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Effect of fruit bagging with different types of bags on fruit quality of
‘Ruixue’ apple

FAN Miaomiao, TAO Ru, ZHANG Tianhao, WANG Hui, WANG Shuang, SUN Lulong, GAO Hua’
(College of Horticulture, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective]lThe effect of fruit bagging with different bag types on fruit quality of ‘Ruixue’
apple were studied in order to screen the suitable bags for ‘Rixue’ apple. [Methods] Four- year- old
‘Ruixue’ apple trees grafted on dwarfing self-rooted M26 were used as the test material. Use different
fruit bags to process ‘Ruixue’ fruit, including inner infrared brown fruit bag (A), yellow stripe + white
double light fruit bag (B), yellow stripe + white cotton paper fruit bag (C), red stripe + white cotton pa-
per fruit bag (D), Baikang fruit bag (E), surface-coated green fruit bag (F), Laiyang green fruit bag (G).
With fruit without bagging serving as the control, 7 types of fruit bags were used to study their effects
on the fruit quality of ‘Ruixue’. [Results]Compared with the control, type A bag, a double-layer bag
significantly increased the L* value compared with the other fruit bag types and the control. Compared
with the control, the treatment increased L* value by 16.0% and vitamin C content by 3.33%. The rela-
tive content of aldehydes increased by 85.48%:; fruit shape index, chlorophyll a, b and carotenoid con-
tents decreased by 6.52%, 94.44%, 80.00%, and 69.23%, respectively; the soluble solids decreased by
11.11%. There were 12 species of aroma substances detected, 50.0% fewer compared with the control.
Type B bag significantly decreased chlorophyll a, chlorophyll b and carotenoid contents by 50.00%,
46.67% and 53.85% compared with the control, respectively. There were 16 species of aroma substanc-

es detected, 33.33% fewer than the control. The fruit shape index, soluble solids, titratable acid and vita-
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min C were not significantly affected. The contents of chlorophyll a, chlorophyll b and carotenoids in
fruit bagged by type C bags were 36.11%, 40.00%, and 46.16% significantly lower than the control, re-
spectively. Vitamin C content was significantly and 12.10% lower than the control. 14 kinds of aroma
substances were detected in this treatment. The other indicators were not significantly affected. Type D
bags significantly reduced the contents of chlorophyll a, chlorophyll b and carotenoids by 61.11%,
46.67%, and 46.15%, respectively. Vitamin C was 2.93% lower than that of the control, and there were
16 species of aroma substances detected. The other indicators were not significantly different from the
control. The single-layer type E bags significantly improved the smoothness of the fruit surface. The rel-
ative content of aldehydes was significantly and 66.56% lower than that of the control. 21 species of
aroma substances were detected. In addition, there was no significant difference between the fruit shape
index, fruit soluble solid content, titratable acid and vitamin C content of the fruits treated with different
fruit bags and the control fruits. In treatment with type F bags, there were 19 aroma species detected,
and fruit shape index, soluble solids, titratable acid and vitamin C were not significantly affected. The ti-
tratable acid in the treatment with type G bag was 20.0% higher than that of the control, while fruit
shape index was 5.43% lower than the control. 17 kinds of aroma substances were detected in this bag-
ging treatment. The content of solids and vitamin C were not significantly different from the control.
[ Conclusion]Bagging significantly improved the appearance quality of ‘Ruixue’ fruit, but it had some
impact on the intrinsic quality of the fruit. Different types of fruit bags displayed different effects on the
internal and external quality of the fruit. The 7 types of fruit bags all improved the smoothness of the
peel of the fruit. The fruit bagged tended to become smaller and the color became lighter. Bagging re-
duced the intrinsic quality at varied degrees. Aroma substances were reduced by bagging treatments.
The single-layer fruit bag had less change in fruit quality compared with the double layered bags. Based
on the effects on the appearance quality and intrinsic quality of ‘Ruixue’ fruit, the double-layered type
B bags (yellow stripes + white double light) and the single-layered type E bags (white resistance) were
the best.

Key words: ‘Ruixue’ apple; Fruit bag; Quality; Aroma
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Table 1 Fruit bag types, manufacturers, sizes and characteristics

ErRs] Eit] E bt R
Numbering Type Manufacturer Specification/mm Features
A W= RS MERARAE 155x180 AR, AREL

Double fruit bag Hongtai Fruit Bag Factory Outer bag gray, inner bag red
B JZRAE e ST 155x180 SRR, AR 1 (iR

Double fruit bag Hongtai Fruit Bag Factory Yellow outer bag, white waxed inner bag
C W7 RAE IR 155%180 SRR, NAR I ARAR

Double fruit bag Hongtai Fruit Bag Factory Outer bag yellow, inner bag white cotton paper
D WUZRAE IR 155x180 SR, NS EARAR

Double fruit bag Hongtai Fruit Bag Factory Outer bag red, inner bag white cotton paper
E FRRAE e S 155x180 SRR

Single layer fruit bag Hongtai Fruit Bag Factory White single layer bag
F BZARAR MRS 155%180 PSR, BB

Single layer fruit bag Hongtai Fruit Bag Factory Laiyang green, sunshine rose bag
G LIV IR 155%180 RIREE O, R IR

Single layer fruit bag Hongtai Fruit Bag Factory Surface coated with green surface, coated with wax
FRCCKD. FLUsik 1 BEph 4 i 28 A IO A TDIE . 304N, RICPHIMH.
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Table 2 Effects of different fruit bags on fruit shape index

of ‘Ruixue’

Pz e R
yGsLil o .

Longitudinal Lateral Fruit shape
Treatment . . .

diameter/mm diameter/mm index
A 68.87+4.86 a 79.63£7.12 a 0.87+0.04 b
B 72.24+£3.35a 79.45+2.35a 0.91+0.03 ab
C 71.99£3.97 a 79.77+£2.62 a 0.90+0.05 ab
D 71.93+6.25 a 80.08+3.22 a 0.90+0.05 ab
E 70.02+4.13 a 77.9842.14 a 0.90+0.03 ab
F 73.5246.11 a 78.51+6.34 a 0.94+0.03 a
G 71.81+4.05 a 82.39+4.09 a 0.87+0.02 b
CK 74.16+3.80 a 81.07+2.54 a 0.924+0.04 a

T BER R E 3 NS AW P BE AR R A
[{/NG PR IR ZE 3 5.3 (p < 0.05), R,

Note: The data are the mean + standard error from three independent
biological replicates, different small letters in the same column indi-

cate significant differences (p < 0.05),the same below.
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Table 3 Effect of different fruit bags on the color

of ‘Ruixue’ fruit

Qb3 " o b

Treatment

A 83.96+1.03 a -5.90+0.58 a 29.22+1.05d
B 77.7542.13 ¢ -13.23+1.12 ¢d 40.47+1.28 ¢
C 77.05+£1.97 c¢d -14.34+1.89 de 42.3742.47b
D 79.94+1.99 b -12.324£2.16 ¢ 39.76+1.80 ¢
E 77.01£1.21 cd -12.64+1.50 cd 45.04+1.16 a
F 75.77+1.28 d -15.07+1.71 ¢ 44.32+0.62 a
G 76.83+1.97 cd -14.34+1.82 de 44.29+1.30 a
CK 72.40+2.11 ¢ -8.61+2.17b 43.38+1.79 ab
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MLC.E.F.GREEXWEpEERARZE, ARR
SRS b 25 AT HAR SR AR R BEOx R B AG
1 32.6%.

BRI 45 AR, AN A R AR AL B 5 SR e 2 R
BAAERERE R, ERERLHIREMSRA LK
Y MRS EREERT AB.C.D.G R, A
RARR LR M X LR E SRS ERD, 27l
EES IR 94.4%.69.2% , [F] I 5 HiA 6 A R AR AL LA
PAFFE R 3 22 5, BLC D R ARAL B 5, SRS I R i
ERLRAY PREBERARE R,

x4 FRAREN WE REMEZRSENEMN

Table 4 Effects of different fruit bags on chlorophyll

contents in ‘Ruixue’ peel

ph w4t a) w4 Eb) w(EHE F 3

Chlorophyll a Chlorophyll b Carotenoids
Treatment

content/(mg-g')  content/(mg-g')  content/(mg-g")
A 0.002+0.001 e 0.003+0.001 d 0.004+0.001 e
B 0.018+0.002 cd 0.008+0.002 ¢ 0.006+0.002 de
C 0.023+0.001 cd 0.009+0.002 be 0.007+0.001 cd
D 0.014+0.004 d 0.008+0.003 ¢ 0.007+0.002 cd
E 0.033+0.003 ab 0.013+0.002 ab 0.010+0.002 ab
F 0.026+0.002 be 0.011+0.002 be 0.008+0.001 be
G 0.019+0.001 cd 0.009+0.004 be 0.006+0.002 cde
CK 0.036+0.004 a 0.015+0.003 a 0.013+0.003 a
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Table 5 Effects of different color fruit bags on the internal quality of Ruixue fruits
N o N, " (YEEFR O
QbR Li8 i3 i wCRTE P [ A WAL SRR I 1\/V/ita/iﬁning(;content:/
Treatment Single fruit mass/g Firmness/(kg-cm®) Soluble sugar content/% Titratable acid content/% Sugar-acid ratio (mg100g"
A 211.81+17.53 a 7.60+0.45 a 13.28+0.82 ¢ 0.18+0.03 cd 76.81+5.28 ab 7.75+0.09 a
B 231.69+14.69 a 7.22+0.42 a 14.19+0.69 b 0.17+0.02 d 84.91+6.64 a 7.37£0.01 be
C 237.38+16.45a 7.42+0.61 a 14.18+0.63 b 0.23+0.04 ab 62.89+8.10 ¢ 6.59+0.03 d
D 227.00+19.39 a 7.50+0.68 a 14.73+0.65 ab 0.23+0.02 ab 64.90+7.38 be 7.28+0.09 ¢
E 225.31+12.43 a 7.48+0.64 a 14.39+0.62 ab 0.21£0.04 abc 72.69+5.99 be 7.2240.17 ¢
F 245.81+19.24 a 7.33+0.65 a 14.65+0.76 a 0.24+0.04 ab 64.97+9.68 be 7.53£0.14 b
G 245.25+21.72 a 7.14+£0.55 a 14.49+0.71 a 0.24+0.04 a 62.56+7.66 ¢ 7.31+0.02 ¢
CK 248.06+18.96 a 7.39+0.42 a 14.94+0.24 ab 0.20+0.01 bed 72.85+2.97 be 7.50+0.03 b
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93.90% . 93.75% - 91.29% . 92.09% . 93.18% Al
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BB RYFMHSREEES T C RS R
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Table 6 The effect of different fruit bags on the aroma content of 'Rixue’ fruit

AN [ SR A AR AR A

YERNERL Y Relative content in different bagging treatments/%
Volatile compounds
A B C D E F G CK

1F CU% Hexanal 14.49 8.43 6.02 8.61 1.42 245 2.15 3.98
2- UM% 2-Hexenal 54.33 35.07 28.59 41.84 10.99 21.57 19.62 32.93
(Z2)-2-TJ#il% 2-Heptenal, (2)- N N N N N N N 0.21
SRR CLlE 5.75 11.77 19.05 15.17 20.81 22.90 20.36 19.49
Butanoic acid, 2-methyl-, hexyl ester

S TR N N N N 0.22 0.18 N 0.28
Propanoic acid, 2-methyl-, hexyl ester

Z.TR LI Acetic acid, hexyl ester N N N N N N N 0.25
CL#2 XI5 Hexanoic acid, pentyl ester N N N N 0.20 N N 0.19
U2 CUlE Hexanoic acid, hexyl ester N 0.52 0.72 0.49 1.14 0.71 0.67 1.12
TR IR N N N 0.32 0.30 0.31 0.28 0.50
Butanoic acid, 2-methylbutyl ester

1" C\iE Butanoic acid, hexyl ester 2.06 1.64 1.59 1.34 1.45 1.23 1.21 2.35
TR T I Butanoic acid, butyl ester 0.96 0.79 0.44 0.34 0.33 0.37 0.42 1.07
IR 5 X N N N N N N N 0.20
1-Butanol,3-methyl-,propanoate

TR CLlE Propanoic acid, hexyl ester N N N N 0.29 0.15 N 0.41
3- L TR IR N N 0.33 0.28 0.49 0.42 0.33 0.72
Butyl 3-methylpentanoate

2- PR TR N 0.29 0.41 0.41 0.41 0.4 0.45 0.42
Butanoic acid, 2-methyl-, pentyl ester

2-FAEE TR T 0.72 0.92 0.69 0.77 0.78 0.98 0.95 1.52
Butyl 2-methylbutanoate

2-FHBE TR 2-FA 2L T i N 0.28 0.34 0.77 0.67 0.75 0.54 0.65
Butanoicacid,2-methyl-,2-methylbutyl ester

2-HIE TR N iR N N N N 0.28 N N N
Butanoic acid, 2-methyl-, propyl ester
2-HE T 3 CLIR N N N 0.16 0.49 0.34 0.25 0.34
Hexanoic acid, 2-methylbutyl ester

(D-T2 CHistis N 0.43 0.30 N 0.24 0.16 0.23 0.44
Butanoic acid, 2-hexenyl ester, (2)-

T2 2.1 Butanoic acid, ethyl ester 1.23 0.48 N N N N N N

1E CU2 2,158 Hexanoic acid, ethyl ester 1.92 0.58 N N N N N N

1F &L 1-Hexanol 7.16 3.53 2.04 1.62 0.79 0.74 1.40 2.15
Jz #-2- C -1 2-Hexen-1-ol, (E)- 1.66 1.34 0.71 0.54 0.25 0.22 0.43 1.10
2-F & T B 1-Butanol, 2-methyl- 2.20 0.81 N 1.28 1.16 1.03 0.75 1.45
a-75:Me) (3Z,6E)-a-Farnesene; 7.22 32.29 36.61 25.17 55.83 43.20 48.44 26.13
FF 3 B 45 5-Hepten-2-one, 6-methyl- N N N N N N N 0.30
1t Total 99.71 99.17 97.84 99.11 98.37 98.21 98.49 98.20

N7 FRIR A4S H . Note: “N” means not detected.

A ET5 BB TR BRI, R B E AT 2 1A A AR ABL R
j( £ 3 RN E RARAC B, 2 T 150 A R, 2
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Fig. 1 Absolute content of classified aroma substances in different fruit bagging treatments
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Table 7 Relative contents of classification aroma substances in different fruit bagging treatments %
b3 =S LEES (S e Fef
Treatment Aldehydes Esters Alcohols Olefins Others
A 68.83+0.011 a 12.79+0.005 £ 11.024+0.003 a 7.22+0.008 f 0.14+0.002 b
B 43.73+0.116 be 16.93+£0.016 5.40+0.021 b 32.29+0.094 de 1.65+0.004 a
C 34.61+0.215 ¢ 23.94+0.076 ¢ 3.26+0.038 cd 36.61+0.152 cd 1.58+0.008 a
D 50.45+0.068 b 19.57+0.027 d 3.40+0.006 cd 25.1740.051 ¢ 1.41+0.005 a
E 12.414£0.002 e 27.85+0.003 ab 2.1940.001 d 55.83+0.002 a 1.7240.003 a
F 24.02+0.045 d 28.84+0.012 a 2.03+0.004 d 43.20+0.039 be 1.91+0.007 a
G 21.77+0.054 de 25.70+0.005 be 2.67+0.006 d 48.44+0.053 ab 1.42+0.007 a
CK 37.11+0.047 ¢ 29.83+£0.013 a 4.71£0.004 be 26.13+£0.036 ¢ 2.11+0.003 a
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Fig. 2 PCA scores of aroma content of fruits treated with different fruit bags
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