547 % 514 4 i Tl B Vol. 47 No. 14
2026 4 7 H Science and Technology of Food Industry Jul. 2026

W A, XUAERE, B, 45 20 i 5 A B r B 75 BR Ak K Ak 2 o 19 52 (0], B Dol BREE, 2026, 47(14): 179-188. doi:
10.13386/j.issn11002-0306.2025060268
YANG Yuehang, LIU Tinghui, XIA Chen, et al. Effect of Monascus Fermentation on the Phytochemical Components of Black
Highland Barley Bran[J]. Science and Technology of Food Industry, 2026, 47(14): 179-188. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2025060268

TR -

21 B R BT FR T Rk B = o B e

BmAW, XEE,E B, BRI, BREN, kXS, 57, PEH
(L AR A F R T oo THRPT (W] B R A F AW S &R
BEFCHT ), vl R AR 610066
2B F A B 8 N RA BB, vl B 8 38N 626000;
3RAKFRIE A4 TAR ST, W AR 610106
4.5 58, B 6 B AREAF IR S T E 52 S A 2B P, B AL 850000)

W EARGARIAAAE, KHRA R B LARK LT B S LB, Az A 7455 (Ant-
oxidant Potency Composite, APC) 4%, J+iZ AT E Bl AR E B-A A0 &% - %3 A R (Headspace Solid-Phase
Microextraction-Gas Chromatography-Mass Spectrometry, HS-SPME-GC-MS) # i& 48 & 3% % % /i #% (Liquid Chro-
matography-Tandem Mass Spectrometry, LC-MS/MS) H R 3t A K BEF 50 5 12 K BEBT ] R 494 e 4T 2 2L E,
FANSMAER MRk AR R fe R B F IR E T, SXEAY, ERAMIEY, EEMEEEMEEY
ER;ABHENAEY, A BREARTR, HELR, AKEFFALABF N AFASWARALAER S ERS, FHAK
B ARG T M, BLoh, FTARBRAY AT MR R RILRBR S LA A B M S T, BT APC iF464 < 4
W F R R EHRARAE A 5d (APC=98.45%) , AEEATGE L L= & 215 APE R B R o, H P RegJ as
k. X, BA, BB AL SELE LA, G RBAF oL T LT 2014 # £ F KM
(VIP=1. FC=2 3% FC<0.5 A& P<0.05) , ABESda 5K ABEMAaL, 1671 #RMHHEF (P<0.05) LA,
Ad SMANLFENSEENRALE . KEGG B35 G EAANK SRR, RKEBETAH A E B FH AR M %
MM, XA LEARR IR TS AR T R,
KR AR, B, R F, B AL, FHRS
HESHES:TS214.9 SARFRIRAD: A MEHS:1002-0306(2026)14-0179-10
DOI: 10.13386/j.issn1002-0306.2025060268

Effect of Monascus Fermentation on the Phytochemical
Components of Black Highland Barley Bran

YANG Yuehang', LIU Tinghuiz, XIA Chen', XIANG Zhuoya1 , CHEN Xiulin®,
ZHANG Wenhui’, WAN Yan*", DENG Junlin""

(1.Institute of Agro-Products Processing, Sichuan Academy of Agricultural Sciences (Institute of Food Nutrition
and Health, Sichuan Academy of Agricultural Sciences), Chengdu 610066, China;
2.Ganzi Tibetan Autonomous Prefecture Institute of Agricultural Sciences, Garzé Zang Autonomous
Prefecture 626000, China;
3.School of Food and Biological Engineering, Chengdu University, Chengdu 610106, China;
4 Institute of Agro-Products Development and Food Sciences, Xizang Academy of Agriculture and Animal Husbandry
Sciences, Lhasa 850000, China)

i EEE: 2025-06-23
HETH: wil g RLAFE-HIRA% QB NAERE (2025) ;09 B 4L F AR SR PRABALE FIE4LR B (2025ZSSFTP28 )
EEB: WA (1998-) %, 4, FF A7 61: D iR 7 IF &, E-mail: 383728574@qq.com.
*EBEEE: 7% (1983-) %, W, #d%, HF 07 @ 4% & Jo AR 3g A R = S AFA, E-mail: yanwan@cdu.edu.cn.,
A5k (1988—) , %, B, BhERAF 5T 0, A5 @): T A6 RS 50 I 4, E-mail: junlinr@scsaas.cn.,


https://doi.org/10.13386/j.issn1002-0306.2025060268
https://doi.org/10.13386/j.issn1002-0306.2025060268
https://doi.org/10.13386/j.issn1002-0306.2025060268
mailto:383728574@qq.com
mailto:yanwan@cdu.edu.cn
mailto:junlinr@scsaas.cn

- 180 -

B Tl B

Abstract: This study applied solid-state fermentation with Monascus to black highland barley bran to enhance its utiliza-
tion. The fermentation process was optimized by monitoring the antioxidant potency composite (APC) index. Comparative
analysis of unfermented samples and those from the optimal fermentation time point was conducted using headspace solid-
phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS) and liquid chromatography-tandem
mass spectrometry (LC-MS/MS) to systematically profile volatile flavor compounds and untargeted metabolomes. The
results demonstrated that the contents of total polyphenols and total flavonoids exhibited an initial increase followed by a
decrease during fermentation. In contrast, compounds including 4-hydroxybenzoic acid, p-coumaric acid, luteolin, and its
glycoside derivatives peaked in the unfermented samples and declined continuously thereafter. Levels of cis- and trans-fer-
ulic acid, as well as protocatechuic acid, also showed an initial increase followed by a decrease. Based on the APC assess-
ment, the optimum fermentation duration for black barley bran using Monascus was established at 5 days, achieving an
APC of 98.45%. A total of 215 volatile compounds were identified. Fermentation led to significant increases in the relative
contents of esters, ketones, alcohols, aldehydes, and phenols. A total of 2914 differential metabolites were identified in the
untargeted metabolomics analysis (VIP=1, FC=2 or FC<0.5, and P<0.05). Compared to the unfermented group, 1671
metabolites were significantly upregulated (P<0.05) in the 5-day fermentation group, with the most notable change
observed in the content of 8-deoxyanthocyanin. KEGG pathway enrichment and correlation analyses indicated that fermen-
tation effectively enhanced the flavor profile of black highland barley bran, providing a theoretical foundation for its

development into functional foods.
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AEBRIIREOH, FEDIREVE R ST A a2 . I
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BUARGRARN . 22 R [ S AR TR p SR A= ),
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M. ASHHFE R FH 1S & BEAL B, FER G H 2
FEARIT LT B X BT BRI R 1) B A R A A] A A 42
BUIHATIRATIGE, $8 =21 i s 2 o F oo XU ) Jo
MEEAC SRR BRI R IR S S22 A R
POLE NGB EI DA TR, BTEIRRIES
RER B i i (AR SR, $E TS RS IR 2R 5 R
SR, SR AT RRER T K B BRISHLA, IR R A,
AREEAE
1 #REEE
1.1 MREEE

TETREEHE  WUEEOCEMARAT; 4T
8% (Monascus purpureus, BNCC336199) {A%44
MV A W AP AR AR 5E 0 (BeNa Culture
Collection, BNCC); 54 4b4H . M, Jo/K LM, fEbk
Wy . BRTREN . 4f S bR . TAEmREN . S bEN . S
FRER . =IKEEIREN . 7Sk -Gk . BUEUK | BiER —
SN, BERR A N, YK . ERR Sy brall, iR T
BHEMA A RA W DB R es
Fe UMY BV A AR RS A 2T K4
Z E( Trolox) . 1,1-"2f & 2= Al 3L 28 Pk ( 1,1-
diphenyl-2-picrylhydrazyl, DPPH) | 2,2°-B& 5 -X-(3-
L FL TR T IR A K -6-filf iR ) B EL (2,2°-azinobis-( 3-
ethylbenzthiazoline-6-sulphonate), ABTS) (L) _[ A5)
Hrat) XFFEREOR R | R LASHR . XT3 TR L I=CRAT
BRIR . I EUBZRIE . AR ER B ZE-7-O-H 2 IR . A
FFE-7-O-TH 2 IR . PR F) 3 | AR (DL 2R
PRUES, KT 98%) iR AR A RS E
g, 2. Eoks  Aagkal, #EE SRR
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1290 8 = O AR (351X . Poroshell 120 PFP {7,
1% 1 (4.6x100 mm, 2.7 pm) . 8890-7000D GC-MS/
MS. DB-5MS(30 mx0.25 mmx0.25 pm) (A4 . #<
B3k 120 pm DVB/CWR/PDMS  2E [ 224G R 47
£ BR 2\ H] 5 ACQUITY Premier HSS T3 4, i% 4%
(100 mmx>2.1 mm, 1.8 pm) JREFHRNEE (L) ;
Synergy-HTX ZIIGEEFIRY  SEEMABIASA R
#l; SPME Arrow [EAHf# A< HUE & | Fiber Condition-
ing Station & L3 | Agitato FESLITHGE CTC An-
alytics AG; Q Exactive HF-X %1% . Vanquish #4155
AR 154X Thermo Scientific; CentriVap &5 .»
e 451X LABCONCO; Biomek i5 [ 34k T 4wk
Beckman Coulter,

1.2 EWHE

1.2.1 JsURMAbEE K RREEREL R FT R 60 H i,
1SR RRER R, 25 H; #—80 C LRAFMILL T2 P Ak
0 IFEE R T PDA BRI 3L, 28 °C B 3% = M+ hk
B WA T I PG A FREL /K ) R, 28 BRI
BORIHEH)E ZE 10" CFU/mL, T 4 °C 45 /.
1.2.2 R SOE MRS PRE  [EAS R : KN
N RRER B R 11 (vim) BT KIR S o 454
10% (v/v) II£L i 272k (10" CFU/mL), 28 °C. [&]
BEEE. AWEELREE 1. 3.5, 7.9 d IRES:, B
T, —80 °C 1RA4F-

KR KRBT RE AR FE 1:1(v/m) N
T KIRET . IIA 10%(v/v) A BER KA 7 1
W, RS ST RV VR T, —80 C LR-AF-

FE P S PR ECS: RESCHR [15], HARERE A
BREX 4 g FE&, DA 40 mL 80% (v/v) FHEEE, T 40 °C.
200 W DR R T 3 YA HREL(AFYK 30 min),
A IR UK S 25 7000 r/min B5.0> 10 min, UK
WOFiE ST 0.22 pm A HLUE L I8, 23k 2y
24 100 mg/mL MJFEHOR, IRAFE T —20 C &, it/
SLUIRENE TS
1.2.3 REHESENE B2MHEmES oGk [11]
FHFEVEAEE: T 96 FLAR R IILA 20 nL 5 B 5
PEBOR AN 20 pL @ AR, VR 5T EE G N 5 min;
P 160 pL 5% Na,CO5 W, #E5G W 60 min
JGTF 765 nm MEWIGEE, DI E FIRbRHERRLZ (y=
0.0057x+0.0012, R*=0.9993, Z&:72Hl 1~100 pg/mL),
SER DI TR 24 (mg GAE/g THREEU)) FoR .
1.2.4 REEEHSENE BIEE S =S Ok [16]
FFFEVEIER: T 96 FLAR RN 20 nL FHRBEAETR .
15 uL 5% NaNO, &, W 6 min; ILA 15 pL 10%
AICl;-6H,0 ¥, X 5 min; A 100 ul 1 mol/L
NaOH # K, IR21ET 510 nm MEWSECREE . AR IE

T ArdEREZE (y=0.0006x+0.0016, R?>=0.9992, L& P95
[Fl 5~150 pg/mL)E &, 450 T 2445 (mg RE/g T
FERBY)) FOR .

1.2.5 HAREySEE SR E OB 3550 2
PO U RE SR U £ 0.22 um TFLA HLAR
PRy S A TIHERE ST . SR AAZEEE(RS Poroshell 120
PFP &%+ (4.6x100 mm, 2.7 pm), fit % DAD ¥
W28, 22 Wy AR I P < 4339 SR 254 280, 320 AN
350 nm. ARESE/F: AEIE 30 °C, Fii# 0.8 mL/min,
FEiE S uLo WahAH A & 0.1% R /KES R, i
A B R NG BEEEVENRFR T : 0~10 min(5%~10%
B), 10~20 min(10%~20% B), 20~35 min(20%~40%
B), 35~40 min(40%~70% B), 40~45 min(70%~95%
B), il bt T e

1.2.6 PG E X APC $850 153

1.2.6.1 DPPH HHIERGESME S HESCHK [18]
7 ¥ IR R AR 250 1 100 pl A6 5 R UK -5 254
F 80% DPPH W AR A, &= IR#EYE/Z )W 30 min
JE T 517 nm M EWOSGRE . LA Trolox FRfER R (5
W 54 ng/mL) BN FRERZR (y=0.0684x+0.1406, R*=
0.9961, M 1~12.5 pg/mL), 2Af37°A mg Trolox/g.
1.2.6.2 ABTS'H HASHBRAEIME S RESCHR [19]
M7 IR K 40 pL AR R B S 160 ulL
ABTS T AEW (AA=0.7, 80% FF B H] ) 1R -G, #EE
JZ VW 6 min J§F 734 nm B SEREE . LA Trolox #i
UE S (BEUE 54 pg/mL) 3 7 bR o il £k (y=0.0454x+
0.076, R>=0.9961, £& P75 [FBl 1~20 pg/mL), BAA7 K
mg Trolox/g.

1.2.6.3 FRAP JFRRET S HASCHE [15] 97kt
FEVEME R B 30 pL FESHHEEG 5 265 pL FRAP T
YEWR T 96 FLARIEAT, 37 °C S 30 min J5 T 593nm
ME G . [FIRELL Trolox ARyES: (B 48 pg/mL)
ST AR UE 2R (y=0.0118x+0.0213, R?>=0.9997, £& ¥4
JEF 0.5~30 pg/mL), B~ mg Trolox/g.

1.2.6.4 APC5%E  SH PRI TELR &
( Antioxidant Potency Composite, APC) 8 ¥ 712 i
A7 R Y BT BB A A TE P e s, e IR T
B APC FEE?Y,

= (D

APCT'ET%I(%F( A,BLC )/3

An Bow  Con

o, Ay DPPH I X218 ; A, & DPPH K
{&; B "~ ABTS M xE1H; B, & ABTS fix K{EH; C M
FRAP W E1H; C,, N FRAP S AH; 3 A8 7
(DPPH. ABTS. FRAP) 1% .
1.2.7 KT BRER Rz 45 R L3I e
1.2.7.1 FESETALEE  Z25 30k [22] FEREEIE: 2
VR HERE S A I, MERRFREL 500 mg, BT 10
ZEHE T, IMAMLAN NaCl #5220 pL(10 pg/mL)3-
CEIFE R PRI . T 60 °C TR 5 min Ji5, K
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DVB/CWR/PDMS (120 um) ZEHSLAE 60 °C THas

Bff 15 min, B/ T GC-MS #FEE 250 °C f#% 5 min,

BEFT GC-MS 43717,
1.2.7.2 GC £&fF =20k [23] I-ffEEE: RAH
DB-5MS {34} (30 m=0.25 mmx0.25 pm), =544,
KR, W 1.2 mL/mine, #FFE TR 250 °C, R
WIERE, #FIZEIR 3.5 min, FRFTHE: WILH 40 °C (1%
¥ 3.5 min), A 10 °C/min F} % 100 °C, 7 °C/min F}
% 180 °C, 25 °C/min JFZE 280 °C ({F4F 5 min) .
1.2.7.3 MS &M S5 30k [23] IR MG SR
EI 573, 8T IEIEREE 230 °C, PURAT 150 °C, $#11
280 °C, HH-FHER 70 eV, SIM Bz H, K¥% GB
23200.8-2016 X} BRI 72 M 5 &40
1.2.8  RFEEHRRER B AU ZH 2% (0035 T R A 4547
22 CHk [24] FERSVEEEL: R Waters ACQUITY
Premier HSS T3 {©,i%43 (100 mmx=2.1 mm, 1.8 uym),
PL 0.1% H 1R 7K %5 W - 2 A T 80 FH R4 780 )32 R 5t
(5%—99% B, 10 min), i 0.4 mL/min, F:75 40 °C,
eG4 pL. FTZE B FUR(ESD: 1E 5 S TR Y]
e, B FALHL R 3500 V(+)/2500 V(—); #5%< 30 L/
min; filf B 5 L/min; B &5 320 C; F ik E
300 °C; — &5k a3 H75 Fl m/z 75~1000, 43 HE %
35000,
1.3 B

£ HS-SPME-GC-MS 431+, %4320 6 A7
FEASBOESE, SR B/ IME .55 22— R A TSR A
HUER, IFEET GC-MS - E 485G H i8R 122 5¢ i
e ErE S EE . 78 LC-MS/MS 231, X4
20 6 AEATRE, B Sl XCMS BEFTISHR . % 5%
SRZIE, Ifack kiR I AR i i A IFR b AS U, gk TR
JH R A (SVROROIEIE A, £iE S 20
L, eI T 2B RS G X e A i
o SHVPAN LA 22 5, B SedE AT 3 o i
(PCA), iF—2R HIE 2 s 315155387 (OPLS-
DA) BRI ISR . 25 AR i i e br v
FEAS R E B (VIP=1, FC=2 88 FC<<0.5 L
Je P<0.05) o *F s 2: SR, FIH KEGG 4544
P ZE T FR A Qa3 i A AT, AT G i 25 DG G
B Y SRR o BOPE AL BRSO 43 A i F Excel
2010 SE A%, EITE 23 i 3 T8 40 = 7 & (https:/
cloud.metware.cn/) Fl Origin 2019; & JH SPSS27.0
AT Pearson AHIE R FO i ZZ M, 25 58 <
{HEREZE" TN

2 FEREDR
2.1 IHMBAEMNEBEERARLSH, DRISEN
Al

SRR e 22T A R, 16 R LR
LW Pt BB PR 1T TR, S
RS, 126 R 5 ST SR ) 2 B 7

AR AL 2R AFPO SCT RS RS R A
P 15 S R ) AR A R — 3

N 1 PR, RABE G REL K b a2 & &
Sf7 4.43+0.04 mg GAE/g, 2L IIELH MR ZEE 5d &
i N 6.83+0.12 mg GAE/g, 3% & T 76 R Bt
b, A AR A 2R D RR A S i I T,
LR AT RRER B b 2 W B i 1 AR A B AR
. — 71, e TR AL 4s & S B2 IR B,
AR Z2 W 3 B s 5 —J7 I, W42 M4k
BEAEFH N8 o0, M4 G W2 BRI T i
ML, 221 & Bk R R,

®1 RERBEEZH SRS B E
Table 1 Total poyphenol content and total flavonoid content
of black highland barley bran
KRN E] (d) TPC(mg GAE/g) TFC(mg RE/g)

0 4.43+0.04° 8.42+0.12°
1 4.98+0.11¢ 8.80+0.06"
3 5.59+0.05°¢ 9.08+0.05°
5 6.83+0.12° 8.01+0.06°
7 5.91x0.12° 7.22+0.07°
9 5.69+0.07° 6.66+0.14"

T TPCR LI 3 5 TRC R B 2 5 RIS R NG AR R 2 57
1 3 (P<0.05); 23],

IR 1 IR, AR HATT BRI v Bl 5 >
8.42+0.12 mg RE/g, £I il B5 A ¥ 4H 1) Jo 25 I 5 = 7
3 d IAFEEHE M 9.08+0.05 mg RE/g, KSRt K1
AT S, BT 5 e S R R, R TR I
el 5 EE I I T GRS ACUE T4 G A EE IR Y R, (H B
RV TRI RS, 25 S O TV A7 A 2 T8 P g AT S35
Wit AR T T R, PV /D T B 28 Jor %) A BB
AR, B G AR SR R s, e R I R b
5y 5% Z Wy A AL . IR | R ) A SR A
SRR REIR], DT 2 A R A nle e A 3 S IR
22 HBLAEMNESHRAN DA EE N

AR SIS IS T 9 P ARy X BE S 2T Hh 2
T SR RRER i & i A T i AR b I T e i . AR
e 2 g, Horp R LR . SRR . ARt
FR-7-O- R TR S A PR 2R -7-O- A ISR . AR
JRELZR | AR B3R A L1 5 ) R I R v A
B, HARRRIZR-7-O- A PRI IR S AR 2R -7-O-H
2o T R AE A 2 P AN 2 T AT 2 Bt T 5 e My v 1
HA AR . X T RRINAE 0 d A 1 d gk, Z )5
Bl 53 o T SR 2L 7 A T J AR ity v AT G M
O Fh W FRARYELT HBE T8 T A B AR P 18 HLAAR
ARATE AN o

TELT A A W AT B B il B b, I LS TR A
TR 22 -7-O- I FHEIE IR 19 B R AR SR B0 T R e
BT EIEAE, PR R RRR AT, ANER 2 PR, XA
TSI A BEEE 5 d & ESCh 421.3543.06 pg/g
F1 2750.87+8.94 pg/g, Wi 3 i T HAb & W 8] (P<
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# 2 R EEERTE B UPLC Bk E i (ug/g)
Table 2 Quantitative analysis of UPLC monomeric phenols at different fermentation times (ug/g)

FEfh R PRl 2k LRl (pg/mL) 0d 1d 3d 5d 7d 9d
JEILZEMR  0.9998 y=24.28x—66.845  7.8125~1000  146.82+1.08° 140.45£0.91¢  53.35+£3.95°  421.35+3.06* 200.35+£9.89" 174.44+5.10°

XRIEARTR 0.9997 y=56.819x—50.207  7.8125~250 21.25+0.48"  20.51£0.07°  13.1320.17°  16.57+0.13°  9.76+0.21° /

MEZR  0.9997 y=39.238x—61.989  7.8125~1000 33.10+0.27°  31.91x0.21° / / / /
FBTEER  0.9999 y=28.483x-98.858  7.8125~1000 74.12+0.32°  70.9240.50°  110.32+0.64° 154.49+0.13" 56.36£0.07° 51.73+0.18"
JBABTERR  0.9998 y=36.244x—21.973  7.8125~1000 / 9.65+0.22°  10.65£0.05°  15.46£0.51° 12.20£0.07° 12.80+0.11°
A 7-0- a a h : ’ :
w0997 ¥=9.1019x-323.88  7.8125~1000  1245.45+13.06' 1238.38+6.34" 1157.99+0.59" 1121.80+7.99° 507.51+2.32" 320.46+10.09
FAIfAI 2R -7-0- b . a o . 0
Wi 09995 yo15.551x-258.98  7.8125~1000  2656.56£22.89" 2586.09:+10.98° 2351.43£12.88' 2750.8748.94' 839.8142.23° 216.13£0.34
REBEEZR 09999 y=22.887x-27.029  7.8125~1000 95.12+7.24*  91.98+2.78"  91.02+3.88"  83.44+2.58" 76.33+2.44° 60.14+2.53
FIFIZE 09997 y=23.105x+36.083  7.8125~1000  424.20£11.93* 412.79+7.56"  254.38+5.19° 149.61+3.21¢ 101.5442.72° 90.03+3.78"

TE: P FORARK I TRV NG TR 22 57 1 25 (P<0.05) .

0.05) o SR, X5 LA FH R TN X 75 L R A AR K eI
&R 3 (P<0.05) & T ARB & . SILFERT,
AR RELEL -7-O-FRI A PRI TR . AR RS 3 R AR R 22 119
T EAER R ERA B BE, BHAR R B R T E W
. Deng 55 Fl Xiang 5502 7E 5 BREK K2 bt 6
0 ) = AR JRR R 3R -7 -O -8 28 B A 1R R AT R R
2 -7-O- A B RR , X WAL & BB A R 4094k
WM. RBEZR-7-O- M AR A b, iR
LETR, PRI 2R -7-O- R A B IR 22 B0 HY R 491
£ 71 20 R = AN |« ot 4 N Wi =3 o U= W T 2/ S e v
BRI B B ALY S B0 e T S BRI A, Sl
TIPS AR P AEBO YR g IR —F, Y P e
Fhis Ja BRI AT, P RE R A& IR ] 14 B Z2 B
IR IR P RARAIRE T
23 AHMBLEMNESRREMEILEIR APC 4
RoH

RH ML EEALIR 2L % PSP AT T
WRFBr . ARPRVERNLEIZES:, X7y vk 25
RIE: —FEFET A H IR RRCR IR R, 656
ABTS", DPPH “E5ET7 1% 73— NE I T b IR fE
JIHPTAR IR R, 40 Fe i AR 10 a2 5508 . JLF 1k,
AWFERiE T ABTS F & R3¢ . DPPH [ HH2E0
B8 DL M A B AR IR BE 1 — A Fa bR, LR REN T
=t AR A WA ZR R R b AR kR B
FOSaL A

Kl A, K PiAL s AR (DPPH, ABTS I
FRAP) #2158 BT FREMES, X 5825
AT —2 ., Hr, DPPH 5 FRAP {H7ESS 5 d
K FENIWEAE, 435k 7.84+0.16 mg Trolox/g Fll 13.26=+
0.17 mg Trolox/g, i ABTS*/&BREE JI W AESE 7 d #H
X & ' = o 0.95+£0.00 mg Trolox/g. & i FEH
ST B R AR M A B B R T, B lkRE RS
SR EEFE, AR UEE TS S 2
HERILE T B b HA AR DGR (H A A IR
[P HES, 22 AL BR A IE TS 5, Z2 TS IoTk i
BRI AL, DUAEARRETIRRIRPY . X — R I —2b

# 3 ARRIEERTEPAARE ST (mg Trolox/g)
Table 3 Antioxidant capacity at different fermentation times
(mg Trolox/g)
eI (d) DPPH ABTS' FRAP

0 4.86+0.16° 0.83+0.01° 7.12+0.13°

1 4.94+0.20¢ 0.84+0.02° 9.95+0.20¢

3 5.16+0.19" 0.89+0.02° 10.85+0.17°
5 7.84+0.16° 0.90+0.01° 13.26+0.17*
7 5.47+0.19° 0.95+0.00° 10.56+0.08"
9 5.10+0.09" 0.91+0.01° 10.23+0.15%
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N, SRE MR EAL TR TR S P FR B 2 5 d
195y B, FRUAFERBE 5 d B BREL L DI RE NG M
B

K4 LR R R PR BN TR A IR TR B B AR 1
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Table 4 Comprehensive antioxidant activity index
of Monascus-fermented black highland barley bran
at different fermentation time

K WERTE (d) DPPH-APC  ABTS-APC FRAP-APC APCH&%((%)

0 61.94 88.05 53.74 67.91

1 63.07 88.45 75.04 75.52

3 65.78 93.99 81.85 80.54

5 100.00 95.34 100.00 98.45

7 69.78 100.00 79.67 83.15

9 65.08 95.51 77.15 79.25
24 AHEREBEERAEEL RS ST

2.4.1 BEPRERE R ERT S HE R TR AH AT 5 1

HF HS-SPME-GC-MS 3 AR X A5 BREKFZ 95 &
PR ST BEAT RN, & 1R RS I B A I, 4l
15 RIECNE 1 i), A Es2s 5 20.2%. ii2s 5
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Fig.1 Relative content of volatile components in black
highland barley bran as affected by fermentation
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Fig.2 OPLS-DA of volatile components in black highland
barley bran before and after fermentation
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Fig.3 Untargeted metabolomics analysis of black highland barley bran before versus after fermentation
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Fig.4 Enriched KEGG pathways of differential metabolites
in black highland barley bran before and after fermentation
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