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GC-MS analysis of volatile components in
postharvest banana treated with UV-C
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Abstract ; The extraction conditions of headspace solid phase microextraction ( HS-SPME) were optimized by orthogonal ex-
periment to study the changes of volatile components in postharvest bananas with UV-C treated. Suitable extraction head, ul-
trasonic time before extraction,sample weight and extraction temperature were determined by single factor, and the best ex-
traction parameters for SPME were obtained using orthogonal experiment. Under these conditions, the volatile compounds in
banana pulp of UV-C treated group and control group were determined and identified, and the differences of volatile compo-
nents between the two groups were compared to evaluate the aroma effect of postharvest banana treated by UV-C. The results
showed that the optimal extraction parameters were as follows : ultrasonic time 20 min,sample weight 4. 0 g, extraction temper-
ature 50 “C. Under these conditions, 169 volatile components were identified in banana pulp of the two groups, which were
mainly composed of esters,aldehydes, ketones ,alcohols and others, including 58 esters,34 aldehydes,27 ketones,17 alcohols
and 33 others. The total ester content in UV-C group (76.61% +0.25% ) was higher than that in control group (75.98% =+
0.39% ). There were 38 differential metabolic volatile components of bananas in the two groups,including 34 down-regulated
and 4 up-regulated. In conclusion, the banana treated with UV-C affected its volatile components, but their characteristic esters
and total esters were slightly improved. The aroma of bananas is mainly derived from esters. UV-C treatment for postharvest

bananas storage and preservation will not cause the decline of banana aroma,but will make its aroma slightly enhanced.
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Fig. 2 Effect of ultrasonic time on total peak area and peak number of volatile compounds extracted from banana by SPME
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Fig. 3  Effect of sample weight on total peak area and peak number of volatile compounds extracted from banana by SPME
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Fig. 4 Effect of extracting temperature on total peak area and peak number of volatile compounds extracted from banana by SPME
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Fig. 5 Appearance of banana fruits in UV-C group and CK group stored at 25 °C for 18 days
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test) 1Y) P {E ( P-value) , 2K P <0.05 5 FC > 1.2 8§
FC <0. 83 fifi i 22 S AQIHAE & vk 2 401, SL 07 o oy
38 DA I 25 SR R AR AL O3, 1R 8 i ik
2R K I (Voleano plot ) , & H &5 (5 1) g F1ELCY
REEE TR A S, A SO PR B
PR S 38 AN 22 A o 169 AN 4H )
T 8. 72% b Era W T HAA 34 A4 5,
BFE LA A 4 A, BARH 53 W45 5 (WL
#3).
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PR AT AR AT i, EEAE D T Ie R
AIE 1) SPME ZEHGk R[]I 309 ) A A5 4 & ME 4 4%
MM SE . PTG SPME 27453k %) T35 A2 4% K Pk
ZH 43 PN RS 22 ) 4H 0 45 S T Y, AT LA
A SO, B R A A M 43 FNAS 30 S AR 1Y) 2 VA E
H2E . Liang 20 17 ] DVB/CAR/PDMS # B

e, T RAR 15T A AR AR BRI AU
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Fig. 8 Volcanic map of the difference in volatile components metabolism between UV-C group and CK group
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Table 3 The difference of volatile components in banana metabolism between UV-C group and CK group
FAAEHCRI
1 B I'I‘ ‘H H_' , . . . A~ ELTR
e ety PREIHT — w0 hTR R RN
No. Compound . R e MF - Formula FC
('min) RI,, Rl RMF change
6 LR 2l Ethyl acetate 2.19 586.3 612 989 993 C,Hg0, 0.79 !
7 LR Acetic acid 2.32 590.0 610 963 994 C,H, 0, 0.82 !
9 TFZ 1-Butanol 2. 67 607. 4 659 973 973 CyH, 0 0.78 !
23 C.fi¥ Hexana 5.32 801.4 800 985 986 Ce¢H}, 0 1.29 i
SR LT
32 Butanoic acid,3-methyl-, ethyl es- 7.28 850. 1 854 803 877 C,H,,0, 0.76 l
ter
35 TEE EE 1-Hexanol 7.95 866. 3 868 993 994 CeH, O 2.57 1
36 4-JEfi 4-Heptanone 8.01 868.3 872 974 974 C,H,,0 0.73 !
43 BPEf¢ Heptanal 9.35 901.2 901 993 993 C;H,0 0.24 i
(E,E)-2,4-8 "It
Ce¢HgO
45 2 4-Hexadienal , (E .E)- 9.74 907. 8 911 949 953 6 g 0.32 i
FUFEfiE
ASHFHA C,.H,.0
48 2-Buten-1-o0l,3-methyl-, acetate 10.43 919.3 918 814 875 10Hyg 0. 56 !
49 3-Pidfs 2 3-Hepten-2-one 11. 09 930.7 937 981 981 C;H,,0 0. 64 i
52 JKHEE Benzaldehyde 12.47 954. 1 962 871 978 C,HgO 0.62 l
FF B B 05 .
CgH,,O
57 5-Hepten-2-one ,6-methyl- 14.27 984. 5 986 903 968 sy 0.32 }
L H-NR-3 - O 45 K- Bk R
CoH ;s O
69 Ethyl ( Z)-hex-3-enyl carbonate 16. 05 1018. 1 1171 890 899 oH60; 0.74 !
SR 7 s
70 4-CUlfs-1-5 L R 16.24 1022.3 1020 995 995 CgH,, 0, 0.77 l
4-Hexen-1-ol , acetate
5-CHEIR I W
71 5-Ethyleyclopent-1 -enecarboxalde- 16. 59 1029.6 1 040 893 898 CgH,},0 0.68 }

hyde
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225% 3 ( Continueed Tab. 3)

TREFEERI
A I - " . AR
e Lty PRI — e T st pme TEEE
No. Compound K A 2% MF RM)ILT Formula FC he
(min) RI,, RI, change
72 2-2,. %2 1-Hexanol ,2-ethyl- 16.75 1032.7 1 030 992 992 CgH;50 2.24 1
MR T Mg
CgH,,0
75 2-Butenoic acid, butyl ester 17. 46 1 047.9 1 046 959 961 sH14 0, 0. 80 i)
TR 2- 11
CyH50, .
” Butanoic acid, 1-methylbutyl ester 18.02 1059.8 o70 893 o2 o 145 f
BT T R
- CyoH;50
82 Ethylene glycol di-N-butyrate 18.43 1 068.5 o19 923 107718 54 0.82 !
T 4O A
- C,oH;s0
17 Butanoic acid,4-hexen-1-yl ester 23.57 1198.9 937 952 10771872 0.75 .
118 + —%¢ Dodecane 23.60 1199.8 1200 849 974 CjHyg 0.48 i
119 4% Decanal 23.73 1204.4 1 206 989 992 CioHy O 0.62 !
M-3R i
130 (Z)-Hex-3-enyl isobutyl carbon- 25.05 1246.1 - 811 916 CyH,40, 0.77 !
ate
A 4 PG
132 E,?Wall'a@lﬁlﬁ 25.20  1250.9 - 867 871 C;,H,0,  0.81 |
Hexanoic acid,4-hexen-1-yl ester
139 + =%¢ Tridecane 26.73 1299.9 1300 976 986 Ci3Hyg 0.37 !
s i
a3 LTINS 2850 1366.1 1373 855 914 CyH,0, 0.8 l
3-Phenyl-1-propanol , acetate
2T A :
C;,H», 0
144 2-Octenal ,2-butyl- 28. 69 1369.6 1378 958 978 1nHyp 0.54 !
2 1 i
46~ CMCHE 2009 13840 1384 838 873 CpHu0,  0.70 l
Hexanoic acid, hexyl ester
150 3L T 7y Methyleugenol 29.45 1396.8 1402 831 863 C;H 0, 0.79 !
151 + VU4t Tetradecane 29. 54 1399.9 1 400 985 989 C4,H50 0.04 !
152 F PU -3 -4 1-Tetradecen-3-yne 29.74 1407.4 - 848 870 CisHyy 0.74 !
S MR E = R
157 Butanoic acid, 3-methyl-, octyl es- 30.51 1435.9 1441 902 907 C3Hy 0, 0. 69 !
ter
B F B 5, 9-Undecadien-2-
, C;;H, 0
158 one. 6, 10-dimethyl-, ( ) - 30.73 1443.8 1453 900 971 13Hp 0.20 !
162 +Fik¢E Pentadecane 32.23 1.499.6 1 500 968 981 CysHyp 0.21 i
166 + 754 Hexadecane 34.99 1599.8 1 600 970 982 CHay 0.20 !
TR-3-HH-3- RN g
167 Butanoic acid,3-methyl-,3-pheny- 35.13 1 603.9 1613 810 907 C4,Hy, 0, 0. 80 !
Ipropyl ester
7 7™ =3
169 LT TR LT 35.32 1 609.7 1615 816 838 Ci5Hys0, 0.82 !

Myrtanyl 2-methylbutyrate

757 izde & (415) (e CE I 169 AN F R 0 IINY 55 - " 2R T RI 8.

Note," No. " is the serial number of the compound ( component) in the 169 banana volatile components identified ;" -
I R PE Ry, JR 3 th 44 DNER MR, Dou A ESR, Hr 3 A0 a9re a5 A oy & &
%“”Wﬁﬁ DVB/CAR/PDMS # Kk, S ARZET . Li %7 j DVB/CAR/PDMS # Uk, #i T #
HAMHC BV EHEEMC T 1 S MENELEEA DRENEE PG P BT FEMC T
O, FEMEE I 63 ANMER ALY, RFZEF A S 1 S AERE R ALY, 2 DI I E) 45 S Fn 27

" represents no Rl value.
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AR Sy, Horp e P H A A R 5 R
oy EERBRI IR

LR T HAEE KA 5 R IR E,
SPME #HSk fifi i #0212 )i F DVB/CAR /PDMS
Gk A e S ) L AR TR B E R
NIST J5i % PESEA T AL BE ARG 26, D 4 I 1 34l A7 R A
B EIESELEOE AR, RIS ok i 413
B, — M F 50 A, A AR R B S Y
RN 250 224 DR dn e e A Ak 5
5 254, Iy FH P 1 Ak B4R 4 (4n AMIDIS &% MS-DI-
AL 55 ) X075 04 Ji e o 1% 1 R AT a2 T A 0 T
S ST LB, 753 Al b () B R 34
5 HbR B ZE R VG BC AR B2, £ v %08 20 43 Re ) RNk
it B TR . MS-DIAL {4 RE#EXT GC-MS £
BT (TIC) f B8, W bR T i Al i & i, 15 5]
AT 2 1 JoT e (R, 44 1 1o 25 0 2 40 5 i o 41 3
() DT R, i R T A ) 5 1 &5 S o A R ]
S ARHIR ST AR L5 A T AR i LR b R T
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PUFRAE BRI A GC-MS 5 Al 200 7 45 45 % 1 4
I3 AR = B R /NS R 2 43 B0 O 1k 1 CAR/
PDMS Z& Bk P A S J5 22 SPME Z 44 L4k F
PEEE LML R AN R . N TGS e 4,
TNAHE , e F MS-DIAL #4451 15 1l i1 7 1]
TEFALFE, SR S A NIST 17 i e rh kA7 %% ,
2% Y IE ) DG I B2 (M) | B2 ) DG e B2 ( RMIF) #) =
800 FIIEF L k2 15 E 1Y) Kovats {4 B 754 (RI) A 45
B S A A R 4 R M 4y 3L 169 A,
3.2 UV-CREBREHNEEEZELZHASHNTWL

UV-C [ T 7™ it Bl i PR, 2 A
P& 1 S AP A B TR AR 3 M A Y A
FEZEF 5T, % F UV-C Ah 385 058 10 SR 5 45 1 % %
P15y (B F/ AL ) B 5T 38 /0 . Sobeli 45
A8 UV-C 51 a2 B AR 2 JE PR vh Bl A 4
FERARAEBF ], & A= HE M A S35 & P4l oy & 3
mT, FERCEEM 2-BilE4E . Severo Z57E 2015 4F
fRIEX R TR S UV-C 43, B UV-C RRA%IE
T FE PR 5 5 A A DG S, BN R 1 AR )
MR R ML S & i, S ECR S S5 5L, W)
T TR, LU SR A<, Severo 217
7E 2017 AF43E UV-C SR 5TR a0 R4S, 52 i S AE i
Yo R R A ML A P i, UV-C b B3 N
TSR R SR R, (R

T B REIE A ) IO VO g R[] R I R 1) 7™
AHIRGE N FH 0 S A B 53l Y i B R e UV-
C ) Ab PR A 5, XX B 4L AN UV-C 41 (045 & 1
WIS IAT TIRARRT . BRI R TEA
SYHIARXT B 8 i N AR TR (2-2E B AR ) TR
F),169 A5 B fis L B A 2 2
B, B 58 AN ( 15 CK 41H1 UV-C 41 & 84531
$775.98% +£0.39% 76.61% +0.25% ) .FEHA 34
MO CK A1 UV-C A& =459 R 8.09% =
0.08% 8.29% +0.05% ) [ A 27 4~ ( 4 CK 41
MUV-C H& B4Rk T7.72% £0.11% .6.78% +
0.07% ) B2 17 A~ (5 CK 41 M1 UV-C 415 &4
WK 2.46% +0.07% 2.36% +0.04% ) HAkA
334 (5 CK A UV-C HE =59 H 5.75% +
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SRR R TR 19 ST A AR 4R R R
3R A B 10 N2 43, W] UL ZH A A 1Y
10 A2 20 ) T 2802 AH R 19, 40 D2 R S5 G T
TR IHR - L R T e S5 S G g | £ k-
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Wiy (LTRCTR) A W25, HAth 8 44>
TS o X BT A A ER A L T A A
RAPVRAER A, A R A A M o p i 2 2
24, 5 Wendakoon'*"! 1 Boudhrioua'*’ ) #ff 57 —
B, WP A 169 4443 & T OPLS-DA
AT, ik 22 S AR AL 4, B2 3 FNIAL 8 AT AL,
25 UV-C Qb H 5 Wb FREH FOXT R /A 5 38 2257
RHE LA, & TR 34 4, &5 LTEK
HAANARCEE OEC B 2-23 0B T 2-1%
Bg) o Zhu %52 BRSE AR IR 0T A A5 R SO R Y
RIS, 25 SR 2 B IR I ] T R W R Ak
A 1 5 KL ] MaHPL \MaLOX il MaAAT i) 35 ik
I AENE TR N HE R R B e A . T REAR S5
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2 A, [ I 2 A A B9 2 B A U0, X LAk PR
B R X N S PR T, SR S IR 5 4R
AN (P >0.05) 10T R 5 NGl 35 1 3 v i

FHXS 5

Relative content (mg/kg)

(P <0.05, 253454 FC =1. 19) , [Fif UV-C 41 B8
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Fig. 9 Relative contents of the first 10 volatile components of banana in UV-C group and CK group
W 1 ~10 40RO IR T TR S IGHR - AR T IR 5 IR S IR L L TR-2-FRIR O TR TR . SR T IR 3-H 3E-2-TH . &

iz 2T . LR CUliE ., Note: Components 1-10 represent isoamyl acetate ,isoamyl butyrate ,2-pentylacetate ,isopentyl isopentanoate ,2-heptyl acetate,

isobutyl acetate,butyl acetate ,3-methyl-2-butanone, ethyl acetate , hexyl acetate, respectively.
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