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Abstract: The nutritional quality of Fuji apple candy, acid, and polyphenols varies among production areas in China, so the
construction of its origin traceability technology is beneficial to the implementation of production area protection,
characteristic product fidelity and sustainable industrial development. Therefore, 18 nutritional quality indexes such as total
carbohydrate, acid and polyphenols of Fuji apple from six production areas, namely, Aksu in Xinjiang, Jingning in Gansu,
Luochuan in Shaanxi, Lingbao in Henan, Yantai in Shandong and Zhaotong in Yunnan were tested and analyzed in this
paper. And effective origin traceability nutritional quality indicators were screened based on multivariate statistical analysis
to construct a method for the identification of different origins of Fuji apple. The discriminative model for the identification
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of different production areas of Fuji apple was constructed. The results showed that compared with other production areas,
the contents of Aksu Fuji apple total carbohydrate and sorbitol were high, the contents of Jingning Fuji apple total phenols
and chlorogenic acid were high and the contents of Lingbao Fuji apple catechin and phloretin were high. The contents of
Luochuan Fuji apple fructose and phlorizin were high, the contents of Yantai Fuji apple sugar-acid ratio and rutin were
high, the contents of Zhaotong Fuji apple quercitrin and epicatechin were high. The fruit indicators measured were
subjected to orthogonal partial least squares discriminant analysis with a Q* value of 0.794, a matrix R*X value of 0.885 and
a differentiation parameter R*Y value of 0.874, and a valid OPLS-DA appellation identification model with a correct
discrimination rate of 93.33% was established. The linear discriminant was used and eight valid indicators including Vi,
sorbitol, catechin, quercetin glycoside, quercetin rthamnoside, quercitrin, rutin and quercetin were screened and obtained,
which could distinguish 100% of Fuji apple in each appellation. Fruit sugar accumulation in each appellation was closely
related to the appellation environment. Total carbohydrate and total acid content were significantly and negatively
correlated with rainfall, and sucrose content was significantly and positively correlated with temperature difference. This

study was expected to provide technical support for the development of Fuji apple industry and the protection of

2023 4F 11 H

geographical indication products in China.

Key words: red Fuji apple; sugar; polyphenols; production region; reginal authenticate
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Table 1 Information on different apple (growing season)
producing areas
FEAECAE R R 25 A KRR T )
BSOSO (mm) i

1 WEEbTsEgs 5 14.5 10.90 39°28'57"~41°30'10"
2 W s 11.1 63.10 35°01'~35°45'
3 ~EWE s 9.7 81.40 26°55'~28°36'
4 PN s 10.1 88.96 35°26'29"~36°04'12"
5 WERE 5 8.2 89.70 110°21'42"~112°01'24"
6 WHME 5 7.4 104.02 36°16'~38°23'
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SPEESN 5.18 me/g, S EARIIER 2.74~10.20 mg/g;
PR T 37.82%, FI{E N 0.80 mg/g, & m=ARLIE

Bl 0.49~1.77 mg/g, 25 FREU/ N E SRR TTE R &
BHIR LL 6.86, SEHI{H N 56.84, S AR L TLE 43.54~
61.98. . 18 FIIRIE IR TFER, A8 5 R ECH A
PISRIETR . LLBYEE, 27T AR A 22 4598 pn T
DIVE R 457 X R S i 25 g g il sidebr, Bl PAX Sy
Bre X RS,

2 ORREPEXA TR R g R T
Table 2 Analysis of quality index results in different
production areas

izt SEIME bR A RE(%) BoIME RRME
KBE(%) 1093 1.64 149 8.56 14.78

R (%) 0.19  0.03 16.98 0.14 0.6

HERR L 56.84  3.90 6.86 4354 61.98
V(mg/100 g) 3.68  1.01 2731 232 557
S (/100 g) 0.74  0.15 19.79 0.45 1.02
Fbi(mg/g) 71.86  6.30 8.77 60.35 83.21

% HE (mg/g) 2627  5.15 19.62 16.33 3735
TR (me/g) 2578  5.68 22.04 19.11 39.41
ILZ4AE (mg/g) 518 221 42.67 274 1020
JLZEZ (mg/g) 0.08  0.02 22.16 0.04 0.11
FILZER (mg/g) 0.12  0.03 22.49 0.07 0.18
AT (mg/g) 0.07  0.02 35.18 0.02 0.13
LRI (mg/g) 009  0.04 4323 0.02 0.18
Wt FEH L (mg/g) 015 0.04 28.02 0.08 024
HitE 1 (mg/g) 0.17  0.04 24.65 0.10 023
it REABEH (mg/g) 014 0.04 25.47 0.09 021
FT (mg/g) 0.80 030 37.82 049 1.77
MR % (mg/g) 0.04  0.01 31.88 0.03  0.06

F 3 AT, ST DX Ta) 2R S B & 5 A
[F), B Bl se I3 Hb X 21 & SRR B S Em o
13.66%+0.72%, 5 H A ™~ X L Bl A B FH x5
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5 (P<0.05) , F 5 i # i B 5 05 Hb XS0 R 2 1 ol
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ARSI TSR] 5 SR A SO Lo TP KO, %
H X IR CUBREAE, SRS 0P % AS ] X 21 8 =5
SRERBRAFFEAR— 80 4577 X408 R Ve S
FR T BRI )1 18] JC ik 35 25 54 M (P>0.05 ), HAx 45
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Table 3 Comparison of quality indicators of red Fuji apples in the main producing areas
4 v i Py ] ot TS LTS
TR ﬁ? ‘&}Z% HhmLIL (mg/\I/ 00 g) (g}lfbmé}y <f£) f@g <f£> &’;ﬁ?
FZedy  13.66£0.72°  0.25+£0.01°  55.11£1.47>  528+0.20° 0.52+0.04° 73.14£0.5" 34.15£3.11° 36.86+2.35"  9.48+0.55°
T 11.75£1.23°  0.21£0.01°  56.42+2.83"  3.58+0.11° 0.85+0.12° 71.21£1.41° 24.26+0.56¢ 21.76£1.19%  3.75+0.26%
RE 9.05+0.42¢ 0.15£0.01¢  60.56+1.42°  2.41+0.08° 0.78+0.11° 73.58+2.66" 25.83+0.93% 24.79£0.78°  4.00£0.23*
il 10.13+£0.80°  0.20£0.02b°  52.14+6.00°  3.47+0.03° 0.80+0.07° 82.49+0.56° 28.48+0.85 27.23+£1.29°  6.25+0.64°
M5 10.58+0.79°  0.18+0.01°  58.51+0.98"  2.78+0.08" 0.64+0.12° 63.66+1.66 17.89+1.25° 20.16+0.78"  3.24+0.39°
1338 10.45£0.32°  0.18+0.01°  58.28+2.49"  4.56+0.07° 0.82+0.09° 67.08+3.91° 27.00£1.4" 23.87+1.62°  4.39+0.32°
e LA H FILER Lishac SRR Wik M2 MRz Wit R BR R Y FT Wit Hz %
(mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g) (mg/g)
F5E5R  0.05+0.003°  0.1240.005™  0.05+0.007°  0.08+0.051®  0.11£0.009  0.17+0.017° 0.12+0.008° 0.72+0.134" 0.03£0°
BT 0.08+0.003°  0.09+0.013°  0.06£0.009°  0.10£0.005®  0.14+0.026°  0.18+0.013" 0.10+£0.013¢ 0.64+£0.027°  0.05+0.006"
RF0.10£0.008"  0.13£0.032°  0.09+0.040°  0.10£0.077®°  0.21£0.025*  0.110.009° 0.16£0.019° 1.38+0.237°  0.03+0.002°
WL 0.09+0.005%  0.11+0.016*  0.08£0.001°  0.09+0.006®  0.17+0.013°  0.22+0.013" 0.18+0.007° 0.61£0.074°  0.06+0.003"
MAE 0.07£0.005¢  0.10£0.011¢  0.05£0.008°  0.07+0.012°  0.10£0.012°  0.15+£0.014° 0.11£0.013¢ 0.84+0.142°  0.04+0.001°
Wi 0.10£0.003°  0.16£0.010°  0.10£0.011°  0.13£0.018"  0.18+0.002°  0.23+0.006" 0.19£0.017° 0.61+0.089° 0.03+0°

1 AR/NG RN B B3 25 57 (P<0.05), n=5,

B AR TR SRS, o SR RS R
SR SIAT I RE I F B 3, LU A AR . RO
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B, LLBLBELE 55 o RN, ARSI I 45 S 500 3%
CEBS T S IR — . B eIk L BRPEII L =
Wi AKX AR DB e A s
(P<0.05) FLBAI 5@ 257 X R S e = o 9.4440.51 mg/g,
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K H BRI | SGRRFESY, SRS PIERE S RENS R
2, T FeH R H RERHE], Al SRS BE R T
K EEVER, [RIRH b X A B BsF TR AR X 450, AL
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FNLIBLEE A HERE R AR S AT B P 4 SR
57 X S SRRV TS, A BRI i X - HerE
SR P EIR B, ASHITSE 2 BRBIE P 75 )17 X SRS L AL
B AR T B v IR X, AR R PURR TS bl
Hr AL AR S R B, DA [R] = X 41 SR
] LB o b 2 A

HErT . MR RTE . LRG| HiEEE] v 75 4%
FER RS LA R S AR 5 25 5 (P<0.05), Horp g
Serp LA R S B (I B R R 52 25 X 0.05+0.003
mg/g; RILHKER | MR SR IRAEAS = X 5 2 [h]
R 2E TR AN B (P>0.05), Mit iz ZOBEFE S L M
T Mk H 2 BRI L M A T RS S i
= XA H AT 225, 10 FE R RS B2 o
B EA 0.21+0.025 mg/g, 2= 7 W i B 5 5 B A

=4 0.23+0.006 mg/g, HSZH 7 2 RSN &
o AL IX SR < R I A 0.19+0.017 mg/g, BEVE %
JIER S e 22 3 s o 0.06+0.003 meg/g, 17 T
i T R R A X IR S, 1.38+0.234 mg/g.
ZE IR AN [F] 7= (XS SRR IR S H 2 M RIS R
SR 2R, AR BB 22.16%~43.23%, HiA sk
JRIR EmAR SRR R, LR EESEE RN,
LEE IR 2 40T, FE X R SLE IR SR RS AR AR S R B
K, 22 580 3 I FE AR A A% X RS R
AE, FREVE AP X 45 7= X RS A 80U 7o 25 1
TR, HARIAEE | AR . IS PR S NS AIRE I
7 AR A7 X LT S R IR R 25 5 R
22 ETFER 6 KEFXBLEIEIEXRM T

X 6 ) X LD E SR A SRR TAH 4y
Br, B 1 45 R ETHSIEIRZ HAEE— g M. BUbE
SRR L BUBEEE S B AE P<0.01 227K F,
SRR S AR DG, JU S LD B S e ) AH OGP R
(1=0.64) . 7E P<0.01 Z5/KET, Bh&EEiL SR
FRAN Vi f B b i 35 IEAHSG, 5 JLASER . Mit
B ZBETT S . M 2 RSB TT L AR T S i A e
TAAHDG . AL S i RUBR & T 55 0P . PR 454 Joa & = Fl
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Fig.1

Correlation analysis of quality indexes of red Fuji apples in six major producing areas
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Table 4 OPLS-DA discriminant analysis results of red Fuji
apples in different producing areas
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Table 5 Discrimination results of red Fuji apples from different
producing areas
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