 8-8'-lactone DC 45 8-5' DC DFA I H e AL MG ME . IX BUhff 97 6 W44 K 22 %1 DFAs HIHi4
A BT 2R TR B (1) e S A B i o A DRI 2 J R FH 40 FR RIS RE 77 C(ORAC) i %8 H BRI R g 71 (PSC)
SAAMRGTEAIETE (CAA) FE=FhT77550 4 1 MREK 15> B515 31 (1) DFAs BT iENE, 451K W] ORAC Hi%fk
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TEVERCERIY N 8-0-4' DFA, &R D/l — R PSC i 48 H HESE FRAE /151, 8-5' DC DFA ] CAA S fbid it i
SR, RS IX SR A8 A R IR TR A T AR DN 745, (B SEHE 1Y) DFAs Pk i A AP R R R 22 5%,
XA BEZ T FEMEERIEA TR CGREIIFE R & BN ZRERZ) ERe); BB T ARG RV E
KA, IR SR — SR P LSBT A e . ok, T, $R4ti 7 A ffa e
(FEHEBRI S5 e T P BRIR — SRR BB TE LS, By S BT TE T = B S s M Iy R A o6,
XL R B RIEPUE A E R G Th e ] . R HE, (HE A0 THE R B se R &R . W
G — AR — N EPEZEF ) 8-0-4' DFA ) ORAC 1 T3 M F L 045 /) 1) 8-5' DFA. 8-5' DC DFA.
5-5'DFA il 8-8' DFA, IXfR W] GEZ H T-ILHuMIEE b5 SR BRI 2 b s T 2L DTk . A, BBiig —
RORMERA S U RS PE, X T REAR i B A A RN ) — SR = A R 1 P A R AR e 1 5|
M, 40 5-5' DFA. 8-8' DFA Fl 8-5' DFA YA TR RREREHE I — 5844, I 7 AFEK ORAC W& . FEIFIAL SmmR
e ) IR PR AR/ B A 4 R R By F SR A LT S 4 T DA R AR R S AR S R 3, AT 3RS B 4
I EAE T, 1 8-8'-0 DFA>8-8'-c DFA>8-8-THF DFA; 8-5'DC DFA >8-5'-0 DFA >8-5'-c DFA[24],

PR NG (LDL) sl S HU a7 T e G B T TR sh ke RERE L AN O . AHDCHF A5 1
AR BRER — TR AP E A IR L AR R T 0. 0 Andreasen 250 SH i i 4 NARAR 55 B lig 2 19 S AL 296 %o BE S
ERH > B3 2 DFAs T, 4558 R 8-0-4' DFA J&— M TRl SR Fx 2 IR P L7, 8-5' DFA Al
8-5'ZKFEKIR DFA BTG E S BRI AH 2, YIREHIH] LDL fI% . Funk S5B5a@ 10 /N 2k 70 251921 (1) 8-0-4'
DFA #HT TEAC FAMifig i A/ E S A i e, 458 27K 8-0-4' DFA ) TEAC 24 2.9+0.2, Xf
F B 28 iR ( TEAC:1.96) K Ut 2 % 4F B HL %A 155 ;  [A #f 8-0-4' DFA (1Cs¢=15.0+0.7 umol/L) L [if 2 i
(IC56=26.6+0.5 pmol/L) Fg A ot fig i E k. Neudorffer Z5BOE AR NAK 35 B g B A i A M B AL 78
W, A 8-8' DFA B RIFHIE A AIMMER, MiAHCHAEAAL 8-8' DFA T Z k5 H tEE R AINIER . WATHF
WFLRY, SRR TR EEp a2 B RE . e OO R e S T 052, R IX SR N LERL B A1 AN
FEAIERE, (HEAT e 5 BB RIPTEAGIE B UIAH OG54, o e HE I e BRR S SR At v] sl i e a A Ve R 3
TR RN

BTELRR P B YEAE B AT B R HAT 5, BB =G s R e 0150, B AT 7Tt R IR 8™
IR BRRR — AR LA T B LA U7 - Piotrowski ZEBIF 7T T R KASFT KR /LR DFAs &
TR RRAOHIAIVE ) L3, 45 52469 8-5 DC DFA 1 8-5-c DFA AJ LU BB RFH A=K, H. 8-5 DC DFA X HF
[ ICs0 4 111 ug/mL(324 pmol/L), 5 2 H IR B picoxystrobin(I1Cso 308 umol/L)F1Z 46 1 2= D(ICso 340 pmol/L)
MZEAK; W7t R I 8-5 DC DFA REME1E F T4 ia ik, M A-1,3-glucan [ 5 M T 411 1) A2 420 50095 14 L 1
S. sclerotiorum [/ o (A ZEPR TS L ETEN 11 LR R WP EERR — J A =% (R PRGN R . B =2 EQRH 40
PR FH ECBR BAMEIVE R, U255 s SRR 4 B AR A R 15 LB SR, B SRR G — 2R
ST B A H B —ERUE T, Hd &4 8-8' DC DFA Al 8-0-4' DFA HIHT I MEEHR, 1M A EB /- HRE]
B AR 2, T 8-8'-c DFA. 8-8' dilactone DFA. X3 W WURFIZE IR 1 S B0 S5 A b & 0 B s 1 A
B, HA AN SRR I BRI IS M. Ak, BIE R SR IR AR R, R
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