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Comparative Analysis of Free Amino Acid Composition in Proteins of Seeds of Three Glycyrrhiza
Species and the Flavor Characteristics
ROZI Parhat'?,SIMAYI Zelalail', LIU Yuan®", ABABAIKERI Gulimire', DENG Jie!

(1. College of Food Science and Pharmacy , Xinjiang Agricultural University , Urumqi 830052, Xinjiang, China;
2. School of Agriculture and Biology, Shanghai Jiao Tong University , Shanghai 200240, China)
Abstract: This study aims to explore the difference in free amino acids among seeds of three Glycyrrhiza
species. To be specific, the types and content of the free amino acids were determined by amino acid analyzer.
Ratio coefficient of amino acid (RC),taste activity value (TAV),correlation analysis, principal component
analysis, and clustering analysis were used for comprehensive evaluation. The results showed that seeds of the
three Glycyrrhiza species were rich in amino acids (17 kinds, total content: 8.10 mg/g—12.87 mg/g ) and that the
content of various amino acids was different among seeds of the three species. Seeds of Glycyrrhiza inflata topped
the three species in amino acid content, and the score of RC of essential amino acids stood at 69.02. Among the
flavor amino acids,umami amino acids accounted for the largest proportion (51.95% ),and glutamine was the
main contributor. The content of medicinal amino acids was also high (70.59%-73.19% ). Seeds of G. inflata
won the highest comprehensive score (4.16). Clustering analysis roughly classified various types of amino acids
into two categories. The clustering analysis result was consistent with that of principal component analysis, which
reflected the difference in amino acids among seeds of different species. Seeds of Glycyrrhiza boast many kinds
of amino acids and are rich in flavor amino acids and medicinal amino acids, which are thus of high nutritional

value and show potential as a nutritional food.
Key words: Glycyrrhiza seeds;free amino acid;flavor amino acid;medicinal amino acid;principal component

analysis
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H 5 (Glycyrrhiza) J& T G RHEY) , & A Ll
W I R R 2 — B A TR B R N 52
T B SCH R A X, SRR R IO R ADE
RHFAE 2 H R AE Y TP E 2 ) HREm
A S EARZ 29 2y, H B HLRIEE T
12 PR 2 AN L 3 T AR SR Bl s 55
iR HBBR T3 T B = AR 2
L 37 W P s R DR S N = B 1 e = 8
A BIFITF LR B

Ui B8 2 B R 2 2 T AT AL W s i — B 5
B3 AT AR ST AR AR R e D ig
I T LAAE by i ) S R (A B e R R S A
T KRR TR T B s R 2 R BTz
THGA OREE R SR R AT, AR R
AR E LR — SRR B

I = B o B SRR HEA R
FHE BT — IR Z R bRz —, Bl CARTRE 22
WS A ORI Y ) E R AN S 1 A it
gEeel, ARBTG5 18 T LR
HE o 868.7 melg, WG IR (essential amino
acid, EAA) &4 353.1 me/g, #ET B A ERE 5400
21 25/ B T A 2H 2H (Food and Agriculture Organization/
World Health Organization, FAO/WHO )77 19 BAH &5
BEMRAR (LT BT SRS TEAT
o LR 7 S R TR Y LA 23 Bl D 60% \57%
62%.57%), KA T IR b S LR S
TG 47% , /N T 25 A A TE— AR a2
E 3 R AT H R R S E R, e EA
17 Fha 5Lz, O H. 3 B Fet v 5 2R & TR A
FERRI LU 2 39.8% , wWhits AR i AR AT LR
1 B 298 60% , AR5 KT ST ST RHEYIAELL,
SRR A ARR B, (HU 5 FAO/WHO ARt
e, AR H R ARG G 25 IR AL, H iR HE
FEM A SRR KR W P 1 AR A T R e b TR AT
G, FECFT IR IR 28R ML B A AT A 32 B H B
[FIREAE S GRMEY) , BA B A s IR A FHYE
PR Xof R A T R A A 3 i SR BRI B BB TRy
PEAE D7 T REY 782 AR S IR 25 G R L 4
FREIIMEL B2 AU 2 1 R A4 LA T ) 3 S

AT 2R B 5, I 3 A s
S R S AR O T E R 5 FAO/WHO
PR AT LA, T MR (B (ratio of
amino acid, RAA ) . 2 3188 LV {H £ %X (ratio coefficient of
amino acid, RC) .2 KR FUAE 2509 (score of ratio coef—
ficient of amino acid, SRC ) LA M WK IE 3 £ {H (taste active
value, TAV )55 7 X HRLRh 18 1 & AL R T8 7240
{E3EA, [RINR 0 ( principal component
analysis, PCA ) FIERZE ST il A TR 2T 25 5 B i 1T
B N H AR E TR E S SR RERY 2P T K f
HEAARE
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Sy BIFREL 3 FhH SR IS & S TR, 1 60 H
o g H SRR 5 A ERE 1:10 (g/mL) B EL B
BTREERPIREE 3 h, \mE 3k T = IR
B12 h, HETETE. 4 0FRE 3 Fp SRS
10 g, B BRI, in A Z2 18 7K 200 mL[RHE L
9 1:20 (g/ml.)],40 CFRESBEFRE 4 h, R 4 K,
7E 4 000 r/min 25.0> 10 min, $5 250 AE RS 78 A L
e IR HIAE 40 °C YR 4G T BT s 4 3 Fhis iy
Je B BOR ) B TR A, 1 -45 CIRIR vk AR vk %
12 h, FEIEA TR R T 4530 3 FhH s Ah 72 PR AR
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TAV Ay 52 ) J57 00 2 55 52 R ) Jo A o 580 {1 )
FOA, B 53 Hm R Excel 458 1.
1.4.3  AHCHESHY

K HI SPSS 26 #FAFHATHOC R BT, HHIXFRE
S G A 2[R R 2 A AR
144 PCA MEZEETEMN

K SPSS 26 A%t 3 FfrH s i 25 24 S R i
T B AT BB
145 RO

K H SPSS 26 B AHX] H R 28 2 LR 1 T 2R
oM.

2 ER59M
2.1 W EE R AT &

Ui 15 2 FE R 2 5 BN AR T AL IR AL Y — o 255 37
53, AT USSR ALACHT A A R A B T g, ik
HA Z R A BEOIRE , 1 HLH 3 S Ao g i 1 gk
it BARAT — 2 B 2 A A i o A — 0
BHRAR, A SRR 7, X 3 FhH R AT

AT AR I AR ANER 1 PR
#1 IWHEMTOHHELREE

Table 1 Content of free amino acids in seeds of three

Glycyrrhiza species

BHURH BRERY SRR

JERNSN
AR H/(pg/e)  (ngle)  (pglg)
S22 5 TR (Isoleucine, lle )” 249.62 386.62 206.69

Z 42 (Leucine, Leu ) 460.60 718.23 378.56
F1E R (Threonine, Thr)” 546.54 612.19 461.08
N2 (Phenylalanine, Phe)”  553.03 774.51 674.71
%R (Lysine, Lys)® 562.66 741.57 464.80
WA PR (Valine, Val)* 479.37 713.20 398.48

& 5% (Methionine , Met )" 0 155.80 0

i % 12  Tyrosine, Tyr) 438.11 574.53 320.96
TR (Aspartate, Asp) 119754 147136 1 174.06
24 % (Serine, Ser) 407.12 531.94 351.53

PIE I (Alanine, Ala) 578.71 922.36 439.87
5% (Glutamate , Glu) 2042.61 213427 1 683.99
H4& W2 (Glycine, Gly) 591.07 112652  499.96
P2 R ( Cysteine, Cys ) 43.17 183.83 44.94
2H %4 (Histidine, His) 200.85 290.43 180.35
K% (Arginine, Arg) 84072 1386.86  733.57
JifiZ##& ( Proline, Pro) 99.54 143.63 89.04

TE o PR TG 2 SR

MR 1 PRS2 HEMR AN S & i, X 3 A L
A9 2 LR 5L & (total amino acid, TAA ) EAA E45
T 2 R IR (non—essential amino acid, NEAA ) | 24 Ff 24 %&
fi# (medicinal amino acid, MAA ) . JLEE 752 2188 (child
essential amino acid, CEAA) #1372 5% 2 3£ 2 (branched-
chain amino acid, BAA ) {8 5 DL S 4 ik be 45 3545 T30
AGER IR 2,

R2 IMHEWHFHIARNSERNSER SEEBRTHAR LF

Table 2 Content of free amino acids and their proportions in total amino acids in seeds of three Glycyrrhiza species

BE TAA/ EAA/ NEAA/ MAA/ CEAA/ BAA/ (EAA/ (EAA/ (MAA/  (CEAA/ (BAA/
(ng/g) (pe/g) (pele) (pg/g) (ng/g) (pg/g)  TAA)% NEAA)/% TAA)/%  TAA)/%  TAA)/%
LRRHE 920126 2851.82 643944 624823 414301 1 189.59 30.69 44.29 71.96 41.90 12.80
AR H® 1286785 410212 876573 8509.12 6 166.03 1 818.05 31.88 46.80 70.59 4491 14.13
JEHRHER 810259 258432 551827  5609.65 370493  983.73 31.89 46.83 73.19 43.17 12.14

3 PRI P A SR P R S 4, Ho BRI
TR AN Y 17 FPEILRR , E R H SR S h Rk H o
FE S 5 A B Met Z MR A 16 Fh 2 B0 L4 o
TAA .EAA NEAA MAA .CEAA Fl BAA &3 JtH#
HR<GHURH R <RI H R o SRR H R KR
HE SR H B EAA/TAA {4354 30.69% .31.88% .
31.89% ,EAA/NEAA {H 5351124 44.29% 46.80% .46.83% ,
FBHE H2 3T FAO/WHO # 22 1 EAA/TAA =40% ,EAA/
NEAA=60%FRHE 1A, 7E 3 AFE T Asp Fl Glu 1
R e T HEME R S, 2l TAA 1)

12.89% .11.43% .14.49%7F/1 21.98% .16.59% .20.78%. [%:
TTEES EWNH FEEZ AL TSR WA ET 2
M S, I HA S R REFLEEIR & i Clu St
FEFWO, Glu AP H KRG, Z P R 2
24t et o, R L LI A K A B A R 3RAL,
[i) Fof 2 i A A R i B EE LIS A i kSR
HEF 1 Glu & i 5 , [AIAT, H CEAA/TAA {E
i, N 44.91% . 1e Leu Fl Val $iFRN SAE R ILRR , A
OEA A AR R I, 1 HLEA V2 A RRik
DR B T O ReE LR, BAA/TAA 1Y LULAE
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W3 R IEAR—E, 7090 R 12.80% ,14.13% ,12.14% ., ®4 IWHHERFLESERN RAARC.SRC
FAR | ORTR S A B RE S 2 A E R S R Table 4 Ratio,ratio coefficient,and score of ratio coefficient of
2 SRR, Hr I SR R T 2 R R A 1 essential amino acids in seeds of three Glycyrrhiza species

It MP, 2 Y >
%“ﬂ:/ﬁ\:{%ﬁ& R e ZH0  lle Leu Thr Phe+Tyr Lys Val Met+Cys

%%%Eﬁﬁ@ﬁ%@ﬁﬁ%{ﬁﬁj{%ﬁd&?ﬁ@ BHJ/K RAA 067 071 147 178 1.10 1.03 0.13

Hw RC 068 072 149 181 1.12 105 0.13

EAA (RIS HO AL L], 4 T i 3 2T H he 504

TS ERR I E TR K LTS EAA 5 FAO/WHO i WCRHE RAA 075 080 1.19 175 105 111 075
PR R SRRBE AR T L G5 SR AN 3 TR RC 071 075 113 165 099 105 071

SRC  69.02
x3 IMEHEMFHLESERER FRHE RAA 064 067 142 205 104 098 0.16
Table 3 Composition of essential amino acids in seeds of three RC 064 067 143 206 1.05 099 0.16

Glycyrrhiza species SRC 43.21
34 RAA 0.69 0.72 136 186 1.06 1.04 0.35

i H Ile Leu Thr Phe+Tyr Lys Val Met+Cys R

RC 068 0.72 135 1.84 1.05 1.03 034

FAO/WHO #ix,  4.00 7.00 4.00 6.00 550 5.00 3.50
SRC 53.62

DRURHE 269 496 588 1067 6.12 5.16 046

Khin 2m b e i w ow IR SIC R AR 002 AR
HE S AR A . TR H A SRR H A SRC

F 2% 3 A1, 3 B H BFP 1 Thr Phe+Tyr Fl Lys {EAIRTEEAR , 23 9 43.21 F1 48.64, 7 3 FhH #EAE

)& i 3 T A R s S h R H R R R o RC BT 1 & Lys A1 Val; 7E 3 FrH &
HHRAPE) Val F s TR, (33 FH Fh T 5/ RC {E /N E R Met+Cys, B 55—FR
FihF-rf Tle \Leu 1 Met+Cys 1) 55 fa #0552 IL PR bR vfE 5L il P R, AR &, AEAR P B 1 T rh e i

S B 220 BAEIEIR MetCys, T 20T L P 5 Bh IR o i
2.2 EIR A R BOAI AN S R T VL H R0 T2 155 SR U & AT AR

N T A 3 FH R SR E SR INE R EAMNE TR,
PEAT B, SRTEEEMR LR BOEXNS 3RS T 23 SEBREFAEA TAV 4347

BT R IR THE— 25 T, LR HU(E R A R i 2 L R 1) S R AR AT, KBRS L0k e e 2
RPAR S S LR - B e A F FAO/WHO 175 2 SE R 1% (Asp .Glu . Gly \Ala Lys) .5 PR 2 FEHR (Arg . Val Met ,
BRI &R T EAA [ RAA RC Fil SRC W32 4. e . Leu) PR ZIEME (Ser  Thr  His . Pro ) FI 5% 75 it 24 L

M 2 4 1,3 Bl H SR T P SRC B YT BN 2 (Cys Tyr.Phe )™, 3 FhH HRp 7 SRR ERER A & &
43.21~69.02, V- 53.62, Ui HE SRl v o e FeHanEE s feoR o

x5 3HMHEMTFERIEBRNSERLILH

Table 5 Content and proportions of flavor amino acids in seeds of three Glycyrrhiza species

. fisf W 2 S TR SR Al LR I7 IR LR
Frim/(mglg) Hef51/% Prig/(mglg) e f51/% i/ (mglg) Lt fil/% i/ (mg/g) Lt Ail/%
ER Y N E A 4973 53.52 2.030 21.85 1.254 13.50 1.034 11.13
JH AR H R 6.396 49.71 3.361 26.12 1.578 12.26 1.533 11.91
SR HE 4263 52.61 1.717 21.19 1.082 13.35 1.041 12.85
SEHE 5.210 51.95 2369 23.05 1.305 13.04 1.202 11.96

% 5 AAL, 3 FH R R P R S R BREILRR Y 5 TAA (L AT, SBERR LR & TAA
e, ARl 5210 mg/g, 5 TAA 9 51.95%, H B FEAEHET « SRR H RS R B IR H 5 R
FR KR H R S B i, 1A 6.396 mg/g, TR 2 R A FHERR 5 TAA B FUAEHET « B R H 5> SRR H R
A FLAEDR UL, SRR H ) e f s, R 53.52% . H: H B THR G LR 1 TAA 1Y HUIEHEE - S hr R H e
YRR FERR , -5 R 2.369 me/g, T i TAA Lt JERHESHAR H R 5 IESERR  TAA 1 HEHE
Bk 23.05% , Horp B SR H R S iR, 14 3.361 mg/gs 7 R H RS IR H RS SRR H R 4 R R IRE SR
TR B & A T 1.082 me/g~1.578 mg/g, i TAA TEAR TR H R o ) B 25 IR ORI R, 3 A R
B LB R 13.04% . T &5 i e R 05 A I A IR, o TH & R SR H 5 7 e s R A I
TAA [ 11.96%. i3 e 3 FhH SRp RS 4 Fb 5 i B8 G L TR X £ UM ) Bk R B S i
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Fig.1 Comparative profiles of flavor amino acids in seeds of

three Glycyrrhiza species

FRAEIE 1 00, STEREE R A S B R S R A R
BAHETR , 3 FhRE S B T AR /N A — B, UL 7
3 P H R A S R LR 1 i R L A5 25 AN B
B HRORR KUK T RE S H S 0 B R AL
FRAT S VT 28, R TR o b e B B R IR, T
S P EERR  [RIBA ROR R, GO R

AR S R LR 2 T LA RE 5L B AN [R] A Ik v
fE, BRI S(EA e AR R . RGBS A AL R
EITHE TAV, HAB R s HOG SR sk ok, 1mi 24
TAV<1 B, FrniZ R LR T SR DTk A K, 3 FirH 5
FhF & EmRA TAV WL 6.

* 6 3WMHEMTEHREEHN TAV

Table 6 Taste activity values of flavor amino acids in seeds of

three Glycyrrhiza species

e iy VIR TAV
PR B ) o) BRURTTE OB R T TR
ik Glu 0.30 6.81 7.11 5.61 6.51
Asp 1.00 1.20 1.47 117 1.28
Lys 0.50 1.13 1.48 093  1.18
Gly 1.30 0.45 0.87 038  0.57
Ala 0.60 0.96 1.54 073  1.08
TR Met 0.30 0.00 0.52 0.00  0.17
Arg 0.50 1.68 2.77 147 197
Val 0.40 1.20 1.78 1.00 133
Leu 1.90 0.24 0.38 020 027
lle 0.90 0.28 0.43 023 031
Fitek  Thr 2.60 0.21 0.24 0.18 021
His 0.20 1.00 1.45 090  1.12
Pro 3.00 0.03 0.05 0.03  0.04
Ser 1.50 0.27 0.35 023 028
FiAE Phe 0.90 0.61 0.86 0.75 0.74
Cys 0.02 2.16 9.19 225 453
Tyr 0.90 0.49 0.64 036  0.50

M 2% 6 A1, 7 3 i H w7 v i SR H R
TAV RF 1 WA N L , 36 8 Fly SRR H
FORZ LA TR R R R S B 4 8RR
FEFR FP R LR 1Y TAV FHE KT 1 R £,
FUF5 Glu Asp Lys Fil Ala 4 Ff, X KUK BA 52 1 51
ik, Horp Glu 2 FE AL, 3 FEESL 1 Glu /9 TAV
SERIE IR 6.51, 1 HOGH SR 9 STk iR 3 FloE
TR R A RISt L, (B Arg A1 Val
) TAV RF 1, MeBRaE L & K T ukiE BT,
XiF E G AT DA At A B2 AR 75 58 Y, 1 i 2 R A
FERRITER

JH SR A b R T R B ) S R A R A
Wik, A 9, Hb Cys Glu Al Arg ) TAV
9.19.7.11 M1 2.77, B &b = T HAlh 2 R S LR 4 43, Ui
AH G B R R 5 e A B R puik . Shi /R H R SRR
HERp -, G 8 A R RE IR K T H M R,
Horpou Hom B A R R 5TRR Y J2 Glu, TAV 20518 6.81
F15.61, 3 HFIE Cys B TAV WK, 23510 2.16 FI
2.25, B S AR R LA A, (BT R T R
BIE 0.02, FMASRE 3 AFE S HINAEIY 17 RSt
14 2H BT HL AR ) B2 Wi A7 7 — o 25 57, AR BN
Gly .Thr Pro Ser ,Met . Leu .Ile \Tyr Fll Phe XJ 2 Bk 57 fik
K, HAR A E IR 0 R IR TR /IME I Glu>Cys>
Arg>Val>Asp>Lys>His>Ala, W4K,7F 3 B H #Rh+rh
fief IR S R 1) S R TR AZE = T LA 4y, R R
T TR AR AR RS 500 A A 50 7 FH 21 & 5 T
A
2.4 HESR E T

AR A &SR A 20 Z80, H Arg Gly .Clu,
Asp Met . Lys .Phe .Leu . Tyr 55 9 F 22 JE 12 4 % b 245 H
FEERY, AT 3 B H AR R R R 2 A
FRIEAT T XS Lo #r, aniEl 2 s o

10 000+

1 Tyr

3 Leu

8000 Arg

T B Gly

E) mm Glu
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il ) 202020202 %% %% %0202 — 8 Me
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Fig.2 Content of medicinal amino acids in seeds of three

Glycyrrhiza species
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W, TAA S 70.59%, 530 25 R R A
Fe, & 5562 (70% ) FH 250, 15 T (56% ), AT A
2 A B R R SR R . 3 A H AT 25
IR T Glu Asp Ml Arg S8, EHHEMTFEN
P2 AR FEN . Kb Clu B R & T
HAbR sy, SHIRHEFRF Y Glu & MAA 1
FLAH 32.69% . Glu AE AR 2 58 2 ki v iy
Fw N —FpE IR, AR E A A RS LA R
935 3 FER S i 285 5 o s B DR 4 AT LA fy 4 B 25 22
FhOIRENS, Xt FPE Bk s LR W A B WH —&
BRI R, AN, Glu AT i i 4E 5 ATP A2 B H ik
AT AR D IR VE R, S H RERR T Asp

P =N=Ny—

B iR, i MAA B LRAEIR 20.93% . Asp X358 2

fE, PA T 2 A, T O I v I F 459 i S 3]
FEHR, 3 FHEFR R Arg S EMIEET Asp, H
HIK SR H AT Asp S ARG, 5 MAA 1R
T4 16.30% o Arg Xf T 22401 ) LA & —Fh b 75 4 AL 1R
BIRAE AN DT IR B EVE N FE w1
RER, RN A R — AR (NO) &5 T BRI, Xt
PUARAEREIE 5 A BT ge A EENEAS, HtE &%
Fh 2l 2 B 1 H B 1 21 ] oy Z R Rl
TR VLK I B FE I B AR R
2.5 MRS

R A 5 22 B0 B E ARG 56 R U], R SPSS %k
PR S R B, X 3 FH R 17 R LR AL
S IEATAECHE AT, AnER 7 B .

®7 3IMHEMFRLIEREREBXES T

Table 7  Correlation analysis among amino acids in seeds of three Glycyrrhiza species

2 Tle Leu Thr Phe Lys Tyr Val Met Asp Ser Ala Glu Gly Cys His Arg Pro
Ile  1.000

Leu 1.000" 1.000

Thr 0933 0.934 1.000

Phe 0.689 0.687 0.381 1.000

Lys 0.992 0992 0971 0.592 1.000

Tyr 0.969 0.970 0993 0.489 0.992 1.000

Val 1.000" 1.000° 0.940 0.674 0.994 0.974 1.000

Met 0974 0973 0.826 0.836 0.937 0.887 0.969 1.000

Asp 0987 0987 0.864 0.795 0.960 0918 0.984 0.997° 1.000

Ser 0.997° 0.997° 0.957 0.632 0.999° 0.985 0.998° 0.954 0.973 1.000

Ala  0.999" 0.999° 0.951 0.65 0.997° 0981 0.999° 0.96 0.978 1.000° 1.000

Glu 0.812 0.814 0968 0.136 0.879 0.931 0.823 0.657 0.709 0.854 0.842 1.000

Gly 0995 0.995 0.894 0.755 0976 0.941 0.993 0.991 0.998 0.985 0.989 0.753 1.000

Cys 0971 097 082 0.842 0933 0882 0966 1.000° 0.997 095 0.957 0.649 0.989 1.000

His  0.999° 0998 0912 0.727 0.984 0.954 0.997° 0985 0.995 0.992 0.994 0.779 0.999° 0.983 1.000

Arg  0.997° 0.997 0.902 0.742 098 0947 0.995 0.988 0.997 0.983 0.992 0.765 1.000° 0.987 1.000° 1.000

Pro 0.999° 0.999° 0914 0.723 0.985 0.956 0.998 0.983 0.994 0.992 0.995 0.783 0.999° 0.981 1.000" 1.000° 1.000

o TR B E I (P<0.05) 5+ TR i HAHIE(P<0.01),

I3 7 AR, AR & i Z A AR RGR B ARG, L
HIE Leu 5 Ile, Cys 5 Met, Pro 55 His 2 [A] 524} g 3%
FHR(P<0.01) . R B H R 1~ U SEIR [F] AH OGR4
5, HE— DA PCA 17 A TLR G 00T
2.6 FEWIrHT

AT SPSS B, DLEAEIR A5 0y & O o B e
B, X3 FpHRERI 17 RS EERR I T ST
SRR 8.

® 8 ERSHHFEETEE
Table 8 Eigenvalues of the principal components, their

contributions,and cumulative contributions

L%y FHE( Bk % S TR/ %
1 15.764 92.730 92.730
2 1.236 7.270 100.00

8 I, TR 2 A FRrr BT siikeon
100% , FEAS 1 0] Sz et Jr A 78 1 1 SR 1 8., 0nT i
BT 2 A 3 BV B B A B8O 4

T2 A 78R Aoy I S B P R R R S AR
V] PR R 56 2R 8k, © e 2 A 35 A0 10 28 77 S I i
9 fIr7m .

N 9 BTz, BIO(E S Wi A5 6} PRS2 R AR RS
E AR ZRAR AL T ) 1 X B 7E R 1 FRBR T Phe
A Glu B8R, HARI A Fa bR 3 fr R 50
0.9, 31k = BE IEAHSC , UEPHEE 1 o 19 oo i K.
TMTEES 2 M43 Phe 1 Glu 2k i 2280w, 43+
k1 0.722 F1-0.587, HAAIE M, W HA f 2,
PCA i Gl 3 s o

HR A B 3 WA 32 43 1 Gly (Arg . Leu His . le
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Table 9 Load matrix of principal components

SR Ile Leu Thr Phe Lys Tyr Val Met  Asp Ser Ala Glu Gly Cys His Arg Pro
F4r1 1.000 1.000 0931 0.692 0.992 0.968 1.000 0.975 0.988 0.997 0.998 0.810 0.996 0.972 0.999 0.997 0.999

T2 -0.004 -0.007 -0.364 0.722 -0.129 -0.251 -0.024 0.224 0.155 -0.079 -0.057 —-0.587 0.091

0.235 0.050 0.073 0.044

1.00
Phe
0.75 °
0.50
Cys  Met
o~ 025 Asp
R oGly
= Arg Pro
AH His Leu
0.00 Val®lle
Ser o Al
Try Lys
-0.25 o
Thr
1]
-0.50 Glu
-0.75
0.6 0.7 0.8 0.9 1.0

TR 1

E 3 PCA #HErE
Fig.3 PCA loading plot

Ala Val Fl Ser ZE38 554370 H 57 B AT A1, EA T AR %
B, DTk R A =
2.7 ZEATVENY

Wit PCA KERT 2 A 3o DA e 17 Fha 3
fia e B, R, LT 2 A oA T 3 FlvH BRp i
BEREIEIR LAV 0T ATR, T PCA #3311 F,
H1E, PIAS B LR B PR RO Y 17 A Hahmx 2 3
FRIEAT AT, #3313 FhH RRp PR LR o T 2 A
F AT B4R F=0.252%,+0.252x,+0.234%,+
0.174x,+ *++ +0.245x,, +0.252x,5 +0.25 12016 +0.252%,7; Fy =—
0.004x,-0.006x,-0.327x,+0.649x,+ -+ +0.21 12¢,,+0.045x 5+
0.066x,6+0.040x

BAp A R R — S 0 G X R R A 2 A
TR, D AR S PCA Z5 3, A4S 36 520 %o g ) 4 AE A
()5 22 DTk R B AE AR, TR TR AR AL F=
0.927 3F+0.072 7F,, TH A& FE G V255 150, iR 1
A3EAT LA B H 454 i R 1) 25 i JB AL 10,

M 10 ATAL, S5 — 194 e i SR KR

F 10 AE@MHEMFHRSBIMEEHES
Table 10 Principal component scores and comprehensive scores

of different cultivars of Glycyrrhiza seeds

A F F, F
LEE DV R -1.343 3 12247 -1.3349
JR A 4.468 1 0.288 7 4.164 3
SR -3.124 8 0.938 7 -2.829 4

A Ao d s R AR H R ARE T
FENY 3 FhEEA ILE AR AT I, 2 BV EHEY
WU R H B R H B OGS H B IR H R
LTI AR s, o 4.164 3, 3T HE KRR EE B
HoAh 2 B H R ZEA TINS5, X UL KR H &R T
HIF B AR LA A T o R H R LA E M S
GrEA, 2829 4, B L B S HE R 25 4 i it KO-
TR
2.8 EBEMT

E L SPSS BN 3 FpH RRP A BRI T RS
BT, G5 R WE 4 FiR.
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Fig4 Dendrogram from cluster analysis
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