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W BN goft (ARE) EH RN T (EpRE) [5]. BFFT
C&AESZ, Nrf2%t ARE/EpREA 52 fRBOEVEH, Al
o — R Y ADEsHE K (1 3R [6], WINAD (P) HE &
fE1 (NQOD). &Mt HAKIEEEE (GSR) FIA R #Hi kS
TR 1T (SLCTALD) [7]. HE SR FNrf2fE AR H
NFE2L2B: Rl 5%, & 8A — A0 52 & R b 5
(bZIP) HEH, WS IAHPT A A BRI A 25 Il 5 (8 1) 3%
ik, PARG 18 5 RE RS2 A% 5] R i Ak B4 [ 2], Kelch
FEECHAIZSE A1 (KEAP1) fE N2 (1) B H] A7,
AT A A B AR NTE2, DL 3R 20 B S5 P Nrf2 [ 5
8],

IS Nrf2-ARESE LI 2 FHLHIHEAT T 845, W
E1FT7R, XENrf2/Keap 1 2 48 (0 HLH] AT 2 A BEHL
HIFEARIALE] . £ TEH TSI, Keapl RAAE3Z i
YEREThEE, B HINrf25 Cullin 3-RINGA 2R 1 (Cul3-
Rbx1) RGUER:, N2k AR W12 ZAFE A Bk
FEfige. AT 95 SRR, SEElh. S siE ik
AR T Keap 1 25 8 5Bk EE, il H R A LIt R 1
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i RN, BERAAIEIAE, SENrf2M 2 Keapl
BECZ R RG[9]. H4b, K J7i5 B ] J R € & H
P[0 22 255 A B B s (MAPKs) . B I e JUL S
3-WlE (PI3KD. HHHEBEEC (PKC). PKREE N BT ML
g (PERKD. MG R AE3 (GSK3) E(Nrf2]1k 4
WEIRAL, TR T — R e e - B B B S
P, 40 IE 8 45 I Brahmatf <2 K1 (BRG D). FL R
BOEE 1 (AIB1) FiMaf, LLE T HIp53. p65Hl
cFos[6.8]. LAk, MY Lk v] LA 5] AR R AL 2
i, WIDNAHEAL, HEABM A microRNATIE, M

oM NFE2L25 Keap 1 3R I mRNAFE . i i ]
FIENr2EMMZ NI R, I 5/ Mafai CREB4S &
H (CBP) JER 5k, RIG45EFIARE b, HA&WH
I H R I ADEs 3[R 234 [6,10].
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Protein kinase

Phosphorylation

PKC, PI3K, MAPKs,
GSK3, PERK, etc.

‘ Transcription factors ‘ KeapT
Regulation Modification
Positive: BRG1, AIB1, Cysteine (273/288/151)
Maf, etc. Ubiquitination
Negative: p53, p65, Phosphorylation
cFos, etc. Succination

v

Modification

Nrf2 activation

DNA methylation
Histone modification
MicroRNA tuning
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1.3.1. Keap {3610 4

ANATE & 3 W LR 5L 2 K f# BEKeap 16 N2y
PE 30 AE . K 2 BAREE 5 7 7] LLsE Az f s
iKeap 1) 2 e & BR 67 10, AT 2 N f2-AREfE 5
Wik, A, HSAEMARE, HIEEEMK
Keap 1} [Pt 2 BR A7 sl B AN[FI[9.10]. 18 0 75 1 2 Bk
SRR LA A N C288, C273FIC151[11]. ECul3-
Rbx1-W&EZ R ARG kBl Keapl 7] LLVE NE3E 2
B Y& RO 2 )5, “Keapl il 55 F1Cul3-Rbx 172 24k
Y Bt FH SR R £ B N2 LI [ 12]. kb, 3
fl LA R, 40 “Keap 1EBEMI 41”7 “Keapl

R1 YR N2 09 75 HL

3

IR ” “Keapliz 4" A1 “Keap I BEHIERER 1L~ #5
AR B, SR 5] R M Keap S i #4171 4%
Nrf2/Keapl £ 4t i F L ALHI[13-17].

WEFE R B, K& I A 4k 2 W o ] 3E i A& A
Keap 1 F AR AR ATENrf2/Keapl RS, W15
1FT7R[18-80], SEREMRbE. HEEFEE. LAEMER .
MR, REBER. HER. KOPdER. KEEHER,
KRBT BRAE. EEmMe- (FIETMBE
H S5 R T OB 4R T8 35 AT 0E Nef2/Keapl &40 o,
Wit 2 Z=AEH T “Keap il 55 7 #2714 [18], T AR TE “Keapl
ZEA” EAERAEN, HEAERNE, HERMAER
T “Keap IBEEM 817 BAI[26]. LAk, SERRERLELE
NEWAER T “Keap VESFER141 7 BE8Y, 1 7E30 1k
WIUAEF T “Keapl fi# 59”7 A [56-59], X LEHHE L,
T2 51 L il Keap LI AR 2 fiT AAS TR, LA 5T
1 FH T 0 PO A R — AN R B R 2

Classification Origin Compound Structure

Dose Time Mechanism Model Refs.

Activation of Nrf2-ARE pathway

Flavo- Apple, tea, Quercetin

noid-type caper, lovage,

polyphenols  onion
Celery, green Luteolin
pepper
Cocoa, red Procyanidin
wine B2
Strawberry Fisetin
Citrus fruits ~ Hesperidin

0—40 umol-L™"  6h 1 Keapl mod- HepG2 cells  [18]

ification, Nrf2

stability
100— 24 h, 1T p38 MAPK  Human [19]
200 pmol-L™ 48 h and ERK hepatocytes
epithelial cells
0-20 umol-L™" 24 h, 1T ERK1/2, PC12 cells [20]
72h HO-1, ARE
binding
10 umol-L™" 20h 1 ERKs and Human colon- [21]
p38 MAPK ic cells
0-25 pmol'L'  NM 1 PKC-8and  Human [22]
p38 MAPK umbilical vein
endothelial
cells
0-80 umol-L™" 24 h 1T ERK1/2 Human hepatic [23]

L02 cells
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Classification Origin Compound Structure Dose Time Mechanism Model Refs.
Hops Xanthohumol | 4 pmol-L™" 24 h 1 Modifica- Murine He- [24]
OH tion of Keapl palclc7 cells
HO. o ©/ cysteine
OCH; O
Plant phenols  Chalcone O 10-25 umol-L™" NM 1 Nrf2, HO-1  Endothelial [25]
cells
2
0o
Scutellaria Baicalein O 0-40 umol-L™" 9 h, 1 Nrf2, HO-1  HepG2 cells  [26]
baicalensis HO O o ) 24 h
HO
OH O
Artemisia Eupatilin OCH; 0—150 pmol-L™" 16 h T ERK Feline ileal [27]
Ho o O smooth mus-
O \ OCH, cle cells
HyCO
OH O
Sasa borealis  Isoorientin 5ug-mL™ 0-6h 1 PI3K/Akt HepG2 cells  [28]
Vernonia Butin 10 ug-mL™"' 12 h, 1 PI3K/Akt Chinese [29]
anthelmintica, 24 h hamster lung
Dalbergia fibroblast
odorifera (V79-4)
Inula heleni-  Phytoestrogen 0-100 umol-L™" 2-18 h 1 PI3K/Akt Hepalclc7 [30]
um puerarin cells
Fraxinus Fraxetin OH 30— 24 h 1 Nrf2, HO-1  Vascular [31]
rhinchophylla HO 0._0 100 pmol-L™' smooth mus-
P cle cells
HyCO
Mallotus Rottlerin 1-10 pmol-L™"  9h 1 ERK and HT29 cells [32]
philippinensis p38 MAPK
Tea EGCG oH 20 wmol-L™ 48 h 1 p38 MAPK B lympho- [33]
OH and Akt blasts
"o O om 50 pmol'L’  6h 1ERKand  Bovine aortic [34]
o PI3K/Akt endothelial
OH OH cells
o
OH
OH
Cocoa, tea Epicatechin 5-30 mg-kg' 1h,6h, 1ERKand Ischemic [35]
BW 18h PI3K/Akt damaged mice

OH
HO. o ©i
o

OH
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Classification Origin Compound Structure Dose Time Mechanism Model Refs.
Tea, broccoli  Kaempferol 0-10 pmol-L™" 18 h 1 JNK, HO-1, Organof Corti [36]
GCLC 1 (HEI-OC1)
cells
Wild grape Procyanidins oH 25 ug-mL™" lh 1T p38 MAPK, HepG2cells [37]
@ PI3K/Akt
Ho. 0
OH
OH
Non-flavo- Red grape Resveratrol OH 10 umol-L™" 24 h 1 Modification A549 cells [38]
noid-type O of Nrf2 and
polyphenols e O ~ Keapl
oH 15 pmol L™ 0-6h tERKand  PCI2cells [39]
PI3K
Rosemary, Carnosic acid 1-20 umol-'L™"  0-1h 1 p38 MAPK [40]
common sage
10 pmol-L™' lh 1 S-alkylation [41]
of Keapl
Blueberries,  Pterostilbene 5mg-kg' BW 6 weeks 1 Nrf2, HO-1 Male BALB/c [42]
grapes HyC0 O N O mice
OCH,
Cinnamomum Cinnamalde- ©/\/ coHo 50— 0-12h 1 Nrf2, HO-1 Endothelial [43]
cassia Presl hyde 100 pmol-L™ cells
American Oleanolic acid 10-50 umol-L™" 0-2h 1 Aktand Primary rat [44]
pokeweed, ERK vascular
garlic smooth mus-
cle cells
Inula heleni-  Alantolactone 0-10 umol-L™'  NM 1 PI3K and Hepalclc7 [45]
um INK mouse hepato-
ma cells
Scrophular- Acteoside 30 umol-L™" 0-12h, 7 ERK and PC12 cells [46]
iaceae 6h PI3K/Akt
Tripterygium  Celastrol COOH 0-1 pg-mL™ 0.5h 1 ERK and HaCaT cells  [47]
wilfordii PN p38 MAPK
Euphorbia Piceatannol oH 30 umol-L™ 0-12h 1 Aktand MCF10A cells [48]
lagascae O modification
~ oH of Keapl

OH
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Classification Origin Compound Structure Dose Time Mechanism Model Refs.
Coffee Kahweol 0-10 umol- L™ 02h 1 Aktand p38 SH-SY5Y [49]
MAPK cells
Rhizoma Berberine 1-10 umol-L™"  0-2h 1 PI3K/AKkt, Rat brain [50]
coptidis phosphoryla-  astrocyte cell
tion of Nrf2 line (RBA-1)
Olive Hydroxytyro- OH 50 umol-L™" 0-1h 1 PI3K/Akt, Vascular en-  [51]
sol QN MEK1/2- dothelial cells
He ERK1/2
OH
0-200 umol-L™" 2-24h 1 JNK Human retinal [52]
pigment
Sesame seeds Sesamin and 0, 0-10 pmol-L™"  0-2h 1T p38 MAPK  Rat pheochro- [53]
episesamin ° --~““©[o> mocytoma
wH PC12 cells
.
o g
I
O
Spinach, Chlorophyllin COONa 50 pmol-L™" 0-2h 7 PI3K/Akt Human [54]
green leafy umbilical vein
vegetables NaoOC endothelial
cells
NaoOC
=
Soybean Catechol 10 pmol-L™ 3h 1 Modification RAW264.7 [55]
estrogens of Keapl cells
Isothiocy- Cruciferous Sulforaphane o s 0-200 umol-L™" 2h 1 Cysteine Human [56]
anates and vegetables S thioacetylation Keap-1-trans-
other phyto- of Keapl fected
chemicals HEK293 cells
20 pmol-L™ 24 h T p38 MAPK  HepG2cells [57]
isoforms
20 pmol-L™ l1h t ERK and Caco-2 cells  [58]
PI3K
0-2.5umol-.L™" 5d 1 CpGs,de- TRAMPC1  [59]
methylation of cells
Nrf2 promoter,
Nrf2, NQOI;
| DNMT1/3a,
HDAC1/4/5/7
Cruciferous PEITC N%% 5 umol-L™ 12h 1T ERK and PC-3 cells [60]
vegetables O/v S INK
Cruciferous 13C OH 6.25 umol-L™"  24h T INK HepG2-C8 [61]
vegetables ©j§ cells
| N\
N
H
Cruciferous DIM 0-5 pmol-L™ NM 1 CpGs, de- TRAMP-C1 [62]
vegetables - methylation of cells, TRAMP
Hj// \EH Nrf2 promoter, prostate
Nrf2, NQO1, tumors

INK
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Classification  Origin Compound Structure Dose Time Mechanism Model Refs.
Garlic, onion  Diallyl trisul- > Ssg Sy, 100 umol-L™  1h 1 Calcium-de- HepG2 cells  [63]
fide pendent sig-
naling, ERK,
p38 MAPK
Gardenia Genipin 0O 0-100 pmol-L™" 24 h 1 PI3K- RAW264.7 [64]
jasminoides H INK1/2 macrophages
X
)
H
HO™ GH
Commiphora  Guggulster- 25 pmol-L™ 0-2h, 1 PI3K/Akt Human mam- [65]
mukul one 6h mary epithelial
cells
Inhibition of Nrf2-ARE pathway
Flavonoid Celery, green Luteolin 20 pmol-L™ 24 h, 1 Nrf2 mRNA  A549, [66,67]
pepper (Lut)® 48 h degradation HCT116-0X,
SW6200X,
MDA-MB
231 cells
Parsley, Apigenin 20 pmol-L™ 14d | p-Akt Tumor of [68]
celery, (Api)® mice
celeriac
Passiflora Chrysin 10-20 umol-L™" 24 h p-Akt, BEL-7402/ [69]
incarnata (Chry)* p-ERK1/2, ADM cells
Nrf2 protein
levels
4-methoxy- o 5 ug'mL™ 3-24h | p-Akt A549 cells [70]
chalcone® _ (Thr308)
SRA W
Tangerine 3'.4'5'5,7- OCH, 10-25 umol-L™" 24 h | p-ERK A549 cells [71]
peel pentame- HaCO
thoxyflavone* O o oCH,
HyCO | O
O OCH,
Tea (EGCG)* 100 pmol-L™',  24h | Nrf2 protein  A549 cells [72]
OH -1
on 200 pmol-L level; T apop-
tosis
HO 0
0 a
OH oH
o
gos
OoH
Brucea Brusatol (Bru) OH ? 10-300 nmol- 2h | Nrf2 mRNA  A549, He- [73]
L translation palclc7 cells
Salvia Cryptotanshi- o 5-10 umol-L™" 24 h NM H1299 cells [74]
none
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Classification Origin Compound Structure Dose Time Mechanism Model Refs.
Metformin 0O 1-5mmol-L”"  24h | pRaf, HepG2, HeLa, [75,76]
(Met) H p-ERK1/2; A549, MCF-7
o 1 microRNA- cells
© 34a; | Nrf2
no— ™ om
Mycotoxin HO. O 5 umol-L™ 1d,3d | Nuclearim- Human prima- [77,78]
ochratoxin A O\I 2 oH 9 port of Nrf2;  ry proximal
N o | DNAbind-  tubule cells
ing;
a 1 microRNA-
32;
1 Nrf2
Leguminosae  Trigonelline | 0.0001— 3h | Nuclear Pancl, [79,80]
extract of (Trig) BN 1 mmol-L™ import of Nrf2 Colo357,
fenugreek ()\’(8 MiaPaca2
cells

o

CpG: 5'-C-phosphate-G-3'; DIM: 3,3'-diindolylmethane; DNMT: DNA methyltransferase; EGCG: epigallocatechin-3-gallate; ERK: extracellular signal-reg-
ulated kinase; GCLC: glutamate-cysteine ligase catalytic subunit; HDAC: histone deacetylase; HO-1: heme oxygenase 1; I3C: indole-3-carbinol; JNK: c-Jun
N-terminal kinase; MEK: mitogen-activated protein kinase kinase; PEITC: phenethyl isothiocyanate; BW: body weight; NM: not mentioned in the refer-

ence.

*indicates that the compound has a dual role in the regulation of the Nrf2-ARE pathway, including activation and inhibition.

1.3.2. Keap fif B BEE %

Bk T Keapl, K& [ H i K 2% 8 9% 1IF 52 /ENrf2/
Keapl R4 AT RS A H S RIER . Wk 1pR, X
U IR 3R = B0 R MBS B 1 I Bl N A N e 5%
AT H s

RN, M ER[19]. SEHRIR KT/ 2K 458 7 i
FREE (PEITC) [58,60]. FRIEMEREE(S1]. HZEEE[39].
REBHFZR[20]. RIAEFRB2[21]. BEE([23]. FECR
fR[44]. REBETILFHER-3-BETREE (EGCG) [34].
FKILER[IS]. mEZEER[27]. RSH[32]. ZMAE
H[461R1E A HRLLZ[47 135 7] DU HE 40 B /M5 5 R 538
i (ERKD MBEERAG. M &R [19]. JRAEHF R[37]. 3K
ARBRGE(S7] JRAET R B2[21]. BHE[22]. WNEhAR[32].
WEFIR[40]. THAMLRK[47]. ZIREK/AFNER[53].
EGCG[33 Ak & B [49 v #i%p38 MAPK. #E4RiHE,
TORFNEE[45]. FREEEREE[52]. PEITC[60]. L7z
[36]+ HLJEF-[64 RIS W FEEE/3,3"- 5|k FRE[61,62]0]
7S c-JunZ LRI BEF (INK) HIETE. LR R ([37].
AR BE[58]. FRILMEE[S1]. AZESEE[39]. MR
[54]. BEF[64]. REFEK[28]. HWEK[29]. KA
BR[65]. AR NER[45]. MHYIMEME BMREK[30]. HiE
Z[50]. EMIETFF[46]. EGCG[34]1MMF JLZTH[35] 7] #l
BEPI3K V14

V2B ORI, TPk 4 5 w] e i 18 42 Ho At
Az E A, FEEENef2/Keapl 245 4,
Jun " REH2 (JDP2) HA A2 5RARM bt 175 3 Nrf2 3
E DI R I, S5 5RR W], TDP2 R R 3k SRR e/

FINIf2-ARERVEAL (8170 55— WIWT FUARIERR, SRR
Jot I NF -« BYE 8 s AP N 245 ‘5 d %, —J7 1
NF-«kBH#2E H 2418 A L A3 (HDAC3) 35118 5=
K C B, 55— T TINF-kBE Nrf236 4+ 454 CBP, 4K
PUNC2 (1) Sz 2B0E T I Nrf245 538 5 [82].

— R Y Y R SRR R R . 2. G
BIRZRMEZE R, HOA A BRI AL SE 7 [83] .
SRR 3,3 -k E . 2R Z-FE AN ERE T
HIt| DNA L2 1 (DNMT) FMIHDACHIZ L, M
FEINf2 3 3 19 F AL I PR S0E TRAMP/S (R 51
B TRAMP C 140 (NTf2{5 58 1% [59,62,84,85]. 1t
Gb, FEEER. SEMEBREEAP S EIAW /R T/ BRI
i IB6 P+ N2 3K 5 3 7 X 3k, 5] 34k 5'-C- %
fR#-G-3" (CPG) I £ WAL, X 5Nrf2{5 5 i
FRBOE . Nrf28E B R ()R IE . TPAIE S 05 B30 DL K
DNMTsFIHDACs# [ ZR K [0 il /E FHAH C [86-88], iX
SERIF ST SR, AR AL S T AT LA e R i A% R R
TINf2HERIE: SR, AEREE FINefR28 55 5], EA
TE i i S FLA S VR0 b B D) SOR B e it — D 5
It B

HilW 2, JINRIIBHTEERY, MRS,
Bl A G V) AT AE INTf2/Keap 1 52 4t ()40 1 77, FFAE
i AR ST R T 2 1 R AR (K1) [66-80]. A
1, W KPS MR, KREBEEER, X
. AR 4-HEEEEEH. A HEEHHAEGCG
FENTf2-AREAE h KB AR PEH . fEIEFE 40,
BATTE ANTE2- ARE 4% (0BG 771, 0T 7007 12 1 926 97 o



MR, & 0 9N f2-ARE¥S B sl 71, T
SRR T 2 . %5 RO S TR T 3
A Ne£2/Keapl REEHIRGEAEI, JUA 207 5]
A T A K e [89].

2. BT EEAE Nrf2/Keapl 245, EMLEYR
SWREBEKMEE. RRMZEREENFN

TR R AR, K& WA )AL S T R
AN TR =Y, R, 2=, Py, BE. R,
A SR AR = S T B R SR A [90]. 22248
g5 TR E RO KB KR SR g0 B R
S[91-135],

R2 MO K B A ACTERE A BT T TR T P S

2.1 KRR

JUAS RPN FCIRE T AE . & A
KK,

TEXP R, R 22 A AN SR R IR
ZE P R BRI, TR R T UOAR o e T AR
AT LTI RE, TR 2 Jik 585 R A A4 005 A8 A0 5 0o 1 A e
[91-93]. HANE F 22 W 0 260 K FH S IR T RL A A 1)
AEKYEREA s, (X S R Nrf2 & YE AT AREAH
RPN DR B B g 1) TR I AT Y 3 52 [ 94,95

WEICR I, R4 o1 m 2 4 A XS A
XS AE KRR PRARIE, FE TR RS 0K B A

JRAETE L),

B AR 1 PRI X Ja e 3 SE Bk U SE T

R, FEHEE T IR RN [96]. ZEVCR AN T L

Function Phytochemical Concentration Animal/meat Effect Refs.
classification tested
Growth performances
Resveratrol and resvera- 100 mg-(kg-df1 Pigs Lower fat deposition, improve myocardial ~ [91-93]
trol-rich grape extract function or glucose metabolism, prevent
development of atherosclerotic lesions and
coronary heart disease
Polyphenol-rich grape seed Pigs No change in Nrf2/Keap1 pathway [94,95]
and grape marc meal
Grape seed proanthocyanidin Broilers Improve weight gain and lower mortality of [96]
extract broilers infected with Eimeria tenella
Thymol, tannic acid, or 200 mg, 5 g~kg’l diet Broilers Improve the feed utilization and final BW  [97]
gallic acid
Grape pomace 60 g-kg ' diet Broilers Improve feed efficiency [98]
Green tea polyphenols Broilers Improve the feed conversion ratio and im-  [99]
pair feed efficiency without corticosterone
treatment
Resveratrol 1% of diet Broilers Impair body weight gain and feed conver-  [100]
sion ratio
Quercetin 0.2-0.6 g-kg ™" diet Hens Increase laying rate, decrease feed-to-egg ~ [101]
ratio
Tea polyphenols 5-15 mg~kg’l diet Laying hens Prevent the adverse effect of vanadium on  [102]
egg quality
Pomegranate-extract poly- 5-10g-d"’ Dairy cows Decreased the digestibility of protein and ~ [103]
phenols fat
Polyphenol-rich grape seed Dairy cows Improve milk performance [104]
and grape marc meal extract
Green tea and curcuma Dairy cows Cause a reduction of fat content in the liver [105]
extract and an increase in milk performance
Meat quality
Antioxidant Quercetin, a flavonoid; 10 mg*(kg~d)7', Pigs Reduce plasma lipid peroxidation and [94,106,107]
ampelopsin, isoflavones, a 1 g'kg ' diet lower MDA level
polyphenols mix
Tea polyphenols, grape seed 1000 mg~kg’] diet Broilers and Reduction of MDA and TBARS concentra- [96,98,102]
proanthocyanidin extract laying hens tions, induction of GPx activity
Extracts of rosemary, grape ~ 50-200 ppm Pork patties Reduce lipid oxidation, reduce values of [108]

skin, green tea, and coffee

TBARS and hexanal
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Function Phytochemical Concentration Animal/meat Effect Refs.
classification tested
Extracts of white peony, 0.5%-2.0% Raw and cooked Reduce lipid oxidation [109]
red peony, moutan peony, goat meat patties
sappan wood, rehmannia,
and angelica
Extracts of olive leaf, date Raw beef patties, Reduce TBARS value, lipid oxidation, and [110-112]
pits, and rosemary leaf ground beef, and oxymyoglobin oxidation
buffalo meat
patties
Adzuki bean extract and Pork and beef Reduce lipid oxidation and TBARS values [113,114]
grape seed extract sausages
Garlic juice 1% and 3% Emulsified sau-  Decrease peroxide value, TBARS, and [115]
sage residual nitrite
Sage essential oil 3% Raw pork Decrease the TBARS value [116]
Oregano essential oil 3% Pork and beef Lower levels of oxidation [116]
Anti-inflammatory ~ Grape seed and grape marc Growing pigs Downregulation of various pro-inflamma-  [95]
meal extract or hop extract tory genes
Cocoa powder 25g,10g,20¢g Pigs Decrease gene expression of TNF-o and [117]
Toll-like receptors
Tea polyphenols 0.03-0.09 g'kg' BW Broilers Downregulation of the genes of IL-13, IL-  [118]
4, IL-10, TNF-a, and IFN-y
Pomegranate-extract 5-10 g-d™ Pigs Increase the secretion of IFN-y and 1L-4, [119]
polyphenols improve total IgG response
Grape seed and grape marc Dairy cows Downregulation of the marker of endo- [104]
meal extract plasmic reticulum stress, FGF-21, and fat
accumulation in the liver
Sensory White peony extract 0.5%-2.0% Raw and cooked Increase the redness value (a* value) [109]
meat patties
Rosemary extract 300-500 ppm Raw frozen Maintain the red color [120]
sausage
Green tea extract 300 mg-kg ™' meat Raw patties Decrease a* value [121]
Cooked patties ~ Delay rancid flavor development [122]
Grape seed extract 0.01%-0.02% Beef patties Reduce visual green discoloration [123]
Myrtle extract 10% Beef patties Prevent color changes [124]
Eleutherine americana 2.7— Cooked pork Increase a* value [125]
extract 10.8 mg-(100 g)'
Adzuki bean extract 0.2% Cured and Increase a* value but decrease lightness (L* [126]
uncured cooked  value) and yellowness (b* value)
pork sausages
Green tea extract 500-6000 ppm Raw and cooked Increase a* value [127]
goat meat
Grape seed extract Decrease a* value [128]
Pepper extract Cooked pork Maintain a* value [128]
Curry leaf extract 5mL-(500 g) ' meat Raw ground pork Decrease L* value and a* value while [129]
increasing b* value
Rosemary leaf extract 130 ppm Raw and cooked Stabilized color [130]
ground buffalo
meat patties
Plum products Variety of meat ~ Minor effect on flavor but caused color [131,132]
and poultry prod- change
ucts
Grape seed extract Meat products Significant change in color [133]
Intestinal
microbiota
Cocoa powder Pigs Increase the abundance of Lactobacillus, [117,134]

Bifidobacterium spp., Bacteroides-Prevotel-
la, and Faecalibacterium prausnitzii
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Function Phytochemical Concentration Animal/meat Effect Refs.
classification tested
Grape pomace concentrate Broilers Increase the abundance of Enterococcus [98]
and decrease that of Clostridium
Quercetin Laying hens Decrease the total aerobes and coliforms [101]
and increase the abundance of Bifidobacte-
rium
Tea polyphenols Pigs Increase the amount of lactobacilli and [102]
decrease that of the total bacteria, Bacteroi-
daceae, and Clostridium perfringens
Calves Decrease Bifidobacterium spp., Lactobacil- [135]

lus spp., and Clostridium perfringens

FGEF: fibroblast growth factor; GPx: glutathione peroxidase; IFN: interferon; IgG: immunoglobulin G; IL: interleukin; MDA: malondialdehyde; TBARS:
thiobarbituric acid reactive substance; TNF: tumor necrosis factor; BW: body weight.
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