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Effect of bagging on fruit quality and aroma components of
peach fruit in solar greenhouse

LI Jie, WANG Yu, LI Yonghong, TIAN Qihang, LIU Guojian, CHEN Hu,

CHANG Ruifeng, WANG Zhaoyuan®
(Changli Institute of Pomology, Hebei Academy of Agriculture and Forestry Sciences, Changli 066600, China)

Abstract In order to investigate the effects of bagging on fruit quality and aroma components of peach in
solar greenhouse, two peach varieties , ‘Chunxue’ and ‘Zhongtaohongyu’, were selected for inner black
and outer yellowish double-layer bag covering treatment and fruit without bagging treatment were used as
control. The traditional methods and HS-SPME-GC-MS were used to determine the fruit weight, skin color,
soluble sugar, total sugar, organic acid, total acid content and volatile aroma components of ‘Chunxue’
peach and ‘Zhongtaohongyu’ peach. The results showed that: Compared with control, the bagging
treatment improved the fruit weight and total volatile aroma components significantly, but decreased the
contents of glucose, sucrose and malate, while the contents of fructose, sorbitol, tartaric acid and citric
acid had no significant change. A total of 44 main volatile aroma components belonging to seven classes

(aldehydes, esters, alcohols, lactones, terpenes, hydrocarbons, ketones) were detected in all samples.
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Among these compounds, aldehydes were the most abundant, followed by esters, alcohols and lactones,

and terpenoids, hydrocarbons and ketones were the lowest. The contents of aldehydes, ketones and

aroma increased significantly after bagging. Hexal, Z-3-hexenal, E-2-hexenal, hexyl acetate and 3-ionone

were identified as key aroma-active compounds of ‘Chunxue’ peach and ‘Zhongtachongyu’ peach. In

conclusion, the bagging treatment can increase fruit size, improve the color of fruit surface, change the

content of sugar and acid components, increase the volatile aroma content of fruit, and significantly

improve the appearance quality as well as strong aroma.

Keywords peach; bagging; aroma volatile components; gas chromatography-mass spectrometry; quality

H o't R 2 Al 5 R 5% 02 il A ALl AR 45 o [ b Oy
M DSBS A 7 110 T Al A B I
AR 2 A ORI, AT LB G R MG R S A0 R
BUA T S 23 14, 0 35 4R v M Ml ) 28 5 A AR 2
st

FUAT, F G 2 B 45 1T Bk 2R S5l ot i
F¢ A AR HUE BRI R S Bk T
T A A B A S ST A AL A T T
EA AL B T RSP A PR B R I SR S
B EERNRZ —. TEHEIEN BR8] %
IR 2R 52 i SRR R L R R AR BIE O R BB U R4
Ja S N ABE bR 24 5 B AR TR ) U R R
SFIRARR TR E AR o N b ATl i AR AL B S
G HR 28 PN RS2 1 PN AR RSN TE i 5

PR SEXT T A R BB LB R, U AE R AR
S Y ISR S AU ENS NP S s Y ISP 0)
H ' 38 P 2R S i Jo 52 W A BIF 9 A i . K
AT LA HOGIR B2 R FT Pk
BE A A, R 9T 2 4% A 380 % SR S A0 0 R 1N AL i JB
(5, DU S B il s Bk 00 s A 0 AR Bt
2%,

1 #MREFE

1.1 A8 R it

0 TE W 6 A R AR 7 B B B SR AR A 5 i Gl
ER HGIRE T #AT, HLRERVTK 63 m, M
JCE R 10 mo PR Bk L iR
AR RIE N IFIE R s i, A2 K — 3, BRAT IR
R 1.0mX 1.8 m, 4% H AR HOR A 1. 1al9e i H
AP HE P BERUZ 4% GE S R 0O [ U )1 2% 5 pk il 4%
AR A, BAK RS0 149 mm X 187 mm.,

CHEM PR WA AL 7 12 A
28 HZeAT, A w4 A L a) . 350 1 L 50 6 4%
G RS RU/INS0 g Ao AT I HEAT B AL R/ AN

RE X — B R L HATEL, LN ELEEXT ],
SBR R —/NX 3R E A TR S AET 7 d A4, Xt
M HEAT B B AR Rk FREEE B R
AN B0 T HFE R AL 45 1 50 AN SRS SE 43 S
D P SR R SR R AR AR A, LR R R AR
— 80 CORAF , I T DN 7 W 2 20 43 R4 e M RO
Gy 3WHEE
1.2 MEAHE
1.2.1 RERAIE REEN

T4 7 H00 K T B A e A I A (T A% SR
HLHL B £ A BR A ], v D 8 A7 Ak A AR S i SR
AEP L N4 P L B N AT A ) T S B, XoF
TS 4% 0 L S DU 3R 0 B e SR A T R S 5
AT RN . I W B ) DL A R B i
FEAM Y B XUZ A4S AT 7 d 0 R R B A
17538 .
1.2.2 R EINS TN

FREEE R 0.1 g By L RPN S R B i o il
JH SPH 860 (Colorlite 23 w) , 7 [ ) 8, 22 {0 5& 4 4>
REREWL .« 0MC, FESHMELNREED
i, AR SRR I IR i 3R TR B S 5 o R £t a4
A, E B R 210, B e % €00, 260 ) (I B R 25 0 ik
TR 5 0" 37N B B I (O (8, TF {8 8 B 6, 918 T 5 €
C' Ry R AN B B8O (s B . (iR AN B SRR B,
MR, HAE K, a4
1.2.3 REAESRRMNE

W 2 20 43 SR FH v 550 R o i 30 Al AN RS Sk
5 RO % AL (LC-20A) o FREL 1 g 51 20 3% 51
10 mL B0 4, in A 8 mL i 4lizk , 80 “C/K i i 75
I h; R HE 8 000 r/min B0 15 min, BV,
FHBCFLEE R CO. 22 pm X 25 mm) i 3E B RE S, 0T
B ] U= < W75 U S PR N - 3 &
Phenomenex Luna C18 250X4.6 mm 5 pm, ¥ 3 4
K VCZHE): VK)=T75:25, % # 0. 8 mL/min, ¥



110 0 LN ES I Y NS S 4

2024 4F 55 29 %

FEE 10 pl, AR 30 CL, Kz 2% 0 5 HE RID-10A 7R
ZR A . AMLRA W E KM ARk R
Supelco apHera NH, 250 }X4. 6 mm 5 pm, it 2l 41 4
10 mmol V(KH,PO,(#§ 2 5 77 pH=2. 1) : V(I
i) =97: 3, # & 0. 8 mL/min, ¥ £ & 10 pl, H: i
30 °C, K I 28 4 55 HE SPD-20A 48 AP 2% , K6 ) 3%
K4 210 nm. 25 T B A IR sh A 412808 0. 45 pm
T VR R Sk U0 A DA i 38 285 0. 22 pum L

P R A S R I HS-SPME 5 36 3 s A7
UCEh o PR M B B DN — 80 “CUKAE LT
FE S IEAT RS iR e TR A 35T, A A BRI
25 500 mg T T 25 i H 5 43 0 A AT NaClis .
10 pL (50 pg/mL) W AR WK ; 4 A 3 HS-SPME #
FIREAFEIC, I GC-MS 20 87 . A 4b B 3 K &
B LBCEEME .

HS-SPME # B A - 78 60 CHEIR &1 T ZE %
5 min, ¥ 120 pm DVB/CWR/PDMS #% B3k 4 A kE
o T8 23 0B T0 28 %€ B 15 min, T 250 °CF #% #7 5 min,
SRIG AT GC-MS 73 B %0 o RAERT 2 UL 7E 2 1k
4¢ H (Fiber conditioning station) /1 250 “C T~ % 1k
5 min CTF : B7 28 Bk 78 26 BORT 78 2 1k 3 & b 2 4k
2h). R 120 pm DVB/CWR/PDMS # B3k | [#
A B A R Oy 1A 3 25 BT Sk (SPME arrow) , H:
F A A AL 58 SPME 27 43k 19 1045

3 A5 0F R AL B S O GC-MS/MS
8890-7000D (Agilent 24w , 36 ) . 3%+ iy DB-
S5MS E 445 FE (30 m X 0. 25 mm X 0. 25 pm, Agilent
NELEED BRI NEMAE AR CHEANT
99.999%) , 16 i Wi # 1.2 mL/min, #F ¥E 0 35
250 C, A3 iR R AE IR 3.5 mine ¥ FHf
40 “CAE 45 3.5 min, LL 10 °C/min F+ & 100 °C, H- L)
7 °C/min F+ % 180 °C, fieJi LA 25 °C/min 7+ % 280 °C,
PR-¥F 5 min,

T S PR B R (ED B R R
230 °C, PUZLAT il BE 150 °C, i 42 111 i & 280 °C, L
T HE I 70 eV, H# J7 2U  iEk BE E R B X
(SIMD , & 1 & & & + K fE 139 4 (GB 23200. 8—
2016)"%1,
1.3 #EAMBESASEEEENE

Fe T 2R SCHER G A bR DR BR e R IR B
i [7] (Retention time, RT) LA & & M & & & + #E 17
KR, MG a1 E s 1,2~

SMENERS o BRI A T SR I 1Y) B i IR i
T 53 Bsf 32 3 Sl A 000, S A+ ) £ B B (] 5 A
Z M — 2, O HLAE N BR T 5005 R O T35 & rh e
TERE Y B B, R ) T e
T AT R AT RIS IE AR, 3 5 o (0 HE A Pk

FE AT DL 3-C B N AR AR 8 N AR Y
JECRE S 25 4 A3 Y W T R 5 PN b 0 T R AY LA,
TR th & oy F i
1.4 S kiEE{E(Odor active value, OAV)it &

OAV ZF8 W E ML & W sl & it 5z &
Y A8 2 b, DLk 3R IZ A6 6 0 6 AR B AR T
S TTBRE . 2 OAV=>0. 1i, %Y T 7F — & 2
JE bR S B AR 2 OAV =L, B 3%
Yy J5 R R AR R ) B R ORI sTk Y . A
SCHERAS B A [ 4 ot 78 7K rh %) [ 4H , 1A 90 5 ) o
TRITEAY R OAV , IHHE AT

C;
OAV =
Tz

K C iz o i T 5340, pe/kg s TR i AE
K IE , pg/kgo
1.5 HBLEESHT

I B R SPSS 26. 0 f Rt 1722 7 i 5 4
43 BT (P<<0. 05 % 7x 22 5 W ) , fii ] Origin 2021 %%
PEREAT 5 o BT 5 R I 4 I

2 BRESW

2.1 BREARXENREEATUEE
WASHT 7 A4S N AN E 518 A AL W 1, 0]
LR CIE 1 Ca)) 5 38 B (IR 1Ch) ) 5 MR 4 28 Ak
P, TERRASTHT 7 d, Ah o ROBUZ A8 4% N Y TR AE
12:00 2247 15 8 fe i {H, HL7E 7:00-13:00 B[] B, &
T A Al B A A 5 — IR P I AR R B AE 31 00-
7:00, 7F 8:00-16: 00 B [A] B2 Py H BLER K9 I o), &
WHE XN TR R EERS S, WA E Y
BX.
22 ERVNELERRERREBFNZM
B CREMRRELREAFEILET A
] P2 B A A (3R 1D o SRS 4% 5 X0 IR 22 ] 2R
HHHEEERP<0.05), HEXSPRFiE DX
BT I A RS R e A L A AR
1B St A0 B CH 8 35 19 i (P<<0. 05) , B (4 4fy
R O E B EFRR(P<<0.05), i B8k E T &
EL Y FANG R S SO MNP TR ERE SN




%510 AN BARXT HOGIR 3 HE R 2 0 BN T A 43 B 111
100
80
P2 = £ 0f
2 g =g
= EZ a0p
H
20
5 -
0:00 4:00 8:00 12:00 16:00 20:00 24:00 9:00 400 800 12:00 16:00 20:00 2400
i % Time point fif %] Time point
4251 Out of bag —— 4N Inner bag
(a) % Temperature (b) ¥ Humidity
1 WEW7JENEBEEEEREL
Fig. 1 Changes in diurnal variation of temperature and humidity in bags 7 days before bag picking
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Table 1 Effect of bagging on the external quality of peach fruits
sy 7l Ak IR /g b C
a
Variety Treatment Single fruit weight
HE BN 234.49410.65a 46.67+1.25a 29.49+1.03a 13.01+0.62b 33.45+1.01 a
Chunxue P NESES 203.83+6.58 b 34.7940.89b  25.3640.92b 15.98+0.92a 28.40+£1.21D
ke BN 254.104+8.99 a 43.54+1.10a 32.114+0.96a 14.38+£0.81b 35.77£1.11a
Zhongtaohongyu *E L 219.97+7.03b 36.3740.91b  26.874+0.94b 16.61+1.05a 30.33+£1.20Db

T« W B0 ECR N [7) B 2 7m 25 57 1 35 (P<<0. 05) , M Al PRl R 2 5 A8 B3 (P>0.05).,

Note: Within the same column, different letters represent significant differences (P<Z0.05) ,

differences (P>>0.05). The same below.
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Table 2 Effect of bagging on the content of sugar and acid components of peach fruits
o e RME/ AL/ B/ HEAE/ SvE/ ] T Y/
Varioty reatment (mg/g) (mg/'g) (mg/g) (mg/g) (mg/g) % 4
Fructose Sorbitol Glucose Sucrose Total sugar ~ Soluble solids
HE ESE 7.4540.12a 2.4940.21a 3.064#=0.07 b 18.524+0.51b 31.52+1.11b 8.13£0.30b
Chunxue AEL  7.76+0.09a 3.16+0.30a 3.89+0.06a 20.50+0.87 a 35.31+1.48a 9.41+0.42a
kAL R & 12.3140.32a 5.38%£0.05a 10.9040.10b 28.4540.43 b 57.04+2.28b 8.56+0.51b
Zhongtaohongyu  SR254% 14.0440.49a 6.074£0.13a 16.3520.35a 31.8340.61 a 68.2943.64a 10.114£0.63 a
i i Ak WA R/ (mg/g) SRR/ (mg/g) ¥R / (mg/g) BR/(mg/g)
Variety Treatment Tartaric acid Malic acid Citric acid Total acids
e EaE 0.20£0.04 a 5.0340.09 b 0.85+0.07 a 6.0840.18 b
Chunxue REL 0.174+0.02 a 5.6940.19 a 0.84+0.02 a 6.7040.20 a
SRR FANE B 0.21+0.08 a 5.30£0.15b 2.404+0.19 a 7.914+0.31b
Zhongtaohongyu KERE 0.19+0.04 a 5.78+0.31a 2.33+0.10 a 8.30+0.21a
R3 ERLEMRINIEFTSYRMELSES
Table 3 Chemical classes of main aroma substances and their contents in peach fruits under bagging treatment
5/ (pug/kg) Rk £/ (pg/kg)
fink fe ¥y i PR B Chunxue Zhongtaohongyu
Classification Compound name Retention index
=it RELR =A% RELR
i 57 e 1106 142. 84 131.32 252.26 186. 31
L 868 286.46 349. 34 58. 67 114. 27
Jies 1-2¢ 1072 32.77 45. 38 33.44 41.83
Alcohols 6- 1 3 - 5- B oS -2 - 994 13.60 29. 86 6. 24 10.56
E-2-3F M -1-1 1067 26.18 29.68 23.20 37.13
Hit 501. 85 585. 58 373.81 390. 10
Z-3-C I 800 120. 34 77.43 185.97 133.37
L 801 3455.77 1861.98 4 654. 28 3722.02
=R 776 1816. 50 1876.76 1822.02 1679.22
E-2-C 854 2019.00 1242.63 3052.81 2137.67
1 2 E-2-2 J T 1060 34.24 55.15 60. 23 76.41
Aldehydes (E.E)-2,4-T )i 1216 83.88 141. 84 230. 38 124.23
P 903 11.49 10.95 23.80 21.37
P 960 361. 00 250. 09 257. 88 184.17
2-T I 1161 326.18 325.09 306. 19 282. 39
E-2-%% J 1263 8.39 19. 56 36. 87 45.15
At 8236.79 5861.48 10 630.43 8406. 00
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#£3 (8
" 5/ (pug/kg) Rk £/ (ug/kg)
K < B b
lES T b P A2 Chunxue Zhongtaohongyu
Classification Compound name Retention index ] - - -
7-B-7 WA 1444 25.51 25.85 22.61 24.73
a-JR 1376 26.29 32.18 21. 40 18.56
a-f1 P W 1454 25.96 55.57 52.50 57.83
B-% Wy 1049 11.43 17.95 6.78 12.13
PN ] 1386 50.95 71.48 61.25 71. 60
H s 991 20. 64 43.01 35. 69 43.81
2% it ot A 1088 16.02 17.56 2.81 12. 47
Terpenes B-7K I 1031 11.94 21.20 26.53 31.45
y- P I 1060 32. 60 51.99 9.94 14. 86
| 1312 16. 10 23.50 13.14 15.04
a- I 1443 15. 65 22.39 13.49 17.37
B-Hi e 4 1391 25.07 25.41 22.22 24.31
B-5 W 24 1426 9.57 8.48 8.34 8.04
Fr A6 o 1030 1.21 4.47 10. 41 34. 20
air 288. 94 421. 04 307. 11 386. 40
Z R TR 1014 1013.60 1005. 82 1150.93 1074.90
TR B i 1112 157.51 188. 30 99.91 170. 15
fig
i I8 R 5 e g 1510 321. 39 346. 95 281.74 351.00
Esters
SRR W g 1638 145.98 159. 65 88.13 125.70
Z-3- 1% - C 5 g 1237 490. 44 589. 65 91. 86 109. 48
&t 2128.92 2290. 37 1812.57 1831.23
3-2%% N g 1497 143. 49 150. 53 44.09 37.02
YIRS .
y-& PR 1065 311. 30 311.73 255. 23 266. 82
Lactones
y-+ AW 1609 9.34 7.78 7.71 8.29
&t 464.13 470. 04 307.03 312.13
2-F -2 1297 55. 33 62.71 25. 04 28.11
JRZk
Tk 1100 57.33 66.17 29.49 29. 80
Hydrocarbones
+ P e 1400 56. 97 72.41 61.83 65. 62
At 169. 63 201. 29 116. 36 123.53
2-CL il 792 56. 55 23.27 49. 00 56. 02
TS 1,2-3 2 —F 1062 52.11 53.29 28. 20 14.01
Ketones E-3-2¢ 4 -2~ 1035 54. 86 28.33 59.05 47.16
2,5-2¢ 984 19. 48 12.11 43. 00 46.42
&t 183.00 117.00 179. 25 163.61

&t Total 11 973. 26 9 946. 80 13 726. 56 11 613. 00
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E-2- C # B (70~200 pg/kg) . (E,E)-2,4-T —
I T (80~220 pg/kg) , lig 25 W) i 4, TR C ik (500~
600 pg/kg) , i 2K W B B- % % 2% Eil (1 100~
1400 pg/kg) W I OAV 1543358, J2 #4) sl Bk 21 5

1 2R A Y B, R SR SRR I R A
k. REERE, HEEEFYFE OAV H T
5, B AR RS A SR A HEIHR AR 1T RE % S A
FE

R4 ERLEMRILIEZEFTSYRMOAVE

Table 4 OAYV analysis of peach fruit under bagging treatment
B 2

E Ry A/ Chunxue Zhongtaohongyu
Number Aroma components (pg/kg)

71 C 500 0.57 0.70 0.12 0.23
72 JI 55 110 1.30 1.19 2.29 1.69
Z3 1-2FfE 110 0.30 0.41 0.30 0.38
74 cEE 4.5 767.95 413.77 1034.28 827.12
75 B 3 3.83 3.65 7.93 7.12
76 E-2-C I 17 118.76 73.10 179.58 125.75
77 E-2-9 i 3 11.41 18. 38 20. 08 25.47
78 E-2-%% )i 0.3 27.97 65. 20 122.90 150. 50
79 Z-3-C I 0.25 481. 36 309.72 743.88 533.48
710 (E,E)-2,4-T )il 1.06 79.13 133.81 217. 34 117. 20
711 2 100 3.61 2.50 2.58 1.84
712 LR C T 2 506. 80 502.91 575.47 537.45
713 5-%% N Ik 100 1.43 1.51 0.44 0.37
714 v-C A 1600 0.19 0.19 0.16 0.17
715 vy-+ AR 7 1.33 1.11 1.10 1.18
716 a-JR M 6 4.38 5.36 3.57 3.09
717 a-f1 1 I 55 0.47 1.01 0.95 1.05
718 B-2 14 34 0.34 0.53 0.20 0.36
719 B i 13.74 1.17 1.28 0.20 0.91
720 Z-B- 1k W s 107 0.24 0.24 0.21 0.23
721 ERER 100 0.21 0.43 0.36 0.44
722 B-42 % 4 i 0.007 1367.14 1211.43 1191.43 1148.57
723 ¥ M 10 0.12 0.45 1.04 3.42
724 2-H -2 10 5.53 6.27 2.50 2.81

T A FRAE K v B 8 25 B T 461

Note: The threshold value of aroma components in water is referred to Xi W P et all'?',
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2.6 EEMRIELZEESHSTHPCA

& H Origin 2021 # 4 X+ & 24 SR AE &S
Gy iEAT PCA A MT AR . e 5 077K 58 1 £ a4y
(07 22 BTk % A 51. 9%, &5 2 ZE LA 1 7 25 BTk R
S 22.7% 55 3 AR 2 STk FE N 10.3%, R
THIK B 84. 9% , AT A AL W T £5 40 1 K 40 15 2. .
i E LAY AT K IR A R 24 A4 4, i B 3 A
F2 A3, DT 51 RS [ B A A R SR
Iy 25 S L YERIG PR R 4k, 2 SN B Ak X

BRI KM AT B0 o i R B AR
RSN 22 5K, T PCA GBH H X 4 JF
(El2Ca)). HE 2o A A, R Ay -+ N i
RS ESIRI S ﬁﬁﬁﬁiﬂ?w%
W FB-F MR BT RER R I &
POR=I ) %ﬁ%fﬁ§E26%MﬁZBE%
FETE Rk £ B4R P E BT R R L E
2- IR E-2-2 IR I MR G A A TP Ak AL £ ok E
LRI i B A

£5 SOPCHBMEEREREE

Table 5 Characteristic value and their cumulative contribution rates of five principal components

Ty FHAE{E T 22 TR/ % Bt Iy 22 ik R/ %
Principal component Characteristic value Variance contribution rate ~ Cumulative variance contribution rate
1 12.5 51.9 51.9
2 5.5 22.7 74.6
3 2.5 10.3 84.9
4 2.0 8.3 93.2
5 1.3 5.4 98.6
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Fig. 2 PCA score scatter and loading plots of volatile components under bagging treatment
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71:Hexanol; Z2: Hotrienol; Z3: 1-Octanol; Z4 : Hexanal; Z5: Heptanal ; Z6 : E-2-Nonenal;; Z7: E-2-Octenal ; Z8: E-2-Decenal ; Z9: Z-3-Hexenal ; Z10:
(E, E)-2, 4-Nonadiena; Z11: Benzaldehyde; Z12: Acetic acid, hexyl ester; Z13: §-decalactone; Z14: y-Hexalactone; Z15: y-Dodecalactone; Z16:
o -Pinene; Z17: a -Caryophyllene; Z18: 8 -Ocimene; Z19: Terpinolene; Z20: Z- 3 -Farnesene; Z21: Myrcene; Z22: 3 -Ionone; Z23: Limonene; Z24:
2-Methylnaphthalene.
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Fig. 3 Heat map from cluster analysis of volatile components under bagging treatment
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