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Effect of Different Calcium Treatments on Fruit Quality

of Three Apple Varieties
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Abstract: In order to explore the influences of different calcium treatments on apple fruit quality, in this
study, we used three apple varieties of ‘Fuji’, ‘Golden Delicious’ and ‘Pink Lady’ as plant materials, and
the fruits were sprayed with three calcium treatments, calcium chloride, calcium nitrate and calcium
amino acid, 30 days before harvest. The basic fruit quality indicators were detected by conventional meth-
ods, and the aroma compounds of fruit were determined by headspace solid-phase microextraction and gas
chromatography-mass spectrometry. Comprehensive evaluation of 13 fruit quality indexes after calcium
treatments used principal component analysis and linear weighted summation. This study explored and
compared the effect of calcium treatments on improving the fruit quality of different apple varieties, so as
to provide a theoretical basis for improving the fruit quality of apple. The results showed that: (1) pre-

harvest spraying calcium treatments had no significant effect on the single fruit weight of ‘Fuji’ and
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‘Golden Delicious’, but the single fruit weight of ‘Pink Lady’ increased significantly after calcium chlo-
ride and calcium amino acid treatment. (2) Pre-harvest calcium chloride treatment had the most significant
increase on the sugar-to-acid ratio and the hardness of the fruit; The calcium nitrate treatment had the
most significant effect on improving the brightness and color saturation of peels. After the calcium amino
acid treatment, the content of aroma components of the apple fruits had been greatly improved. (3) Prin-
cipal component analysis and comprehensive score chart showed that the comprehensive index of fruit qual-
ity are all better than the control after being treated with three calcium treatments. The comprehensive
score of fruit quality was the highest by treating with calcium amino acid. The study found that 30 days
before harvest calcium treatment can effectively improve the color, sugar and acidity, hardness and aroma
of apple fruit and among them, the treatment effect of amino acid calcium was the best, and it was the
most effective in improving the fruit quality of ‘Pink Lady’ apples.

Key words: apple; calcium treatments; fruit quality; aroma components; principal component analysis
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Fig. 2 The intrinsic quality of apple fruit under different calcium treatments
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Table 1 The content of aroma components in fruit of ‘Fuji” apples under different calcium treatments
FAXF 5 H 4 Relative content/ %
% o+ =
-ontrol chloride nitrate amino acid
Z i T Butyl acetate 1.0240.05  0.4640.09  0.6740.05  0.3740.02
2-H 3E-1-T % 2 2 % 1-Butanol, 2-methyl-, acetate 6.2440.33 5.1540.31 6.3240.73  5.91+0.51
NR T 5 Butyl Propionate 0.9240. 04 0.82+0.06 —
LR HE Amyl acetate 0.224+0.02 0.112£0.03 0.202£0.01
W2 )3 Propanoic acid, pentyl ester 0.31+0.01 0.5740.05 0.367+0.04 0.57+0.07
T B2 T HR Butyl butyrate 0.62+0.03 0.594+0.05 0.62+0.05 —
2-H1 5 TR T fif Butyl 2-methylbutanoate 3.3740.25 1.38£0.16 1.53£0.12 14.534+0. 11
3-HI 3 TR T BR 3-methylbutyl ester 0.1740.02  0.3540.09  0.2640.03  0.3540.03
R 2 liE Hexyl acetate 3.1740.02 1.742+0. 32 2.5840.18 1.47+0.12
2-F1 % TR ik Butanoic acid, 2-methyl-, 2-methylbutyl ester 0.924+0.15 0.9340.08 0.7540.03 1.13+0. 21
gﬁfi’i T MR JXME Butanoic acid, pentyl ester 0.09£0. 00
2-H 3L T /R 5+ X E Butanoic acid, 2-methyl-, pentyl ester 0.60+0.02 0.454+0.05 0.414+0.03 0.32+0.04
N R C i Propanoic acid, hexyl ester 1.442+0.12 2.0640. 20 1.51£0.09 1.35+0.17
O R T i Hexanoic acid, butyl ester 3.1040. 21 4,03740.23 3.9840.35 3.4740.29
T2 E ik Butanoic acid, hexyl ester 1.79+0.73 5.070.62 4.3040.33 3.11+0. 36
2-H 3 TR L fig Butanoic acid, 2-methyl-, hexyl ester 31.82+3.74 19.0441.12 17.3641.48 11.754+0.9
2-HI 3 T H O MR K Hexanoic acid, 2-methylbutyl ester 0.77+0.10 1.7640.19 1.3340.28  2.03+0.16
O BRI B Hexanoic acid, pentyl ester 0.7240.11 1.75+0.17 1.32+0. 26 1.36+0.12
M2 . Fi Hexanoic acid, hexyl ester 5.67+0.56 14.544+0.97  12.5340.95 10.2841.24
PR T HEE Butyl caprylate 2.05+0.56 — —
¥R 2-H 3£ T B 2-Methylbutyl octanoate 0.82+0.07 1.7340.13 1.104+0.24  1.45+0.09
O /¥ Hexanal 1.0940.21  0.92-0.04 1.14+0.18  1.18+0.12
2-H1 K4 %M 4-Pentenal, 2-methyl- 0.724+0.05
— 3-C 5B 3-Hexenal 0.2440.04  0.5740.08  1.1440.09  0.5740.04
Aldehyde 1) 5 (1 g R (E)-2-Hexenal - - - 0.30-£0. 01
2-C W 2-Hexenal 14.53+2.26  11.7541.67  10.24-40.17  0.38%0.01
- Nonanal 0.5640.12  0.3840.04  0.3740.03  0.5940.64
2-H1 %£-1-T ¥ 1-Butanol, 2-methyl- 0.62+0.11 0.6840.06 — 1.10+0. 85
A?i?gol 2-C Je-1- 2-Hexyn-1-ol 0.2740.03 0.27+0.05 0.27+0.03 —
IF 2 1-Hexanol 0.43+0.07 0.10+0.01
KR Pi- 2 K Bicyclo[ 3. 1. 1 Jhept-2-ene, 2,6-dimethyl-6-(4-methyl-3-pentenyl)- — — 3.75+0.04 3.91+0.06
Te;}‘fjiids R a M4 trans-a-Bergamotene 0.06£0.00  2.8570.21 — —
o Je M o-Farnesene 16.12+41.74  17.28+2.37  23.29+1.98 28.96+2.34
gy BT PRk k% Tetradecane 0.57+0.03 0.514£0.04  0.7040.09
Alkanes + 734t Hexadecane — — 0.11£0.01 0.1840.01
1-3J5-3-1 1-Octen-3-one — 0.1440.02 — 0.10-0. 00
2% 2- 1 5 PR 2-Methylheptanoic acid 0.3340.05 0.99+0. 15 0.99+0.08  0.83+0.11
Other kind g s i Bstragole 0.5240.05  0.49£0.02  0.6520.08
JAH B+ — B3 i Octaethylene glycol monododecyl ether — 0.474+0.06 0.4940.04  0.3740.04

HE—FR AR E ;T

Note:

indication not detected; The same as below
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Table 2 The content of aroma components in fruit of ‘Golden Delicious’ apples under different calcium treatments
FH X & & 4 [ Relative content/ %
. -
e Arors componen Y . e
Control (,ﬂlcll:lm (,qlclum CE}IClum'
chloride nitrate amino acid
Z 2 T HiE Butyl acetate 1.13+0.12 0.1540.02 0.22740.05 0.2040.03
2-W -1-T 3 R g 1-Butanol, 2-methyl-, acetate 0.95+0.42 0.7640.08 0.9040.14  1.5940.97
W2 T HE Butyl Propionate 0.584+0.12
R Amyl acetate 0.28%0.09 0.18+0.01 0.25+0.01  0.2140.07
T2 T Butyl butyrate 0.9640.13 0.37+0.03 0.11+0.01 0.3140.01
2R C fiE Hexyl acetate 9.814+1.79 4,024+0.11 5.63740.46 4,2640.27
2-H L T2 R Butanoic acid 2-methyl-, 2-methylbutyl ester — 0.1740.03 0.2640.04  0.6140.05
T BR % FE Butanoic acid, pentyl ester 0.19+0.05 0.384+0.05 0.31£0.07 0.31+0.03
i 2 2-F 3 T R 5+ %K Butanoic acid, 2-methyl-, pentyl ester 0.247+0. 02 0.670.09 0.65+0.06  1.44740.18
Esters  pm £t W Propanoic acid, hexyl ester 2.7940.32  2.08+0.17  3.3940.27  3.28+0.40
O R Tl Hexanoic acid, butyl ester 2.05+0. 14 0.937+0.12 0.884+0.05 0.87+0.08
T B2 C fif Butanoic acid, hexyl ester 8.6610.98 9.26+1.21 8.7441.08 8.0640.06
2-H 3L TR & 5 Butanoic acid, 2-methyl-, hexyl ester 15.12+1.21 19.72+1.76 27.15+1.73 32.28%+3.23
2 HIE T 3 MRS Hexanoic acid, 2-methylbutyl ester — — — 0.20+0.01
R R I -2-C M iR trans-2-Hexenyl valerate — — 0.27+0.01 0.5740.08
O BRI IE Hexanoic acid, pentyl ester 0.3140.05 0.774£0.07 0.424£0.03 1.01+£0.16
O FR & I Hexanoic acid, hexyl ester 3.3940. 14 3.8941.93 3.0040. 37 5.1840.74
i U O Hexyl tiglate 0.10%0.01 0.18%£0.03 0.32£0.08  0.31£0.05
O % Hexanal 3.94+0.37 4.9540. 35 4.57+0.29 3.87+0.29
2 M 34 R 4-Pentenal, 2-methyl- 0.24+0.06 0.17+0.01
3-CL i B 3-Hexenal — 0.7040.05 0.944+0.07 0.48+0.07
B (E)-2-C 4 (E)-2-Hexenal 0.5640.05
Aldehyde » o pme 5 Hexenal 25.2342.84  37.63+£2.43 32.514£2.02 26.27+2. 14
2-Bif (2) 2-Heptenal, (Z)- 0.1740.04 0.4740.02 0.6440.03  0.44740.04
T-% Nonanal — 0.4440.0.8  0.35+0.03  0.2940.02
(E)-2-Z4 5 i (E)-2-Decenal 0.5040.02 0.4840. 01
2-H 3-1-T B 1-Butanol, 2-methyl- 0.1740.02
2 2-0 J-1-FF 2-Hexyn-1-ol 0.26+0.07 — 0.6140.05 0.4740.06
Alcohol ik 5 B 1-Hexanol 1.0740.22  0.2420.06 — 0.420. 05
2-4,3-1-C. % 1-Hexanol, 2-ethyl- 0.32+0.07 — — —
:)éi;e)f};l)?;ﬁ Bicyclo[ 3. 1. 1 ]hept-2-ene, 2, 6-dimethyl-6-(4-methyl-3- - 0.304-0. 02 o 0. 654-0. 12
Terpenoids 3 oMl trans-a-Bergamotene 0.4440.11
a5 Je M o-Farnesene 18.684+2.26  4.05+0.5.7 2.734+0.28 0.93+0.08
FERER i g Tetrad 0.31+0.05 0.42+0.06  0.4640.04
Alkzmes o elradecane 0, 0o . 0. 0.
HO# N Estragole 3.0240.22 5.5040.71 3.5440.23 4.4140.38
()iﬁge{?fnd JUHBE B — BE 5 fE Octaethylene glycol monododecyl ether 0.3140.06 0.45+0.05 0.5440.06 0.1540.01
2-H JLBE iR TR 3-Butanoic acid, 2-methyl-, heptyl ester — 0.124+0.03 — 0.29+0.03
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Table 3 The content of aroma components in fruit of ‘Pink Lady’ apples under different calcium treatments
FXF S B E 2 I Relative content/ %
. -
chloride nitrate amino acid
2 T HiE Butyl acetate 0.67+0.09 0.2740.02 0.8540.07 0.32+0.05
2-H 3-1-T 3 £ FR g 1-Butanol, 2-methyl-, acetate 1.4040. 16 0.63240.05 1.2040. 94 0.72+0.07
W l2 T I Butyl Propionate 0.42+0.05 0.347+0.03 0.56+0.06 0.39+0.02
IR EE Amyl acetate 0.114£0.03 — 0.19£0.01  0.06%0.00
TR T HEE Butyl butyrate 0.4240.07 0.30+0.01 0.82+0.16 0.39+0.04
2-H 3 T2 T IR Butyl 2-methylbutanoate 1.7340. 20 1.41+0.18 1.000. 06
2R C fiE Hexyl acetate 4,9540.22 3.8640.29 5.6240.54 2.6640.20
2-H 3L T8 Butanoic acid 2-methyl-, 2-methylbutyl ester 0.19+0.07 0.267+0.03 0.11+0.01
T BR J% [E Butanoic acid, pentyl ester — — 0.06=0.00 0.04=40.00
CLMR N R Hexanoic acid, propyl ester 0.2140.04 — 0.20£0.04  0.16%0.01
2-H 3L T /R 5+ I E Butanoic acid, 2-methyl-, pentyl ester 0.1940. 06 0.122£0.00 0.30=£0.00 0.1740.01
i 28 N R O I Propanoic acid, hexyl ester 1.76+0.67 1.73+0.16 3.77+0.28 2.3940.23
Esters T2 T fi§ Hexanoic acid, butyl ester 3.2440.33 2.3740.16 3.2340.29  2.95+0.12
T H2 E fif Butanoic acid, hexyl ester 3.6540.29 2.6040.24 3.5640. 23 3.8140. 36
2-H 3L T /R . 5 Butanoic acid, 2-methyl-, hexyl ester 29.95+2.45 22.48+1.98 32.12+2.85 22.29+2.93
2 R T RO WA Hexanoic acid, 2-methylbutyl este 0.34+0.13 0.2440.03 0.3240.02 0.26+0.01
O RIS Hexanoic acid, pentyl ester 0.714£0.06 0.81+0.08 0.9140.07
RN Propyl octanoate 0.16=0.05 — 0.1140.0 0.1320.00
O R C fi Hexanoic acid, hexyl ester 0.8440.08 19.65+2. 38 20.33+2.23 22.43+1.64
B O B Hexyl tiglate 0.21240.01 0.2840. 01
2-FR IR Octanoic acid, 2-pentyl ester — 0.46=+0.06 — —
2-M -2 T W 2-Methylbutyl octanoate 0.4420.05 — 0.5840.07  0.4840.07
PEWZ B Heptanoic acid, octyl este 0.43+0.03 0.5640.06
PR OV BE Octanoic acid, hexyl ester 1.052+0.07 1.02+0.11 1.47+0.16 1.432+0.25
. Hexanal 0.5640.07 0.58+0. 34 0.45+0.05 0.2240.02
kK 3-C M B 3-Hexenal 0.2640.03 0.0340.00
Aldehyde 5 i gme 2 Fexenal 9.3841.31  9.6840.81  6.6040.68  3.7240.28
2-PEfE (2) 2-Heptenal, (Z)- 0.34+0.04 0.204+0.03 — 0.11+0.01
1-T % 1-Butanol — 0.2040.03 0.08=+0.00
Aitfogfo] 2-0) J-1-8 2-Hexyn-1-ol 0.08+0.00 0.16+0.01 0.06=+0.00 —
IE OV 1-Hexanol 0.58+0.09 0.227+0.03 0.434+0.3 0.22+0.03
é/zﬂ\f;]f;ﬁ Bicyclo[ 3. 1. 1]hept-2-ene, 2, 6-dimethyl-6-(4-methyl-3- o - 3054032 4.324-0. 04
fi JZ R oMK trans-o-Bergamotene 1.98+0.18 4,0940.51 0.3740.29 —
Ter;;’e?;;ids o5 Je M o-Farnesene 33.26+1.34  25.65+0.30 8.61+0.63  25.50+0.26
a AR a-Guaiene — — — 0.1040.01
BN M4 cis-Thujopsene 0.4440.03 — — —
6-H1 L 1E /A€ Octadecane, 6-methyl- — 0. 080. 000 0.07£0.00
Egﬁ E+ PRk bt Tetradecane 0.09£0. 01 0.5740.05 0.3240.05  0.33£0.05
+ 7<%t Hexadecane — 0.194+0.01 0.06=+0.00 0.15+0.02
M Estragole 1.47£0.012  0.54£0.05  0.40£0.03  0.69:£0.12
1-3J#%-3-1ii 1-Octen-3-one 0.08=£0. 00 0.09=£0.01 0.05+0.01
Al JUH B 2+ — ke 3 Octaethylene glycol monododecyl ether 0.1640.011 0.37%£0.05 0.124+0.01 0.2640.04
Other kind -7 — s 6+ — i 5 Heptaethylene glycol monododecyl ether — 0.134£0.01  0.30£0.03  0.282£0.03
2-F1 3L BEfit T AR Butanoic acid, 2-methyl-, heptyl ester 0.2740.03  0.1840.03  0.2840.03  0.2540.02
2-H L PER 2-Methylheptanoic acid 0.12+0.01
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Table 4 Contents of aroma components in fruit of three apple varieties treated by different calcium treatments
HEWYFEF & Aroma component content/ (pg/kg)
i i S
Variety Type X B AMLEs T R 45 o R AT
Control Calcium chloride Calcium nitrate Calcium amino acid
fi52% Esters 2 578.147+216. 49c¢ 3 928. 914224, 65a 2 980. 62+337. 09bc 3 317.67+227.02b
%% Aldehyde 644, 17+30. 24¢ 854.56+41.93a 672.06+49.81b 209. 54+27. 98b
2 Alcohol 51. 9443, 49b 59.3045. 42a 56.45=+3. 96ab 61.4944. 89a
%i;f T k&2 Alkanes 0.0040.00c 35.80+2.32b 32.28+4.52b 49.27+3. 20a
J#5 4528 Olefins 634, 55+30. 37c 1 262. 604142, 15b 1 410. 614168. 08b 1 834.534191. 48a
HAhZE Other kind 12.90+2. 31¢ 132. 54+18. 35a 102. 41+10. 03b 108. 96+ 18. 63ab
B F i Total 3921, 69+270. 14c 6 273. 714227, 55a 5 254, 43+197.59b 5 581. 47+306. 48b
i 2 Esters 1 542. 624206. 09¢ 2 147.54+194. 33b 2 087.09+223. 78b 4 462, 43+222. 72a
2% Aldehyde 972.03+112. 51c 2 244.95+273. 35a 1 576. 164248, 81b 2 305. 16194, 55a
) 2 Alcohol 54.524+3.16b 11.89+0.87d 24.27+2.13¢ 78.44+3.63a
(flEn Ji &2k Alkanes 0.00%40.00c 15.144+13.2b 16.734+1.97b 33.71+2.38a
Delicious Ji5 1225 Olefins 633.80+38. 74a 214. 38430. 38b 108.51+12. 88¢ 116.05+13. 11c¢
H A2 Other kind 110.23+12.63d 299. 57+20. 12b 162.29+15. 38c¢ 356. 38425, 48a
B Total 3 313.20+214. 36d 4 933, 48+229. 39b 3 975.05+221. 57¢ 7 352.16+390. 64a
52 Esters 5 353. 574507, 54d 11 129. 3341 485. 31c 19 992. 88+2 035. 83b 35 780. 1142 331. 46a
2 Aldehyde 1 028. 947490. 75b 2 094, 824236. 99a 1 802. 944233, 16a 2 271.714207. 83a
2% Alcohol 67.88+8.55h 72.91+3.56b 178.08+27. 26a 169. 90+21. 37a
}f?n%ftjy JifE s Alkanes 9.5841.09d 164.01+19. 21b 99. 06+16. 02¢ 310. 9425 13a
I )& 2% Olefins 3 691. 13+286. 32¢ 5 807.40+366. 31b 3 065. 15+165. 50c 16 819.01+1611. 8la
HAhZ Other kind 197. 05+ 26. 64c 254, 77422, 50c 335. 84=+30. 02b 859. 4049, 95a
S F i Total 10348, 1441 274, 86¢ 19 523.24+2 133.12b 25 473.94+2 527.78b 56 211.09+3 242. 41a

2 5H AR R A 2= 5 0 HIFREEFESY
JoT e AE A S R U R AL B R B R T X
HR, ELATY DL 28 ik 2 Ak 3 e v LA R 65 A LA R T %o
O U 25 B A e G o S R ) 4 . a wld
SRS R B e A R RN R K, o LA
4 3 R A5 A B AR e
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TR AL ¥ LABE 2 F2, S B AE 57 % ~66%0 2
V] , 45 Ak B i) B G 55 ) R 22 035 O b 3 22 55 L2
Wikeds 5 A 16 % ~ 33 % =2 [a], fil iR 45 A 42 I R
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Ab 3 F e s PR DS, o LA 400 ~162% Y Z ],
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LR KRR EY T, e 4% IF DO I
1R 5 5 1) R0 b 334 B AR TR B A R R/ R
JIt o FLABIE 3 96 ~6 %6 =2 [a) 5 il 77) Ak B IS A5 14 in
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1 B T BECRN S AR AL B, 5 TR 5200 ~
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R RFES Y B, M e 12% ~36% Z (8], FF L
Xof H i e AEL AU TR 05 Ak B 5 ) R 22 S W 3 s RO
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