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Abstract: An integrated evaluation model based on the combination of traditional trait identification and
modern chemical analysis was used for the identification of key indexes of grade classification and the
establishment of grade quality standard of Lycium barbarum fruits (LBF) from Ningxia genuine producing area.
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Under the guidance of herbal examination and market survey, particle size, skin color and imperfection were taken
as the external trait indicators; focusing on the comprehensiveness and validity of the quality evaluation, 2-O-f-D-
glucopyranosyl-L-ascorbic acid (AA-2fG), zeaxanthin dipalmitate (ZD) and volatile ether extractives were used as
important parameters involving in quality evaluation in addition to the pharmacopoeia test items and determination
indicators such as moisture, ash, water-soluble extractives, Lycium barbarum polysaccharide (LBP) and betaine.
The quality differences between different traits and grades of LBF as well as the relevance between character and
quality were further investigated by mathematical and statistical means such as #-test analysis, correlation analysis
and principal component analysis (PCA). Furthermore, the activities of extractives from different grades of LBF
were compared at cellular level. The results showed that LBF were mainly preferred for large and red ones; except
for betaine, the other index components were relatively high (moisture and ash were low) in the first-grade and
samples with bright-red skin color. Besides, there was a significant correlation between skin color and moisture,
water-soluble extractives, LBP, AA-2fG and ZD contents. Considering the results of the study and the market
situation, the present study took the grain size and skin color of LBF as the core of evaluation, and at the same time
introduced the multi-indicator components including LBP, AA-2$G, ZD, water-soluble extractives and moisture to
further guide the grading, and established the quality standard of LBF grades combining the trait indexes and the
chemical composition. More importantly, in vitro cell models both preliminarily confirmed that the first-grade LBF
played a more significant "nourishing liver and kidney" effect, which provided an experimental basis for the quality
control of LBF and promoted the realization of high quality and good price.
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Table 1
dark-red; 2: The skin color is bright-red

Sample information and determination results of character indexes in LBF. LBF: Lycium barbarum fruits. “1: The skin color is

. Grain number Length Diameter Imperfection  Skin
No. Habitat Manufacturer Batch
of 50 g /mm /mm /% (w/w) color
Goji-1 Ningxia Zhouta Ningxia Zhouta GQ-210623 281 15.76 £3.52  5.63+£0.89 3.01 1
Goji-2 GQ-210630 310 15.44£290 5.78+1.02 1.75 1
Goji-3 GQ-210709 321 1531+£3.51 5.53+1.16 0.94 1
Goji-4 GQ-210715 353 1542+£3.69 6.10+1.21 1.56 1
Goji-5 GQ-210723 330 1526+3.12  599+1.29 1.90 1
Goji-6 GQ-210730 351 1523+£1.79 582+1.11 2.56 1
Goji-7 GQ-210623 283 16.40+3.24 6.18+1.24 3.02 1
Goji-8 GQ-210630 321 15.72+£2.44  5.62+1.10 2.33 1
Goji-9 GQ-210709 331 1531£2.62 531+1.13 2.81 1
Goji-10  Ningxia Ningxia GQ-210703 319 1434+£242 575+0.98 0.98 1
Goji-11  Xizan Xizan GQ-210710 332 1543+241 545+1.15 1.52 1
Goji-12 GQ-210717 408 13.87+£095 5.46+0.67 1.84 1
Goji-13 GQ-210724 410 13.05+1.07 6.36+0.94 1.92 1
Goji-14 GQ-210731 535 12.07+£1.52  5.48+0.66 1.36 1
Goji-15  Ningxia Yinchuan Ningxia Yinchuan GQ-210706 558 11.52+£1.06 4.18£0.70 3.57 1
Goji-16 GQ-210715 343 14.06£1.85 532+1.12 2.24 1
Goji-17  Ningxia Shizuishan Ningxia Shizuishan =~ GQ-210617 331 15.55+2.29 593+1.17 0.88 1
Goji-18 GQ-210705 409 12.65+0.77 4.81+0.92 1.49 1
Goji-19 GQ-210615 271 1534+£234  6.54+1.20 2.67 1
Goji-20 GQ-210704 440 1236+ 1.68 4.38+0.59 2.65 1
Goji-21 ~ Ningxia Shanghai Kangqiao ~ GQ-21090701 373 1499+ 180 5.83+0.55 0.92 2
Goji-22 GQ-21090702 307 14.77+£233  5.75+0.66 2.56 1
Goji-23 GQ-22081801 386 14.52+£2.52 549+ 1.06 2.17 2
Goji-24 GQ-22081802 549 1211+ 1.82  4.61 +0.63 1.82 2
Goji-25 GQ-22081803 386 1473 +2.14 581 +0.69 1.75 2
Goji-26 GQ-22081804 540 1235+1.27 4.74+0.39 2.46 1
Goji-27 GQ-22081805 377 1472+£2.63  6.19+1.09 2.00 2
Goji-28 GQ-22081806 560 12.34+£232  4.71+0.84 0.87 1
Goji-29 GQ-22081807 374 1436+£2.32  5.98+0.69 2.57 2
Goji-30 GQ-22081808 547 1233+£1.70 4.75+0.71 2.10 1
Goji-31 GQ-22081809 387 1453 £3.12  5.96+0.86 1.02 2
Goji-32 GQ-22081810 538 1270+ 1.28 420+ 0.64 2.64 1

Table 2 Results of the extrinsic appearance and internal quality indexes of LBF and #-test analysis after grading. LBP: Lycium barbarum

polysaccharide; AA-2/G: 2-O-f-D-Glucopyranosyl-L-ascorbic acid; ZD: Zeaxanthin dipalmitate. n = 6-47, ¥ 5. "P < 0.05,

ok

P <0.000 1 vs dark-red group; “P < 0.01 vs small size group; “P < 0.01, **P < 0.01, ***P < 0.001 vs second grade group

wkx

P <0.001,

Item Bright-red Dark-red Large size Small size First grade Second grade
n 13 40 21 32 6 47
Length/mm 14.45+2.29 14.60 £2.51 17.40 +0.92 12.70 £ 0.61 16.77 £ 0.38 14.28 +2.44
Diameter/mm 5.78 £ 0.54 5.56+0.86 6.38+0.45 5.11+0.52 6.15+0.43 5.55+0.81
Moisture/% 7370777 9.38+1.07 8.96 +1.38 8.83+1.30 7.26 £ 0.52* 9.09 £ 1.52
Ash/% 423+0.19 424+0.26 423+0.25 424 +0.24 4.12+0.12 425+0.25
Water-soluble extractives/%  68.51 £3.17 64.67+5.12 66.72 + 4.88 64.88 +4.97 69.99 +3.70* 65.05 +4.86
Volatile ether extractives/% 0.62 +0.08 0.58 +0.09 0.58 +0.09 0.59 +0.09 0.64 +0.07 0.58 +0.09
LBP/% 3.02 £ 0.52° 2.50 £ 0.65 2.68+0.63 2.59+0.68 2.98+0.55 2.58 +0.66
Betaine/% 0.75+0.16 0.85+0.17 0.73 +0.13% 0.88 +0.17 0.64+0.11 0.85+0.16
AA-25G/% 1.23£0.14™ 0.72 +0.24 0.77 +0.33 0.89 +0.29 1.22+0.18* 0.80 +0.29
ZD/% 0.27 £0.05"" 0.20 £ 0.06 0.23 +0.06 0.20 +0.07 0.28 £ 0.05™ 0.20 £ 0.06

4y . #HAEE (B 1B) M1 VIP B (K 1D) E/R K5 AA-
28G M ZD 5 F B 72 R OT ik 43 (VIP > 1), IX R B LA
ARG AT DL AL T VT A (1 B R A
ZiG UL B i g R, WAl TR e AK 5 AA-
28G LBPZD. /K PR W) A7 A 2 35 A ok BRI

NELLH AR, TR K /N5 TS AA-28G &5 BR
LR G, K o R A IR ) 5 A LR TE
WRIANE, HAFRANERER MR R 2%, SR
R, FE R ERE AR I h 8 = — 52 (St BRI,
AW FURR 8 2020 fix v [ 24 S 25RO B Bl A AR 73X
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Table 3 Person correlation analysis between external character index and internal quality index of LBF. P < 0.

between groups

05, P < 0. 01 comparison

Ski Water- Volatile
m
Item Length  Diameter ) Moisture  Ash soluble ether LBP Betaine AA-25G ZD
color
extractives  extractives
Length 1
Diameter 0.814" 1
Skin color -0.039 0.121 1
Moisture 0.078 -0.036  -0.669™ 1
Ash -0.046 -0.154 -0.079 -0.090 1
Water-soluble extractives ~ 0.199 0.179 0.343"  -0.487" -0.099 1
Volatile ether extractives  —0.059 -0.108 0.225 -0.365" 0.035 0.159 1
LBP -0.067 -0.095 0.317°  -0.104 0.038 0.006 0.124 1
Betaine -0.371"  -0.325" -0.236 0.125 0.013  -0.135 0.138  -0.005 1
AA-26G -0.305"  -0.114 0.719" -0.414" -0.183 0.250 0.258 0.175  -0.033 1
ZD 0.083 0.074 0496~ -0.334" -0.053 0.159 —0.243 0.375" -0.384" 0.469" 1
A 3 .DaArk-red ® B oLBP oAl
3 M Bright-red °
0.3 ;
{ o ° e ®ZD e Volatile ether extrctives Betaine .
° [ " Moisture ®
— o $ | %0 e, =~
N 0 — ot 5 o — S OeAA2pe
£ [
1 ® ° ° ‘3 5
[ ]
2 ° ° ° ° -0.3
3 Water-soluble extractives
0.6 —~
4 3 2 -1 0 1 2 3 0.4 02 0 02 0.4
t1] pl1]
C [ Dark-red D
M Bright-red e o ® = 1
— o 0% gyl
=, 1 ° ° > 05
9 [ ) o
i ] [
* % o e 0 0 2 o pr p-
n 0 an 2 g ] 8 & 2 3 ol
S o o8 [ oo o° § 3 - B
& 4 %% o ° o ©® b P g & g
= e ® © °*° P 5
° 2 K
b 3 =
° 5 =
3 2 1 0 1 2 3 £ s
1.00019 * 1[1] Var ID (Primary)
Figure 1 PCA and OPLS-DA results of different skin colors of LBF. A: PCA scores plot; B: PCA loading plot; C: OPLS-DA scores plot;

D: OPLS-DA VIP plot
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Table 4 Grading quality standard of LBF from Ningxia genuine producing area

Ftem Grade
First Second
General information Origin Dried ripe fruit of Lycium barbarum L. (Fam. Solanaceae)
Wild/cultivated Cultivated
Processing Harvested in summer and fall when the fruit is red, dried in hot air, or aired until the skin is
wrinkled, dried in the sun, then removing the pedicel
Morphological features Shape Nearly fusiform or elliptical
Surface feature Stylar scars apically with small protuberant scars, basally with white fruiting pedicel scars
Texture Pericarp is soft and externally roughly wrinkled; Sarcocarp is pulpy, soft and tender
Odor and taste Slight; sweet
Seeds 20 to 50 seeds; brown-yellow; kidney-shaped and flat; 1.5-1.9 mm in length, 1-1.7 mm in
diameter
Skin color Bright-red Dark-red
Grain number of 50 g <280 < 560
Length = 16.00 mm 6.00-16.00 mm
Diameter > 6.00 mm 3.00-6.00 mm
Imperfection < 1.00% <3.00%
Test index Moisture < 8.00% < 13.00%
Total ash <5.00%
Water-soluble extractives >70.00% > 55.00%
Marker components contents LBP = 3.00% = 1.80%
AA-24G > 1.00% >0.30%
ZD >0.25% >0.10%
Betaine > 0.50%

FH DG P LE AR AR B 70 R B — 2 PRAN 24501 B, [ I
T UR AL AR ST 2, A5 2 MR AL B s v
SR B AR b 23, PASE 3 2504 o B VT A R 2 A A
HRJ@ MR . ARECT A AT T 55 b i
WF 7R, AW IR NTZHE T ZD AA-2G F1 LBP %
Z A 5 AT - 10 2 K € 1 B A 0K (R 8 b 1A, 2E —
R T MRS T HRIRIR BT IR 2 I

MIAE FAE A — M RS2 254, 2 LEAR VAL
BN SR H AL G ST R R L 2 R
T PE SRR BRI A S G MR AR SRR R AE XS
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(1 J5 ST e, W 2 I A 43 52 5 ol ok — 5 FHLAG
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BRI RIR VPN 8 b5, I 58 A 58 kLA TR — 2P
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N FE T B 45 2 DI OCEK, = b R0 in T
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AH A, 3 — 20 B T SCR B 78 E B ZDAA-28G \LBP.
KA R 15 AT T 1R 3R B 6 A A B 0 B ) 2 PR B
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Figure 2  Effect of different grade of LBF extractives on HK-2
and HepG2 cells. A: HK-2 cells were treated with various concen-
trations of different LBF extractives to assay cell viability; B:
Effect of different LBF extractives on the viability of LPS-treated
HK-2. n =6, X £ 5. ™P < 0.000 1 vs control group; P < 0.05,
“P<0.01,""P<0.001,""
vs second group: **P < 0.01; C: Effect of different LBF extractives
on the viability of HepG2. n = 6, X + 5. P <0.01, P <0.001,
P < 0.000 1 vs control group; first group vs second group: *P <

0.05

P <0.000 1 vs model group; first group
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