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Abstract: [Objective] The objective of this study is to explore the relations between the fresh fruit quality (FFQ) indices of
wolfberry (Lycium L.) and different fruit colors and to set up a comprehensive evaluation system for wolfberry FFQ, thus would
provide a theoretical basis for fresh fruit materials evaluation and utilization of wolfberry germplasm resources. [ Method]
Twenty-four indices of FFQ were determined in 32 wolfberry materials with different fruit colors. Eight FFQ indices were chosen by
correlation analysis and factor analysis, and the weight of indices were decided by analytical hierarchy process. A comprehensive
evaluation system was established for wolfberry FFQ by using data standardization process. [Result] Great differences of FFQ
variations were observed in different fruit colors wolfberry, and their coefficients of variation (CV) were from14.3% to 113.4%,

among which, the CV of malic acid was the highest, the CV of sucrose and flavonoids was the second, followed by the CV of cheek
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diameter, and total sugar was lower. Eight typically indices including length diameter (LD), cheek diameter (CD), fructose (FR),
glucose (GL), oxalic acid (OC), tartaric acid (TA), flavonoids (FL) and polysaccharide(PO) were screened from 24 woltberry FFQ
indices by correlation analysis and factor analysis. An analytical hierarchy model was proposed based on the effect of eight indices
on wolfberry FFQ, and weight coefficient of these factors were 17.74%, 17.74%, 10.75%, 10.75%, 5.38%, 5.38%, 10.75% and
21.51%, respectively. The values of comprehensive evaluation in tested materials were calculated according to the formula of
standardized treatment, comprehensive evaluation of FFQ showed a significant difference among different fruit colors wolfberries,
and with the following FFQ order: red fruit > purple fruit > yellow fruit > dark red fruit > black fruit. [Conclusion] FFQ of
different fruit color wolfberries could be evaluated by LD, CD, FR, GL, OA, TA, FL and PO. As for comprehensive quality, red
fresh fruits are the most excellent, and black fresh fruits are poor. The key factors affecting wolfberry FFQ are as follows: yield

factor, flavor factor and functional active factor.

Key words: Lycium L.; fruit quality; factor analysis; hierarchical analysis; comprehensive evaluation
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Table 1 The code and name of the 32 genotypes of wolfberry used in the study

45 Code #FK Name JSEFT Fruit color  ||%%*5 Code 4 F Name HSEFIE Fruit color

1 w-11-15 3% Light yellow 17 14 Baitiao 41 Red

2 w-12-27 VT Light yellow 18 [#A% Yuanguo 2] Red

3 w-11-30 VX TE Light yellow 19 ik Bianguo 2] Red

4 THE I Ningxiahuangguo 3 Light yellow 20 ZAC 15 Mengqi NO.1 4T Red

5 z-11-18 3% Light yellow 21 4t Beifang 41 Red

6 T Huangguo ¥ Yellow 22 HE Jiee 4T Red

7 742 1 %5 Ningqi NO.1 4 Red 23 i Xinjiang 41 Red

8 T 2 %5 Ningqi NO.2 41 Red 24 4 Zibing 4L Red

9 ‘4¢3 %5 Ningqi NO.3 4 Red 25 FEfE Zhutong 41 Red

10 AT 4 %5 Ningqi NO.4 4 Red 26 2 # Yunnan 41 Red

11 A2 5 %5 Ningqi NO.5 4 Red 27 £1}; Hongzhi 41 Red

12 T4d 6 %5 Ningqi NO.6 21 Red 28 *HE Zhongguo H54T Dark red

13 42 75 Ningqi NO.7 4 Red 29 Ei Changji 541 Dark red

14 KFEH Damaye 41 Red 30 A 0507 Zhuxi0507 #1{4 Purple

15 /NFRI Xiaomaye 21 Red 31 FEZ 0508 Zhuxi0508 {0 Purple

16 (11t Baihua 21 Red 32 YL Heiguo 72 Black

) 4m AR5 RMGEHN 14.3%—113.4%. i, &5 250
- FERPR A SRR G S RN SR, T CV

2.1 ARIREMICE R MK R T FHHE SN 113.4%. 111.9%F1 92.3%; A% 5 REBARSEbr
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HRE. BB EMRR S &, LoV 25h 14.3 %.
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2 MICERMREFHERER
Table 2 Variation of wolfberry fresh fruit quality indices

PEIR KA BeMit Fi P % A5 R R
Traits Max value Min value Mean value SD CV (%)
X "R Fruit mass (g) 123 0.23 0.64 0.26 41.0
X, 442 Length diameter (mm) 23.28 7.36 15.09 4.30 28.5
X; #i#% Cheek diameter (mm) 14.69 6.17 9.41 1.34 143
Xy WIEFEHL Fruit shape index 2.65 0.68 1.63 0.41 24.9
Xs R Fruit stalk length (mm) 24.70 429 16.13 4.45 27.6
Xo JPIJE Flesh thickness (mm) 3.67 0.11 1.36 0.64 472
X, #7410 Seed number 37.64 7.25 22.08 8.11 36.7
Xg $BE £ Fructose content (mg-g™) 95.33 5.05 43.93 16.80 38.2
Xo HI%IHE & Glucose content (mg-g™) 108.45 15.44 56.71 17.77 313
X0 BEREFr i Sucrose content (mg-g™) 30.82 0.68 3.36 3.76 111.9
X1 FHBEAE Sweetness value 248.15 33.63 119.93 40.80 34.0
X, B Fr i Oxalic acid content (mg-g™) 591 0.09 2.93 1.27 432
X3 15472 5 Tartaric acid content (mg-g™) 26.16 0.63 11.20 6.50 58.0
X4 %5 JEE &5 Quinic acid content (mg-g™) 5.78 0.84 2.46 1.22 495
X5 SEYLHR & Malic acid content (mg-g™) 15.83 0.14 2.80 3.18 113.4
Xis R & B Citric acid content (mg-g”™) 40.92 2.26 13.64 9.73 71.3
X7 MM Fr i Total acid content (mg-g™) 50.85 14.32 33.04 7.55 22.8
Xz BER L sugar/acid 12.82 2.09 4.83 1.67 34.5
Xio B & B Total sugar content (mg-g™) 209.09 61.68 149.26 33.98 22.8
X0 Z Bl 71 Polysaccharide content (mg-g™) 156.1 403 110.0 2.86 26.0
X, ¥4 Flavonoids content (ug-g™) 185.44 0.00 41.02 37.87 923
Xon B ZETR 5 5 Betaine content (ng-g”) 7.86 1.16 3.13 1.47 46.9
Xo3 MM E N4 Total carotenoid content (ug-g™) 328.57 0.42 87.09 65.44 75.1
X4 4i2E2 C Vitamin C content (mg-g™) 4.48 0.03 1.96 0.84 42.8
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Table 4 Factor analysis of wolfberry fresh fruit quality indices

FMEabr o 5o RIESEEL PAERRR, Al e
N B 20 3 M4 7 ZEuTEREE Sy 13.31. 12.48
A1 12.26, AREMEFRFR B AR T B
TR AR BERRAARR, nE SO RBR R B
T 5 M7 J52ETTERE N 10.98 AT 7.77, ACERMEFRRS A
Wl 28, v SO DR R T

PEIR FHLFE Component weight
Traits HT 1 T2 BT 3 74 TS BT 6 W7
Component 1 Component 2 Component 3 Component 4 Component 5 Component 6 Component 7
FUYLE Fruit mass 0.6332 0.1027 0.3172 0.2077 0.0470 0.5221 0.1603
4% Length diameter 0.8447 0.1072 0.1825 0.2064 0.0864 0.3265 0.0612
HIEFEEL Fruit shape index 0.9128 0.0408 0.1112 0.1653 0.0419 -0.0435 0.0647
HR§K: Fruit stalk length 0.7346 0.2621 -0.0030 -0.0192 0.1341 0.1472 -0.0626
Bif2 Cheek diameter 0.0660 0.1368 0.1644 0.2146 0.0170 0.8486 0.0109
B4 Seed number 0.4952 0.1006 0.0091 -0.0386 0.2853 0.5796 -0.0713
HLPIJE Flesh thickness 0.2121 0.4149 -0.0326 0.3019 0.4180 0.2711 0.1792
LB Fructose 0.3850 0.8864 0.0967 0.0776 0.0501 0.0699 -0.0858
HZHE Glucose -0.1190 0.9554 0.0368 0.0400 0.0312 0.0640 -0.0789
FHPEME Sweetness value 0.2571 0.9316 0.0982 0.0665 0.1203 0.0723 -0.0875
iR Oxalic acid 0.1362 0.0691 0.8891 -0.2243 -0.0537 0.0303 0.2338
WA Tartaric acid 0.1544 0.2719 0.8052 -0.1180 0.3222 0.1948 -0.0861
FFiER Citric acid -0.0348 -0.1048 -0.6776 -0.5506 -0.2579 -0.2341 -0.0042
ZEJe#: Quinic acid -0.3075 -0.1210 0.4738 -0.4707 -0.0832 -0.2022 0.3367
R Total acid -0.0219 -0.0430 0.1941 -0.8520 -0.1353 -0.2270 0.2749
B/ Sugar/Acid 0.2278 0.1142 -0.0450 0.8803 -0.1093 0.0096 0.1791
JEFE Sucrose 0.1932 0.0455 0.1900 -0.0139 0.8045 0.0289 -0.0204
35| Flavonoids -0.0624 0.1251 0.0109 0.0875 0.8929 0.1268 -0.0259
FHZEH8 Betaine 0.3617 -0.1291 0.4985 0.4099 0.4398 0.0594 -0.1060
P Total sugar 0.2545 0.1732 0.2143 0.4437 -0.3304 -0.3117 0.5678
Z ¥ Polysaccharide 0.1784 -0.1001 -0.0865 -0.1367 0.1245 0.2190 0.8039
R Malic acid -0.1971 -0.3294 0.3360 0.0148 -0.1722 -0.2012 0.6573
MEHE N2 Total carotenoid 0.5949 0.1699 -0.4179 0.2174 -0.0077 -0.1104 0.2611
#7423 C VitaminC 0.5493 0.0669 0.1118 -0.3855 0.5735 -0.1603 -0.0735
FHEME Eigenvalue 4.16 3.20 2.99 2.94 2.64 1.98 1.87
ST Tk Percent of vaiance (%) — 17.35 30.66 43.14 55.40 66.38 74.62 82.39

e/ 1) 3 WiEbR, BB RR N R E R
s MAREIREBCh IR, SR, BS54
EWEERLR (=0.892) , kAL AEEIRFE bR
AR R 76 7 WK 7, FHEEME. SR
FURE /PR AR bR, RIS, B RE(E S SR A bl

S EA (7=0.980. 0.897) , R ER E Y b
FHK (=0.419) , AL, Hl/BR5 FUBE b 0K W2 A1
K (r=0.226) , DMk, GEHISOHE. HiZH . FERATN
A PRAFFRFR AR KUK A

BT BT, M ie. iR, SO AR
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Table 5 Hierarchical structure of wolfberry fresh fruit quality indices

MIACEESL 5T (A) Wolfberry Fresh fruit quality

FEEAF (B1) Yield factors

KUK F- (B2)  Flavor factors

ThAgiGEX 7 (B3) Functional active factors

Yz (CcD Bife (C2) HHE (C3) HIAEE (C4) HRR (C5) AR (C6) BEEd (CT) £ (C8)
Length diameter ~ Cheek diameter Fructose Glucose Oxalic acid Tartaric acid Flavonoids Polysaccharide
R 6 FIRFEMERE BRI
Table 6 Discriminant matrix and its consistency checking
A B1 B2 B3 B1 Cl C2 B2 C3 C4 Cs C6 B3 Cc7 C8
Bl 1 1.1 1.1 Cl 1 1 C3 1 1 2 2 C7 1 0.5
B2 1 1 C2 1 C4 1 2 2 C8 1
B3 1 Cs 1 1

C6 1
CR=0.0000 CR=0.0000 CR=0.0000 CR=0.0000

2.4 FRREHMICRLEEZMRMESITMN

M XA RC A AL it B b B P E AL IR (10 K 3R
DA IACE, SRR LR S S, A
o R AR AT MR B R S B (R 7D o 85RERI,
AR ST R LR i AT AL BN ZE 57 o AL L

(R, KIARDRHOG HE R, Sk,
R2% HRIB CFRTE TR
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Table 7 Comprehensive evaluation of wolfberry fresh fruits quality

B NEEC i Hew L LEE ARy E2350
Name Comprehensive score Sequence Name Comprehensive score Sequence
w-11-15 0.368 24 14 Baitiao 0.444 19
w-12-27 0.382 23 % Yuanguo 0.448 18
w-11-30 0.484 12 i Bianguo 0.595 5
THHR Ningxiahuangguo 0.363 25 At 145 Mengqi NO.1 0.689 2
z-11-18 0.343 27 Jt75 Beifang 0.479 14
I Huangguo 0.359 26 HE Tiee 0.475 15
A2 15 Ningqi NO.1 0.585 6 Wil Xinjiang 0.32 30
T4 2 5 Ningqi NO.2 0.718 1 W Zibing 0.389 22
42 3 5 Ningqi NO.3 0.504 9 FEf4 Zhutong 0.46 17
T 4 %5 Ningqi NO.4 0.539 8 7 Yunnan 0.481 13
T4 5 5 Ningqi NO.5 0.495 10 #IF% Hongzhi 0.335 28
T4 6 5 Ningqi NO.6 0.605 4 *[H Zhongguo 0.325 29
AL 75 Ningqi NO.7 0.669 3 £ 7 Changji 0.299 31
KK Damaye 0.417 20 BEAR 0507  Zhuxi0507 0.389 21
/IR Xiaomaye 0.493 11 FEZ& 0508  Zhuxi0508 0.466 16
1t Baihua 0.553 7 YL Heiguo 0.235 32
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