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Fruit quality analysis and evaluation of ‘Fuji’ apples from
different producing areas

LI Tai, SUN Junmao, HUANG Jiazhang, LU Shijun’
(Institute of Food and Nutrition Development, Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

Abstract In order to compare the overall quality of ‘Fuji’ apples from different origins, a total of 46 ‘Fuji’
apple samples were collected from three major apple-producing provinces in Shandong, Shaanxi and
Shanxi. Fruit weight, fruit shape index, color area, fruit hardness, soluble solid content, titrable acid
content and solid acid ratio were determined. Through principal component analysis and cluster analysis,
the core quality evaluation indexes were screened, and a quality evaluation model was constructed to
evaluate the quality of ‘Fuji’ apples from different producing areas. The results showed that: There were
significant differences in the quality of ‘Fuji’ apples in different main producing areas. The fruit quality and
titrable acid content of the ‘Fuji’ apples in Linyi were the highest, and the fruit shape index, color area, fruit
hardness, soluble solid content and solid acid ratio of the ‘Fuji’ apples in Qixia were all higher than those in
other areas. The solid acid ratio, fruit shape index and fruit hardness are the core indexes of ‘Fuji’ apple
quality evaluation. The qualities of different ‘Fuji’ apple varieties in descending order are as follows: Qixia,
Penglai, Linyi, Luochuan, Wanrong and Baishui.
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Table 1 Main producing counties (cities and districts) and

number of test orchards

PN FmE G XD S el H i
Provi Main producing counties Number of apple

rovinces

(Ccities and districts) orchards

7 Wi Qixia 6
Shandong ¥ 3 X Penglai 10
B 7 7% JIl B Luochuan 5
Shaanxi F17k £ Baishui 10
1 7 J7 %% B. Wanrong 6
Shanxi i % B Linyi 9
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Table 2 Quality analysis of ‘Fuji” apples in different producing areas

, w( ] M w( Al i [#] 1% L
BT R BEER/Y% R/ o e ‘ .
| Mean fruit Fruit sh Red col (ke/emd) B/ % ERD /% Soluble solids
an frui it s T m’
Ttems ¢ . ru ru shape ec colo 'g ¢ Soluble solid ~ Titratable acid to titratable
weight index area Firmness L .
content content acidity ratio
=k
Zﬁ,? 260.8045.41ab 0.94+0.01a 94.884+1.59a 9.87£0.07ab 13.79£0.53a 0.134+0.01b 110.5849.08 a
1X1a
f;ﬁl . 253.88+25.94ab 0.9040.06ab 89.62+5.29ab 9.77+0.4ab 12.82+0.47b 0.1440.02bc 94.43+12.21 ab
englai
%I
;%JOICh an 250.554+5.96ab  0.83+0.02b  90.08+4.50ab 8.91+0.25¢ 12.63+£0.29b 0.16+0.01abc 79.14+5.18b
.uochu
7
sa'fh . 234.99+33.57b  0.86+0.03ab 85.294+5.97b  9.16+0.18c¢ 12.264+0.39b 0.1540.03 84.164+12.41b
ishui
I/“ Gl
I[D;j%' 284.464+23.13a 0.89+0.04ab 83.56+6.00b 10.01+0.29a 12.57£0.33b 0.19+£0.05a 71.484+21.90b
yi
\?j: ong 266.184+14.89ab 0.85+0.15ab 87.33+6.71ab 9.41+0.77bc 12.71£0.28b 0.18+0.04ab 72.24+15.19b
r
FHH 256. 62 0.88 87.27 9. 56 12. 64 0.16 84.07
Mean
Vi =8
Il Iﬁ?ng 193.38~317.38  0.55~1.05 73.25~97.25  8.18~10.73  11.48~14.04 0.11~0.24 51.88~123.09
_uffi
o 124. 00 0.50 24. 00 2.55 2. 56 0.13 71.22
Range
P 1 22
Standard 29. 82 10.97 4.10 0.07 6.15 5.09 0.52
deviation

TE < i) — 81 o AS ) 5 B 3 78 AN ] 77 DX 2R i o~ 359 {1 Wk 25 22 57 (P<<0. 05) ¢
Note: In the same column, different letters represent significant differences (P<Z0.05) in the mean values of apple quality in different

production areas.
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Table 3 Correlation coefficients between quality indicators of 'Fuji’ apples after standardization

MR AR L

fiil 2 Lt

B = s e % o w Al ¥ w Al % & /R D '
i JOT 48 AR Eﬂ%ﬁi %f/hﬂ;& HEEE SRS «“ T,{ﬁlﬁ “ T'/F%ZE@Q Soluble solids
o Mean fruit ~ Fruit shape  Red color . B 1) Titratable .

Quality indexes . . Firmness . . to Titratable
weight index area Soluble solids acidity . .
acidity ratio
HOR ]
Mean fruit weight
s %
A —0.057 1
Fruit shape index
1

e —0.081 0. 048 1
Red color area
%% L 0.268 —0.021 —0.023 1
Firmness

(Al Z
u(‘”ﬁﬁ.@ﬁ/%) —0.103 0. 206 0.498" 0. 269 1

oluble solids

(|l v o2 iR
u.(‘f{[)ﬁnz%z')' —0.220 0.034 —0.151 0.062 —0.125 1
Titratable acidity
I#il 1% L
Soluble solids to —0.171 0. 040 0.223 0.044 0.326 —0.956" 1

titratable acidity ratio

T F< 0 B RN AE 0. 0571 0. 01 K |- B A

Note: *and ** indicate correlation at the 0. 05 and 0. 01 levels.
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Table 4 Results of principal component analysis of 7 quality indicators

E GG

02 EMAE

JE SR B

T A P4 # Component weight

Ttems AF 1 Componen 1 [AF 2 Componen 2 [A-F 3 Componen 3
iU i Mean fruit weight —0.346 0.381 0.567
HIE 5 5L Fruit shape index 0.130 0. 289 —0.485
% @ Red color area 0. 506 0.436 —0.328
RAHEE Firmness 0.025 0.629 0.575
w( M FIE YD Soluble solid content 0.566 0. 660 —0.184
wCAl i & 2D Titratable acid content —0.853 0.392 —0.294
[& /& It Soluble solids to titratable acidity ratio 0.918 —0.198 0.288
FEE{H Eigenvalue 2.284 1.44 1.199
U5 22 TTERA /)5 Variance 32.623 20. 631 17.128
F231r 2 5THE /% Cumulative 32.623 53.254 70. 382
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Distance between sample points

A,B,C,D, E, F, GoRl g REcui g R SRV A G
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A, B, C, D, E, F, G are fruit firmness, single fruit mass, fruit shape
index, coloring area, soluble solids content, titratable acid content,
and solids-to-acid ratio, respectively.
Bl ‘Bt E¥RERERREE

Fig. 1 Clustering diagram of 'Fuji’ apple quality indicators
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Table 5

Ranking of principal component scores and composite scores of 'Fuji’ apples in each production area

F 1434543 Principal component score

FEX B2 I gama HEre
ain origi ESIZE AL i
Main origin Soluble solids to . 1R . . 23 Total Ranking
) o . Fruit shape index Firmness
titratable acidity ratio
M g% Qixia 4.076 2.153 —0.204 1.739 1
¥ 3¢ Penglai 1.427 0.390 0. 160 0.573 2
1% )1l Luochuan —0.111 —0. 806 —0.740 —0.329 4
17K Baishui —0.185 —1.562 —0.430 —0.456 6
I %5 Linyi —2.024 1.057 0.741 —0.315 3
J7 5% Wanrong —1.226 0. 315 —0. 186 —0. 367 5
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