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Abstract: The amino acids in protein of quinoa bran were detected by Automatic amino acid analyzer. The
content of Asp.Glu.Leu,Arg was higher,more than 50 mg/g pro, while the content of Cys and Met was
relatively lower, and the lowest were 16.72 mg/g pro and 17.43 mg/g pro, respectively. There was no significant
difference in amino acid composition between total protein and albumin of quinoa bran. Prolamin was rich in
hydrophobic amino acids, especially Pro, but Tyr was relatively deficient. Globulin contained higher lysine,
while glutelin contained lower Cys. Lys was the restrictive amino acid for total protein, albumin and glutelin of
quinoa bran, Leu for globulin, and the restrictive amino acids of prolamin were Ile, Leu and Lys, while lys was
the first limiting amino acid. According to the FAO/WHO recommended score model of essential amino acids for
human body aged 0.5 years and over 18 years, the amino acid scores were 63, 68, 73, 83, 66 and 80, 86, 93,
93, 82, respectively. The ratio coefficient of amino acid (RC) and score of RC (SRC) of total protein and
albumin were similar to egg protein, with the close degree of amino acid composition 0.99, which were better
than globulin, prolamin, glutenin and soy protein isolate. Globulin was the same as glutenin, slightly better than

soy protein isolate, and the nutritional value of prolamin was the lowest.
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#2747 (Chenopodium quinoa Willd) , J& ;= F pd 3¢ %
ST X, R M R R AR . Bk A
PEIBT A 2 BT AN AN DR 5 BT 1 o R 4 A
REEFRY S ERAR 42 (food and agricul-
ture organization, FAO) TAXE A ME— T DI 2 AARFEAR
BEFRF ORI, HIE R R4 o il AR
S8R eE IR R AT 21 A PRIt SR
L RWETEARNEY ¥ 2013 4R1E Rt FLA 4270,
I AiT2R A2 AT 3t A U SE U BRI YH LA B9
DX, 4 FAO SETHHE o, AR B2 o)™ it 2011 4F
4 10.16x10°t,2016 4F35 5] 18.54x10% t, WK T 83 %,
FE T AZE A PR AP B, drcils JLAE MRS AL b A 52
IR Sk,

HUNEERAFHHYIATE, BERNE THHSE
Y, B SR TSR A R R, R TRERIT HEY
EerE USRI, BTSRRI R,
I T RGAS R ET e, FEBER I T Rt 2e ™ AR R
ERYINTR R -2k B, ASTRALR L ICSE SRk
BB R W S R TR, R BUORLE S R
35K 30 %o EL XA 22 B B 4 0] S 1 S fin Ak 2
FIAEARDEE, 3 B T BEURTR % o PRMOAR SO i 0 B B
BA AR B 1 WP A Bk B A A A R A S
ERUE, R TR B TN T A PR PR AR

1 #R5F*
1.1 ARG

B ER . VIO REREZZ T R A IR AT 7]
C,H,0 .NaOH NaCI . HCI . C,HO 2515 /3 b4l
12 {5

FE28 -Meter pH 1 : METTLER TOLEDO;85-2 #§
S TE R SRR BN AR 3 A PR A
DFT-200 FH2AHENL . RIS T ARG BRA 7 5
3-18KS R VR ELOAL: 5E sigma /A F] ;1L-8900 4
H B & LR AT . H AR Hitachi 23 7] .
1.3 ik
1.3.1  BEAER Y S H 4RI

B HR Y S AP S B Ruiz S50 7k 22
H B 2 TR U R L 1 40 B, A JEK
CBHRIBERR 12 ho FREL— 5t i 2 iR A BRI e 22 5 1
DL 115 (g/mL) B9 il 5 25 8 7 /KIR A, A 1.0 mol/L
() NaOH U85 pH {E 2 10, BEFEARE 2 h, 7E 4 C
Z5°F 10 000 t/min B0 20 min, B E W, 1.0 mol/L
HCI  pH {H % 4.5 DUTE, 2.0 (AR B, DivE &
BT KRR K DTTE ST 2525 77K ] NaOH &2

o R TR B
1.3.2 Osborne Zr AR B A £k 2

AR ZE 2 8k e B PR B E B S2% Osborne™ [T
ke

T AR A Bk e 5 857K 10 15(g/mL)IE
AL PEPESR I 1.5 h, 76 4 C4FF 10 000 r/min 5.0
20 min, F# TN — 20820, FIH T 1.0 mol/L HCI
V8 pH H 2 4.5 DUIE, B0 (F0FR B, UidE 2581
IKTEPIIR 3 R TSI R

BREEF . B —2 kit 5 15 50 3 o/L 18R
RRA PRI 1.5 h, B0 Rl AT~ — 441
B, BT WOHERRR A pH (2 4.3 UIUE, 300, K TRDT
VEPIIR R TSR A .

B R L — 2B T aRiE 5 15 A5 IREU 4
H 70 %) CEEEE IR G B FEERR I 1.0 h, B0, Rk
AT T —A4R8, FiEmAb LR b, DiE R v 11
(LA {S

BEA B IrskiE S 15 50 LB F KR
4, H 1.0 mol/L ) NaOH ¥ 4Y pH {EL 2 10, T4
B 1.5 ho B RSB b A T IRE A E A .
1.3.3 B2 Ek e B 1 T A AL R A s o

TERRFRHEL 200 mg 2247 VR THE S TOK AR T A
6 mol/L HCI, #l1 E25 , B 10, 110 “C/KffE 22 h, it JEE 2
H— AT, H 0. 02 mol/L Eh BRI TR BE, K
H 37 L-8900 4> [ Bh 2 KR /3t (SGHA T E o A 2%
1 :4.6 mmx60 mm FHE PRI AR (3, 43 2R
57 °C, KN FER 135 °C, LAE 20 pwL, ANARBCE Ve,
FLE 0.1 mL/min, K 570 nm 1 440 nm, A FE
A AT SAT RN, SR FH AR A 1 L S 43 B 2 ik
TR RR IS o i
134 BB R A UE TN Ik

X A BR R R E SR AN, 2L
F R FLR A Y A FER TS5 (amino acid score, AAS) |
R LH 2B (ratio coefficient of amino acid, RC ) Fll
SRR LU E 2500 (score of RC,SRC)Y, L) K 58 K&
P12 P S ) U 30 B 25 T LA D TR 43T o e
FEMTT 5 F K 5 SO BRI U A T o, H
M BAR T AT .

4S5 FFIER P AR A LR B i (mgfg)
FAO/WHO W5 [ i FE R 5 it (mg/g)

RN R R SRR AT (E
S (RC-RC)
RC

x100 (1)

SRC-100- 100 (3)
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P RC NN B E R A | R b T 2
T 1) S R (B R B RC 45 2 LR Lt A R 80
PIE s n Bl TP LT IR AR
14 Hdlaib s

FIHH Excel FlI Spss17.0 TR AR ST 0 2 B 3 AT A
P, p<0.05 FARAGITFE L.

2 HBRESH
2.1 B HR R U BRI A

I AEAN ) E B ) B R A AT LA B
BEWR w4 S o B A B e, AR
DL 1o NFR 1 AT WA B B G R 17 PRI
RS E RS, Hd Asp (Glu.Leu  Arg F & S,
AL 50 mg/g pro, Cys Met [ 2 & A XTEAK, 43510
16.72 mg/g pro Fll 17.43 mg/g pro, 22 #k i B H A
BERR I HE 15 FE A By v I G AR B,

B R B SR UGG S 1 A0 s BRI A R T,
BZIAFEREZ R, SAEAFEEOML,
BRE 1% A B E 1 Cys . Lys His Fl Pro, #KAY e,
Leu . Tyr Gy AT AN ThroAla .Cys.Val .Pro S
T REAAEEA, M Glu.Met . Ile Leu, Tyr His

Arg 1Y & EEBCHAR A 1Y His F Pro & 0 5 S
FIYR 26 FAAH FL 8= 1 Cys Tyr A1 Arg S 2 50l BUA
RF SV RGBT Tyr 9% 5, 29°8 26 me/g
pro, His 1) 75 & 5 AIK , 2 24 mg/g pro; BREE Y Lys &%
T ,52.38 mg/g pro, Ser Gly B & i Fe il ; BEVA 8 A
1 Thr Ala.Cys . Val \Pro i & it it 2 & TH B HEM,
Hid Pro 3 B AW 3 A%, N 121.06 mg/g pro, 1]
Glu Met . lle .Leu.Tyr Arg f & 28 HEHE A, Hrh
Met 2 H B 1/3, 4 6.52 mg/g pro, Tyr 7%
AN EEAR 1/5,°4 5.86 mg/g pro; 25 F1HJ Cys
T, 12.99 mg/g proo

WF5E K AR T rh g K 2 R R 1Y 7 1 5 HOK i
JEIE U Z IR PR DA OG . A0 B A AL is PERY
Z IR, H N-3ii 22 0y B K PR 2 IR, Ho g K P 2 AR
HYAAAE 5 BT A TG PR 522 TE A OGS T BT B 1 4
Bk Z AL ( angiotensin—converting enzyme , ACE il
TS PR ) 22 MK, He— B R P 9 vh— R R Kt
KR EER, H. Pro.Leu 45415 1E H faf 1Y) & LR R HL
WERTEZ IR C SmfrAE , 2 k2 BAT B & 1 ACE i
TR, 2R Bk B A A AR A I 36 1

F1 BEEHEEARNSESBRAMN (xxs)

Table 1 Amino acid composition of quinoa bran protein(xzs )

SRR AR I A BEA HEM BREE P A HEA
KITEE R (Asp)/(mg/g pro) 81.08+0.49° 81.24+0.08" 73.58+2.24° 76.73+4.71° 78.84+1.64°
AR (Thr)/(mg/g pro) 35.26+0.17° 33.32+0.13 31.62+1.13 41.06+2.58" 34.5+0.94"
gp

22 R (Ser)/(mg/g pro) 44.48+0.57 43.72+0.12" 37.64x1.24" 48.56+2.58" 46.98+1.15
B R (Glu)/(mg/g pro) 162.45+0.93 168.20+0.41" 167.47+3.68" 141.062.38" 151.46+3.26"
A% (Gly)/(mg/g pro 44+0.24" .64+0.19" .86£1.26° .08+2.18" 3.50+0.78"

H2Z82 (Gly)/( ) 46.44+0.24" 45.64+0.19" 38.86+1.26 48.08+2.18" 43.500.78
NZR (Ala)/(mg/g pro) 40.53+0.18* 38.51+0.14" 37.14+1.08" 46.64+2.85" 37.40+0.71°
A% (Cys )* (mgfg pro) 16.720.04* 18.61+0.28" 22.5320.60" 23.65+2.17" 12.99+0.06"
4552 (Val) "/ (mg/g pro) 42.22+0.25 40.34+0.23" 39.38+1.28" 46.83+2.86" 41.70£0.37
AR (Met) ™ (mg/g pro) 17.4320.10" 16.21£0.53" 18.63+0.83" 6.5220.30" 17.63+0.57"
AR (Tle)*/(mg/g pro) 35.77+0.57° 34.300.06" 30.15+0.95 27.11£2.18° 36.51+0.03°
TG R (Leu)™ (mg/g pro) 63.00+0.73° 60.86+0.11° 55.02+1.66" 48.37+2.58° 62.08+1.01°
fi% Z 2 (Tyr)*(mg/g pro) 26.82+0.66° 26.31+0.53" 22.24+0.61" 5.8620.14¢ 22.75+0.29"
HENE R (Phe)"/(mg/g pro) 39.52+2.68" 38.25+0.06" 43.08+1.68" 42.6+2.86" 46.29+0.96"
%R (Lys ) /(mg/g pro) 36.12+1.70° 38.88+0.06" 52.38+1.97" 37.79+2.86" 41.63£1.31°
2H %R (His ) /(mg/g pro) 24.04+0.86" 24.4320.30° 36.69+1.81" 40.19£1.63" 38.52+1.20
A5 EIR (Arg)/(mg/g pro) 85.04+4.79" 88.34£1.03" 86.30+3.78" 40.48+2.31" 76.31£1.36°
I (Pro )* (mg/g pro) 41.02+0.55° 40.51+0.41° 46.602.39" 121.06+1.22¢ 49.13£0.49"
BKPEE LR & B IEFR I E 43 /% 33.71+0.06" 32.88+0.07* 33.08+0.13" 38.7+0.50" 34.49+0.30¢
DT TR 5 A LR I 4 % 35.01+0.22° 34.21+0.02 36.57+0.09° 34.40+0.42" 38.04+0.06"

TE AR T BEAN IR [T B AS R0 1 o )R AL 5 e P 22 [ 22 5

B3, p<0.05 5% FIR AT RIEIR s # FoR BA R BRI Z LR o
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AFE 1 AT, B R R g K PR SR 1)
Felgs s, 2 i R A R A 173, L A A B
fer, IS F 38.17 %, UK AR R 1 34.49 %, LA T
T8 8 FURNER R 1 =& 22 0] A B K P R 1 1 1Y) 22
SARE . EATNE T EPE 208 T H AT
RIETR LR S B i, B Bk R R 1 v b e A SR 1Y
TR T 34 %, Hrp AR A S BRI R T 38 %,

2.2 BEEBRBCE AU E T
22.1 FEEHE AR AAS

NN R A B AT B IRV KR
Bk A R AR T E LR AL S B AT A INE R
R = RS S B e o R NS A o o S R L i o4
UL K FAO/WHO 2 AR 2620 28 SRR B iR 7
e o , BRI L3 2.

®2 wEIEBRNSERTSERX

Table 2 Essential amino acids and amino acid scoring patterns

mg/g pro
Po— BB SAEERN KTAE X8E  FAO/WHO it A s SR AR
BER WEA RES BAER sEa EAY EAY 05% 18 4L L

His 24.04 2443 36.69 40.19 38.52 29.0 22 20 15
Ile 35.77 34.30 30.15 27.11 36.51 44.8 54 32 30
Leu 63.00 60.86 55.02 48.37 62.08 70.0 86 66 59
lys 36.12 38.88 52.38 37.79 41.63 539 70 57 45
Met+Cys 34.15 34.82 41.16 30.17 30.62 9.9 57 28 22
Phe+Tyr 66.34 64.56 65.32 48.46 69.04 90.1 93 52 38
Val 42.22 40.34 39.38 46.83 41.70 60 66 43 39
Thr 35.26 33.32 31.62 41.06 34.5 37 47 31 23
58y 336.9 331.51 351.72 319.98 354.6 394.7 495 329 271

SR GBI, B 8k & 2R 1 & i
T FEIR (Met+Cys ) B KT K G0 B & A
9.9 mg/g pro. HAM, BREKEE T BERE N A EATH
His FBEA R (1 89 The I, oAb LR & BAME T
KRESBEEA SOEEAMLL, BREQ BAERA A
EAP AR His, HAESER & A H 28T
WEEM; 5 FAO/WHO HEFE ) 0.5 2 4 LT & 5
R A B, B Lys EREE FI 1Y Leu BV 2 F 1Y
Te Fl Leu, 37 #k fiz 2 1 HA Z SRR /K V- #R L4230 1

i PR FAO/WHO HEZE) 18 %/ LU b2 4 3k
i AE L, R BB 1 TS B A R T AR Lys
WARSL , e s s T R e R Ak
FEEP AT EERN ST BT RKE 0B E A
HEA, BREEAE AN, AR T FAO/WHO #EFE AR
WA S HE RV A5 A 2 R A i

FIH FAO/WHO H#E47 0.5 % F1 18 % L) [ A4k ah
e 2 SR VT 3 A5 R 45 28, 11 0T 1) 0 i R R IR R A 7
o BRI 3,

K3 EZHEEQAESBEEENEEEANSERITS

Table 3 The AASs of quinoa bran protein, soy protein isolate and egg protein

L 0.5 5 NRGFERR R4S 1 1 B ad SR T o)

A 18~ 2 NIRRT 435845 8 1 USSR IT 43

HIEM — —— — T
AR WEE WEN ORER 0 GEA g%ﬁ Xﬁgf B WES RER L0 6 g*‘%g §§
His 120 122 183 201 193 145 110 160 163 245 268 257 193 147
Ile 112 107 94 85 114 140 169 119 114 101 90 122 149 180
Leu 95 92 83 73 94 106 130 107 103 93 82 105 119 146
lys 63 68 92 66 73 95 123 80 86 116 84 93 120 156

Met+Cys 122 124 147 108 109 35 204 155 158 187 137 139 45 259

Phe+Tyr 128 124 126 93 133 173 179 175 170 172 128 182 237 245
Val 98 94 92 109 97 140 153 108 103 101 120 107 154 169
Thr 114 107 102 132 111 119 152 153 145 137 179 150 161 204

X 0.5 4L, 224 Ek B E R AR
R BRI PE 2 R R AT —F g Lys, BREE PR

PEZ LR JE —Fh Leu, P 85 (A9 BRI M 20 308 R
e .Leu.Lys, H:H Lys A28 —BR I PEE LR, mife5n
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BWEE WM | F R R 2R — B Lys F
Thrl™'; K7 4325 8 A B 1 2 R 2 & i A e 2 ik
PR (Met+Cys ) o X T450 18 5 BB , BE A K 1 A5 1R
P ARIR 2 20  2 1 B T PR S PR AP I A8 [ AAS
FHRrERE, 5t 63.68.83.66.73 £ 35 LT 80,
86.93.84.93 fil 45, A K &/ BS A Y AAS il T
E B A ARG (L WU E & YA AR LD AT,
FEFR A LT R R AT R AR 74y, AR
EHMLFERER S EEE S THILER RN R
LRI/, H AAS (AR KT 100,
222 FEFEHEEHEHM RC I SRC
GIETRVT 5y 2 BN I 2 Y T SR

5 S SE R VT 43 B X v o) 1 9 ik i T 2 o A L 1) it
JERREE  BURE FR A HLS Al R 2R B SR NE
R T H AT SR & i, AL AT S LR A B
o, S B FERR - ERIE o 1) RC AT TR ol 2 3
MR P AT, AR B R 2 L S AR A —
2,4 RC HABRIZAE 1,RC KT 1 FUNT 1 #3%
AP B SRR, S IR N K A R R i ) R Bl
BRI B8 TS TR B, A5 i it 25 4 ¢ 2 S A
KB HUE H SRC #om , Mcdi SRC T3R5, SRC i
R, F R SR A 1l 5 AR AR B2 30T, Ml B3
AN AR E MY, BEBEAREN K
GO BRI SR (Y RC M SRCEWLZ 4 .

x4 BEHHEEAXENBEEEMBEERFH RC # SRC

Table4 The RC and SRC values of quinoa bran protein, soy protein isolate and egg protein

L 0.5 % NRESERAIT AR RC (H

VL 18 % L B AT A6 JER ) RC fH

HIL Z L o RORCH
BFE WEE WEN BRER gﬁ AE ;‘éﬁg g;ﬁ MR BN REL g*g A ;,‘gg gﬁ
His 1.12 1.16 1.60 1.86 1.66 1.22 0.72 1.21 1.25 1.70 1.97 1.78 1.32 0.78
Ile 1.04 1.02 0.82 0.78 0.98 1.18 1.11 0.90 0.88 0.70 0.66 0.85 1.02 0.96
Leu 0.89 0.88 0.72 0.68 0.81 0.89 0.86 0.81 0.79 0.65 0.60 0.73 0.81 0.78
lys 0.59 0.65 0.80 0.61 0.63 0.79 0.81 0.61 0.66 0.81 0.62 0.64 0.81 0.83

Met+Cys 1.14 1.18 1.28 1.00 0.94 0.30 1.34 1.18 1.22 1.30 1.01 0.97 0.31 1.38

Phe+Tyr 1.19 1.18 1.09 0.86 1.14 1.46 1.18 1.32 1.31 1.19 0.94 1.26 1.61 1.30
Val 0.92 0.89 0.80 1.01 0.84 1.17 1.01 0.82 0.80 0.70 0.88 0.74 1.05 0.90
Thr 1.06 1.02 0.89 1.23 0.96 1.00 1.00 1.16 1.11 0.95 1.31 1.04 1.09 1.09

SCR fH 80 82.68 70 60 70 65.35 79.57 75.5 75.5 62.58 54.17 62.58 61.27 76.64

XFF FAO/WHO HE#F 0.5 % A\ S LR =X
e, BEAEER M R IS R (Y RC AR LR i 4
AL TR LSS, #5 1 HE30T, PRI 19 SRC 4
e, SRR (Y 80 ML ; AL BREE [ v 2
M. A RIS B 8 1 RC AR B ALK, Irb
SRC {H#MIK, kT 60~70 Z[E], %}F FAO/WHO H#EE
18 5 LU b AR T B Ok U, BE2 3k MR
M. 1S A S A RC (EARE T, SRC {HH R,
75 FeAn L m TR ERE N BRE L A RO
BRI, LR R AR, AR 54.17 1 H A3 #r
SERRFE W) L 428 AR R BT A
223 BEEHE A IR N SR EE A A SR Al
P 30

X TR AR R0 AR ORI, JC I8 b 75 S L 1R
IRRE B DA SR B L 1, -5 AR T SR AH T
i, FIRPEM IS UE 1k — a5 I, DS SRR
SRR AR, SR BRI UNNE T B A Bk i R
AR K 540 1 R F 11 2 R TR P 500 2 2 E 174

IR, A R E A SR AEAZ MR 2R, 4R
%5,
®5 BEPREAATHBEOSEHRERNIERE

Table 5 The close degrees of quinoa bran protein and soy protein

isolate

EH O, - N BEA . NGRS
P MEA WED EKEA B HEM HEN
MEIEEE 0996 0995 0977 0974 0975  0.988

FEA P R RS A SR R Wk R
BET 0995 UL, HERGEEEN 0.988, %
RERE A AR A A E A AT, 0975 4.

3 Hig

BRI BAAIE AN E A A& B, 6
KPR HERR AN B IR & BARIA R 30 %L b, A
HAZ AR IR A e 22 . HPEEAS A
A AR RR AL AR, I 2 R 5 e d g, AL R
A i BRAR AR R & B, 2 /TR L H &R
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iz , T 2 2 R o i B M1 A B 1 A eI e 2
PACEFRFIIS A AR E RN E S EN
R S SRR A A VIR DG . H AT H P H 7 T
Mokt Ao Hrik, 4246 AAS RC.SCR 4§, AAS
F BV T AR 1Y 4 T N R B RC RN
SCR FZH TIPSR, M LT AAS, I
AW B RIAIEE . F AAS Fi SCR AL &, 3t
SR IR E TR A B WA BTN . IR
PO A R R B BRI SR T RO MA E AR
PR SE IR S Lys, BRER (BRI PE IR 2 Leu, B
7 RO FR P 2 LR A Tle \Leu Lys, FoH Lys R
— PRI SRR . RCSCR RIS & A 45 1 i , 3
A2 BR Bz SR FURNEREE 0 E SR S5 X AR AR
BRTFERE T A AR AR S B s Bk
EHSAEIAY, M TREaEEN, EREN
PV EFRNERAR . PRI, B2k M rh i B 1 A 3R
EE RN, R B EAMBRE A, B TR E
FI 5 B R R B B K Pk 2 LR, S W T 1 16 1 IO
A, B2 # B T LAAE L JTAE ) 2 1 B0 1 22 R i 42
OIS T M 1o
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