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Fruit quality evaluation on eight apple germplasm accessions
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Abstract: [Objectivel Apple (Malus x domestica) is widely grown all over the world and one of the
most common fruits in our daily life. China has a large number of apple germplasm resources that can
be excavated and utilized, which are widely distributed in Xinjiang, Shaanxi, Shandong and other plac-
es in China. Fruit quality is an important aspect of apple germplasm resources that can be tapped and
utilized. It is of great significance for breeding varieties with excellent flavor and functionality. The fla-
vor quality of fruits is related to the content of sugar, acid and aroma substances. In this study, the fruit
quality of 8 apple germplasm accessions was evaluated, and the relationship between phenolic substanc-
es and antioxidant capacity and the screening of aroma components were analyzed, so as to understand
the differences in fruit traits, quality and flavor of different apple germplasm resources, and provide ref-
erence for their utilization. [Methods] In this study, eight apple germplasm accessions including P35,
L51, L37, LC36, L7, LC54, ZN18 and C31 were used as experimental materials. The appearance quali-
ty was determined by the electronic analytical balance, vernier caliper and colorimeter. The soluble sol-
ids contents were determined by sugar-acid integrated machine. The titratable acid of fruit was deter-
mined by acid-base titration. The contents of soluble sugar, malic acid and aroma substances were deter-
mined by TSQ 9000 triple quadrupole GC-MS. The ascorbic acid content, total flavonoid content, total
phenol content and antioxidant capacity of apple germplasm accessions were determined by correspond-
ing kits. Phenolic compounds were determined by HPLC-MS. The fruit quality of 8 apple germplasm
accessions was evaluated, and the difference in aroma substances and the relationship between phenolic

content and antioxidant capacity were analyzed. [Results] Among the 8 apple germplasm accessions,
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CONEE S 4

PS5, L51, L37, LC36, LC54 and C31 were small fruit-sized, while ZN18 and L7 were large fruit-sized.
There were significant differences in the appearance quality of each apple germplasm accession. The
soluble solids and titratable acid contents were significantly different. The soluble solids content of
LC36 was significantly higher than that of other germplasm accessions, and the titratable acid content
of L37 was significantly higher than that of other germplasm accessions. The types of soluble sugars
were mainly fructose and sucrose. The fructose contents of PS5, L51, L37 and LC54 were close to the su-
crose contents, which were between 42.08 and 47.24 mg - g'. The fructose content of LC36 was slightly
higher than its sucrose content, which was 66.26 mg- g and 48.07 mg - g, respectively. However, the
fructose contents of L7, ZN18 and C31 were nearly double higher than its sucrose content. The ascorbic
acid, total flavonoid and total phenol contents of different apple germplasm resources were significantly
different. The ascorbic acid contents of LC54 and C31 were significantly higher than those of other
germplasm accessions. The total flavonoid and total phenol contents of L51 were significantly higher
than those of other germplasm accessions. The total flavonoid and total phenol contents of ZN18 were
significantly lower than those of other germplasm accessions. Chlorogenic acid is the main phenolic
substance in 8 apple germplasm accessions. LC54, L51 and LC36 had the strongest antioxidant capaci-
ty, and ZN18 had the weakest antioxidant capacity. Based on the fruit quality index of each apple germ-
plasm accessions, the membership function value was calculated, and the fruit quality evaluation was
carried out based on the average value of the membership function value of each apple germplasm ac-
cession. The average membership function value of each apple germplasm resource was calculated by
synthesizing 37 indicators. The results showed that the average membership function value of L51 was
the largest, indicating that the average fruit quality of L51 was the best, and the average membership
function value of ZN18 was the smallest, indicating that the average fruit quality of ZN18 was the
worst. Therefore, we concluded that the fruit quality of each apple germplasm accession was: L51>
C31>LC54>LC36>P5>137>L7>ZN18. [Conclusion] The appearance quality and internal quali-
ty of the 8 apple germplasm accessions were significantly different, and the 8 apple germplasm resourc-
es had their unique utilization value in terms of quality. For example, L37 could be used as a characteris-
tic aroma material, and L51, LC36 and LC54 could be used as materials with high antioxidant capacity.
Therefore, these 8 apple germplasm resources could be preserved and utilized as characteristic materials
in the follow-up work.
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Table 1 Fruit vertical and horizontal and single fruit mass of apple germplasm resources

5 Hifz N RITR% R
Code Transverse diameter/mm Longitudinal diameter/mm Fruit shape index Single fruit mass/g
P5 38.92+2.12d 33.58+1.54 d 0.87+0.03 ¢ 25.15+3.36d
L51 20.44+0.52 f 17.03£0.92 ¢ 0.83+0.04 cd 3.62+0.27 ¢
L37 48.35+2.89 ¢ 51.10+£2.50 b 1.06+0.04 b 48.04+4.81 ¢
LC36 23.90£1.32 ¢ 26.75+1.78 ¢ 1.12+0.09 a 7.81+1.20 ¢
L7 78.07£3.26 b 68.1842.72 a 0.87+0.04 ¢ 223.76+£28.60 b
LC54 23.42+1.03 ¢ 20.25+0.97 f 0.87+0.05 ¢ 6.28+0.68 ¢
ZN18 85.03+2.90 a 68.81+2.12 a 0.81+£0.02 d 244.32+14.87 a
C31 46.58+2.55 ¢ 40.74+4.32 ¢ 0.87+0.08 ¢ 38.83+5.23 ¢
S BHEEbRHE (R 22 Means £ SD 45.59+23.07 40.8+18.97 0.91=0.11 74.72493.31
AR5 R HLCVI% 50.61 46.48 11.63 124.87

VE : PS. Malus asiatica; L51. M. robusta; L37. M. hybrid ‘DwarfTree’ ; LC36. M. hybrid ‘Cranberry’ ; L7. M. soulardii; LC54. M. domestica
‘Oekonomierat Echter-meyer’ ; ZN18. M. domestica (Sciros x Scifresh); C31. M. domestica ‘ Trail” o F45 -V YMELbR1EZE (n=3) ; N A FEER IR

3 R TR () R 2 5 (P<<0.05). RIAl.

Note: P5. Malus asiatica; L51. M. robusta; L37. M. hybrid ‘DwarfTree’; LC36. M. hybrid ‘Cranberry’; L7. M. soulardii; LC54. M. domestica
‘Ockonomierat Echter-meyer’; ZN18. M. domestica (Sciros * Scifresh); C31. M. domestica ‘Trail’. Data were presented as means = SD (n=3); Dif-

ferent letters indicated significant differences among apple germplasm resources (P<<0.05). The same below.
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Fig. 1 Fruits of apple germplasm resources
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Table 2 Fruit color of apple germplasm resources
%" Code L* a* b* C H°
P5 77.08+1.63 a 9.41+2.60 ¢ 54.38+1.92 b 55.24+1.69 b 1.404+0.05 a
L51 73.37+1.66 a 12.7742.05 ¢ 60.25+1.14 a 61.61+1.49 a 1.36+0.03 a
L37 47.18+5.67 ¢ 30.40+6.11 a 23.54+5.40 ¢ 38.96+4.05 d 0.66+0.19 d
LC36 33.81+2.50 f 28.99+4.59 a 7.1045.93 g 20.89+5.14 ¢ 0.23+0.06 £
L7 56.25+1.73 ¢ 13.45+2.20 ¢ 2457145 ¢ 28.10+0.44 ¢ 1.07+0.09 b
LC54 51.87+2.48 d 21.66+5.11b 28.43+1.62 d 36.00+2.50 d 0.93+0.13 ¢
ZN18 44.18+1.72 ¢ 32.81£1.29 a 15.18+1.27 f 36.16+1.66 d 0.43+0.02 ¢
C31 64.8743.74 b 21.96+5.33 b 43.1243.59 ¢ 48.70+1.84 ¢ 1.10+0.13 b
“EH PR AE R ZE Means + SD 56.07+13.13 21.43+7.82 32.07+16.55 41.83+10.66 0.90+0.37
AR RECVI% 23.42 36.50 51.60 25.49 41.53
E#%é&ﬁm 56%, A C3 MM E S ERE S EEERES T HAMB I, L51.LC36 Al LC54
oAb AR B B, PSL37.LC54 MIZNIS (B &7 % AL BRI & By T3S AR i BT 29 . 2521

ot

ETE&?ﬂﬁi’Jﬁ 5 37 SR BRI LR IR Toft 5 % U050 RE W 1) 7 V6 L 40.84~53.27 mg - g, P
FEl N 14.16~28.27 mg- g, FH{l N 20.64 mg-g', 2 KMl N45.53 mg-g', A7 550 8.18%, C31 HIFERE S
B RECN21.77%, C3I RIS BB m T HA 8 BT H AR B 558, L51.LC36.ZN18 K RE b
PRI, K ERN2827mg g's FHFERMBARIE  SES TS ERFRREFIIME. &8P 5

W BUWE (& VS BN 6.4224.43 mg- g, PHIME N VRIS BN 3.24-6.43 mg- ¢!, THIE N
12.04 mg- g, 5% R H0UN50.33%, A LC36 LA 5.09 mg-g', A2 55 R %020.97% , Fo A L7 55 SRR &
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Table 3 Soluble solids, titratable acid content and solid-acid ratio of apple germplasm resources fruit

95 wCalEPERE D wCAT i E ) [ 7% Lt
Code Total soluble solids content/% Titratable acidity content/% Total soluble solids to acidity ratio
P5 11.7240.74 e 1.14+0.11 b 10.07+1.11 e
L51 15.82+0.88 b 0.81+£0.04 d 19.23+1.67 ¢
L37 12.90+0.95d 1.48+0.10 a 8.99+1.01 f
LC36 19.62+0.70 a 1.23+0.09 b 16.04+1.30 cd
L7 14.18+0.79 ¢ 0.3240.05 g 44.97+6.13 a
LC54 15.48+0.62 b 1.03+0.06 ¢ 14.94+1.17d
ZN18 13.32+0.99 cd 0.68+0.07 ¢ 19.83+1.96 ¢
C31 15.98+0.81 b 0.57+0.04 f 28.52+2.42 b
B bR HE R 75 Means + SD 14.88+2.28 0.91+0.36 20.32+10.94
A 5 2R CVI% 15.36 39.33 53.82
R4 BERMREFBETBMEERLERBRNSE
Table 4 The content of soluble sugar and malic acid in apple germplasm resources
G wCRHD wCHE HED wCEFLHD w( IJJ;Q@?) wCHERE) w(#%ﬁ?ﬁ)
Code Fructoie content/ GluCOSj: content/ Galact(?lse content/ Sorb1t041 content/ Sucrosi content/  Malic axmd content/
(mg-g" (mg-g" (mg-g" (mg-g" (mg-g" (mg-g"
P5 44.95+2.25d 27.83+0.90 ¢ 18.23+1.69 cd 6.42+0.03 g 42.08+0.62 ¢ 5.55+0.15b
L51 46.78+1.71d 29.73+1.45¢ 20.23£2.64 be 14.62+0.15 ¢ 47.24+1.06 b 5.56+0.58 b
L37 45.61+1.24 d 22.41+0.43 d 14.74+0.87 de 8.48+0.20 de 44.24+0.39 cd 6.43+0.13 a
LC36 66.26+2.17 ¢ 32.67+0.81 b 23.79+3.05b 24.43+0.53 a 48.07+0.73 b 5.65+0.26 b
L7 85.94+5.67 a 33.1942.21 b 23.51£3.70 b 7.17+0.39 f 43.06+0.41 de 3.24+0.06 ¢
LC54 43.94+2.17d 28.37+0.64 ¢ 22.21+£3.07b 18.27+0.00 b 45.41+0.54 ¢ 6.10+0.31b
ZN18 79.23£1.37b 22.36+0.21d 14.16£3.05 ¢ 9.13+0.43 d 53.27+0.93 a 4.36+0.13 ¢
C31 92.1148.10 a 37.1842.65 a 28.27+2.93 a 7.77+0.42 ef 40.84+0.63 3.83+0.38 d
FEMELbMERZE  63.1£19.05 29.22+4.84 20.64+4.49 12.04+6.06 45.53£3.72 5.09+1.07
Means + SD
A5 RELCVI% 30.18 16.56 21.77 50.33 8.18 20.97
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Fig.2 Phenolic compounds and antioxidant capacity of apple germplasm resources
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Table 6 Membership function analysis table

SR bR % {i Membership function value

b Index
P5 L51 L37 LC36 L7 LC54 ZN18 C31

JSZfi4% Transverse diameter 0.286  0.000 0.432 0.054 0.892 0.046 1.000 0.405
B9 4% Longitudinal diameter 0320  0.000 0.658 0.188 0.988 0.062 1.000 0.458
AR S Fruit shape index 0.194  0.065 0.806 1.000 0.194 0.194 0.000 0.194
LR B Single fruit mass 0.089  0.000 0.185 0.017 0.915 0.011 1.000 0.146
L* 1.000 0914 0.309 0.000 0.519 0.417 0.240 0.718
a* 0.000 0.144 0.897 0.837 0.173 0.524 1.000 0.536
b* 0.890  1.000 0.309 0.000 0.329 0.401 0.152 0.678
c 0.810  1.000 0.324 0.053 0.000 0.236 0.241 0.615
H 1.000  0.966 0.368 0.000 0.718 0.598 0.171 0.744
] A & Total soluble solids content — 0.000  0.519 0.149 1.000 0.311 0.476 0.203 0.539
A3 5 R & & Titratable acidity content 0.707  0.422 1.000 0.784 0.000 0.612 0.310 0.216
[i /% Lt Total soluble solids to acidity ratio 0.030 0.285 0.000 0.196 1.000 0.165 0.301 0.543
3 R & i Malic acid content 0.725  0.728 1.000 0.755 0.000 0.897 0.351 0.187
WEE i Fructose content 0.014  0.059 0.034 0.462 0.872 0.000 0.732 1.000
Hil %] H & 5 Glucose content 0.369  0.498 0.004 0.696 0.731 0.406 0.000 1.000
- FLBE 5 & Galactose content 0.289 0.431 0.041 0.683 0.663 0.571 0.000 1.000
1L Z4EE % & Sorbitol content 0.000  0.455 0.114 1.000 0.042 0.658 0.151 0.075
JEHES & Sucrose content 0.100 0.515 0.274 0.581 0.179 0.368 1.000 0.000
JL# & i Catechin content 0.586  0.994 0.515 0.020 0.284 1.000 0.000 0.492
75T & & Rutin content 0243 0.323 0.000 0.222 0.076 0.540 1.000 0.649
R 5 1 7 & Phlorizin content 0.086  1.000 0.572 0.949 0.146 0.775 0.000 0.465
JF ¢ 7 % & £ B2 Proanthocyanidin B2 content ~ 0.523  1.000 0.383 0.018 0.174 0.843 0.000 0.390
F )L &4 & Epicatechin content 0.578  0.962 0.486 0.020 0.274 1.000 0.000 0.478
J71£ 7 % B1 % & Proanthocyanidin B1 content ~ 0.539  1.000 0.410 0.021 0.194 0.85 0.000 0.420
4 42 Bk & Hyperoside content 0.227  0.603 0.000 0.896 0.076 0.809 0.804 1.000
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%6 (ZZ) Table6 (Continued)
~ )& B £ Membership function value
T8 45 Index
P5 L51 L37 LC36 L7 LC54 ZN18 C31
7K H R & & Benzoic acid content 0.200 0.414 0.000 1.000 0.725 0.337 0.696 0.581
2% 5% & Chlorogenic acid content 1.000 0.222 0.519 0.876 0.275 0.508 0.000 0.745
PR ILER & & Ascorbic acid content 0.171  0.401 0.067 0.206 0.000 1.000 0.452 0.998
By & Total phenols content 0.463  1.000 0.373 0.441 0.084 0.842 0.000 0.279
JK M2 B Total flavonoids content 0.493  1.000 0313 0.541 0.096 0.476 0.000 0.280
DPPH H HE:TE R %
DPPH free radical scavenging rate 0.658  0.990 0.594 0.975 0.162 1.000 0.000 0.657
ABTS [ H AR %
ABTS free radical scavenging rate 0.487 0.964 0.425 0.881 0.202 1.000 0.000 0.560
fig 2 & & Ester content 0.134  0.017 0.341 0215 1.000 0.000 0.787 0.197
Ji % B Aldehydes content 0.479  0.750 0.074 0.407 0.000 1.000 0.035 0.357
Ji 255 & Alcohols content 0.827 0.107 1.000 0.113 0.000 0.020 0.090 0.168
I 254 B Enynes content 0.587 0.528 0.999 0.576 0.078 0.000 0.434 1.000
ILAth Others 0.051  0.006 0.049 1.000 0.000 0.039 0.053 0.065
P34 Average score 0.41  0.548 0.379 0.478 0.334 0.505 0.330 0.509
HE/F Rank 5 1 6 4 7 3 8 2
3 W WF 502 B, IR LU AE 20~60 22 1] ) 3E 5 XU 58 9 A0

A5 RO T PR IR o B BE L S 1t IR B A%
SRR BRI AR SRR R &R
HEK, Ul B MR I 2 HIORE FE O, L B P e 4%
1) 2 () A KR, FEAHIE 70 R, %S SR A i 25 5 A
WK S E IR A S R R Ay A TE 8.18%~
77.90% 2 [8] , &3¢ R P05 BRI AE TS = B2 B &3
i REUOR B B R R U/ . B R
R RV B A e REBE IR R o & &
(7R S R EOK o R WA 5 v 2% 3 SR ot B2 U 1
fEZFEEEE o Zhang FP IR LRI, 76 11 DAL
5 ) 570 AN FE VAR T, AT S R B B R e R A
B K (128.43%) , /N HUi /N (8.77%) , B BH AL Fh i
KMERBAHFENEEZHEME. DL EPRY,
AN AL PR B[R] 2R AR S REECR, IX 52 H
(I T4 AR [

3 SR M T B YR I AU iR A E .
ZNI18 F1 L7 AN KA R, P5.L51.L37.LC36.LC54.
C31 % /N T LA /N B FiA L. PS5 A
L51 R Bt e th, SL i, R A (e Rk F
(IR IR o 8% 3 SR J0T B 0 100 P 12k [ T2 4 7 s AT e
WEMRSTERAEEERGR , EHWAKIN,
LC36 [ AT [ T 8 0 3 v 1 oAt b o 92
L37 Il e M & R W& T HAF R R IR, OfF

R MWARHTE 5T 45 R IR L T LB H (R 3), 137
) SR SRR UG, L7 M C31 1 SR SE R EhE
it TR UT 5 F At R B % 5 ) SR S AR AR R T R A
TSR R 20 43 e B SRS s B R
M) 21, AP 5T 45 S B 23 P o B T A P DA
PEFIRERE A I (£ 4),P5.L51.L37.LC54 [ M & &
5 RS 20T, 7 42.08~47.24 mg - g 2 [8] ,LC36
R SR B R o TR S R, 2 N 66.26 mg - g Al
48.07 mg- g, 4R, L7 ZN18 1 C31 [ - Hi & & 5
TRERES &I 2 f%, I HAE 2 5 KILL7.ZN18 Al
C31 2 Ll A P o 98 0 5 S W28 3 S SR )
FHEM 2 TR E 2 doe T H RS & sTARIR
BRI TR A R R 0, BRSO
W& B2 A, X 58 EELT.ZNIS F1 C31 4%
ol 5 DR (0 2H 43 AR AL, 5 A o 5 % 905 1 2
SIANTEL B NSRRI A B 2 R . Tsuda 55" LA
B mAMONRIEAMEL, Ca T B E LS, R
R AT IG B, SR & B R S 2 2 1%
oA, 5 L7.ZN18 FI C31 ARALL, IX 3G HIE T 28 1)
R AR, SER AR T R B E T H RS .
iy 248 S SR (10 H B SR, AS TR S SR
My 2 B BN TR, A 5] 1 25 b I P A e PR A
F2, SEHFRERY, REREERTSERES
(I SR L, AN 50 I, 7E 8 4 37 SR P ol % Y v 4
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JER R 25 B o T 2R ) 76.60%~96.46% , 42 S JL b
FREIE S B R FE MR R, X 51 R
ZiR—. MEYFREEERE T, DA AR
B, I 2K & = S b Re ) 2 IEAEY, R E
K B2 SRR & 2o bk = A B 2= 5 A I 25 iR
AL B A S 5R P A AL RE 210, BRI 2 W E B
EPURMTEPER EE e R =Y

HEERRTERFONRERPERERE L —,
R ARG FEA T B2 2
I R ISR A 00 X e F S AL A W AEAS [F] it
(19 1 53 F0 & AN A, T2 B T A TR FoRE A 16 &
AP AE 8O S M BT BE R, 2B AR I HY 70 Fil
TN, EEAA TR RS B i Js R — e 3L
Ak P, 3% 5 N BRI 045 SR A TR A2, AR
3 5 250 BT A0 2 1853 40 BT 5 TTH 8 4 S SR I B R
43N 32%,P5.L51.LC54.LC36.C31 40 N 1 24,17
FMZN18 73 A 112, L37 oI . G &6
SMp BT B R A Y B 2E B9 R B PS5V LST
LC54.LC36.C31 &S fp 280 B&F S
SRR ORI LS R A BRI N 12K,
L7 I ZNI8 (I E S MK 2 BBV & &
Z, WO L7 A ZNIS A A 11 2K, L3T &AM S5
oAt 5T BE YR AH LU 2 R BOK, A 10 MR B R
JOT, WORE L37 B A R .

4 4 B

ST ARMM IR AL M AR EEER H
B FRE R, 5 AR 7 4 B B AR B, PS SRS
SRR R & & im , L AR 2 A LS 1 RS/ MEAR B
HEMAYR T ER ;LT ERBR T ER, & &
JER T RN 2 HE R 2 A s LC36 L AL RE A 2K H iR &
s L7 S R A PUIR MR & K LCS4 LA R VK
IR PR MR & 25, PR ) i iR s ZN 18 i
BERI P T & &, DAL BE 70 5 559 C31 o p I 4
PRI S BRm. FIAREREUEEE R/ HS
S SM BT B YR ) SR S 8 K IR - L51>C31>
LC54>LC36>P5>137>L7>ZN18.
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