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Quality evaluation method of banana wine based on gas chromatography
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ABSTRACT: Objective To establish a method for the quality evaluation of banana wine based on gas
chromatography fingerprint spectrum. Methods The gas chromatographic data of aromatic compositions of banana
wine in different years were collected, and the data results were compared and matched, and the similarity of the data
results was evaluated, and the gas chromatographic fingerprint spectrum of banana wine were established. Cluster
analysis and principal component analysis were carried out on the common peak data of the gas chromatograms to
reveal the difference of aroma components in banana wine from different years. Results According to the results of
similarity evaluation, samples of banana wine from 2016 to 2021 were divided into 2 groups, and 2 control
fingerprint spectra were generated. The results of cluster analysis showed that the more similar the date of production,
the more similar the characteristics of aroma components. The results of principal component analysis showed that
the aroma characteristics of 2018—2021 banana wine might be varietal aroma and fermented aroma, and that of
2016—2017 banana wine might be aged aroma. Conclusion Gas chromatography fingerprint spectrum combined

with cluster analysis and principal component analysis are feasible to evaluate the quality of banana wine.
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Table 1 Source of banana wine samples
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S7 2019 4 TP TR AT IR TR A
S8 2020 4F TP TN A A IR TR A A
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Table 2 Similarity results of fingerprint spectra of 14 samples of banana wine
. POREE A
FE 5 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 I i
=]
Sl 1.000 0.763 0.850 0.774 0.291 0.436 0.293 0.359 0.266 0.233 0.225 0.247 0.232 0.241 0.633
S2 0.763 1.000 0.844 0.846 0.424 0.574 0.428 0.566 0.491 0.441 0447 0484 0.426 0.434 0.763
S3 0.850 0.844 1.000 0.958 0.294 0463 0.298 0.431 0.338 0.292 0.295 0.328 0.282 0.290 0.694
S4 0.774 0.846 0958 1.000 0.493 0.642 0.496 0.581 0.506 0.479 0.488 0.507 0.465 0.470 0.816
S5 0.291 0.424 0.294 0.493 1.000 0917 0999 0.868 0.913 0.924 0.887 0.856 0.930 0.930 0.863
S6 0.436 0.574 0.463 0.642 0917 1.000 0.922 0.875 0.875 0.868 0.859 0.879 0.865 0.867 0.914
S7 0.293 0.428 0.298 0.496 0.999 0.922 1.000 0.877 0918 0.923 0.886 0.864 0.929 0.930 0.866
S8 0.359 0.566 0.431 0.581 0.868 0.875 0.877 1.000 0.958 0.906 0.887 0.940 0.891 0.906 0.901
S9 0.266 0.491 0.338 0.506 0913 0.875 0.918 0.958 1.000 0953 0.931 0.955 0.941 0.948 0.882
S10 0.233 0441 0.292 0479 0.924 0.868 0.923 0.906 0.953 1.000 0.981 0.941 0.988 0.984 0.872
S11 0.225 0.447 0.295 0.488 0.887 0.859 0.886 0.887 0.931 0.981 1.000 0.947 0.971 0.958 0.861
S12 0.247 0.484 0.328 0.507 0.856 0.879 0.864 0.940 0955 0941 0.947 1.000 0918 0.929 0.864
S13 0.232 0426 0.282 0.465 0.930 0.865 0929 0.891 0.941 0988 0.971 0918 1.000 0.987 0.865
S14 0.241 0434 0290 0470 0.930 0.867 0930 0.906 0.948 0.984 0.958 0.929 0.987 1.000 0.869
i G Fe
Zrﬂi:% 0.633 0.763 0.694 0.816 0.863 0914 0.866 0.901 0.882 0.872 0.861 0.864 0.865 0.869 1.000
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Table 3 Similarity results of fingerprint spectra of S1-S4 banana
wine samples

v X RFE 8L
FE b S1 S2 S3 i
S1 1.000 0763  0.850  0.774 0.909
S2 0.763 1.000 0973  0.983 0.960
S3 0.850  0.973 1.000  0.958 0.986
S4 0.774 0983  0.958  1.000 0.961
xif HE 35

S 0.909 0960  0.986  0.961 1.000
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Control fingerprint of banana wine of 2018—2021
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Fz4 20182021 FEFEBEHRIEYUEIZHEMNELE R
Table 4 Similarity results of fingerprint spectra of banana wine samples of 2018—2021
FE i S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 X BE 35 2 ik
S5 1.000 0917 0999 0869 0913 0925 0891  0.858 0933  0.931 0.960
S6 0.917 1.000  0.922 0870 0.875 0875 0.861 0.880  0.873  0.884 0.926
S7 0.999  0.922 1.000 0.877 0919 0924 0.890  0.865  0.931 0.931 0.962
S8 0.869  0.870  0.877 1.000 0969 0907 0.887  0.940  0.891 0.906 0.940
S9 0.913  0.875 0919 0969 1.000 0955 0933 0958 0943  0.950 0.974
S10 0.925  0.875 0924 0907  0.955 1.000 0982 0941  0.988  0.984 0.986
S11 0.891  0.861  0.890  0.887  0.933  0.982 1.000  0.947  0.971 0.960 0.969
S12 0.858  0.880  0.865  0.940 0958  0.941 0.947  1.000 0919  0.929 0.955
S13 0.933  0.873  0.931 0.891 0943 0988 0971 0919 1.000  0.988 0.982
S14 0.931  0.884  0.931 0.906 0950  0.984 0960  0.929  0.988 1.000 0.983
popicEiEadsig 0.960 0926 0962 0940 0974 098  0.969 0955 0.982  0.983 1.000
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Fig.2 Superimposed fingerprint of banana wine samples of 2018—2021
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Table 5 Relative peak areas of common peaks in banana wine samples of 2018—2021
g5 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14

3 78.831 51.471 80.136 38.720 56.640 82.844 86.901 49.126 92.447 76.750
4 17.923 11.985 17.653 7.143 9.506 14.204 15.495 8.805 16.957 14.323
5 0.868 1.308 0.850 0.826 1.057 1.363 1.714 1.364 1.010 1.240
7 11.740 19.610 12.192 10.612 17.652 27.651 45.905 28.967 24.310 18.096
8 3.154 5.946 3.220 11.809 5.875 8.365 15.270 8.961 6.714 5.280
17 6.224 17.494 5.980 1.675 3.339 13.662 14.776 9.726 19.181 11.693
20 14.839 8.648 15.265 4.906 4.839 11.496 11.287 6.728 17.730 13.100
21 28.487 27.990 29.623 0.363 1.248 1.052 1.687 0.901 1.970 2.527
22 1.375 1.483 1.318 0.401 0.582 3.467 2.440 2.439 2.309 2.557
25 2.949 2.060 3.088 1.076 1.151 2.830 3.335 1.375 4.845 2.845
27 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

T 2R AL R T FREL R Y (B e il
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Fig.4 Superimposed fingerprint of banana wine samples of 2016—2017
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Table 6 Relative peak areas of common peaks in banana wine
samples of 2016—2017

g5 S1 S2 S3 S4
1 32.109 29.461 26.727 41.797
2 8.936 6.727 5.902 6.972
5 6.225 24.153 21.472 31.368
6 7.077 6.280 7.653 10.059
7 1.410 1.157 1.088 1.001
10 173.291 86.197 140.590 100.073
11 2.769 2.034 2.632 3.591
19 1.010 0.925 1.063 1.440
22 1.322 2.011 1.722 1.807
23 5519 2.938 3.955 5.084
31 8.968 4.480 5.709 7.287
34 33.318 0.991 1.905 17.273
37 4.638 4.209 4.953 4212
44 1.529 0.947 1.493 2.598
60 1.000 1.000 1.000 1.000

T RS R i T AR G (e s

P57 R R RE S

10 15 20 25

|

[# 5  S5~S14 (a)fil S1~S4 (b)Y HrifIk &l
Fig.5 Cluster analysis tree diagram of S5~S14 (a) and S1~S4 (b)
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TRE A ) HA AR XTI BN 48 4R, SRAT SPSS 26.0 3k
TR 45 B BIR, S5~S14 HARIUH 54> sy, &
Ul ZTEE R 91.766%, #aRX 5 4~ B4 8w
S5~S14 Ak S AT W R A5 B S1~S4 ZEEEL 3 4>
TRy, BRU TR 100.000%, 15X 3 AEMS
BB WL S1~S4 1% i A e 1 23015 2. WA = o i)
TRFIEE R 22 ToR R 7. 8, & Mo H i
FEE A E B SIER 9. 10,

HRYEEAE AL E A B 150 LR A 1340 T HE Y,
WL A5 50 3 L2 11 3% 12,
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Table 7 Principal component eigenvalues and variance
contributions of S5-S14

FWRS OB ETRE%  BBUETIRE%
1 10.186 37.726 37.726
2 5.737 21.249 58.975
3 4.975 18.425 77.401
4 2.642 9.787 87.187
5 1.236 4.579 91.766

®8 SI~-S4 HEMSFHEESHERME
Table 8 Principal component eigenvalues and variance
contributions of S1-S4

EBOr  RRE O TETRE% RBUFETTRER%
1 30.665 48.674 48.674
2 22310 35.412 84.087
3 10.025 15913 100.000

MR 11 BHREE R, HEZTHT 4 ARk 2021 41
FAERES,, PEUALE 2018—2021 Fr= kL Sh 4, 2021 4F
P I LA SR B R

MFR 12 BARZESR T, HEASE | RIS 4 )2 2016 477
FIRESL, 2017 4E77 1 2 ANMREGAIHESS 2 FI%H 3 44, UiHH SI
FESL I SURAIE 2016—2017 4E7- At Ah 4 rh i BN

HRPE SCHRIRE, B FST 58 3 28, —ZRH
FACR B 5k, BlaFE, R REE R A 1,
B R B, =2 BREGS R 7 2R 0, BRI A . SR
TR DN, AR R, SFEMERES
TRWORAR, T BRAR A 25 i a0 AR R A AR 1
PR, 45680 ERDEARAHITE R, nTRRIL
FIWT, 2018—2021 4577 (K7 A AT BE LA S Fh & AN &k B
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Table 9 First 5 common peaks of S5-S14 group with higher factor loading coefficient

75 S %1 FERLsr 552 FASY ERIES 55 4 FRLsr 55 FRST
| {2 B B 6] /min 8.321 4.745 5.103 6.746 7.720
PR 3 fir R 5 0.767 0.815 0.799 0.604 0.500
5 £ B ) 8] /min 13.078 5271 5.811 9.08 8.321
PSRRI 0.868 0.722 0.748 0.511 0.307
3 {2 B B 6] /min 15.894 10.151 6.078 10.38 10.380
PR 3 fir 28 0.805 0.705 0.769 0.558 0.324
4 £ B ) 8] /min 18.525 14.422 9.080 13.991 15.894
PSR 0.916 0.692 0.686 0.453 0.308
s {3 B4 ) 1] /min 22.974 15.572 13.991 22.974 17.964
[l Aif 2R 2L 0.796 0.745 0.586 0.400 0.384

R10 SI~-S4 AEETRSHEFHERBRSHHET 10 MEHE
Table 10 First 10 common peaks of S1-S4 group with higher factor loading coefficient

haes S %1 ERsr 52 A 553 FRLs
. {4 B4 B[R] /min 8.336 6.112 5.154
2y R 5L 0.952 0.985 0.786
5 1 B4 5} 18] /min 12.631 7.323 5.278
-2 R A 0.995 0.916 0.783
3 {4 B4 B[R] /min 13.157 9.648 6.546
-2y R 5L 0.985 0.887 0.745
4 {3 83 B 7] /min 14.441 10.048 6.804
24 R AL 0.962 0.978 0.504
s £ 88 B[] /min 15.585 11.353 10.965
-2y R 5L 0.952 0.966 0.738
6 1 B4 5} 18] /min 15.815 12.503 14.029
Bl -2 R A 0.975 0.987 0.560
; 4 B4 B[R] /min 22.012 18.529 14.207
SRR TEN A 0.960 0.848 0.670
g £ 88 Bsf ] /min 22.148 19.849 16.516
Bl -2 R A 0.999 0.946 0.949
0 4 B4 B[R] /min 22.448 20.789 23.100
SRR ETE A 0.996 0.981 0.789
10 £ B4 15} 8] /min 23.404 21.222 23.645
7 R B 0.962 0.903 0.835

Fz 11 S5~SUBHRERTEATFES. FEE8FREF

Table 11 Principal component factor scores, synthesis scores and ranking of S5-S14

Bk A 1 E 4 %5 2 E T 5 3 ES R4 55 4 ERT T &5 FRAS LR i

S5 —0.78496 1.13585 —-1.09014 —0.94584 0.52195 —0.324 8
S6 —-1.09666 1.11496 0.99029 2.04264 -0.18925 0.197 5
S7 —0.68923 0.92200 —0.88712 —0.47693 0.47639 —0.252 7
S8 —1.14073 —1.66985 0.02038 —0.17150 —0.95850 —0.842 10
S9 —0.68963 —-1.10760 —0.10034 -0.12019 -0.21735 -0.536 9
S10 0.67676 —0.05305 0.43530 —0.87511 0.81805 0.276 3
S11 0.91952 0.65241 1.90018 —0.79703 —0.44590 0.737 1
S12 0.14203 —0.84534 0.63860 —0.13787 1.15678 0.031 6
S13 1.15812 0.39818 —0.89467 —0.01529 —2.10052 0.259 4
S14 1.50477 —0.54757 —-1.01246 1.49712 0.93834 0.454 2
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R12 SI-S4 BHREMAEFED . GEBIRERF
Table 12 Principal component factor scores, synthesis scores and
ranking of S1-S4

B ERS H2ERS B3 ENS HE

==
i i w8
S1 1.44076 -0.41146 —-0.07000 0.544 1
S2 —0.85538 -1.06777 -0.61497 -0.892 4
S3 -0.39563 0.19350 1.43389 0.104 3
S4 -0.18975 1.28574 —-0.74891 0.244 2
3 £

AWFSE I SAT @R AT 2016—2021 4EHY 14 MR
TRE A ST TR B, s Rl 2 SR 2L
EITEARLEE PR 2R 582012 AFERR)#EA T8 DC BE AR AUEE T
B, AR LRSS R A AT A 2 A1, b 2018—2021 4§
PR 10 ANRE LR —4H, 2016—2017 4771 4 MRS —4H .
LRI A 53 BIFE ST T WG 2H 7 BTG ) ) B B R o o X
PR Xo) A 0 PR 3 46 S ol A A T A T AR A 200, i
2E R S5 —3k . W SPSS 26.0 B4 BN i AL
TR T A AT WA X T BT 7 SR DT RN T2 Lo BT S5 2R
FE, AR A IR B A A O H A SR SRR A A0
2018—2021 47 (A AL HAR SR AT RELUK R FSAA
T SN FEFRSHHE, 2016—2017 45/ 0 F AT HAES
LAY P RELABRIRA SO0 B A SRHE . 2R BN, FIHERE
T (14 €0, 158 S0 1 33 Ok VT A A A0 o — Rl AT AT 1 ik,
REN B AL S TP SR R | BRI ZE R, AT B
IR FH B

B EHE AW I8 0B A S A RO PR, I ASRERT & <Rk
B A= HIRI Sy, DL 4 20 BRI 3 20 1 & UK
Ak R | NN T RS D O N N [ Y N N i o N N
7 DX A SN[ A P T 2 TR okl 0% B R 0 A SR ot A T
WFFE, XATRERE T —2 RS Jrml .
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