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Abstract: [ Objective] To improve the polyphenol utilization and antioxidant activity of black highland barley. [ Methods] Black highland
barley was treated using ultrasonic treatment (UT), microwave treatment (MT), and ultraviolet irradiation treatment (UVT). The differences
in basic nutritional components, phenolic content, phenolic composition, and antioxidant activity were comparatively analyzed. [ Results]
Compared with the untreated group, the fat content of black highland barley significantly increased (P<<0.05) after all three treatments,
while the fiber content significantly decreased (P<Z0.05). The total phenolic and total flavonoid content were significantly increased (P<<
0.05) by all three treatments, reaching 1.03~1.19 times and 1.24~1.46 times those of the untreated group, respectively. Among them, UT
significantly enhanced polyphenol content in black highland barley, increasing total phenolics and total flavonoids by 18.72% and 46.22%,

respectively. UVT mainly increased hydroxycinnamic acids and flavonols, UT primarily increased flavonoids and flavanols, while MT
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mainly increased hydroxybenzoic acids. The antioxidant potency composite index (APC) of black highland barley treated by the three

methods ranked as follows: UT (99.94%)>UVT (93.35%)>MT (82.91%)>>CK (74.10%). There was a strong correlation between phenolic

compounds and antioxidant activity. [ Conclusion] UT resulted in the highest phenolic content and antioxidant activity in black highland

barley.
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Table 1 Effect of different treatments on the nutritional composition of black highland barley %
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MT 4b 2 61.49+0.51 1.70+0.02° 9.1940.16° 1.734£0.07° 10.1740.06 3.9240.10°
UT &b 3 61.93£0.63 1.67£0.02° 9.354+0.09° 1.88+0.11% 10.48+0.07 3.9940.00°
UVT &b B 61.4240.47 1.6440.02° 10.624-0.33% 2.0740.08° 10.034-0.21 4.16+0.15°
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of black highland barley
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Table 2 Effect of different treatments on the composition and content of phenols in black highland barley mg/100 g

" - CK MT b 3 UT &b UVT &b
Ui 15 7Y 4R U 125 Y ErRegt| i i 7Y giam Ui 125 7 SR

PN BT R 20.46+0.34% 179.2143.98" 2842--0.53° 111.46+3.70° 44.58+1.69* 179.89+5.78° 39.70+0.86" 232.20+2.79"
BB i om 5764039°  8554022"  6.0322.38  4.844-1.02° 7452096 1.1940.00° 4994027 8.63%0.79°
R 3.964+0.06" 26.62+0.85" 3.9940.56" 4.50+0.77° 3.60+0.05" 4.82+0.65° 4.69+0.36" 7.70+0.63"
A8 LR nd 1.72£0.09°  1.2740.33"  4.69+0.15"  0.76+0.02" 4.84+0.02" 044+0.03" 2.76+0.81"
/Nt 30.17£0.70% 216.116.06" 39.711.69° 125.503.62¢ 56.402.47" 190.7447.10° 49.8240.73" 281.29+3.52°
FRHR WETR 1.1340.08"  2.010.16a  0.5120.08° 2284055 0.6240.34° 1.8441.03" 1594028 2.9240.18"
T FLE R 2.4040.06" 552+0.09" 9.474+0.80°  7.084+025 4.754+0.56° 338+020° 11494048 4.7340.65°
AR 7.84+1.68"  2.14+0.15° 65.48+£3.79" 19.414+193" 41.62+0.77° 9.89+2.05™ 31.724+1.32° 12.13+0.20"
R 12514£041° 4654045 23374097°  3.7320.30° 21.38+£091° 3.9540.00° 26.90£0.71* 7.95+0.66"
TEHm®R 1.6840.12¢ 1954048  4.94+026° 2.5240.10° 2.964041° 1.194036° 629+0.11° 2.99+0.51°
MR FEE R 2.8710.14° 1294055  6.54+-1.84"  1.07+£0.06° 6.45+0.17° 0.21+0.08° 1.30+0.47° 0.44+0.02°
KR 0.69+0.08  0.74F0.19° 4.064-0.76" 6.68+0.45" 3.194099" 13240.12° 3.41+0.07° 12.4540.84"
R 0.49+021°  021£0.08" 1.7840.18"  229+0.47° 0.60+0.19" 1.320.08 1.38+0.40° 5.2740.57
/N 20.6142.17° 18.51220.96" 116.15£7.00" 45.0645.36" 81.581.05" 23.104-8.65" 84.084-1.26" 48.89+0.45"
B KRR 570220.00°  0.0420.00° 10.410.85  3.254-027° 16.17=1.07" 3.13091° 13.234-1.23" 2.760.34°
IR 4.124+0.06°  0.100.01°  4.44+028  0.451+0.09" 9.98+034" 0.494+0.09" 5.68+028" 0.27+0.08"
/N 9.8240.06"  0.14£0.01° 14.854+0.78°  3.74+0.55" 26.15+127" 3.620.97" 1891+147" 3.0440.38"
W Bt R 0.1240.01°  0.21£0.04° 1.0540.08  0.38+0.09" nd 1.1240.11° nd 0.3940.05°
Wit e % 0.2540.05"°  0.69+0.05° 1.6340.55"  1.3440.03" 1.654+027" 2794024 0.7540.09" 0.61+0.05°
125 036+0.05"  0.870.04° 09740.09°  1.6840.02° 02740.00° 2.70=0.51° 0.5740.08 4.7940.51°

T 0.51+0.03"  0.570.02*  0.3940.05 nd nd nd 0.40+0.05" nd
EXUES 029+0.01  0.58£0.05* 1.9040.17°  0.24+0.06" 1.2540.03° nd 2984021 0.0520.00°
% ZF 3354084  1.74£0.11° 5244087 2.844050" 3.97+0.81" 3.5840.34" 3.76+0.16° 3.77+£0.49"
/Nt 4.88+091°  4.6710.17° 11.17+2.16"  6.474+032° 7.1440.40° 10.194+0.56" 8.47+0.12"° 9.60+0.61°
Wil LK E 132.59+2.40"  0.07£0.01° 202.59+4.19°  0.25+0.05" 212.0642.60°  0.15-0.02° 183.23+1.59°  0.4940.07"

AL EB,  523240.74 nd 62.5542.07 nd 84.46+1.20°" nd 69.83+1.27° nd

FLILKRER 4.58+0.19°  0.05£0.01°  3.06+0.64° nd 3.96+0.42° nd 2.9740.34° nd
/N 189.4942.42"  0.12720.04° 268.1949.71  0.252-0.05" 300.484-3.48"  0.1570.02° 256.0342.60°  0.4974-0.07"
B A AR 36.940.84"  1.30+0.27" 37484089  0.61+0.15° 34.11+1.13" 0.67+0.11° 42.13+1.55" 0.9240.15
FIARZE 60.07£0.69"  5.5240.26" 10.924041°  1.01£0.09° 0.08+0.01° nd 13.81£047°  1.08+0.10°
/Nt 97.00+0.79"  6.82:0.32° 48.41+1.02°  1.6240.08" 34.1941.13° 0.6740.11° 55.9441.66" 2.0040.22"
ST R 59.782.23° 234.624-6.03" 155.862-6.98" 170.56=7.26" 137.992-1.67" 213.844-6.82° 133.90=1.07° 330.1743.14*
BT 301.20+3.68° 11.75+0.46° 342.63+727" 12.08+0.84" 367.96-5.56" 14.62+1.12" 339.35+3.41" 15.13+0.25"
MEH 360.9844.06° 246.36+5.74" 498.4813.20° 182.6448.08" 505.95+6.67" 228.47+5.92° 473.2542.36" 345.30+3.13"

T nd RN RAG Y AR R 2R AN [/ b 2 ) 25 5 2 (P<C0.05) .

W (Ui 20 ) EEAZ I 3% (e o
) Sy F 0 B 2
1.94, 1.30, 1.18, 10.28, 2.17, 5.51 f%
BL, UVT 4b FHBE A fish Az 25T Jo 1S B I A 90 45 00, HL AR

B (454

) IR (5 A g
LA 5y, 43 5k CK 41 i
; Santin 25U B 5% &

il A B% i (CHS) R N &R i 2 1§ (PAL) 25 /K i 53 44 ifg

(CHI) il 3 i B 45 B i (FLS ) 8 T (08 75 55 /i B2 25 )
TR, S5 R B UT A B9 5B S &

3K #](382.59+4.73) mg/100 g, 5 CK HAH L #2751
22.26%. Bh2EW) L 4 b UT &b B A o 7 A o s 1 b it
IRy L A3 CK ALY 2.99 5 Al 1.59 % . g4k, 3 Rk B

k{m
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MT Ab 28 5% i 129 10 1 ELAT e o 1 e 4R A0SR, LR B T 1 &
S CKAM IR T 2.614%, B4 idl 5+ MT 4k 2t
B e PR R S R R, O CKALAY 3.35 4%, o JRULZR
AR (U7 25 80) 2 R R (i B B R 8 A& ) T & iR (i s
R O ¥ 3 R R (i o A0 ) /K A I (e 9 AR R 45 5 A )
J 38 7 R (i 2 R0 48 45 80 o =5 B2 386 0 % 13 288 ) o A
4y R CKALM 25 L 13X T REJZ IR O MT Ak B 3R
THBOA MR, 5 5 AEE A SRR NS &
S5 K B IR A A5 A 1 A Ak S U s 1 R e TR B
OV, AN MT AR B B AIE T 45 A R i, T AR R I
o K80 A0 T AE O S AR R T G TR B A A K
R P 45 g 7 A P 0B I 9 R 2 T R T B0 R
20 i R A 5 P T 0, DR O 3 I S R R
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e TR KR KPR R R R R R
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LS5 LL b 28 3R AR HL G 25 A T RILZRE Y
KK, 2 UT A G bt 2 (liF A 2 T (e A ) %
FENT 2 (254 B B R M, AT RE i — Se ) 284 i 4l
Oy OEAR B B R A T R DS Bk S A 4 43 b 2
SHECE R
25 MEREIMIELFEMNE D
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Figure 3 Effect of different treatments on antioxidant

activity of black highland barley
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PER e o R BTSRRI V2R 5 48 B0k (APC) XA [ 4k
S 0 2B BRSBTS AR L SR L
3. M E 3 M, APC L& & 5 B HE 4 K R Ch UT
(99.94%) >UVT (93.35%) >MT (82.91%) >CK
(74.10%), H UT 4b# \UVT b # 2 MT 4 #f) APC 25 &
TR CKZH Y 1.35,1.26,1.124%, Mk H ,UT Ak
FIRE % OT 47 b B2 g PR BRI B AL RE ) o

®3 AEAAFXLERESROEIIMIELFEESIEN
Table 3 Comprehensive evaluation of antioxidant activity

of black highland barley in vitro after different

treatments
s APC 15 50/% APC%if APCHEEL
FPAP DPPH- ABTS - #HE/% ZEH#4
CK 63.73  90.26 68.31 74.10 4
MT &b 88.06  87.88 72.77 82.91 3
UTALEE  100.00  99.82  100.00 99.94 1
UVTAEE 9573 100.00 84.31 93.35 2

26 EERBMEMRSRENEENHEXEST

T WA A ) Ak 3 R R RO S T 4N A T RN A
5 H BT AL TG P 2R OC R UK W) Ab BT R
TR 4 R AT iy 25 B R R A 398 0 A 42 W 35 1 SRR EA T R R
AR AT 25 R LR 4, R AT R [R S8 2 1 5 b
5 3 Fhin A A0 TE M2 B A TE I A OG, Hrh i B 1 5 FRAP
W JR S 1 A7 A6 AR S 3 15 AH 56 (P<20.01,7=0.992) , 45 &
Y5 DPPH - ¥ %k e JJ A2 7F i 35 1F AH )¢ (P<C0.05,r=0.967) ,
MR & & 5 ABTS - 3 B B ) & . 3 1EAH 6 (P<<0.05,
r=0.970) , 5 Boubakri Y (U BF 5T 45 S — B, MEEER A
it 5 FRAP i J5LBE J) 5 1 35 1B A7 3¢ (P<C0.05,r=0.964) ,
7 90 725 10 B & i 5 ABTS - 5 B fil 7 42 B 35 1E A 6
(P<C0.01,r=0.998) . H T A7 25 B Ay 54K By 26 X% A )
BT ARG T VE DR O 1 B SR DY) FRAP 8 5L fiE ) 36
5K R R E b TS A B A A I R I 3 B 3 IE A
oKL 5 245 A B R A2 2R A B 2 U G I ABTS - T
Frig 5 i R R FE RS R B, R R FH M, Bl
B O 9 R W1, R 2 i b B0 SRR 15 DPPH - 3 Bk
SERFEMX, SRS RAEZER, T2l TERMN
T B Ho B K SR B AN TR] 51 3R 22 W 14 4 0N B iR W] it
HNE 5 Z i w7 A VI 5,
3 gk

Yof b T AN T] Ak 2 Rt B i AR R I 2 A R R B A
e s, S5 R WA, 5 AR B, 4 3 Ry b
B M RO N8 D7 A ALy R i (P<C0.05) , T 27 2 &
T AR (P<0.05) o AN TRI AL B 5 Akt B R P OR R
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Table 4 Correlation analysis between phenolics and antioxidant activity of black highland barley under different treatments

28 FRAP if J5 i /) DPPH- /& FREE S ABTS™ - i R HE S
Ui g 7Y giam B Ui 125 7Y EaRes! Pugi s Ui g 7Y gihm ey
] L 1 0.936 0.221 0.355 0.878 0.775 0.855 0.948 0.321 0.449
R 0.080 —0.933 —0.930 0.220 —0.370 —0.360 —0.249 —0.609 —0.619
LB TR 0.599 0.726 0.704 —0.177 0.095 0.022 0.218 0.555 0.474
JRILZE R 0.588 —0.442 0.369 0.200 —0.887 —0.110 0.057 —0.848 —0.221
&R 0.622 0.609 0.624 —0.152 —0.131 —0.149 0.204 0.086 0.178
R 0.861 0.199 0.781 0.471 0.551 0.546 0.442 0.055 0.388
TEHmR 0.617 —0.002 0.469 0.275 —0.142 0.170 0.110 —0.486 —0.054
KA 0.847 0.445 0.572 0.215 0.273 0.281 0.411 —0.023 0.075
R 0.359 0.585 0.572 —0.257 0.486 0.344 —0.242 0.194 0.104
ENEHE A S 0.967 0.927 0.991" 0.782 0.355 0.697 0.937 0.593 0.879
SR 0.693 0.770 0.719 0.735 0.122 0.715 0.970" 0.552 0.970"
Wit % —0.062 0.697 0.461 —0.771 0.613 —0.264 —0.490 0.933 0.237
125 0.092 0.724 0.732 —0.566 0.808 0.695 —0.476 0.540 0.446
EXUE 0.697 —0.994" 0.547 0.433 —0.754 0.304 0.252 —0.849 0.065
x2F 0.353 0.970" 0.884 —0.447 0.785 0.272 —0.099 0.791 0.489
LA R 0.913 0.562 0.914 0.357 0.448 0.358 0.686 0.154 0.686
JRALTT B, 0.896 — 0.896 0.780 — 0.780 0.983" — 0.983"
Z 0.992" 0.609 0.855 0.587 0.967 0.935 0.780 0.900 0.970°
T 0.826 0.730 0.964° 0.809 0.051 0.698 0.998" 0.224 0.921
TORRIRAE0.05 KV R 2R B E RN 0.01 K- EERBE
B2l LS EEAZES BT 44 composition, bioactive compounds, health effects, and

ﬁﬁﬁ%ﬁ$$ﬂﬂﬁﬂmﬁ@QEMKm%um%m
Mo B e Al S I, R e R Ak B X 2 ) B Y
%%Eﬁﬁ%%%%ﬁﬂ@ﬁ%ﬂLMMﬂM%%An
SR T 18.72% Fl 46.22%. UHPLC-MS/MS %5 5 £
WY, 3 by AU Ah B 5 R BR 00 R 0K B R 28 B O
o B2 7 B 2 0 2 B R (P<20.05) , 1 B BE B S A i
F R (P<<0.05) , Hrfr 55 A1 4k 1 24 35 B A 0 B IR 2 R
B TR P A A A e, R D Ak B A R Y R R T o
L A PR T R R SR R R g o 3R
AL S B F BT APC £ A 45 BUHE 48 R Rl MR
(99.94%) = %2 4 (93.35%) > 134 I (82.91%) > & 4b 2
(74.10%) , Ho a7 i b 30 08 BRI APC #8800 = AR
s PR, O R A PR BRI 1.35 4% . VKT L R W)

Ak 3 7 3O FA T R Wy 28 W) BT R e S, R R I Ak P R
H R B 2 ) i Aﬁi‘n%ﬂt{ﬁﬁﬂﬁiﬁﬁ%ﬂﬁﬁﬂx&% Je 8k
TF 5 AT 2R FH A~ 3 R I 5455 O Bl 05 A 0 5 3 — 20 e AT
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