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Abstract: This study investigates the effects of steam explosion (SE) on the nutrient composition and digestibility of black
barley. Under different SE pressures (1.8, 2.0, 2.4 MPa), SE times (20, 30, 40 s), and initial moisture contents (8%, 10%,
12%), the contents of f-glucan, polyphenols, and flavonoids, as well as the swelling degree, pasting degree, and starch
hydrolysis index of black barley were analyzed. Results showed that SE treatment increased the free polyphenol content by
up to 124.37% and the RS content by up to 198.05%. With increasing pressure and time, free polyphenol content increased
(with a maximum increase of 64.46%), while f-glucan and free flavonoid contents decreased, and swelling and pasting
degrees increased. The internal structure of black barley became more porous, and the starch hydrolysis index showed an
upward trend. Increasing the initial moisture content enhanced the levels of f-glucan, bound polyphenols, and bound
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flavonoids. To ensure the processing quality of black barley, while considering its nutritional, physical, and digestibility

properties, it is recommended to use SE conditions of at least 2.0 MPa pressure, 10%~12% initial moisture content, and

30~40 s treatment time. Although the free polyphenol content varied significantly under different SE conditions, the starch

hydrolysis index of fully gelatinized samples showed no significant differences, indicating that free polyphenols could not

inhibit starch digestion in the complex system of black barley. This study provides theoretical references for the processing

and utilization of black barley products.

Key words: black barley; steam explosion conditions; nutrient composition; free polyphenols; starch hydrolysis index

H M (Hordeum vulgare L., HB), 2 ARAE} . K
@/ —APAE AR, S ARAET EVEAL . VIR
Ho DX, B “ = ®PIIR” (a4, sS4, S
S ARBE . AR 1AM, BEER(BHB) 2 H
MR, B SRR L 16T R MRS Y
JBT, 3 AR N =, HAA TS bR L B IbE
FREIMAG TR PR . SR, VR w B D, BT
B 2N T 7 =G /R T, — PGS &Ml
VEDTI T2, ARAE A 7 IR /IS | i ™ s I A% [A]
IXAEARKRFREE L RRHI T BB H BRI Al S {E AR )
FHo W ILBE BRI T XA VD | ZE il Fn &6 45, oF
FERIIX LTy st M P A B R, 5%
M LR MBS D . PRI, S R PR T BRI B TR
HY K HT L, TGS R—Pha R in T 7=,

ZEIR IR RIS 4 (Steam Explosion, SE), J&—7Ff
43 TAEY R R EOR, RIEAIRBEFE . T
Ye | SRCREI AR T P e,
AT ISR EUR (A L0 SN AN D EE LA, LT 4EZE N
TR WAL, AR VR A TR, BRI AR A P T
T EA BRI T . B, VR AT AEBELL S
IR RN ER b 2 Wy . SRR B A 4SS TR
SRR, s FOHAL AT R R, $2 = AR vT A
PR, S RE WIS IS Y R HTE AR, BT &
PRI T PREB S A 20 s 11 BB PRI R BRI
e AT, UFES Wy rT LI LB ek 5 HeE
VEMYSE GBI V BS54, W REATR U H5 7 1k
SR R & 2y WS E SR, o s
FE AT AR SE A PE AT Be < 22 2 T o7 =X 52 i .
SR, HRTVRA RS R W A5 0 ) o S IH AR
S I A AT R, U VR S X L A 52 ] 17 A DL
ECSEN

B, ASSCERSE T AR TRER R 7 < B TRl LA AN
[FIRT4E & /KR R E PRy . B R A p-7 SR 55
FEWSTBIFE N, G55 B4k . OSSR 53 BT T VRERRT R
T HRIEMTE A ERSE M . IZUTR AT PN T 1RIBTE
SERP AR AT T, USRS IR R 5
IR AERIS S
1 MRI5RE
1.1 MREEE

SEER WAV H IR X BTSSR AR
BHAGH & IR SR I A R F] ;s GOPOD i
Fl&  ZIRE Megazyme 2\ Al HEAMREMPRIFES . 2T

il U AR BRAE; a-TERE(50 U/
mg) . H & HEE(250 U/mg) . HH4LEE(100000 U/mL)

2 [E Sigma-Aldrich 23 7l ; B (8 USP) g4
AT FR S F]; i 434l

QB-200 YUBEHLA  1EEASEH GRHD)EIR

N Hl s KjelFlex K-360 4= H sh ¥l R 2 AAX  Fa+
BuCHI 2\ #]; Bio Tek ELx800 fiffr{% %[E Biotek
4Nl ; Phenom Pro i B 4%  faf 22 Phenom Word
N
1.2 SEWHE
1.2.1 VRIBEERRMHIE DIV TT . VOEERT ]
FEBRHE RIS S /KN AR R, B8 YRR M FI] 4R
K ERAF M 30 s I 12%, AR R S ik B N
1.8, 2.0. 2.4 MPa; [l a2 VI8 & 1 AT IR S /K 32555
Sk 2.0 MPa Fll 12%, 75480 8] 43 51 358 & S 20, 30,
40 s; [522 P8 E  FNEFR] 4351 24 2.0 MPa Fi1 30 s,
WG B 7K AT AL N 8% 10%. 12%., LIARLIA
AL EH A BE TR A X HEZH (BHB 4H) . % IR HRY)
SRR 80 AT, T 4 °C ARAF.
122 SHERFRS RIS O 1A 10 HEFRR
By B DARE S, - 7k=1:20 By b (g g) T-Hh Kk P
A& 10 min, T, #3icad 80 HIf, & H.
1.2.3 FEAREBFEMIIINE 88 GB 5009.3-2016
CEM L EEFAME &M F K0 E Y i BT
WP E K485 . GB 5009.4-2016E 28 4= [E 3R
e B S TR K 43 0 YR BOK 43 & B . GB
5009.5-2016 & i Ze 4= [E FhnifE 25k - 8 5 i
FE ) H A BIL I e 02 2 B 15 & i . GB 5009.6-
2016 & i A FE e B b TR I E Y iR
FCHBR I E BT & &2 . GB 5009.9-20164 & M4
[ FRARUE B dty 5P TR A R ) = B4 TR 7K S 72 T 5
1.2.4 B-AIRMESHIE  Fe IR SR E UL
MIE BRI
1.2.5 ZEEmENNE  SHBHES T ikFtng
YRS, FREX 1.0 g AT, A 25 mL 80% ({4
AP0 WU, 480 W AEAS 30 min, 5000 r/min 55
L 15 min, VIERZEAE, GIF 3 IS HIEW, 76
45 C £ FUEATiEZ%, A 80% HEEEA ZE 10 mL
ZEM, 0.45 pm A3 MU U8, 75 209 =55 my $2 UK -
4] % 7 il A 20 mL 1E &L %E, 200 r/min Y€ 1 h,
3000 r/min &[> 5 min, 5+ FIEW, 1A 15 mL



- 224 - £ Tl B4

20254 4 A

R/ FR B, 70 °C 7K 1 h, filA 20 mL 212 Z.1E,
3000 r/min &5 0> 5 min, G I3 3 K ET1S _LIE WK, 76
45 °C MR 3T Z%E, A 80% HIEEEZE 10 mL
HEM, 0.45 pm G YL 3R, 1531455 MR BUOK -
B2 100 pL LR, I 400 pL 4lizk . 100 pL f&EHk
WaF, =R 6 min J&, FAIA 1.2 mL 7.5% ()&
B0 BRIR M AT 0.8 mL 4li/K, #ESGZ W 1.5 h, 78
760 nm ALIFESGRE . LAV B FBR R ARUESS, 1551
FRAERIZR  v=0.002x+0.0483, R?=0.9958 .

1.2.6 HENSEMNE ZSZUET B EkIFesE
B, B 1 mL $HUH, In 4 mL 4fi7K . 0.3 mL 5%
(BT L5350 WAH PR AN W, =5 . 6 min 5 IlA
0.3 mL 10%(J5T & 4380 i PR FR A Wk, IR S 5 Im A
2 mL 1 moVL &AM TR, WA HE, # & 10 min Ji5
TE 510 nm AGEWS G E . DL T bnuEdh, 155
FRAERTZE y=0.0008x+0.0427, R>=0.9995

1.2.7 BALERMIE SHEFESE0 BRI
VEfE . BUL B LA 250 mL 575 P9, (A4
T R TR ESHR, SRIFHL 50 g SR A R f, 4ksEhn A
RSB 25 BRI o0 e aR R BE BRI, YR
ZNEATARAL, Il ARt SREROAMA vV, &5
BUB R, e S A ST v, Fe (DA
WAL .

& (D

P(%) — V]\: Vz

o P FRIRIEALEE, %; V, Fos A difih 5B
BREAT, mL; V, T A LA, mL; V) T IE
BHEFFRYARL, mL.

1.2.8 MIfbEERIE  SHRRSE 6B IF AR
M. FREL 160 mg ST RRAY, — il & i e,
— R ILEGLH . ARSI 15 mL ZEaPiE, kUK
W 1 h, A3 RMIAARE S, 5 S R AT S LA
V. TESZERL P NIA 15 mL ZZ2ofifk . 1.8 uL B LR,
T 40 °C /K% 1 h, IIA 2 mL 10% (54340 ZnSO,-
7H,O. 1 mL 0.5 mol/L NaOH, #i B & 25 mL, i
8o WEHL 0.1 mL JEWE, I 2 mL H 35, WK
6 min J5 A 2 mL BEEHER R, Ph7K¥E 2 min J5 A SR
VI, MR 25 mL, $55), T 420 nm AR SGIHE .
Fe N (2)THEMILEE
‘ o _ A A
WAL (%) = A A,

2 A FORTIGLH R OCIE A, R il
LHIDGIE; Ay Fmas FIIOGIE
1.2.9 HEHBBWE i TE R RE IR D)
JIGTHE A, R DG [T S R A A H, RS 2 1) [T 280 15
I, ELAS SR R WE A, AE 10 kV LR SAF TR
500 fEULELD] A TOMES A
1.2.10 BHEBUHALTERIE
1.2.10.1 HRSMEEIH L 2% MINEKUS 4617 1
IrBIFmA IS B 1.0 g BT R-S 5 mL B

x 100

x 100 = (2

WIR A, V879 pH 2 7.0, 7€ 37 °C. 120 r/min ¥53%448
PR 2 min. BEHERIM ALY S 10 mL ABLUE R
4, 5 pH % 3.0, 7E 37 °C. 120 r/min 553548 e
¥4 2 ho FH WIS 20 mL BHUGRIER S, ¥
7 pH = 7.0, ¥E 37 °C. 120 r/min 5375 HIR¥ 2 h,
Sy HITETEAL 20, 30, 60, 90, 120 min IFHZ 200 pL 74
AW, I 1.8 mL Jo/K L2 K. >R GOPOD
W0 S A ORE S i o A5 1) A OBE b o il 2R
y=0.0711x+0.0529, R>=0.9990. AR (3)~A 0
(6) TR I/KfFRFEEL (Hydrolysis Index, HI) FIHLIH AL TE
#3 (Rapidly Digestible Starch, RDS) . & 7 1k 3 #3
(Slowly Digestible Starch, SDS) . $T P4 % #5 (Resis-
tant Starch, RS)AHX} & .
AUCyy
AUC
o AUC /s SR BRUK it 28T J7 IR
AUC g F ALK g i 2 J7 AR

HI(%) = x 100 X 3

RDS(%) = wxm x (4
SDS(%)zWX]OO & (5)
RS(%) = TS — RDS — SDS  (6)

o my, R WAL 20 min B R 25 0 T,
mg; m,, /856 120 min ) 74 75 25 8% 51 &, mg;
my, P78 A AT /KA AR &b U 25 4 A BE TR, mg;
TS FrnEEH BIER B R, me.

1.3 HiEAE

T BE 2/ E A =R, S5 IR DSFIEEbR e 2E
Fn. R Excel A TEIE AL HHE; SPSS 26 FA4:
AT ST, P<0.05 FoREE 22 R B G2
F 8 Origin 2022 A3 78R G P S5 T Ak .
2 HBRESH
21 ARPRBEHGTESRNELRSY

FHE 1 AT, JK 3 BE TR IE R ) B0 i 22 B0 S %

R AFFURAIE TR RRIEEA

Table 1 Basic composition of black barley under different
steam explosion conditions
40301 Koy Y ix i} HEHT TR

(g/100g) (g/100g) (g/100g) (g/100g) (g/100 g)
BHB 9.53+0.03* 2.27+0.03° 2.2+0.01° 13.9+0.31° 61.2+0.20°
1.8 6.66£0.06° 2.33£0.15" 2.7+£0.06" 12.5+0.53" 66.7+1.62°

(}312) 2.0 6.19£0.03% 2.45+0.01" 2.7+0.09° 12.0£0.51° 64.9+2.80"
2.4 6.54+0.05° 2.49+0.03* 2.8+£0.04* 12.1+0.31° 60.1+2.18°
w8 6.1620.15" 2.46£0.02° 3.0£0.07° 11.5+0.28" 65.3+1.43"
T 10 6.46x0.03" 2.42+0.01° 2.8£0.04° 11.8+0.54" 65.0£2.46
(%) 12 6.19£0.03° 2.45£0.01° 2.7£0.09° 12.0£0.51° 64.9+2.80"
20 7.04£0.07° 2.73+0.00° 3.1£0.08" 12.2+0.37° 58.9+2.12°
H?s';ﬂ 30 6.19£0.03° 2.45+0.01° 2.7+0.09° 12.0+0.51* 64.9+2.80°
40 6.72£0.04° 2.53+0.02° 3.0+£0.06" 11.9+£0.58" 61.1+1.02

T A A/NG FRER R ] — AR A R K 22 5% B 3%, P<0.05,
Feo~F3[,
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Fig.1 Beta-glucan content of black barley under different
steam explosion conditions
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Table 2 Digestion parameters of black barley under different
steam explosion conditions

21 RDS(%) SDS(%)
1.8 30.40+1.34° 31.44+2.66"

RS(%) HI(%)
38.16+1.56°  68.17

HJ1(MPa) 2.0 37.98+2.70° 31.22+2.80° 30.71<1.14° 75.66
24  38.66+0.59° 35.09+0.88" 26.25+1.47°  79.49
8 38.29+1.65° 31.21£3.73* 30.50+2.83"  75.95
i 3@)7]‘3; 10 38.56+0.57° 29.90+1.14° 31.54+0.98"  74.97
12 38.07+1.92* 31.224+2.80° 30.71:1.14*  75.66
20 35.03+1.14° 29.69+2.41° 3528+1.38  72.57
A1) () 30 38.07+1.92° 31.22+2.80° 30.71£1.14°  75.66
40 31.74+0.17° 35.39+0.77° 32.87+0.89°  70.25
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Table 3 Digestion parameters of fully pasted black barley flour

205 RDS(%) SDS(%) RS(%)  HI(%)
BHB 73.82£1.08" 23.61£1.82° 2.56+0.79°  95.63
1.8 59.20£0.99° 34.32+0.72° 6.49+0.95"  87.31

JEJ7(MPa) 2.0 60.02+0.98" 3234+£028" 7.63+1.23'  86.93
24 60.96+1.85° 33.00+2.19° 6.05+0.80°  87.99

§  61.11£1.28" 31.34+1.01" 7.55+0.74°  87.25

W 7k$ 10 59.1241.23"  34.4+123"  6.48+0.97° 87.65
12 58.56+1.46" 34.46+1.02° 6.98+0.56" 87.48

20  60.05+0.82° 33.49+1.73" 6.46+1.07°  88.30

1] (s) 30 59.37£1.57°  34.46+1.97° 6.17£1.02°  89.13
40 60.65+2.26° 32.28+2.45" 7.07+0.79°  88.59
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Fig.7 Correlation analysis of the basic properties
of black barley
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