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Effects and Mechanisms of Cooking and Milling on Protein
Nutrition in Whole Grain Highland Barley Foods
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(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to explore the mechanism of processing methods affecting protein nutrition in whole grain foods, cooked
whole-grain highland barley products (rice) and flour-based products (noodles) were selected as the research objects, with
raw highland barley flour used as the control. The effects and underlying mechanisms of cooking and milling on protein
nutrition in whole grain highland barley were evaluated based on the nutrient composition of indigestible residues, as well
as the structure and amino acid composition of digestion-resistant proteins. The results showed that the digestibility of both
rice and noodles was significantly reduced compared to raw flour (P<0.01) and the gastrointestinal digestibility of noodles
was increased compared to rice. Cooking promoted the interaction between major nutrients and inhibited the digestion of
protein, among which starch had the strongest inhibitory effect on the digestion of protein in highland barley, followed by
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dietary fiber. Milling improved the digestibility of protein because it promoted the digestion of starch. Both cooking and

milling treatments enhanced the indigestibility of the alcohol soluble protein subunits (D, B, B3), partial alcohol soluble

protein subunits y-3 and the albumin subunit Serpin z-type, partly because cooking and milling promoted the formation of

disulfide bonds (raw flour 0.91 pmol/g; rice 1.22 umol/g; noodles 1.68 pmol/g). In addition, the contents of hydrophobic

amino acids in indigestible residues of highland barley were significantly different (P<0.05). The contents of rice were the

highest, followed by noodles, and raw flour was the lowest. It showed that the indigestibility of protein was positively

related to the contents of hydrophobic amino acids. After cooking and simulated digestion, digestible indispensable amino

acid score (DIAAS) was reduced, the first limiting amino acid was Lys which remained the same, the second limiting amino

acid was leucine (Leu) for rice and isoleucine (Ile) for noodles. The results of the study are helpful to understand the

interaction between macromolecular substances in complex food systems, clarify the influence mechanism of cooking and

milling processing on protein nutrition, help to understand the bioavailability of highland barley protein in different

processed products, and provide a new theoretical basis for protein nutrition evaluation of whole grain foods.
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BHHRALE 35 HILPEAR T E YR A R
"R, 45 100 g HRREHEAT 9.57 g, BT 2.2 g,
ik KAL G 61.0 g, I LF4E 13.5 g5 a-UE By 1
(13 U/mg) . B&FEHAEF(500 U/mg) . BEAF(6.5 U/mg) .
17 PP & FEPR IR AR Sigma A\ &l P IR o-TE H B
(50 U/mg) . ¥ifLME (100 U/mg) . £ 4i ZE filg (50 U/
mg) UFRISE] S, 5- T Hi A2, 2- TSR IR
(DTNB) . & DU R (EDTA) . — ¥ I & 3L
Lt (Tris) . HEBR(Gly) . + " hEILaifR4N (SDS) | 4-
FiFEe ZFE(2-ME) . Solar Fast 2% I Hy 75 & 4L (4 4K .
sxE M FRESE bk . SDS-PAGE il i H & . &l
245 ITi%E R H Marker 5057 LU RSEFH R
Al EALEF (KCD) | 85 iR — &80 (KH,PO,) . iR R &
£ (NaHCO;) | 4 b8 (MgCl,-6H,0) . & A Ak M
(NaOH) . #eERFR (HCD) . MR (H,SO ) &F I 1
SRR el, E 2GR FHRT A BRA ] BT A 4B
AL R =5 Hrati.

FA1004 Ji 432 —HF RV LigFETEFR
2EAUIRAT BRANF]; JA200A T43r =2 —HFRF LI
EEUHUBSA PR T HWS12 R PVEIR KIS i
—IERMEE RS T HZS-HA [HiR /KIS TR o "a
IRIEARBR T HARIT E AR F]; C21-Simple103 H
ek FEWASE N AT HL RS A B ] LGI-18 8
URTHRPL dEETPUERRR}2EAUEST; FiveEasy pH it
AR -FE R 2 PR B 5 A BRA F]; TGL-16A 55
R URE DL KU NAEHERA RS /] DHG-
9070A HLIEE X EFE  JLRt R SRR A FR A
w3 JYL-COIT Myefil  JUBHAENY (55 ) A B 75
164-5050 A ARFEREEL IR . 164-8001 F& BT FELIKAL  F5
FE SR ARl FR ) &) Infinite 200Pro £ T HERE
#:MY  Tecan TradingAG, Switzerland.

1.2 ZEWHE

1.2.1 HREREE B AR,
BEPLITIE S L 60 B, BIeT 15248, Rideh
250 pm.

1.2.2 HHOKmHIFE  FERLASFPRIE RN T
KA, WEAA PR — o R, MR 12 OB HE
(W/V) INAZEIR K, H i T2 30 min, SR )5 A ZE
i, 100 °C FZE 35 min.

1.2.3 HEAmAMHIE  MEFFRE 100.0 g HFEUE
By, A 70.0 mL 224K F1 2.0 g £k, IBRESHS
Ja, e i A, B | AR IR R ##E 30 min.
et A i BT A, VI FE 2.0 mm, JEE 2.0 mm A4 T
%%, T 100 °C FZE#] 17 min, &SN 158085, ¥
HE 37 C, PATIHRSMERLTHE 1k

1.2.4 RSMEREIEALR T4 =% Brodkorb 457

AT, A TR MSEALIIH AR i 25 o

FEFPER (SSF ) FE A 0T VR I il 452 1% 15.1 mL
0.5 mol/L KC1, 3.7 mL 0.5 mol/L KH,PO,, 6.8 mL
1 mol/L NaHCO;, 0.5 mL 0.15 mol/L. MgCl,-6H,0
F110.06 mL 0.5 mol/L (NH,),CO, {R%&, FBai/KF#
BEZE 400 mL, ] 6 mol/L HC1 &5 pH £ 7.0,

AL WK (SGF) HiL il o7 S iR 4 il 48 K 6.9 mL
0.5 mol/L KCI1. 0.9 mL 0.5 mol/L KH,PO,. 12.5 mL
1 mol/L NaHCO;. 11.8 mL 2 mol/L NaCl., 0.4 mL
0.15 mol/L MgCl,-6H,O0 #1 0.5 mL 0.5 mol/L
(NH,) ,CO, IR &, FH 8 4li /K i B = 400 mL,
6 mol/L HC1 ##77 pH £ 3.0,

1548 7 MR (SIF ) HA, fife JoT JE v 1Y) il 45 ¥ 6.8 mL

0.5 mol/L KCI. 0.8 mL 0.5 mol/L KH,PO,. 42.5 mL
1 mol/L NaHCO;. 9.6 mL 2 mol/L NaCl 1 1.1 mL
0.15 mol/L MgCl,-6H,0 & & , 1 M 4li /K ¥ #¢ 2=
400 mL, JH 1 mol/L NaOH ¥#475 pH £ 7.0,
1.2.5 {RAMEIEIL B 1.67 g A=K, 3.84 g i Z%.
5.00 g KRR IE=FWHE LTS E 0, i1
pHS5.0 1Y PBS ¥ W FC il BT 5= 43 B0 5% B -
Z:2% Brodkorb 55U [y 77k, { FH INFOGEST #i&
THAUSSALHEA TS MBS AL, SR IR Sl KA U e
ShxF AR

FEALL T T ke 1508, A AR BT LSS, 11 s PELRG,,
FEIRMFT BRI . SR, ¥ 5 mL IS (0.15 g
HEH )5 3.5 mL SSF L IR &, FFInA
0.5 mL & a-FEMEAY SSF FEMATTA ML (1500 U/mL) |
25 pL 0.3 mol/L CaCl, Fi1 975 pL #B4lisK, 37 °C 7K
PE7% 2 min,

L B Ak ¥ 10.0 mL 1 EEALEE S 7.5 mL
SGF Hifift BT iR, I 1.6 mL & H & H G
SGF H3, fi# 5t ¥ #& (25000 U/mL) . 5 uL 0.3 mol/L
CaCl, ¥ #% . 200 pL 1.0 mol/L HC1 F11 695 pL #E 4l
K, FE4ES . A 1.0 mol/L HCIJE 5 pH = 3.0,
37 CKGIRY 2 he HAMEIIB I 205, H
1.0 mol/L NaOH %A pH = 7.0, ZA1E B i k.

B Ak KF 20 mL H i LBEE S 11 mL SIF
R R RS, N 5 mL &R Y STF AL fif 5
¥ (800 U/mL) . 2.5 mL 38.4 mg/mL A 115 ¥k .
40 pL 0.3 mol/L CaCl, #¥ . 150 pL 1 mol/L NaOH
WA 1.31 mL # 27Kk . A 1.0 mol/L NaOH 5
pH % 7.0, 37 C /K ¥R¥ 2 ho KSR IH 1k
2 h J&, Il 5 mmol/L & H B il 77 4-2-% 2,32
TR ER IR ER (AEBSF), 2 (HIA 741k

TERHIH AR SS , INA ST 10% TCA LAVITE
AIEEPEE A, 4 °C K 9000xg B0 15 min, WAEDTHE,
HISAASAIHEARS), VR TIT68A - T—80 °C 45
1.2.6 RIMEARHARANE =% GB 5009.5-
2016, >R E ZR 0 B A L ORI . TS5 AL
HRTIIHA RS &, R B 6.25. &4y
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AR R B £ 4 I RE s TER S iR I e - SR FH IR K
¥, 2% GB 5009.9-2023 (& & e EFEbRE =i
TEMY I SE s BRI & B0 AE : SRR CHIERE, =
% GB 5009.6-2016 & i FE Shnt & ib g
A RE D o
1.2.8 FREAM . RURAFNE SAS AT AL P ve s . G
BEYEFRRIT 43 5Bk TR Y 5B B AR S
pHS5.0 By PBS A W AC BB 53 B0 R 5% AW, I
i 1% FIEREEFIPEILEE, 50 °C FEfE S h; BG4
2= 55 KRR pHS.0 1Y PBS B BB B 3
R 5% BB, SN 1% FILF4E 2T, 50 °C TifHi# 2 h;
RE W00 25155 B4 i 5 A T Bk IR 1:20 iy LBLINR &
1 h, FAEZE IR ACE 30 min, {8 FHHEFZE AAUG A
Tk, TEM . BEEETHERIIB I SR B fE, TR E
JRTHALERAIIE o
1.2.9 SDS-PAGE A T 43T AR A &6 i
FA SRV 3L, 27 Tsaacson 251 (14 )78, SRR 1542
BCHE R A HAR A R A KRB R
AT 24 (7 mol/L JRZ, 2 mol/L ik, 2% w/v
CHAPS, 50 mmol/L DTT) 1, JEFKE N 5 mg/mL.
BB WS SDS LAtz v L 4:1 Lk R &,
FEWB /K AP An# 3 min J&, 10000xg & .0 15 min, HX
IR EAT LUK . VKSR FH YA B IR S 12%,
WA LU BE R 5%, FAERCY 10 pLP%, £ 80 V I
FEL VK2 2 h, BLVKE5 9 5 20 mL Solar Fast 2% S
WA YL AR YL (a2 h, B)a FHZEEK G =1 515
i, FHER T 3T 3 . A TmageT #4317 H B
e B TR
1.2.10 FEFTEM S BN E =% Chan
SERY ()7, SR B2 L a0 T R S A AR
A AL PR B SR AL LR SR IS I e T S A ik
FrEAE B 100 mg FEFASTECT 1 mL WS A
(8 mol/L JRZ, 3 mmol/L EDTA, 1% SDS, 0.2 mol/L
Tris-HCI, pH8.0), & T W€ 30 s J5, TEFEIR LR
4 1h, SREHIA 0.1 mL W22 sh#k B (10 mmol/L
DTNB, 0.2 mol/L Tris-HCI, pH8.0), 7E3Z K IR &
1 h, IR T 13600xg BS.0> 15 min, B FiE RN & o
412 nm AL 5E W SGAE, 25 P4 ZRIB KR B CRE i a2t
TS

MRE BEF ST, FF 100 mg DTNB(0.253 mmol)
WA 10 mL 1Y 1 mol/L Na,SO; 1. K 100 mg £
AFECT 1 mL OS2 g C(8 mol/L JRZZ, 3 mmol/L
EDTA, 1% SDS, 0.2 mol/L Tris-HCI, 10 mmol/L
NTSB,-, 0.1 mol/L Na,SO,, pH9.5, H:H NTSB,-&
2 Thannhauser %522 (G A . =R FiRiE 30 s
J&, TEFRR _IRA 1 h, IR T 13600xg Z.0> 15 min,
W B, FELL 1:10 By EuBl S5 R N 22 v B IR & o
412 nm A RE W S'GAE, 25 20 FHZR IR ZOR A URE dh ik
TR

=0 (2) F(3) 435l 35 s A 5 M A

73.53 ><CA4,2><D & (2)

e A, MEESHTE 412 nm ZEBIZSGHEE; D N
MEREAEEL; C eSS MR, mg/mL.
TS-SH

2

o TS S esist & i SH Miifssmss .
1.2.11 IR LM E =35 Zumwalt 52 11
7%, SR FHRK A2 e A s v A 2 IR 2 o

FE S A 7K A MERRFRERL 0.1 g #F 5 Tk R v,
JMA 10 mL 6.0 mol/L HC1 F1 10 pL 2@, 110 °C &
IKSf#E 24 ho KIRLEHIE, B 1 mL AR FZE 4 ML,
7 55 °C F/KIBZE A 2T, H 0.1 mol/L HCI %It
MR IR EEN 0.4 g/Ls

FERTATA : MEFREHL 200 pL £E4%, JILA 100 uL
0.1 mol/L AR F R LA 1 100 pL 1 mol/L = Z.J1z,
WERIRAIR G I5), FERIE TP ATAE | he fiTdgs
HRE, i A 400 pL IE & %€, IR PES 1 min, &
10 min J&, WHU T )ZE W, i 0.22 um BEME, 47
HPLC 431

HPLC 43 Hr: 765 LC-15C &g, T Agi-
lent Advance Bio AAA 1% i 4+ (4.6 mmx100 mm,
2.7 wm) AT EFESHT, BB A 254 nm, 4387
[A] 2 18 min. ¥3I4H A 24 10 mmol/L Na,HPO,&
10 mmol/L Na,B,0,, pH8.2; Jit 141 B 2 H i : 2,
it Kk=45:45:10, FEREE N 1 mL/min, FFREEN
10 uL. ¥ MG BR JEE 40 F : 0~0.35 min, 2%B; 0.35~
6.9 min, 2%~22%B; 6.9~13.4 min, 22%~56%B; 13.4~
13.5 min, 56%~100%B; 13.5~15.7 min, 100%B; 15.7~
15.8 min, 100%~2%B; 15.8~18 min, 2%B .

1.2.12 AT IR I (DIAAS ) M KR 1T
Srita FRAEN(4) F(5) HHE DIAASEY,

AT A0 75 BE R L 6 (DIAA ratio) =
3 50 FF IR 1 B — ATV A 7R E R 1Y (mg)
T S5 E P TSR N & 2= (mg)
x4

FiH & (umol/g) =

B B (umol/g) = ® (3)

DIAAS(%) = 100x DIAAZ# LR RIGE X (5
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1.3 #HIELIE

FIT A S 56 K TR A0 2 Uk, S R LAY
{HEprfEZZRIIEER R . SR SPSS 26.0 431748
AT, 3B B R 2 5 2253 8T ANOVA Fl1 Duncans
ZH R BT B 2= 5, P<0.05,
2 HBRES
2.1 ZREFMRESSHRAIMNEBRETERNZN
o TEBTHALFIATN LI B, AR 008 AR TS LR
B, HURCH AR, KRIRBITHCR AR SR EE,
TG 25 1 5 I T AL SR A i 2 BRI (P<0.0 1), A EH
THALBTBE, T 2R ITE AL (11.20%) LA 43 (30.50%)
FRAR T 19.30%, FEAAZERE W g R 1 F AR A
SMNEAR, HAE B AR BEE AV SR . G H A
Sk, — R RIS SR B AR T LA S T LR,
T2 A B 25 5 380 1 B 2R A, AT R £k
RO SR AR E, TR SR B R RR Y AL SR 1) S S R T
(P<0.05), B H AL B Br, 18 4% (48.39%) Lt K
(42.02%) BITHALRIET 6.37% . FKIATEFEE IIILAE
RN T RS AN S REASHE B SIS MEAER, B
TERGTE AL BEE TR B I

& 6

(o)
(=
1

= HiHfeR
A == R

WANE BT LS (%)

L) 1fi %% Kt
BT FHRRA R B T dh iR SRR AR AR

Fig.1 In vitro protein digestibility of highland barley meal

and its processed products
TE: AL G AR AT — P B E W h IR AL S R . R RS SRR
R P L L 50552, P<0.05; ALK 70405
THAR T HA 2 5%, P<0.05.

2.2 ZREFREN A ALEUATE TR BRI
HAAE B Th S B E IR AT, Ho P UER & i
S 61.0%, B & 6.2%, TG4k &
13.5%. A [A] 75 BR il 5 A 7T IE A 04 78 3% a4y an
21 PR A AR ATIEAARY TR S R, 1A F)
60.87%, HHREE LT 4E(14.42%) . B (6.21%)
FUIET(0.50%) o ARYRASTTIH LA v e e 19
S SRTERT(50.86% ), HIK BB LT4E(21.49%) | £E
P15 (10.70%) IS (1.14%) . (B 50 &AL

PIAH L, KA TTIE AL Th vk & we e, B 4r 4
FIER 1 BT & 3 8AIR, X AT B SRR 2 il R 5 A #1
AK, HoKRRAEZR AR B A T 58 Bk PRi St . A
MR R & & B E ST 4 Y Bk B LU TE
AL EAT TSR A HEHT I A, GRASUR DR PR PR
WK FMEFAET X AT GRS PE PRI AR B BAAIR, AT
FEER IITE AL AR BRI

R 1 B EEAFRRATTHE 0 5 2SR R A

(g/100 g T)

Table 1 Principle nutritional composition of indigestible
residues from raw flour, noodles and cooked grains
(g/100 g dry weight)

. %ﬁi*ﬁ %ﬁ?ﬁ% %ﬁ??fﬁ’»ﬁ
ENINCL 47 ENINCL 47 ENINEL 47
AN S & 6.2140.02° 13.59+0.79° 10.700.10°
JIg s & i 0.50+0.10° 0.95+0.08° 1.14+0.03°
VERY T 60.87+0.28" 42.86x1.31° 50.86+0.75
B 14.42+0.97° 29.13+0.41* 21.49+0.93°

E: W17 R bR AR/ NG PR R 2257 3, P<0.05,

23 EW. BREAEMERNEREARIELEN
AN

AN Ty =rh v ks  BEE L4 . BRI 75 R
FUBR AR aniE 2 Uras. A An] iEiei i
HATRIEAERE T 47.2%, AT A8 o G K ok e
J&, HAR U IEAE R 94.1%, THE T 46.9%; MIEE
LIRS, SRR R 70.9%, THE T 23.7%;
MR L KBRS, & AL R S 50.0%, T T
2.8%. _IRGE R, TEM ARG E LT 4EXH T B
SR ITE AR BT 25 (P<0.05) , (HEZ R AN
[A], B AE— B R R T R RN R . Tk
VER LS5, o 7 BRAR L TH AR A il VP S, He
YOG T4, Milg W R hIVE %55 -

100 a
e

- C
=3 DL

HHBUH LR (%)

N3 & 3
B2 RIS IER) . B4 N4 R
R LR

Fig.2 Effects of starch, dietary fiber and lipids in indigestible
residues on protein digestibility of highland barley
TE: C, X HRZH; DL, £ ARMITAL#I2H; DF, 2:4F 4E4bH12H; DS, ¢
VEMI AL BRLL s [ AN R] F RER R 22 5 2 (P<0.05) .
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HZEAS AT AR P AR T BT AR R 45.2%, 24
TE By % I A IS, AR A TR TE AR RN 56.5%, ThE T
11.3%; Y4 i & 2F 4 9% i i ), 28 A T Tk RN
72.3%, FHE T 27.1%; SIgNie RS, SR EEEA
N 51.0%, L ETHT 5.8%. Hiewl UL, ZEmm &,
B LT 4 B A R B RSy, BT B R T A a4 i)
VERIER, HUOR e MR . S48 ATTE L AE
PORE, & B SN AT T AL T UE Ry B R REAIR, UEEHZE
AR IE T rERITEAL, WSS T IER X AR R Ak
FIRIE 8 52 8 1 BT AR R R 3R, X
A RE S VEMHIEA LS, R ST S pER ] R AEHE Y
LERAARFF RN S8, PRI AT AR IR 2R 1 SR TH AR
TR B 2T 4k pl Ay SRR PR 2R T RE TR AT 4R
M AL PEA SZ 28 5227 Hu 2600 S8 50K/ £f
MR- R T4 B AR A MIST 2R, @i (85 °C) im#d
JE B R/ A ORI 2 - R G S E IR G & B
AR U RTE AR, ZRIAZR AN IS TG AT AR AT
il AL, X S AF TR LR S B e
LER B FEEAC RS, NIV S S L IRk
TR FE AR A A R R S SR, (RS2 A XA o

KIRAS T IH AR BT ARy 32.8%, MTE
e a, FBATTHILERN 73.5%, FHE T 40.7%;
Y E L AR S, SR BT AR 47.2%, THE
T 14.4%; SR LB )E, SR BIH LR 42.0%,
THE T 9.2%. HIBEAT UL, AR, TERME R T 2EAL
43, X EBRE FTE AR I I E F B, LR IS At
HEFAGIT o X AR AT S5 AN 1T T A4 1 S B 2k 2R
ALK B, BRSSP — 2B UE T e AL, 5
FGEAS SRR, HIES T e U AR AR R E
FH, VER BRI EESE R 2R . TG BT 4k nlioh 3= 25200
22, X T AESR tH TR S T AL BRI Bk R S5 e, A2
DT B 2T 4k 5 LR F A B Rk, FERII T A1 E
FH IG5 T 2P 4= S8 A i RIAE EAEH, S380kE
B A YR R U ST E FH R 58 NI & AR Tk

Mw (kDa) M

HRF

HRF-I HCG HCG-1

BN, i ELIR T 2R FUSH AR R R 5501

R, SR I 2% A AL FE AR B AR FE AT LA i
PETE A TS A, DR GE R X T B AR TN AR B B A
FHo EAh, DR A FRT TS R P BELS H ek
AR T NG B AT 4R AN )8R (T ik, MATTINGE T
JiE B LT A R T T AR RV E A . T LA,
FEAB RS AN FRE S T 3R nTE AL, I H s T
S S AT A Z IR AR BRI, PTTRE N T 26 K 5
ik
24 ZREMRENEREQRTEREE MR

TR B AN R 7 1k 0 1Y) SDS-PAGE 1Nl
B 3 i, B R A BRI LER 2, A X b
TR S B RN AT TS AR 0 S L, FRIT 7%
B FIR X 5 BRI ST A E R e . AN nT T4k
Py AR P AT TS AR B 1T 35, FEAS AT ST ks
Hr P B SR 25T B A S0 AL I ER P I 3

DN A A (1 Pk 36 (HRF) 7] DLA Y, 75 B8R 1 L
30~50 kDa MIR43-FE 2053 T 65 kDa 1S 431
A R RS F i XIS P8R P L Serpin
z-type(C3 F1 C7) . BEA R 3L B(C4 F1 C6) . %
VSR B3(CS) | B4 BA & DAL »-3(C8) A
BRIV 3L Vicilin-like seed storage protein(C9), 1]
A XA S A B 2L D(CL) FIEREE FIE
%t Embryo globulin(C2) . XJ b HRRA M (HRF) 55
FRAMI AT ALY (HRF-1) BYEE IV R 2H B, vl LA
PR E A3 D(C) | R E AR B(C4 fI
C6) . BEEH WA B3(C5) . HEH WA Serpin z-
type (CIVISRAEAE T AR AR v, SR 2575 BE R
KT 54.7%~70.0%, T HAEE (13 I 19 251 EAN AT
HAL IS . A RPRL b Y B HE 1 3
D. B. B3 FlE VAL Serpin z-type 5 PR AU
AR, TS 3 W S AR P P 3 -3 FnER & Pl 3k
( f3 4% Vicilin-like seed storage protein il Embryo
globulin) WIAHXT 25 5 14k

HN HN-I

«— M HEHLAE D

« FREA W Embryo globulin

« PIE S Serpin z-type

«— [EHEHTAE B

<« BRI B3

S BEAEMIE B

w HHEHF3 Serpin z-type

TR A H T -3

BREE FESE Vicilin-like seed storage protein

B3 FFRRAN . RN 2% SR AT IE AL i SDS-PAGE
Fig.3 SDS-PAGE gels of raw flour, cooked grains, noodles and their indigestible residues prepared by highland barley
¥: M, Marker; HRF, # B4 83; HRF-L, 5 AA R RN TTIE ALY HCG, HBOKIR; HCG-L, HRRKRRAS AT T 464 HN, 75 B 18 4%; HN-

L, R A AT AR



8478 % 1)

FEEE | 45 2RI X SRR W B SR A BB R AR S AL - 145 -

*2 HRREA BT RA
Table 2 Identified bands of highland barley proteins

i SEER Ay Uniprot SHLF i
RS CHERa (kDa) ﬁ‘qil: = (kDa)
Cl1 D-hordein 91.6 AOA2I8B2J5 10052
C2 Embryo globulin 65.4 Q03678 651
Cc3 Serpin z-type 51.2 P06293 50871
Cc4 B-hordein 45.0 Q2XQF1 4583
Cs B3-hordein 39.5 168126 4084
C6 B-hordein 37.4 16QM99 37
Cc7 Serpin z-type 34.7 168126 35t
C8 7-3 hordein, partial 31.5 P80198 308
9 Vicilin-like seed 26.9 BAK04746.1 250331

storage protein

il Xt Eb s (HRF) 5 i 25 (HN) | i 45 (HN)
5K (HCG) MIykiE, & AR A 40 80 —8um,
2 I 2 2 Arb PRI B A b P T R 1 10 REAR ZH i R
FEA W EE R . AR, X FEHOAN T AL i

PEr7AE T BB SE N, B4R,

FH EEF A AN B] JE AR (HRF-1) (48R 1 32l
A%, AT DA & BRI 45 AN AT TE A6 4 (HN-1) B 2R 10
3 D(C1) . HE M H Serpin z-type(C3) | B K
FIEEE B(C4 A1 C6) | BEFFER 3L B3 (C5) 25717
SRAE BT 23.0%~48.0%. {EAEMASRITHALI T E
ZH I R W3 Serpin z-type(C7) AR BRI
B EE p-3(C8) A 45 A ] T Ak 4y o E 58T b 2 .
LERERY, ZR AL PRI T A AL DL B B3,
R4y BE A AR W R -3 F 2R I B Serpin z-
type BYTRTH A, JEHORFR B 4 DI A -3 A
EH I Serpin z-type.

FH L FRARAS T T AR (HCG-1) 1A 35 F P B4
A, AT DA & BRE 25 A AT TH A6 4 (HN-1) H B 2R 1D
3 D(C1) . MW Serpin z-type(C3) | B
FIEAE B(C4 F1 C6) | BEiEd H AL B3(C5) . HiE
H V3 Serpin z-type(C7) FlIHB 43 BEiE 245 H W p-3
(C8)AFHE UL REI ST BT T 13.2%~20.3%,
RIS T HEHR & T B AR R DL B B3, #E
ST AR F VL p-3 FH 25 H WP 3 Serpin z-type Y
MTEAEPE. HEAR, BREE I Vicilin-like seed storage
protein(C9) Fl1 Embryo globulin(C2) fEF B oK
PRAME SRR TEAC) T TR, FREHZEE AL HEFI
TR AL HEAS T M 3R 8 1 B0 S5 TH AR E
25 FERARER — R

ST RRAEAT  ORUR . S BN AR i —
SR (L) A T SE , FRITAE AR X i I
PiAZi95= AL i P 7 P TEOaN = 00 AN VTS B 7/ 3 Bt 7K =
UnE 4 o,

R ITHE AT, T RRZE A 0 o S
0.91 umol/g ¥ . SAMAHLL, miSc b iy A&
B W N (P<0.05), 4 1.68 pmol/g it . STk

4.00 -
ey i
s == AnHY) A
= 300 ==y
20
E
1\; 2.00 - C B a
Jul
T b
& 100 &

0 T T T

s ) A iz

B4 RN RN 45 5 HOR TS e 1) — hisi &
Fig.4 Disulfide bond contents of raw flour, cooked grains,

noodles and their indigestible residues produced
by highland barley

H: AFRNGFRERAFERB ST RESEEREE
(P<0.05); ARG FHRFR AR AR Y b s &
F 58 (P<0.05)

FHEE, AR A S BRI, A 1.22 umol/g
o FIRGEILFEIH, 28 IR AL PR S (e vt ik
e, Zhang 5B fff 58 A& BLE K AL B2 02
(LN o S W= ot 1k 5 N e = D15 A e | B S e
T, RS FR LY L, BRI A PR 2 A — R RN
TSR, SAHTIT AR AN BRI N A A
B3, SHE—2ME AT IE ALY P ) e
BH, PR S AS T TS A B e A R S TN AR AT RO R
R S AH L S FH(P<0.05) . =R,
T 2 ANA] JHAR) I i S 2 e, S 3.04 umol/g
o, HR SRR E ALY, S 1.89 pumol/g #£
fie  FHIETT WL, ARSI O B AR FvH b =
HIFTEZRIA, 3235 23 T8 LB /K SR AL/
KA AL R By 25K, y-kafirin T -
kafirin JE B0 R IR AE A28 38 5 S SRR TN
AR PR R R RIS S P ITFS Y B, SR AT RE
SHABEAY)E FUTRAE, DI H & I Ak, (HEREE )
VEFH N2 . 454 SDS-PAGE 455534
I, FE AR PO S ] gEim O s — A R AR, &
BT K P E R SRR R AR PIFR, ASFTIE AR
IKAEB, PRI, AT LAEIZE A A B B I VE %
RAEARR %) 3 2 i R 2 P 3 8 11 MV R TR Bl ) — e i 2R
SN
2.6 ZREFRENSREESmEEERLER IR
TR AT IS AR S AT I A ) SRR A A,
(g/100 g WHALTTEE FUBD UNEE 3 AR X b A=k i
O PT AR ANAS AT JE AL P S BR 2 K, & BRI 2%
ANl P AR ERR (Val) . FRERERR (Met) | #5122
2 (Lys) . &M (Gly) . K& E L (Asp) . BFEMR
(Glu) . 732diR(Thr) . N2 (Ala) . IfiZli% (Pro) . 5
FZEM (1le) | FEEPR (Lew) MIZEDNE AR (Phe) £ it ik
EE T AR Y (P<0.05), AT H, 13X se4 ik
fRAE T A P {EAE T I S AR A e e .
IREIERR RSB T KPR IERR, XK P FERR
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23 HBAER. HAFRRAPTE YA TS A h & SRR 4 AR (2/100 g THALATER F1 %)
Table 3 Digestible and indigestible amino acid compositions of raw flour, cooked grains and noodles produced by highland barley
(g/100 g protein before digestion)

e HERA M FHRRI % FHHOKR
" AHAL NGIREL %7 GIRCEE 2] NDRiEL 7] AIHALY NDRiEL 7]
His 2.46+0.05° 0.94+0.05° 1.30+0.08" 0.98+0.02¢ 0.78+0.02¢ 1.40+0.03°
Thr 2.88+0.17% 1.68+0.02° 2.5240.09° 2.36+0.09° 1.84+0.04° 2.84+0.05%
Tyr 2.310.15° 2.02+0.04° 2.86+0.12° 2.07+0.03° 2.28+0.09° 2.26+0.05°
Val 3.41+0.14° 1.85+0.08¢ 2.7140.12° 2.42+0.08° 2.10+0.07¢ 2.32+0.06%
Met 2.05+0.12% 0.97+0.02¢ 1.40+0.02° 1.21+0.03° 1.02+0.03¢ 1.11+0.01%
Cys 0.56+0.04° 1.25+0.24® 0.37+0.02° 1.08+0.02° 0.32+0.03° 1.43+0.07%
Ile 2.12+0.06° 2.20+0.09° 1.69+0.03¢ 2.54+0.04° 1.64+0.05¢ 2.69+0.06°
Leu 3.52+0.32° 2.59+0.10° 3.56+0.08° 3.42+0.13° 2.82+0.02° 3.86+0.17°
Phe 3.55+0.18° 2.71£0.06° 2.71+0.01°¢ 3.08+0.04° 2.07+0.05¢ 3.17+0.08°
Lys 3.04+0.10° 1.56+0.05°¢ 2.45+0.06° 1.91+0.01¢ 2.15+0.03° 2.06+0.04°
Asp 4.49+0.39° 3.01+0.26° 3.44+0.14¢ 6.08+0.25° 3.73+0.09¢ 4.63+0.20°
Glu 14.34+0.44° 5.30+0.11°¢ 7.62+0.25¢ 11.68+0.40° 9.49+0.36° 14.36+0.66"
Ser 2.90+0.33* 2.01+0.14° 2.53+0.10® 2.34+0.08" 2.37+0.02" 2.43+0.05%
Gly 2.68+0.05" 1.57+£0.17¢ 2.49+0.05° 2.03+0.01° 2.62+0.07* 2.22+0.01°
Arg 3.43+0.08° 2.22+0.07¢ 2.91+0.13¢ 2.32+0.08¢ 2.79+0.17° 3.81+0.11°
Ala 2.93+0.06* 1.50+0.12¢ 2.23+0.14° 2.09+0.05° 2.03+0.04° 2.27+0.04°
Pro 6.03+0.07° 5.29+0.11° 5.52+0.05° 5.81+0.07° 4.25+0.12° 6.00+0.16°
TAA 62.70+1.54° 38.67+0.56" 48.31x0.50" 53.42+0.45¢ 44.30£1.31° 58.86+0.32"
TEAA 20.57+0.66* 13.56+0.46° 17.04+0.25% 16.94+0.30¢ 13.64+0.21° 18.05+0.14°
HAA 26.29+0.39* 18.68+0.40¢ 22.31+0.20° 22.61+0.21° 18.55+0.16° 23.64+0.22°

1 TAA, BEIERR; TEAA, BUNTE & AR, (45 Thr, Val
AR/ NE FEE 2 5 B (P<0.05) .

BE R A B, AR A AT B K RS
FepR & 5 (18.68 g/100 g) B LT i s A nl 1k
(22.61 g/100 g) (P<0.05) . AHXTHE, A=83 TiH A4
R B 7K P 2 LR & 7 (26.29 /100 g) 35 T 4%
AIYEAEI(22.31 g/100 g) (P<0.05) . iR SR,

Ko FERAR AT 25 14 AT TS AR FNAS AT TE Ak b
FEPR 2H 1%, & KR PRAS AT TE AL h Y Glu, 41212
(His) . ¥ &2 (Arg) . P22 (Cys) . Thr £ Leu 7%
B T A A (P<0.05) . HAh, KA I
AP g K E MR 5 (23.64 ¢/100g) B2 H T
SRR IEAE(22.61 g/100g) (P<0.05), AHXT N HY, K
PRATIHAL B K 2 5 2 5 (18.55 g/100g) i 25
AT AT AL (22.31 g/100g) (P<0.05) ., FiRkgh
SRR, PREEAL AT T K LR AU TH AL, X T EE
SRS AN ERAE E T ST AL, S RASIRZLTE s
AL MBS SRR T 25 5 S i ALl vk, 2% T
SRS IERR AT AL, PR K SR TR R,

PE—2 R 53T (PCA) RS IIN T 72X
o B BRI AT AR FOAS AT AL ) A SR LH R 5
i, A B R i 22 (] AR AR DURR L S W e S S iR
FEARXTRE S Z A X A 3 T SCHME . aniEl 5 9r
Ro PC2 52EMEE(Cys) . lle. Asp 2553 5Lfip &1
S IEAE, 5E&BR (Tyr) . Gly. Lys & 2 5 A
Ko For, Cys fl lle & X} PC2 Trikix K, 5 PC2
SERRIFAHSCH: . RAH BRI S5 rT
AWK W 22 [A] 28 9 B K R S Cys Al Tle, H.

. Met, Ile, Leu. Phe. Lys; HAA, Bi/K&AIEMR, f1$6Gly. Ala, Val, Ile, Leu. Phe, ProfliMet; [F]fT

RSN AT R Cys A Tle & B B35 = Tl
MW (P<0.05) ., PC1 5 Cys FrmE Rtk 5
HAA (B /K HEE IR ) . TEAA(L T EIERR) . TAA
CRZEFEMR) . Ala S5 H A Z LR S B2 IEAEG . H
F1, TAA. TEAA . HAA X} PC1 TimkEx K, 5 PC1 2
R RIEAHSSrE . HILAT IS, ASTE SRR S AS IT 74
) TAA & TEAA & HAA S H2ES R
2, HaX =P & e A ] Ak b S BT
AL, AR>S o

0.6

<o
~
)
>

0.21

PC2 (21.7%)

01 0.2 03

PC1 (59.0%)
HRRAR . SRR PR S5 A T )
LIRS T 1873 7B
Fig.5 Principal component analysis of indigestible
and digestible amino acids of raw flour, noodles,
cooked grains prepared by highland barley

ZEFREN SRAMERREFRRNFN
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Index, EAAI) .| ‘ZF£F5 %0 (Nutritional Index, NI) | &
i 1k F A2 IE 44 3 iR #F 45 ( Protein Digestibility
Corrected Amino Acids Score, PDCAAS) . A 1H4bh
e A LML L (Digestible Indispensible Amino Acid
ratio, DIAA ratio) . DTAAS, #X1fif AAS. EAAI. NI 1
R E IR R, 1A 45 A LRI L5 E T, A
HE HL S I MR (4 BT BT . 1T DIAA ratio 1l DIAAS
ST e IR LH A ATH LRI TLA G 1T, RENS VN /2
S TTEL, DIAAS 85, iR BT AT
TR Y AAS MEAHI LB DIAAS T DIAA
ratio N8 4 s . LA A BB S 28545, JLT1]
H1kd, % FH DIAAS Fil DIAA ratio X =FP £ 5k 52
FRpGEE B IR MR TP . S TREALSS, T
T TF IRV BRI . A8y . SRR 2% 19 55—
RIS il P Z IR 38R S Lys, (HRIR IS —RR il P23k
BRAE A Leu, 45 BEE — FRHITEEIERRAE M Tle, X5
SR A I S 25 SR T A PTTE AR T Tle S
AH S N RBEAEXT N o EAh, KUY DIAAS {EAR T 1
S, REHTRESACIE AT L) — B F 5 G B s 3%

l:ll__ll_‘)ﬁ‘o

* 4 HRAER KA LAY DIAA ratio #1l DIAAS
Table 4 DIAA ratio and DIAAS of cereal-based foods
produced by grains or flour from highland barley

B AR KR ‘ T4 ‘ S A
AAS DIAAratio DIAAratio (mg/g & JR)
Ile 1.43 0.55 0.56 30
Leu 1.03 0.46 0.58 61
Lys 0.67 0.45 0.51 48
Thr 1.16 0.74 1.01 25
Val 1.14 0.53 0.68 40
Met+Cys 1.92 0.58 0.77 23
Phe 2.13 1.06 1.36 41
DIAAS (%) 67 45 51 /
S — BRI 2R Lys Lys Lys /
FREIMESR Leu Ile /
3 i

AWFFE LLHE R R, AT AR, A L5
B AR R i CRYRFNE 5%, ZH 43 IAH .
VEF . 85 B 45 Fa) PN S S iR 41 il 55 22 A B X 28 380
TR R ) B AR I TH AL ML 2 TER ST . S5 HR3R 1,
ZEERHE T K IESFR R Z M BEAE IS T &R
FITE AL, o A X AR, I AL R IR A,
HOR BT 4, PR AP TR e TE fe e =
THEABRIES . 288 MRS AP 2 fE 3 — i
BRATE R, PERAEEE HWAE(D. B, B3) .| #rBE%
AL p-3 FIFEE A3 Serpin z-type T H 1L
PEo WAh, ANFEIF R AT IEA B K P 2 R
TrEES R (P<0.05), KRIRM & B . HRIK
2z, AR, SR A BT Aot S SR S
PRI B . H AT i S ZE R AHTH AL, AT
THAL TR LR DT A AR, L2 — BRI MR AN

AR, Sh Lys; ARAGEE —FRAIVELILIR N Leu, WIS
A2 R IPE IR Tle, BAIRCUG, ZEZ R T
TR BT AR, SRS AT LI E— SRR Lk
AR E A E IR BUAH AR, I Ty A R
FUBHH AR AR S N MNA R IL R EE R . R
SRAFFE AT 2R EAFIN T2 (A& 18] | kL
ARSI ARAE) X HE A IS 4 A8 EEA S 2 R nT MR 0 52
m AL, SR FH 3 SR AR PG BT . AL B R
FE . 22N R PR SRR, IR AR R HA 2 5
R HEABZ BB TIPS, 75
AEME i B8 IR AL SN O AP R AR P A
AR
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