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Regional Differences in Protein Amino Acids and Nutritional Value
Evaluation of Ningxia Lycium barbarum L.

YANG Chuncxia

(Quality Standards and Testing Institute of Agricultural Technology, Yinchuan 750002, China)

Abstract: In this study, we collected Lycium barbarum L. from different areas in Ningxia and determined the contents of 17
protein amino acids. Based on the amino acid pattern recommended by FAO/WHO, we comprehensively evaluated the
nutritional value of protein amino acids and regional differences using indicators, such as amino acid score (AAS), chem-
ical score (CS), amino acid ratio coefficient (RC), and amino acid score of ratio coefficient (SRC), combined with correla-
tion, principal component, and cluster analyses. The results revealed that Ningxia Lycium barbarum L. contained seven,
nine, and five kinds of essential, medicinal, and flavor amino acids (EAA, MAA, and FAA), respectively. The total amino
acid (TAA) and EAA contents ranged from 7.500 to 9.490 and 1.545 to 2.276 g/100 g, respectively. The EAA/TAA and
essential-to-non-essential amino acid (EAA/NEAA) ratios were between 19.38%~26.11% and 24.03%~35.34%, respec-
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tively. Both the EAA/TAA and EAA/NTAA values were lower than the ideal protein reference values (i.e., 40 % and 60 %,
respectively) given by the FAO. The total medicinal amino acid (TMAA) content ranged from 4.314 to 5.886 g/100 g,
accounting for 56.59%~62.40% of the TAA, indicating high medicinal value. The total FAA content ranged from 1.557 to
2.341 g/100 g, accounting for 19.53%~26.04% of the TAA. We observed no significant differences (P>0.05) in the TAA,
EAA, NEAA, MAA, and FAA contents among the different Ningxia producing areas, except for the significantly different
TAA content between Tongxin and both Zhongwei and Guyuan. However, we detected significant differences (P<0.05) in
the EAA/TAA and EAA/NEAA ratios as well as in the total TMAA and FAA contents. The key amino acids we identified
were Gly, Asp, Glu, Met, Thr, Val, Phe, Leu, Ile, and Lys, and the combination of cysteine and methionine (Cys+Met) was
the first limitation. The AAS, CS, and SRC values ranged ranged from 58.2 to 102.8, from 66.5 to 98.6, and from 71.1 to
84.9, respectively. L. barbarum L. from Zhongwei, Guyuan, Yinchuan, Haiyuan, and Zhongning regions exhibited superior
comprehensive amino acid quality, with SRC evaluation results indicating a more balanced composition closer to the
FAO/WHO-recommended pattern. Cluster analysis categorized the Lycium barbarum L. from Ningxia producing areas into
four distinct groups: Qingtongxia and Tongxin; Yueyahu, Helan, and Hongsibao; Haiyuan and Zhongning; Guyuan,
Yinchuan, and Zhongwei. The experimental results effectively reflect the regional differences in protein amino acids and

the nutritional value of Ningxia Lycium barbarum L., providing a valuable reference for deep processing.
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Table 2 Amino acid content of Lycium barbarum L. from the Ningxia production area (mg/g)
IR T i A FARS S 5 = BRI e e [y Bl

Thr  0.279£0.018" 0.367£0.007 0.327+0.079" 0.369+0.023% 0.273+£0.024* 0.303£0.037" 0.353+0.036* 0.415£0.018 0.326:0.058"™ 0.387+0.037

Val  0.252£0.0092" 0.328£0.054™ 0.319+0.052% 0.388+0.040° 0.256£0.022° 0.302+£0.045® 0.337:£0.045% 0.388+0.040° 0.305£0.050 0.342+0.047"
e Phe  0.284+0.126% 0.244:0.017 0.253+0.063" 0.298+0.020™ 0.209+£0.025" 0.241+0.048™ 0.270+0.040° 0.311£0.022° 0.235£0.048" 0.291+0.052"
EAA Met  0.0456+0.022° 0.0500£0.007° 0.0497+0.010° 0.0568+0.007* 0.0666+0.006° 0.0945:0.031° 0.0554+0.023* 0.0552+0.004* 0.0451=£0.012* 0.0580+0.012°
Ile  0.176£0.039" 0.241+0.018"¢ 0.242+0.059™ 0.289+£0.012% 0.209+0.022" 0.245+0.046™¢ 0.251+0.052"¢ 0.296+0.017¢ 0.226+0.045" 0.278+0.038

Leu  0.333£0.046" 0.430£0.028™¢ 0.429+0.076"¢ 0.490+0.025% 0.377£0.037® 0.432+£0.076"¢ 0.462::0.050* 0.514+0.065¢ 0.400+0.073% 0.480+0.061%

Lys  0.176£0.050" 0.237+0.021®° 0.228+0.062 0.311£0.028° 0.235£0.040® 0.255+0.036™ 0.260+0.046" 0.296£0.014* 0.232+0.053" 0.306+0.043°

Asp  1.65240.084% 1.584+0.282% 1.194+0.283" 1.281+0.095" 1.548+0.286™ 1.357+0.176™ 1.526£0.239*¢ 1.630£0.266* 1.154+0.242* 1.6610.189°

Ser  0.357£0.027° 0.494=0.021°° 0.426+0.090" 0.459£0.026" 0.354:£0.031° 0.388£0.041™ 0.478+0.052°* (.534=0.039% 0.426£0.081™ 0.556+0.056°

Glu  1.417+0.076™ 1.415+0.070 1.254+0.311° 1.501+0.112" 1.401+£0.164™ 1.771+0.515* 1.586+0.245™ 1.557+0.219" 1.228+0.213" 1.941+0.449°

Gly  0.213+0.042* 0.280+0.025 0.282:0.061° 0.338+0.021% 0.246+0.028™ 0.284=0.061"" 0.300+£0.042"¢ 0.347+0.025° 0.266+0.053" 0.329+0.054*

e IR Ala 0.547+0.034°  0.589+0.089°  0.555+0.037° 0.489+0.060° 0.595+0.082° 0.553+0.048"  0.624+0.107* 0.607+0.015* 0.499+0.095* 0.630+0.101°
NEAA Cys  0.099+0.007 0.106£0.011" 0.109£0.014™ 0.115£0.007* 0.112+0.013 0.136+0.027° 0.113£0.021™ 0.124+0.009b° 0.091+£0.012* 0.115+0.015"
Tyr  0.147£0.022°  0.153£0.014 0.152+0.050™ 0.170£0.019™ 0.166£0.019™ 0.194+0.034™ 0.172£0.039 0.203+0.011° 0.152+0.035® 0.182:0.026"

His  0.368+0.069" 0.310+0.012®  0.308+0.047° 0.360+£0.016" 0.3804£0.047° 0.481+0.097° 0.349+0.055" 0.394+0.062" 0.306+0.046* 0.331::0.037°

Arg  0.512£0.019° 0.574+0.066® 0.597+0.126® 0.708+0.066™ 0.570£0.066™ 0.630£0.092*" 0.639+£0.089* 0.817+0.118° 0.602+0.125® 0.636+0.089™

Pro  1.11740.134® 1.337+0.251° 1.119+0.156® 0.807+0.095° 1.028+0.141® 0.837+0.136"  0.960+0.195° 1.001£0.141® 1.006+0.209® 0.907+0.380°

TAA(g/100 g) 7.974+0.026° 8.736+0.312%  7.844+1.251° 8.429+0.459™ 8.027+0.837° 8.502+1.134™ 8.734+0.828™ 9.490+0.757° 7.500+1.172* 9.433+0.681°
EAA(g/100 g) 1.545+0.003* 1.895+0.123" 1.848+0.393"¢ 2.201+0.116* 1.626+0.165" 1.827+0.314™ 1.989+0.244™% 2.276+0.174° 1.768+£0.324™ 2.143+0.269°*
NEAA(g/100 g) 6.429+0.029" 6.841+0.435"  5.997+0.858" 6.228+0.347" 6.400+0.699™ 6.631£0.911® 6.745£0.673" 7.214+0.583" 5.731+0.884* 7.290+0.735"
EAA/TAA(%) 19.38+0.097*  21.69+2.19"  23.56=1.18™ 26.11£0.352¢ 20.26£1.06™ 22.02+2.18"™  22.77£1.92% 23.98+0.147 23.57+1.63" 22.72+3.35™
EAA/NEAA(%) 24.03+0.149°  27.70£3.57"  30.82+£2.04™ 35.3420.644° 2541107 28.23+3.49™  29.49+3.14™ 31.55+0.255% 30.85+2.79"¢ 29.40+5.37%

T F—17 R TR 22 5 34 (P<0. 05), K3, K4l

W L AR P EEAMAD Pro & 22 S B
(P<0.05), HE 51 . b M Arg S W
ZE57(P<0.05). TAA 1 7.500~9.490 g/100g Z[A, EAA
i IE 1.545~2.276 g/100 g = [d] , EAA/TAA 1E
19.38%~26.11% Z[a]; NEAA & 57 5.731~7.290 g/
100 g Z[a], EAA/NEAA & #7E 24.03%~35.34% =
[ o DAL TAA & EaE, Aok, 45 H
EAA & & i & 2K X 2l : H>D>J>G>B>C>F>
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EAA/TAA Fll EAA/NTAA 5 FAORS £ i1 fry 348 25
M B4 (EAA/TAA 1 EAA/NTAA 43512k 40% F1
60% ) AFAE— 2 22HE, FE WML Hh 20 3E 1R 10 & RN E
AT, 5 oCEk [42] BbE, W IEAAC Glu, Pro 28
L HRMAT Arg &g, T ML T 2L H
B, AR = MM AL 2 R & B 25 S S IRBE I 2R
e RRoKED | TRE KA KIS R DR
22 ZHASREREARKRESEN

ARYE SCHR [31], AAC 25 FH 6L 224+ Asp.
Glu. Gly. Met. Leu. Tyr. Lys. Phe. Arg, H3E 3 i
1R, 7 B A B MAA R S 4, Hivp 4
il EAA, Tyr B2k L7548 5% . TMAA 7F 4314~
5.886 /100 g Z[a], SF-HI{EIR 5.063 g/100 g. 5774

Hi XY EAA 5 3% 25 55 (P<0.05), 1 10 [ LAY TMAA & AR : [F > > > 41 1> 5>
NEAA & S5 asfFBMmE.OFEER N EFH(P< A >8R 2 >F > 2T SR> [F)0 . NEH SR,
0.05), ¥ 4 Wk 5 73 il 9 EAA/TAA. EAA/NEAA £ 72X AT Asp. Glu, Arg, Leu & 5, FH & 54y
&R R 22 Rk (P<0.05) . 10 72 Hi Ay ACS (Y Rk F] 1.459. 1.507. 0.628 Fll 0.435 g/100 g, 45 %l
R3 TR FE SRR 5 (/100 g)
Table 3 Medicinal amino acid content of Lycium barbarum L.from the Ningxia production area (g/100 g)

MAA Ak A AR fad B BRI LiEY LENEA Al BE PEE

Asp 1.652£0.084 15840282 1.194£0.283 1.281x0.095 1.548+0.286 1.357+0.176 1.526£0.239 1.630+0.266 1.154£0.242 1.661=0.189 1.459

Glu 1.417£0.076  1.415+0.070 1.254+:0.311 1.501£0.112 1.401+0.164 1.771+0.515 1.586:0.245 1.55740.219 1.228+0.213 1.941£0.449 1.507

Gly 0213£0.042  0.280+0.025 0.282+£0.061 0.338+0.021 0.246£0.028 0.284+0.061 0.300£0.042 0.347£0.025 0.266+0.053 0.329+0.054 0.288

Met 0.0456=0.022 0.0500+0.007 0.0497+0.010 0.0568+0.007 0.06660.006 0.0945+0.031 0.0554+0.023 0.0552+0.004 0.04510.012 0.0580+0.012 0.0577

Leu 0.333+0.046  0.430£0.028 0.429+0.076 0.490+£0.025 0.377+0.037 0.432+0.076  0.462+0.050 0.514+0.065 0.400:0.073 0.480£0.061 0.435

Phe 0.284£0.126  0.244+0.017 0.253£0.063 0.298+0.020 0.209+0.025 0.241+0.048 0.270£0.040 0.31120.022 0.2350.048 0.291+0.052 0.264

Tyr 0.147£0.022  0.153+0.014 0.152£0.050 0.170+0.019 0.166£0.019 0.194+0.034 0.1720.039 0.203+0.011 0.152+0.035 0.182+0.026 0.169

Lys 0.17640.050  0.237+0.021 0.22840.062 0.311£0.028 0.2350.040 0.255+0.036  0.2600.046 0.296+0.014 0.232+0.053 0.306+0.043 0.254

Arg 0.512£0.019  0.574+0.066 0.597£0.126 0.708+0.066 0.570£0.066 0.630+0.092 0.639+£0.089 0.817+0.118 0.602+0.125 0.636:0.089 0.628
MIETMAA (/100 g) 4.780+0.081% 4.965:0.217" 4.439+1.03* 5.153+0.209% 4.820+0.587" 5.258+0.788" 5.270+£0.624™ 5.745+0.543" 4.314+0.724* 5.886:0.462° 5.063
MAA/TAA(%)  59.94+1.22% 56.83+0.451" 56.59+3.97" 61.13£1.42° 60.05:1.47™ 61.84+1.74° 60.34+2.69™ 60.54+1.68" 57.52+1.85" 62.40+2.30° 59.72
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Fig.1 Comparison of medicinal amino acid content of Lycium

barbarum L.

5 MAA FY 28.82%. 29.76%. 12.42% Fl1 8.59%, U
FHEAE MAA B 79.59%. Met &5 A&, SF &
A 0.0577 g/100 g Gly. Tyr. Lys. Phe “F# &2
P, AR M MAA S 2Z 5 A B E (P>
0.05), &4 =i TMAA & & 24 57 il 3 (P<0.05) .
MAA/TAA TE 56.59%~62.40% =2 [A], & & T35 ix B
(55.46%) . EITTH(53.59%) >4 F.(53.43%) fyf*
MAA/TAA &, t—2 kBT 7 2 il & L% 24
JHOE S -
23 ERSEBEARNEIEN

MIAC P SR & IR Val, Leu. Phe. Lys. Arg
(L3 4), Hodp val, Leu., Arg 75 ER, Phe S35
TR, Lys 2 ILEER . SR ELIL S 5% I TE 1.557~
2.341 g/100 g Z[a], SFH{HIA 1.904 g/100 g, 5§ TAA
M 19.53%~26.04%. 45632 4 FIlE 2 AJ A0 4577 X
SRS IR B R AR YR A Hp > 5> [
JE>H PRI >ET 25 45> F 25 >[50 >822 > 75 4
e, 4% 7= X [a] S PR IEAR S AR A, it R R R

AR M. Arg>Leu>Val>Phe>Lys, 4371 i 52 R &
%@&,wg FYJ 32.98%. 22.85%. 16.91%. 13.87% £l
13.39%, S EFFERAY Val, Leu. Arg 7EFJAC S BRERFE
T R FESCHE T, SRS A R IR R (1) 2 SR DTk %
FEAEET . A HIMAC ) SR AR SRR 5 e S 7 A ol

A, T s I RSN TSR,
HeAhas 5 5B (P<0.05),
g‘) 2.50 Val = Leu = Phe = Lys = Arg = Total

S

K2 Ml SRR & B LA
Fig.2 Comparison of flavor amino acids
in Lycium barbarum L.

24 TEMIERSEREFNETN

2.4.1 AAS PF5r  ARYE AAS HEIFEEASH, TEM)
AR I EREIR Y AAS EHS3 5 TR (58.2) . A ZF
#1(78.0) . £I5F£8(75.4) . ¥ )7(100.0)  BH22(76.9) .
42)11(84.3) . H57(86.0) . 1 13.(102.8) . [F.0>(76.7) .
[E)5(98.0) . H DIAME X FMIACEE FAZ3ERR AAS B
Syt SRR SR H s, AR s e
AR TR o R R e i B AR, AR AR X 1) Eb A 4T
ZEIR LR 5.

242 CS¥k mMEFR 6 nJHl, T 5 /=X BYHIAC 2 FER
CS W F M A 4R )1 (98.6) . #1722 (96.8) . 75 4l ik
(84.8) . £13F£&(77.7) . 1 77(76.3). AFi#(74.4) .
[EJE(72.9), FF(71.1) . [F.0(69.5) | ) (66.5)

o LA SRR 35 B>

Vol 18 23

LRI

71I34A ==

K4 TR R E SRR 5 (/100 g)

Table 4 Content of flavor amino acids in Lycium barbarum L. from the Ningxia production area (g/100 g)

P H B AL A AL R R ZH i 42T

IR T A FARS 2 )5 B I g e &L [ J5E FEE
Val 0.252+0.0092  0.328+0.054  0.319+0.052  0.388£0.040 0.256+0.022  0.302+0.045  0.337+0.045 0.388£0.040 0.305+0.050  0.342+£0.047 0.322
Leu 0.333+0.046  0.430£0.028  0.429+0.076  0.490+0.025 0.377+0.037  0.432+0.076  0.462+0.050 0.514+£0.065 0.400+0.073  0.480+£0.061  0.435
Phe 0.284£0.126  0.244+0.017  0.253£0.063  0.298+0.020 0.209£0.025  0.241£0.048  0.270£0.040  0.311x0.022  0.235+0.048  0.291+0.052  0.264
Lys 0.176£0.050  0.237+0.021  0.228+£0.062  0.311£0.028 0.235£0.040  0.255+0.036  0.260£0.046  0.296+0.014  0.232+0.053  0.306+0.043  0.255
Arg 0.512+0.019  0.574£0.066  0.597+0.126  0.708£0.066 0.570+0.066  0.630+0.092  0.639+0.089 0.817+0.118  0.602+0.125  0.636£0.089  0.628
PN S 1.55740.021° 1.812+0.185™ 1.826+0.376™ 2.195+0.104 1.647+0.184% 1.860+£0.287"¢ 1.968+0.227"¢ 2.341:0.100° 1.774+0.341™ 2.055£0.253% 1.904

T/ITAA(%) 19.53+0.196"  20.74+2.86"  23.28+1.08™ 26.04+0.529" 20.52+1.34™  21.8842.17"  22.53+£1.56™ 24.67+1.75% 23.65£1.99™¢ 21.79£3.27" 2246

£S5 TEITXKML SRR
Table 5 Amino acid scores of Lycium barbarum L. from the Ningxia production area

7 Hh WM AT LR TR B N ey LanEl A R FAO/WHO#HEFEAR (g/100 g)

Ile 110.0 150.6 151.3 180.6 130.6 153.1 156.9 185.0 141.3 173.8 4.0

Leu 68.0 87.8 87.6 100.0 76.9 88.2 94.3 104.9 81.6 98.0 7.0

Lys 58.2 78.0 75.4 102.8 717.7 84.3 86.0 102.8 76.7 101.2 5.5
CystMet 118.4 127.3 129.8 140.4 146.1 187.8 137.1 146.1 111.0 141.2 3.5
Phe+Tyr 119.7 110.3 112.5 130.0 104.2 120.8 122.8 142.8 107.5 1314 6.0

Thr 174.4 2294 204.4 230.6 170.6 189.4 220.6 259.4 203.8 241.9 4.0

Val 100.8 131.2 127.6 155.2 102.4 120.8 134.8 155.2 122.0 136.8 5.0

AAS 58.2 78.0 75.4 100.0 76.9 84.3 86.0 102.8 76.7 98.0
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Table 6 Amino acid chemical scores of Lycium barbarum L. from the Ningxia production area
- , . - FAO/WHO#fE 4
FIER H e i ZISpAR e R T & Ji A
B RIS A7 A3 5350 B R e i [0 [ Ji WL (/100 )
Tle 85.8 95.8 98.6 98.9 96.8 98.6 95.0 97.9 96.3 97.7 6.6
Leu 123.6 128.2 131.1 125.7 130.9 130.3 131.2 127.5 127.8 126.5 8.8
Lys 88.5 97.1 95.8 109.7 112.2 105.8 101.5 101.0 101.9 110.9 6.4
CystMet 84.8 74.4 77.7 66.5 99.5 111.5 76.3 71.1 69.5 72.9 5.5
Phe+Tyr 138.6 104.1 108.9 105.7 114.6 115.5 110.4 112.2 108.8 109.7 10.0
Thr 176.0 188.7 172.4 163.4 163.6 157.7 173.0 177.7 179.7 176.0 5.1
Val 111.0 117.8 117.5 120.0 107.2 109.8 115.4 116.1 117.4 108.7 7.3
CS 84.8 74.4 77.7 66.5 96.8 98.6 76.3 71.1 69.5 72.9

TG A, B IR s a0 R T, A
1. R b TR AC 2 SR SR B AR X s HAY
A5, 8]0 FITEE SR A AT 2 LR S SR B AR X A
243 RC K SRC#: HFE 79 RCIEHAH, 74
e, B AR [ A AL AT 2 SRR Phe+Tyr.
Thr AHX}id £, lle. Leu. Val, Cys+Met. Lys #HX} fik
Z, Cys+Met A — Bl 2l 3k 12 CE(E e ATR 1 22 ik
P ol S FEBRZH B Sy < 55— R LR ) 5 L1514 . i
JE MY AL H A7 EL PR Tle. Leu, Phe+Tyr, Thr, Val
AIXF it 2, Cys+Met R 55— BRI IE0R; H W .
Fr AL T 44 MR Leu. Phe+Tyr. Thr, Val AHXf
£, lle. Cys+Met. Lys AHXHEL=Z, Cys+Met “hef—
BRPE 2R v 1 [FL O ML U FF 2 BE 2 Phe+Tyr,
Thr., Val A%} 2, le. Leu. Cys+Met. Lys FHXF 5kt
Z o M SRCHNF, 25 P X AL 255 2 52 b
{H R BUOTTE 71.1~84.9 Z[a], LIAR I FNBY % ) 5 5
N F] 84.9 Tl 84.7, T Hl A ZF W i AH X RAIG,
71.1 F1 72.5. & T Cys+Met. Lys, H4x 75 2 FLMR

K7 MRCEIERR AR A R B TR

Table 7 Ratio coefficient and ratio coefficient score

comparison of Lycium barbarum L amino acids

FAO/WHOMEAF AT R IR A%

PR SRC
e Leu Lys CystMet PhetTyr Thr Val
RAA 004 005 003 004 007 007 005
= I
WHIBE pe 086 093 063 081 141 137 099 71
. RAA 006 0.06 0.04 004 007 009 007
AAW e 098 100 070 068 108 150 107 72
RAA 006 0.06 004 004 007 008 0.06
L
LHFE R 101 102 069 074 112 136 106 172
RAA 007 007 006 005 008 009 0.08
WIRRe 103 100 080 065 L1l 131 110 82
e RAA 005 005 004 005 006 007 005
_—
“SORC 096 099 078 094 115 125 094 47
RAA 006 006 005 007 007 008 0.06
I 84.9
RC 097 097 073 104 114 120 095
e RAA 006 007 005 005 007 0.9 007
T ORC 097 102 073 074 114 136 104 70
o RAA 007 007 006 005 009 010 008
RC 099 098 076 069 115 139 1.04 /0%
 RAA 006 006 004 005 006 008 0.06
[ 79.4
RC 096 097 071 086 109 138 1.03
s RAA 007 007 006 005 008 010 007
" RC 100 099 080 071 113 139 098 /'8

FCLE HERCE B, AR U E.. G AR ZHZL
(FAO) it 1 BRAREE 1 o ad REmR A =0 W 1 4
A (18~64 2 )%f Cys+Met F5=KE{E M 2.5 g/100 g T&
FB RS, f e 2 ml g, 7 B XA AL Cys+Met fEAE
0.1234~0.2305 g/100 g Z[8], IR FFF R BME, #t—F
T AL FR ) HE P

2.5 MICHEERTRS PINSEBLEEERTN
2.5.1 A[EFPE XA AL 2 IE R B AHOC /AT IR 3
"], B Pro X5 Thr, Val, Phe, Ile, Leu, Lys. Asp.
Ser. Glu. Gly. Ala. Arg, His 55 Thr, Val, Phe. Ser,
Ala, Ala 5 Tyr, Met 5 Asp. Ser. Glu. Ala, Thr, Val,
Phe, Arg 5 Asp. Glu, Gly 5 Asp JoHHPESN, Higx
PG FEIR 2 [P A TEAR DG A AE DG, 4 IS o Sk
I3 IEAH S (P<0.01) . Gly 5 Ile. Leu, Val 5 Leu.
Ser 5 Thr. Leu 55 Ile #HXE R ELAE 0.9 UL E R 1EHH
. Thr. Val, Phe. Ile. Leu. Gly X [a]#H 3¢ 5 $7E
0.8 L 5L IEAHSC, Lys 5 Tle. Leu Z [AJAHIC R EFE
0.8 LA FEETEAASC, AR FPAE AL i 25 2 BE R 1)
FHICP R

Thr [nr * dokok Gok Aok sk oy 10
Val [oss val s et oo ik kol ok ek soiok sk 10.8
Phe [os1 0s2 phe skisioRoisok sl stok sjoliol ok iokolsiololok ookt ’

Met [0.0420080 0.007 Met % k% * sofcloiokiolioRiek ok ok 0.6
Ile |oss oss 081 025 Tle o sk ok kel ok sileloloiololok ok ko

Leu [oss 092 053 026 091 Leu sk olok il otk dokotoiokolok ke 04
Lys |07 065 069 030 051 082 Lys ok it s ol + Lo.2

ASD [027 0080 013 0.11 010 022 032 Asp ek 4k sokdck ko ckk ok )
Ser |092 070 069 -0.16 0.68 074 069 036 Ser PR * ok okt =0
Glu |o44 025 033 020 035 042 049 058 056 Glu ik ok 4k sk Sk

Gly |oss 058 085 025 096 096 086 0.16 073 041 Gly (o 4Rk ok 4

Ala 041 033 035 0003 034 039 038 044 044 038 034 Ala ok *k

Cys |034 040 044 066 057 056 059 026 024 048 0.59 037 Cys iHPKEICEER: *
Tyr 043 041 049 062 048 059 060 033 033 037 060 021 0.62 Tyr ekiiok Gk
His [0.032 017 0.16 072 033 029 025 025 -0.14 036 032 0.14 074 055 His #k (*
Arg |067 069 060 034 071 070 072 019 047 022 072 031 055 059 039 Arg

Pro Jo.0027-0.14 -021 -034 1021 -0.18 -0.19 0.11 0.092 0.046 -0.22-0.093 -0.25 -0.34 -0.29 -0.15 pro

SEEFF I RS PP P I e

*P<0.05, ¥*¥P<0.01, ***P<0.001, ****P<0.0001

B3 ESERAH ST

Fig.3 Amino acid correlation analysis

2.5.2 SRR R 8 A, RRE(ER T
1 PR 3 A4, Hodh 25 1 IS HE(E Sl 8.745, 51
BRI N 51.441%; T4 2 WIGFAEME N 2.675, STk
oA 15.736%; ZERST 3 BUSFIEE R 1.732, TTMkRN
10.187%, 3 I s3 iy BAHJ7 22 TTHR R 77.364%,
FARRRISA R T FEAR I IR S5 B o
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Table 8 Initial eigenvalues of principal component and
cumulative contribution rate

. ELCEE IR E PRI EATF-T7
Bt %) BR(%)  Bit rZE(%)  #2B(%)
1 8745 51441 51441 8745 51441 51441
2 2675 15736 67.177 2675 15736 67.177
3 1732 10187 77364 1732 10.187  77.364
4 0852 5012 82376

17 P ZEmRFE R AE 3 D F A FAARIE R S
AT G DLER 9 FNIEl 4. TR 1 H 3 ey (58 e L
IEAHSEHYA Gly. Leu, lle. Lys. Thr, Val, Phe. Arg.
Ser 45, LIZG A ILIR Gly 2477 {E 0.956 ik, LA
WA IR N (Thr, Val, Phe. Leu, Ile. Lys). %8
2 FE A5 Bt Met, His. Cys. Tyr &% 148 545
B I HHAAHERR Met 2007 {H 0.827 ik, ARabTs
S HEMR M (His. Cys. Tyr). 5 3 Easra0 3R (i

£9  FRUFEAHIFE SRR

Table 9 Principal component loading matrix and eigenvectors

O ES2%g EI2 EH3
FREmAE 4G RRIEEE AT RMERE 2
Thr 0.100 0872  —0.159 —0.426 0019  0.032

Val 0.098 0.856 —0.108  —0.289 —0.148  —0.256
Phe 0.096 0.842 —0.086  —0.229 -0.105  —0.181
Met 0.039 0.345 0.309 0.827 —0.054  —0.094
Ile 0.105 0.916 —0.041  —-0.109 —0.133  —-0.230
Leu 0.108 0.948 —0.046  —0.123 -0.071  —0.123
Lys 0.101 0.887 -0.012  —-0.031 0.011 0.019

Asp 0.039 0.341 0.048 0.128 0.460 0.797
Ser 0.087 0.760 -0.195  -0.521 0.144 0.249
Glu 0.062 0.540 0.041 0.110 0.376 0.651
Gly 0.109 0.956 —0.038  —0.102 —0.104  —0.180
Ala 0.055 0.481 —0.014  —0.038 0.254 0.440
Cys 0.078 0.683 0.210 0.561 0.039 0.067
Tyr 0.078 0.684 0.171 0.458 —0.009  —0.015
His 0.047 0.407 0.299 0.799 0.032 0.055
Arg 0.090 0.787 0.032 0.086 —0.096  —0.166
Pro —0.025  —-0.219 —0.152  —0.405 0.241 0.417

0.5

Component 2

-1.0

-0.5

-0 o5 o 0
' 0 0.5 3
0.5 \!
1.0 1.0 :omp()(\e“

Component 1

B4 TRk

Fig.4 Factor load diagram of principal component

BRI aT 2 v 225 FHE LR Asp. Glu. 25 1. 28
2 A 3 RS EAR BT T B R E] T Hu A AT 2l
AR LT 2R SR ESM. TE7 XM
Ao A OB e JE IR S 24 FH 24 5 R Gly. Asp. Glu. Met
ML FFZIERR Thr, Val, Phe. Leu. Ile. Lys.

2.53 TR MAAEILR WSS R AT
3 A F LSBT T B XA AL 2 R R SR
LRV 3 DGR SN

F,=0.100X,+0.098X,+0.096X;+0.039X ,+0.105X s+
0.108X+0.101X,+0.039X+0.089X+0.062X o+
0.109X,,+0.055X,+0.078X,,+0.078X,,+0.047X s+
0.090X,,—0.025X,

F,=0.159X,—0.108X,—0.086X;+0.039X ,—0.041 X —
0.046X4—0.012X,+0.048X;—0.195X+0.041X ,—
0.038X,,—0.014X,,+0.210X,,+0.171X,,+0.299X , .+
0.032X,,—0.152X,,

F;=0.019X,—0.148X,—0.105X,—0.054X ,—0.133X —
0.071X+0.011X,+0.460X+0.144X,+0.376X,,—
0.104X,,+0.254X ,+0.039X,,—0.009X,,+0.032X | s—
0.096X,,+0.241X .,

Horr, X ~X, 3R 17 KL/, 4350 Thr,
Val. Phe. Met, Ile. Leu. Lys. Asp. Ser. Glu. Gly.
Ala. Cys. Tyr. His. Arg. Pro,

LA 3 A4~ 32 g4 X g 1Y) 7 22 A8 X STHR R AL R,
P =BT A5 43 HEA T AL AN, ST R A P R B
F.:=0.665F,+0.203F ,+0.132F, 11445 7 X Ml 22 i
BRIVEFEGAFST o LB AR53 E IR AT DA S At A Hh 2= 5
PR 23 -G v BT A v IR, 455078 v Ud FH 2R 5 o B B 4y
3R 10 AJ %, L85 HERA T 10 AR 57 (G20)>
HJHNES)>FT(G21)>F EHD>EFE)>HII(F1)>
FE R (I5)>E 1 D>E R J6)>42)1 (F2), i FivE
XAt A 1.348, 75 MHIfCAEAS b 257543
BN TE AR 38 A4, A 37 4~ HpLrEe
Sy M EAE R LA T R AR kAR AS fE 22, 4y
B 31.6%. 28.9%. 15.8%. ZEE455r M TAH I LA
R B2 RO BAMIARREAS S 22, 4300 29.7%.
24.3%. 18.9%, U3 L th X FpA B FAC HP 2 1R &
AR T PR

25 1 XA AS F2 1S3 o3 AT e v 3 B UL IR A
A F ST HE R T A R BEE B A9 ST B E A T
HEF, 2P X AL R R R S TR LR G HER
MRYR Sy i T (HD > & (D) >3 )1 (F) > (D) > 7°
(G)>H F W (B)>%4 22 (E)>4T R (C)>F ik (A)>
R (Do FHTH) . BEE@ AR #EED) |
T(G) AL FEBRER G A543 EAH, L7603
1E. g5 11,

2.54 TERPXMAAEIRERIE ST B S AT
10 =X AAC A RIS E], nT R S IUZs: 55—
ACHESIME) . 1(JE.0»), TAA. EAA. MAA | B4 355 7Y
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Table 10 Principal component scores and comprehensive assessment of amino acids in Lycium barbarum L.

eSSl F1 F2 F3 WEGER Hoy 2] F1 F2 F3 WELGE15 Hey
G20 1.248 1.822 1.122 1.348 1 Gl -0.259 —-0.626 0.559 —-0.226 39
F5 1.306 2.367 —0.279 1.313 2 D2 0.301 —0.164 —1.746 —0.064 40
G21 1.043 1.777 1.16 1.208 3 G18 0.308 —-0.867 —0.753 -0.071 41
H1 1.754 -0.219 0.44 1.180 4 G2 —0.107 —0.749 0.244 —0.191 42
F6 1.145 2212 —-0.423 1.155 5 Bl 0.012 -0.939 —-0.082 —0.194 43
Fl1 0.945 2.572 —-0.535 1.081 6 ES8 —0.528 1.093 —0.647 -0.214 44
J5 1.428 0.1 -0.216 0.941 7 Gl1 -0.317 —-0.646 0.448 —-0.283 45
J11 1.478 —-1.024 1.143 0.925 8 13 -0.187 —0.424 —0.636 —-0.295 46
J6 1.252 0.056 0.583 0.921 9 E3 —-0.827 0.948 0.42 —-0.302 47
F2 0.762 2.37 —0.622 0.907 10 B2 —-0.499 —-0.933 1.237 -0.359 48
G5 1.462 —-0.403 —-0.203 0.864 11 El -0.97 0.887 0.677 —-0.375 49
G10 0.678 1.782 -0.284 0.776 12 E4 -0.97 0.887 0.677 —-0.375 50
G8 1.225 —-0.249 -0.054 0.757 13 8 —-0.395 —-0.728 0.179 —-0.387 51
2 1.382 —-0.504 —-0.566 0.742 14 G6 —-0.35 —0.193 —-0.95 —-0.397 52
J12 0.74 —0.888 1.757 0.543 15 E9 —0.841 1.05 —0.685 —0.436 53
C3 1.097 —-0.58 —-0.533 0.541 16 A2 -1.071 0.931 0.557 —-0.449 54
16 1.247 —0.632 -1.33 0.525 17 E2 -1.071 0.931 0.557 —0.449 55
13 0.918 —0.588 0.257 0.524 18 E5 -1.071 0.931 0.557 —-0.449 56
G12 0.894 —-0.475 -0.104 0.484 19 G9 -0.417 —0.548 -0.918 —-0.509 57
19 0.69 —-0.906 1.487 0.471 20 G13 -0.578 -0.278 —-0.86 —0.554 58
H3 0.895 —-0.495 -0.377 0.445 21 G22 -1.312 0.34 1.781 —-0.569 59
E7 0.15 0.815 1.359 0.444 22 J10 —1.467 -0.832 3.552 -0.677 60
E6 0.188 0.626 1.255 0.417 23 F8 —-1.068 0.716 —-0.989 —-0.695 61
H2 0.898 —-0.373 —-0.834 0.412 24 C2 —0.868 -0.259 —0.682 -0.72 62
G23 0.946 —2.498 2.131 0.402 25 G15 —1.063 —-0.399 0.419 —-0.733 63
G19 0.828 —0.994 0.264 0.383 26 Gl14 —0.856 —0.782 —0.066 -0.737 64
D1 0.966 -0.677 -1.212 0.345 27 17 -0.715 —-0.999 —0.485 —0.742 65
J7 0.812 -0.177 —1.251 0.339 28 15 —0.666 —0.361 —1.866 -0.762 66
G17 0.773 -0.416 —-0.784 0.326 29 14 —-0.809 —0.642 -0.99 -0.799 67
J4 0.483 0.218 —-0.36 0318 30 Gl16 -0.861 -0.527 —-0.975 —-0.808 68
G3 0.556 -0.596 0.168 0.27 31 F7 -1.25 0.542 -1.099 —-0.866 69
J8 0.361 —0.846 1.249 0.232 32 Ell -1.507 0.316 0.216 —-0.909 70
J1 0.717 —0.994 —-0.525 0.206 33 Al —-1.357 —-0.671 0.831 -0.929 71
D3 0.575 -0.196 -1.221 0.182 34 E10 —-1.587 0.46 0.017 —-0.959 72
G4 0.106 -0.129 0.589 0.122 35 1 —1.554 -0.824 -0.073 -1.21 73
G7 0.437 -0.619 —-0.656 0.078 36 Cl —1.558 —-0.86 -0.923 —-1.333 74
F3 —0.657 1.642 0.94 0.021 37 12 —2.64 —0.517 —2.115 —2.139 75
F4 —0.754 1.854 1.076 0.017 38
F 11 M PR A E S 218 B 4 Dendrogram using ward linkage
Rescaled distance cluster combine

Table 11  Principal component scores and comprehensive

0 5 10 15 20 25
assessment of amino acids in Lycium barbarum L. A 9 J : ! ! : !
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TS il * I Sl o
IH 0.679 1 HHB —0.277 6
[y 0.457 2 PZE —0.328 7 E 7
HRIINF 0.367 3 4SFRRC -0.504 8 . C 8
35D 0.155 4 TTHDRA ~0.689 9 D 4
TG 0.084 5 [AlL1 —0.726 10 J
G 5
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HyvE el S 5 4 250 J(EE) L FU4RJID . L. in different planting areas in Ningxia
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S FEE TAA &8 W k22 540, HAth45
FEIX Y TAA. EAA. NEAA S22 3 R E 3, B
BRI HZ AN EZE, EAA/TAA. EAA/NEAA
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iR +FR 2% (Cys+Met) 55 —FR I & IEMR . AAS.
CS. SRC 43 B 7E 58.2~102.8. 66.5~98.6. 71.1~84.9
Z 8], SRC EPPHr 45 S 223F T FAO/WHO R4
Ko TEMAFLE AT IR SR E 2 B X 2= 5
PR, W43 U2, 4350 A B A We Fn ). —2%, H 25 .
B2 FNLLSFAR 28, Vg R o T RN T 2, AR TR
Hr 2%, Hospar 0 [RlCs AR ML, R b X A
AL ER 1 BT 2 R R L G i At . RIS vl AT
HAAR IR T 5577 X Al AL 2 R 2 i 25 5P o
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