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Abstract: To elucidate the chemical composition differences and processing applications of three types flour fractions
produced in highland barley milling, a comparative analysis of their nutritional and functional components was conducted
in this study. The results showed that there were significant differences (P<0.05) in the content of nutritional and functional
components among the three graded flours of highland barley. Among them, the protein (11.24%), total dietary fiber
(39.72%), arabinoxylan (16.95%), and total amino acids (14.62%) levels of highland barley coarse bran powder were
relatively the highest. Additionally, the highland barley coarse bran powder was also rich in minerals such as potassium,
magnesium, calcium, and phenolic substances. The content of fat (3.68%) and f-glucan (4.92%) in highland barley fine
bran powder was relatively the highest, while the content of total starch (80.40%) in highland barley flour was the highest.
Glutamic acid was the amino acid with the highest content among the three graded flours. The primary limiting amino acid
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for coarse bran powder and flour was lysine, while for fine bran power it was threonine. A total of 13 phenolic acids and 8

flavonoids were detected across the three graded flours. The polyphenols in highland barley coarse and fine bran powder

were mainly composed of bound coumaric acid and hesperidin, while the polyphenols in flour were mainly composed of

bound gallic acid and rutin. In summary, the three types flour fractions had different nutritional compositions, which would

effect their potential applications. Overall, coarse bran of highland barley could be utilized for the development of foods

rich in dietary fiber, amino acids, minerals, and polyphenolic compounds, while fine bran can serve as a source material for

p-glucan extraction. This research can provide a theoretical basis for the processing and utilization of graded highland

barley flour.
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Table 1 Nutritional functional composition content of highland

barlely graded powders (dry basis, %)

L=t itk 4liEk THi
K5y 2.84+0.20° 2.1£0.07° 0.93+0.05°
s 11.24+0.27* 9.76+0.2° 7.64+0.22°
isli) 2.63+0.23 3.68+0.14° 1.63+0.09°
STEM 36.28+0.31° 50.37+0.87° 80.4+1.11°
HHEVEM 15.61+0.05° 17.46+0.28 24.49+0.23"
BHIRNE 4.36+0.13 4.92+0.8° 1.94+0.06"

BRI AT 16.95+0.26 13.4140.43 4.8+0.62°

B 39.72+0.12 24.69+0.11° 16.48+0.20°
ARG BT 4 5.19+0.04° 3.7+0.23° 4.47+0.10°

TE: AT AR T REoR 2253 0.3 (P<0.05), 3&3[H].
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Table 2 Mineral content of highland barlely graded powders (mg/kg)
R 45 &l 7S # BE h G| B
biik o 622.85+10.11° 6.44+0.3 91.7242.15° 8322.05+172.6° 2376.01£90.52* 25.79+0.69° 103.75+0.77° 53.83+0.53"
4lizk 419.48+13.7° 4.63+1.95° 57.8+0.56° 5482.05+87.75° 1397.51+103.96" 21.76+0.62° 57.08+0.96° 31.842.26°
TR 300.10+4.1¢ 3.95+0.07° 44.15+0.50° 2778.55+81.38° 450.06+14.06° 10.97+0.74° 24.17+0.86° 15.91+0.94¢
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Table 3 Amino acid content of highland barlely graded
powders (dry basis, %)

B AR ey
HHEK EiiER B
RAE R 1.27+0.01° 0.89+0.02° 0.49+0.4°
BEHIR 3.39+0.02° 2.81+0.01° 1.99+0.04¢
IR 0.4620.04° 0.28+0.02° 0.18+0.13¢
2R 0.64+0.01* 0.41+0.03° 0.27+0.02¢
HHEmR 0.64+0.06" 0.46£0.02° 0.27+0.04°
R 0.89+0.02* 0.68+0.01° 0.30+0.20¢
RV 2.4940.12° 2.05+0.14° 1.49+0.52°
AR 0.61+0.08" 0.47+0.02° 0.32+0.13¢
HEHEMR 0.19£0.01° 0.18+0.01° 0.110.22°
SRR 0.45+0.02° 0.37+0.01° 0.23+0.01°
SERM 0.98+0.13" 0.79+0.08° 0.55+0.13¢
KN 0.64+0.08" 0.52+0.05" 0.39+0.02¢
AR 0.41+0.03" 0.3£0.03° 0.2+0.07°
AR 0.52+0.02° 0.45+0.06 0.24+0.02°
LR 0.35+0.01° 0.3+0.01° 0.14+0.05°
% 2R 0.36+0.04° 0.39+0.02° 0.3+0.02°
e 0.35£0.01° 0.43+0.01° 0.24+0.06°
WA BER 3.673° 3.069° 2.01°
RS 14.624* 11.807° 7.692°
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Table 4 Comparison of essential amino acids of highland barlely graded powders
SE FHIE(mg g ™) WHO/FAOHiE#HE (mg-g") 4WEEH(mgg") EAA RC

K& gk m - - R gk R MR diBk R
SRR 39.06  32.03 2031 40 54 109 089 056 090 088 087
SERIR 8490 68.14 4748 70 86 236 189 132 112 106 1.16
AR 30.03 3733 20.66 55 70 083 104 057 051 074 0.64
IR 39.84 2465 15.54 40 47 111 068 043 092 067 0.66
SR 53.13 4097 27.52 50 66 148 114 076 098 090 094
TEAERR+EIEEIR 4661 4253 21.88 35 57 129 118 061 123 133 1.06
FNEREEHER 8663 7839  59.03 60 93 241 218 1.64 134 143 1.68

DTEFEREM 4242 32405 21241 360 473 - - - - - -

K5 HIRAFII B T BIER A TN

Table 5 Evaluation of essential amino acid quality of highland barlely graded powders

Bz R (%) CS(%) AAS(%) EAAI(%) BV(%) NI(%)
biib73 0.35° 53.41° 54.61° 104.00° 101.66" 11.98°
Ylizk 0.43° 77.84° 67.87° 88.47° 84.73° 8.63°
B 0.24° 65.72° 37.56° 55.88° 49.21° 4.18°

2% 4 T, TR RSHERRY . AnEkpy . TR Y R S
BR4y A9 424.21. 324.05 Fl 212.41 mg/g, KT 4=
X% 2 11 (473 mg/g), {B 5 T WHO/FAO H#E £ {H
(360 mg/g) . RC TR R ILIRAH Y T
FLR I e, RC 1Y Eblidesan 1, SR AR
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Sy R T B I B YA T O S A 2 IR L A1),
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SRAAXT LRI (RC>1) . RC {HE/NRIZE LR K
B — B ME L R o A S R AE R FOR RN DR b
RC {H ISR AR, RIS 222 75 FR AR 1 5 — B il 4
AR, X 5Ok [31] HOBEHA 3, T AR e
Fomrh RC ERAK, RV AmEps dh 25— BRI 2
FLMR . PRIk, AR 35 75 BRI (9 A OGS i, AT LA
T RIS 53 T B Bz AR B A 7 = o 75 2 SR
He g R Ak 2 JERR /K S04 H B
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DL 5. FER 5 nAL, DA R S R rE N FE AR, 4l
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AHERHY . 4UEKY . DR, UaPH 7 B SR Th 2R B
FILMR A 54U S WHO/FAO HEFFRI AR L%
P M ARAT, T S SRR LH A E AR X B DA
L AAS TP, s B IRIRE AR 208 . 4h#k
A3 . TR, U6 RH T R 2R AR 1 o T S R L de
Hio LA EAAL, BV A1 NI RiPHr i, #RERAS R 532
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Fig.2 Free and bound phenolic extracts of highland barlely
graded powders
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T RS FI AR SR A9 A5 3 43 518 484.97 mg/
100 g F1422.82 mg/100 g, WA = X aHaa 5 fRIE)
B ST I Z R S5 ge i i Bl 5 7 (332,73 g/
100 g) Fildgy iy 52 55001 HRIE i i B i v RROR 1P B i 755
£5(204.08 mg/100 g) o JEUSHTEFEE S3HrHAAh B YT THE
2K 2 AR M BT B A S i e 2 B0, JHEZE K 7
Ly &N 226.68+9.67 mg/100 g, ASHFFTE AR
RHEA AN EY Sy & i i 2 s T A . Bk
ZESLUE, TR RO S DS I LR - e L
By A B AR T B PRI e
YR B RS RRER B B P SO T, 25
TR, B M E EBRER M AT E S B AR T
AL, PT35I i BR R ™ 5 o
2.4.2 HRATRLTHM Z WA AT it HPLC
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H: 1-4R 2 B phloroglucinol; 2-% & F R gallic acid; 3-J JLAS
fi? protocatechuic acid; 4-£% JEL iR chlorogenic acid; 5-JLAS
catechin; 6- 2,4- "R FEF IR 2,4-dihydroxybenzoic acid; 7-7
PR vanillic; 8-T &R syringic acid; 9- p-% SR p-coumaric;
10-75T rutin; 11-B[ZR AR ferulic acid; 12-7KA% MR salicylic acid;
13-#l1 J H naringin; 14-#8 7 hesperidin; 15-4% H iR benzoic
acid; 16-4P# R o-coumaric acid; 17-##ff & myricetin; 18-#
2 & quercetin; 19-22 5 ig 3,4-dimethoxybenzoic; 20-4f] J¥ &
naringenin; 21-11| 25 kaempferol,

0

AR A T A S, TR DU S22 T B - ky
T ) LA T, DRI R T PR O R R4
RAFAEZE 5P AR SR8 v e 25 195 L 3 5 1
FULZEFE N F, g5 G0 I & TR A 1 32, 13X
5 Yang 217 36T 12 Bk o H BRZ W 43 B 45 R
Zbl, fHY5 Shen 4507 338 i SR B R P ) 234 5t LA ]
IR TR B, iz 2E S R T RE =
ANEIE R R NI A | AR AR ShFh . Bad
Pt AEAF LA R Z R B AR 2P R 2 2P, donT
e 5 A R T A R PRI A N2 2 B A B0

FRELIR P P2y B 2 T B R A DR
FERIITRY R, Hodh RIS S SRR T &R
SRR T A R R R ITT (1043.33 pg/
g DW). BRTHEBRSN, H RS ik &40 F 5 1k
BEFR . Ji ) LA FEE PR, HL R 5 R R H R
BELIY 96.03%, X 5 /INAZER O EFERY Y by 2
T R A BRI . - SR IR IR AN A, W T
1 2 T Ay v 2 e v O YR L OR FH R ) o (% 1Ay
266.64 pg/g DW), HLIZE & EIEiE . BRIKET
BRAN, TR [RIRE A =R & 00 JE ) LS R ANZE 2 iR, HL
I 5 ¥R AL A AEBR ZE B AT 87.41%, {ELIETKY P A4S HY
TR T A IR . AR T HALPIFR AR, 4HE5A5 19
FRFLI P RIS AR S ARG, ARG T R A
JLZKTR . SR, A T A SRR AN 2,4- " F2 R H
PR %) 2 W 35 v TR AT A (P<0.05), Hip & B
iR S F AR B 19 2.29 135, 2,4- R IR R & i
S35 AR R RN 04 2.66 150 1.14 £%5 . RIERA
MR IS o 2 S A Eopy vh R I e o, Hoh
SRFE IR A St = 1984.18 ng/g DW, [H3REH
FERR IS T B Y 87.40%., [RIIT, MLEAS AN TED RS Hh
BB R AL AR IR S STl Ry SR A R, B i Sy
F 5 IR 87.83% Fl 45.08%. Rtk 4, MHEM
FLNEAS H iR & A K P-F 2R, s A
FARIERIFTR . WP, B BRI A b 2 B
PRI, ASEIFSE T 3 Fh A2y T BT BRI & RO AN 5
L, HAMERy i & i fie =, iX 5 Chen 5507 #E M
R B ERIR BT TS RS NZ2E R 851
[F], X AT HEDH R 5 R h 22 55 MAS I i AN TR T s ol
MIZESE . AR B TE PR ER Bl T B K R, H 4%k
Ao B ik I 3B v R, (AR PR . AR
KT, R AT BN [R5 ok vh o3 A AN A, Hop
PR REAE I IR Bt 2 DA S & I A E T 75 B0k
b, BRI REERRISY) BT T R B 5 g gk vh B B
B

PR T BRAS R 53 G5oWy v i i S 4 o 2 o 8 55
A1 6), TR TSk &y . AnEps Ay
T BRI T . b, LU ES I SR Eos FnAn &k
A5 HR B B e v Y B B A B, Sy aoh 61.29 pg/g
DW Fl 67.55 pg/g DW. 77T Ay b 325 1 # R
Y 5 (195.52 ng/g DW), HRIGS&IE817AE, H



%464 5 16 1] 2, A E R I E SR B A A - 341 -
F 6 HIARSEIIFEH HE5E W5 5 (ug/g DW)
Table 6 Mean content of free and bound phenols in different milling fractions of highland barley (ug/g DW)
- hiik7S Y%k TR
FEs 4iah ey UiFEs e S UiFEs Eaeey ey
BRI R
WEFR 29.15£0.21°  930.88+0.14%  960.03:+0.32"° nd 355.63£0.24%  355.63+0.24% nd 266.64+9.08%*  266.64+9.08%
R 11.79£0.31%  18.32+5.78%  30.1245.84%T  12.15£0.46™  13.7+037%  25.85+0.95%  13.94+2.95°¢ 10.69+0.84°¢  24.63+3.96
R nd 15.78+0.125" 15.78+0.12% nd 36.26£0.4"¢ 36.26+£0.4% nd nd nd
THR 11.4240.05°  1031.9+7.22°  1043.33+7.23" nd nd nd nd nd nd
24-THFIENR  11.95£5.35%  18.81£1.08%  30.76+6.43% nd 50.13£0.114°  50.13£0.11%°  18.16+3.52°  25.81+£2.87%  43.97+7.14%
JFILASR 2353+3.43%  17.4420.18"  252.74+3.52% nd nd nd 201.73+0.08" nd 201.73+0.08"°
KGR 7.43+0.17" 16.14£13%  23.57+13.65%  7.42+0.07%  15.43+4.47%  22.86+4.97%  7.47£021%°  9.18£0.95°  16.65+1.26
HTR 18.14£0.12%  175.68+21.48% 193.78421.55°¢  17.83+0.07%* 91.66+3.51%°  109.49+3.84%  17.95+0.04*%° 84.85+1.55%  102.81+1.75%
FRIEFPR AR 325.97+5.17% 2224.96+10.23" 2550.93+£15.26%  37.4+2.56°  562.8243.21°  600.22+6.12¢  256.26+0.00® 397.17+2.8°  653.43+2.8"
RN
[DE A nd 14.97£10.47%  14.97+10.47 nd 17.96£12.13%  17.96£12.13%  6.03£0.04°  8.82+1.63%  14.84+1.97M
ABF SR nd 1875.04+6.71%  1875.04+6.71% nd 1984.18+2.274  1984.18+2.274 nd 38.79+0.91%  38.79+0.91<
LRI R 31.14£1.52€  35.99+0.14%  67.13£1.81%  42.76+6.22%  15.91+0.97%  58.67+7.46™  34.61+0.02% 21.14+0.19®  55.74+£0.27%
P-F 5 nd 177.7+0.03% 177.7+0.03% nd 210.35£2.47%  210.35+2.47% nd 17.340.51% 17.340.51¢
FIEPAERG A 31.14£1.21C  2103.7411.98%  2134.84+£1325%  42.76£6.22% 2002.13+10.07 2270.9+17.19®  40.63+0.00° 86.04+12.87 126.67+12.87°
B =2k
R T 10.82+0.05®  13.830.05* 24.65+0.948 403.3+0.07"  10.72£0.86>  414.02+£1.37* nd nd nd
[E2R =M S 10.82+0.05"  13.83+0.05" 24.65+0.13% 403.3+0.07*  10.7240.86"  414.02+0.96* nd nd nd
B[S
L7705 nd 8.48+1.49% 8.48+1.49% nd 8.44:+2 34" 8.44:+2.34 nd 9.58+0.06*  9.58+0.06"
Mith % nd 38.9242.21 38.92+2.21 nd 47.8+19.64%  47.8+19.64% nd 71.87+1.32%°  71.87+1.32%°
1Lz 13.78£0.32%  47.51+4.63%  61.29+4.86™  13.44+£022%  54.14346™  67.55+3.75"  13.98+0.26" 41.65£14.27% 55.63+14.73%
T nd 27.94+9.34%  27.94+9 34 16.4£0.01°  19.36£0.64°  35.76+0.79% nd 195.52+0.01**  195.520.01*
R 13.78£0.32%  122.85+2.15  136.64+2.48°  29.84+0.73%  129.743.76°  159.54+4.91®  13.98+0.26° 318.56+7.37* 332.54+7.67*
HEREAS
JUEE 62.05£5.97"  31.55+1.65° 93.6+6.54" 47.6£1.03%  57.1+36.46"  104.7+38.09"  44.55+6.73C  37.34+6.4°  81.89+14.17°
HJoE L 62.05£5.97"  31.55+1.65° 93.6+6.54" 47.6£1.03%  57.1+36.46°  104.7£38.09"  44.55+6.73¢  37.34+6.4°  81.89+14.17°
BUBEHZE
iz 3% 9.15£0.26*®  49.1+6.85" 58.25+7.14% 9.26+0.24  48.11+12.54%  57.37+12.83% 8.94+0.3%  42.83+9.2%  51.7749.41%
iRz T nd 56.55£0.34"  56.55+0.34% 727+0.05°  52.5£0.24%  59.77+0.38" nd 8.8+1.49% 8.8+1.49%°
HREEEER 9.15£026°  105.65+2.47" 114.8+2.78" 16.53+£0* 60.66+3.21%  77.19+3.21° 8.94+0.3¢  51.63:2.97°  60.57+3.37¢
A
B nd 117.36+1.3* 117.36+1.3% nd 105.18+2.05°  105.18+2.05" nd 84.88+1.6° 84.88+1.6°
AR nd 117.36+1.3* 117.36£1.3* nd 105.18£2.05%  105.18+2.05" nd 84.88+1.6° 84.88:+1.6°
SR 367.1£15.96° 4342.48+56.7* 4709.58+72.46" 483.46+5.68" 2801.93+1.47° 3285.39+7.31% 299.89+6.79 483.21+4.78°  783.1+11.58°
S 84.98+7.44%  377.41£1223¢  462.39+20.17°  93.97+1.1*  392.59+7.61°  486.56+8.93%  67.47+6.17C 492.47+14.35" 559.94+21.09"
REMEAY 452.08+26.44° 4719.89+89.52% 5171.98+127.35% 577.43+4.59* 3194.52+29.07° 3771.95£35.07% 367.36+0.63¢ 975.68+11.16° 1343.04+11.94°

T ndFIRARKE T ; KEFRFRRGHA R PO B R & 12257 3 M (P<0.05) , /NG FBEFRIR[F)— i By R ZH I 2 18] (14 22 57 1 1 (P<0.05)

T TR AR R R A . 3 PR ATy TR A
I B keSS i, HAREA P& =i (114.8 pg/g
DW). HHILHTE, 5 BRASR] 532005 22 18] 00 2 B 254
S ZH 2 S B ., SR o R DAL S S E T
TETHE BRI A, T Ee e . B be i Al — S s 2y
JOT B Z2 Hb oA TR BB Fgi o b . BRI
P22 o HAT AN [ 4 A= BENE R AR AE FH, e
BRI H H AT AR 3 1y 2 JoT 1) & A 17 e e e b
TR PRI AN IR A TR, T R 7R R
[RIETRELR B S 2 M IS, R4 T B AR
H ) EE R A E
3 #Hig

A A ST T R DR i A e AR v AR 1 —

oA A2 o St S o AT 22 5% . ko L SR H
DN CIE VA (BB S8 VNN i = e B4 T RECR diF S S e BTN
RS IR . 45 G IR | U B B | 455 Bl e AR
AR R RS IR L B- A SR E T B AN Aok P
TR BTER . AR TR WA TR AR
TR ZO RN A 20k A LU TR S A SN R AR
BE AR MIBOTER . 3 AR SON BA BOS BOAY
AR, HAOAT s MR 5 o TR A
FIR AP LR IA) A IR, ARy A BR i M E AR
NI . KLY | TR R A R T O RS
TS BT, 2k rh i) 32 B R A Rk P AERR IS It
TR . AR ZIO) R Ay 2 5 A SR R e
Wi, oA AN AR Ay A B AR B 1
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