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Comprehensive Quality Evaluation of Lycium barbarum L.
Vegetable at Different Harvest Periods Using Principal
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Abstract: This study used Lycium barbarum L. vegetable 'Ninggicai No.1' harvested at five different stages as the experi-
mental material. Sensory and physicochemical indices were measured and analyzed, and a comprehensive evaluation model
was established using correlation analysis, principal component analysis, and hierarchical cluster analysis. The results
showed that the sensory indices and nutritional quality of Lycium barbarum L. vegetable at different harvest stages were

correlated to varying degrees. The L value was significantly negatively correlated with a” and significantly positively corre-
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lated with b* (P<0.05). Total phenolic content was significantly positively correlated with browning degree (P<0.05). Pro-
tein content was significantly positively correlated with chlorophyll content and significantly negatively correlated with
moisture content (P<0.05), while moisture content showed an extremely significant negative correlation with chlorophyll
content (P<0.01). The quality evaluation indices of Lycium barbarum L. vegetable at the five harvest stages could be repre-
sented by three principal components, with a cumulative variance contribution rate of 93.229%. Hierarchical cluster anal-
ysis divided the five harvest stages into three groups, and the classification results were generally consistent with those of
the principal component comprehensive evaluation. The first group included C1, harvested in May, and C2, harvested in
June. These two stages showed high similarity in hardness, springiness, chewiness, browning degree, and moisture content.
Their moderate hardness, coordinated springiness and chewiness, low browning degree, bright appearance, and high mois-
ture content indicated tender texture and better visual quality, suggesting that they might be more suitable for fresh con-
sumption.The second group included C3, harvested in July, and C4, harvested in August. C3 exhibited the best overall per-
formance in color, texture, total phenolic content, and betaine content, while C4 showed prominent total flavonoid and pro-
tein contents. These two stages demonstrated superior nutritional quality and were therefore more suitable for further pro-
cessing. The third group consisted of C5, harvested in September, which differed significantly from the other samples due
to its high browning degree, dry and hard texture, insufficient nutrient accumulation, and severe moisture loss. Therefore, its
comprehensive quality was relatively inferior among all harvest stages. Overall, this study revealed the effects of different
harvest stages on the quality of Lycium barbarum L. vegetable, providing theoretical guidance and data support for raw
material selection, subsequent processing, and quality standardization of Lycium barbarum L. vegetable products.
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Fig.1 Sensory evaluation of Lycium barbarum L. vegetable
at different harvesting periods
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Table 3  Color analysis of Lycium barbarum L. vegetable
at different harvesting periods

ENEER e ] L a b
Cl1 39.2540.16 —5.33+0.39° 19.30+1.12°
C2 37.41£0.78° —5.41£0.39° 18.28+1.09°
C3 34.89+0.16° —5.41£0.60° 15.42+0.51
Cc4 34.03+0.77° —6.63+0.60° 15.4240.51°
Cs 34.03+0.39¢ —7.59£0.73¢ 15.23+0.91°

T 25N =W EE LI A EEARE 2 (0=3) . ARIR/NG FHREFRA
[FEERMC AT 2F 50 M S %25 57 (P<0.05); %4, 5T,
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Table 4 Texture analysis of Lycium barbarum L. vegetable at different harvesting periods

AR BHEE(N) PR Il 52 FYE(mm) WL (mJ )
Cl 14710.214:481.86° 0.45£0.06° 0.2120.03° 0.82+0.11° 2679.514862.84°
C2 15470.79+1326.16° 0.39+0.08° 0.21+0.03° 0.8620.12° 2500.69+765.65°
c3 17160.15+1377.46" 0.50+0.03" 0.25+0.03* 0.8620.08"* 2528.16+631.77°
C4 17510.07+853.84" 0.4440.04° 0.22+0.01° 0.7320.06° 2774.57130.58"
C5 19944.81+1036.00° 0.46£0.06° 0.23+0.02° 0.7620.07° 3584.45+584.37°

S5 ONFRMCI AL ZER BT R A

Table 5 Analysis of physicochemical indicators of Lycium barbarum L. vegetable at different harvesting periods

AR AKooE(%)  BEmSTEmye) HBB&E(mge) EARGE0) BRI E(mge) MRS (ng/g) AR
Cl 76.61+0.12° 7.23+0.11¢ 22.73+0.15¢ 34.43+0.56° 20.56+0.21° 4.46+0.34° 7.1540.15¢
C2 75.22+0.24° 8.71+0.34° 25.08+0.69° 33.00+0.33¢ 20.51£0.07° 4.66+0.47° 7.21£0.12°
C3 74.16£0.19° 10.170.16" 39.61£0.09° 43.08+0.72° 16.15£0.35° 4.88+0.24° 7.51£0.15°
Cc4 68.91+0.28° 9.94+0.07° 29.36+1.58" 57.68+0.41° 21.90+0.50° 5.58+0.56" 7.54+0.20°
Cs 65.01+0.32¢ 8.80+0.41° 30.63+0.36° 39.38+0.53° 20.11£0.70° 5.59+0.51° 7.57+0.20°
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Fig.2 Heatmap of correlation analysis between sensory
parameters and nutritional components in Lycium barbarum

L. vegetable across different harvest periods
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Table 6 Eigenvalues and variance contribution rates of principal components
. HIRFFE(E ST TN Gt
#it I 25 (%) (%) 17.192 D525 (%) BRU%) #it T 2%(%) (%)
17.192 57.307 57.307 7.662 57.307 57.307 10.877 36.258 36.258
7.662 25.54 82.847 3.115 25.54 82.847 10.583 35.275 71.533
3.115 10.382 93.229 10.382 93.229 6.262 20.873 92.406
10 B, AR SRR S i o 3 EEAURYIBUE A
3 A R BT
- AP O SRR AR AR S Y 15 R PR
g K F S BT, 1% 3 R Y1-Y3, 1%
£ 4 B LRSS 15 DRI N
2 4 Y1=-0.624Z1+0.698Z2—-0.703Z23+0.569Z4+
01 0.732725+0.97626+0.2827Z7+0.13428+0.454Z9+

123456789101112131415
%4
Bl 3 TR 2R 35 h 4% e 41 14
Fig.3 Crushed stone diagrams of various components in
Lycium barbarum L. vegetable at different harvesting periods
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Table 7 Principal component factor load matrix

B %
A
1 2 3

L(Z1) —0.634 -0.514 -0.532
a'(22) 0.698 0.453 0.493
b'(Z3) -0.703 —0.488 -0.504

T (Z4) 0.569 0.801 0.156
PERPE(ZS) 0.732 -0.032 0.048
|l 1 (Z6) 0.976 0.02 -0.022
it (Z7) 0.282 -0.797 —0.471
NP (Z8) 0.134 0.954 -0.192
ST A (Z9) 0.454 0.116 0.834
BB (Z10) 0.962 —0.064 0.248
HEHEBER(ZID) 0.137 0.188 0.952
SR & 1 (Z12) —0.947 -0.086 -0.23
MR R(Z13) 0.103 0.786 0.501
W7 RE(Z14) -0.159 0.927 0.137
KAy &5 (Z15) —0.245 -0.926 -0.282

0.962Z10+0.137Z211—0.947Z12-+0.103Z13—0.159Z14—
0.245Z15

Y2=-0.514Z1+0.45322-0.48823—0.801Z4—
0.032Z5+0.02Z26—0.797Z7+0.954Z8+0.116Z9—
0.064Z10+0.188Z211—0.086Z12-+0.786Z13+0.927Z14—
0.926715

Y3=-0.532Z1+0.493722-0.504Z3+0.156Z4+
0.048Z75-0.02226—0.471Z7-0.192Z8+0.834Z9+
0.248710+0.952711-0.23Z12+0.501Z13+0.137Z 14—
0.282715

Z1~Z15 53 HUCERMIFLZESEN 15 D Hatrtniift
JERIER . L 3 TS TN B9 7 25 BTHR R AL
&, A 5B ZEE PP R EL: Y=0.3685Y1+0.3585Y2+
0.2121Y3, FHA, Y {E#RR, FeBHZCRIBOH I Afd 27
SRLFAA T TR, A RWGHMIAC 2R3 H 4557« 28
HiP K HEZ IR 8 P . ARIERIMGH Ak AT 25352
HEF S BRI €3, C1, C2., C4, C5. 4533
BH: 7655 — s, C3 MMIAT 25 5455 3 A 3 1o
FHA A 4y, 3% 5 H BG40 e . T REE, DL
I E B 0B EHEETR A B K o S R
FESG; AESE s, CL 5 C2 kAT ZE3845 403
AR v T HA A 0y, H B 22 i/, i 5 8
KRB K S AR EEAIR . T A, iR S nE
MERPAE S A B AR — 3G AR = TS, C4 1)
AL AT B A 3k v T HAt H 3, SX UL C4 194
AT 2R A 8 oy A A B T 5 e PN 1 O 5

8 ARFERISCIIFIAC 2 M T2 G155 K HE £

Table 8 Comprehensive score and ranking of quality of Lycium
barbarum L. vegetable at different harvesting periods

AFEFBIH-HIRRZRE Y1 Y2 Y3 Y HE&

C1 0.867 1.425 0.177 0.925 2
Cc2 0.909 1.469  —0.890  0.906 3
C3 1.367 1.608 —-0976 1.114 1
C4 0.528 0.025 0.315 0.334 4
Cs —0.007 -0.152 —-0.047 —0.036 5

LR o, C3. C1 il C2 YRR i R B U,
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Fig.4 Partial least squares plot for the correlation between
quality indicators and sensory evaluation
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Fig.5 VIP values of quality indicators

TG . LRERG, AR EAA RAFAIES e M-S T
AEJ7, T T RAS R R MO A AT 25406 A () 4 3T
25, AR E M (variable important forthe pro-
jection, VIP){E ] D)z AR (Y TTHRERRE, 24 VIP {H>
1 A BAT 3520, 2522 U0 6 7, VIP (B>
1 A EFEPRE 54 ﬁ’)ﬂ]j\ﬂ'ﬁf;\ FHE MR | A
/F"T% SN L BIHSRERE E, AR LA s FE AR Xt
BT EA W, A — SR LA U ETT
@I e S R AN D S UNES =i e U D S i N il
SRS ZF52 04 5 T

2.5
. 2.0

1.5
1.0
03 I
0 D O O e i e

mﬁMWMMQQiQMM%Lﬁ

VIP{H

Bz dn 4 4o 4 <H:<r_9+1;:b(LBR(
E\i’égﬁ -E ME mEs
T % B
O Eapc)
Al BT b

K6 Hitny
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Fig.7 Dendrogram from hierarchical cluster analysis of Lycium
barbarum L. vegetable across different
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