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FURAT B R S R . ASHT SR T = 4 5O i 1
A LA AR A A 1] 0 8 2 P 2 A IR ARG I R R R 5 B
A T v R

TEA AR I e AR vp s e B — AL i R,
I B S B A A ORI TV el G B ) 2 W R E A
JBE OB B o PRI 5 18 SO St A Ak 1) = 4R UL A B AT A
IE 28 8 LA A o3 22 kK, 32 M RE A6 3R AE A A5 0 A
U 2 AR AR R R AE DA 5 SRS IR B 1 PR R AIE B I 22
W T A AR WO S e s RS WP BRR T A A WA 3
BBk . BHTE N A BT I8 T 3 2 ek R B A
PERRBEAT TS ELIE XTI B A2 P 2L 11 2 1 i o M 47 22 4 o
TRIAR A AT BEALIBCRE AL . i = PR RO A T k. AR
SCHBIT S 18 AE g A A8 0TI 18] A 68 W01 00 $R8 A3k — A bR A
TR R T S PR T A U0 Wm0 T vk

1S

1.1

F-HFE, MR )R 1S, BEA 300 kg, T 2019
WA A 8 HITMIT. 55 &M, RA kBN, ME R
300 kg, F 2019 4E 5 H 6 HIG TR . % &K 4 MUk
B e sk AT 3R A A8 0 R AR A AR, R GC T e 0 i g e
(6], PIHLAE AR, & B R P, X0 &2
SRS R . B — it A A A TR IR 3R R ik 8 S T A
20~24 °C o FHXH I BE U Sh Y0 B E 90 %6 ~93 % 5 5 LA AR
S 300 0] 9L BF O B Y B AE 20 ~ 25°C . AH X BE Uk B Y0 A
8906 ~94 % . WAL T AL I At B b A R B4R AR = 4 BB BUR
DL B pH . AR L 3R B . TR B, O TR MO v R Y
AR, SR 00 B0 R A L BRI B O 1k (2R
556 A H D I RS 3 57 4 T . I BN R 8 A T
g Aok o v 7 A S PR AS AR B 4T O IR BG I FE S T8
d,
1.2 U538

K H F g E R4 77 i PHS-3E 8 pH it 5 DDS-307 % i
SR TARA YA YR B A R A 1 HKM- [ 3 %5
SERUEMA Y RAEES . R AR O A SR A B R A 7 1
TGI6A &R E O AL, DL L IR 38 8% T e 16 2% I 1 A BR
I8 AR PRI 40T Sl AL

F 36 EHZHE AR Cary eclipse 285665 AR 4R 3 4E5¢0
FEi . W R Ao BT A 200~300 nm, KA 5 nm,
AT 21 MWOR A, BAETEE R 5 nms KHHER A 1
W E R 260~800 nm, HKH 2 nm, L 271 ARG
MAETESE 5 nm, Gy fast, HESR 900 V, #EOk
PR ARAT . 7E 2 mmX 2 mm [ F 398 b L i &=
1.3 BUKERE

HEF R RERERE MY HEREL. T pHHE
T B R T, AR E S 8 AT DL RAE A U R P A0
ZA R . BRI, B pH B LA KORE X H  BRAEAE Sy AL
FAESR AR pH I - 32050 2 7 MR BE ML EE TR 3 AR A
B3 A PATREAR . K B ARERER L, BRI A 10 g,

AL, IAZERK 90 mL, B S EE] 60 s, KRG
R4 220 A5 u8 DA R BRIF R Kk . ) pH THR GO i
FEAH) pH AR . RREAN 3 U, DUHBR X R 2 . DIIX 3 4>
Fr FEREACHY pH SEIEAR N Z IV H A A i 9 pH .

ARGS HL A5 30 0 - B 2 TR DA T I B PIL 2 T 3 AR A
L 3 APATREAR . AR ALY 2.5 em X2 em B4R B
10 v BT HEIEM . A ZEIR K 100 mL, FH AR & & 17,
B REIR PR Y 30 min 5B . KON & TSR
av o A5 I AF IO RE A FR A LR B, AR AT 10 min,
B EEE. MAERRSEER . MXESE AN
B DI AR SR p T DA O L R AR A5 R Nk 1 MR 2
PR

a= 2 %100 (D

az

Rl F—HEFEpHEMEMBRIE

Table 1 pH value and relative conductivity
of the first batch of banana
IR K/ d pH i HA H %
1 5.03 14. 83
2 5.13 15.77
3 5.29 14. 61
4 5.35 19.72
) 5. 50 24. 74
6 5. 54 28.53
7 5. 69 30. 10
8 5. 68 30. 49

R2 FTHEFEpHEMEAMRESE
Table 2 pH value and relative conductivity

of the second batch of banana

I R 3/ d pH fH HA H &
1 4.91 12.18
2 5.12 13.19
3 5.16 13. 21
4 5.21 14. 64
5 5.42 13.92
6 5. 40 13.96
7 5.55 18.17
8 5.53 20. 15

1.4 ZHRABERE

FARB AR B 0. 9% A FEh K, pH fH R 6.66. 4% 5
mL 0. 9% ) Az B R 7K 35950 B 36 FE BE RS BT FR ML o4 SR BE 35 ik
BT E SR RALE, AR, B3RS, RFEEA
1000 L, SRAEERFE] 10 min, RAEELE A . 5 HE MU B & O
e, MK ERE 4 mL, HEINS P RERM
IR I R SR . RERE R IEAT RO W AR AL B . B O PR
10 000 r+ min 'FEFEE L 1 min, FEE I 2 mL, B
A 2 mL BERARAT, HEAT = e SR . 5o 04 U f T
i #% 30 min,
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1.5 RHEIFEmAE
B R AR B 1 = 4 5 s 2801 AL B CRRAE UK Y E B
Z )G, Ml & g8 B 25 4y ¥ % (systematic cluster analysis,

SCA) M F {43 53§ (principal component analysis, PCA) i
TR B . AR SCR AR EE 07 Lm B m g 1 i
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Fig. 1 Processing method flowchart
.51 R&ZEBE®R TELTCHAT AT, Wilks A Goih 07 1] LUt AR [ B A

H TR A AT = 4E 5O T e R 25t B R
G0 AT R AR RS T A A b il 2k 9¢ O B A 2 i B B GGE
EDSCE TH (A . B TALE A 538 1R KPR E &
2y 1000 a. u. o Hoh T 5 B 00580 AR, A5 5 3L
AR G (WA A A6 3 30 T A G 00 AR A 19 i ) A 9 1 5
Ik BN P, DU AT R A J R R R A Al 0 B i R R
Wi e EER AN . By - 5 B A I A A 5 Dl ik B e A
(CE A BURED 5 1 000 22 {H (4r IE ZE MM 2ZE) ., RE¥H
REA I PR RN L 25 (8 A B R AU 16 52O 58 B
IKF] 1000, PATH IR R 5 IR A 8 o 5] 200 A G A AR Y T
BT 92 ' 58 BE B S B R — 10~ 990, 8 X 3% FE A Y 8 40 9¢
JEHHRE N 10, DIRE IR AR .

1.5.2 #®BERAEFRLR

POCTERE AL IE 52 G » [ Matlab 2014a H eemscat T. H.
o8 X 3 A R B A U AT 25 BR AL BT L Sy Ul B B A
e R 7 T AR B0 ) X RS BOR BT B9 R O B R AT

SG & RUF- 1 Ab 3,
1.5.3 Rk KXkwik

H1 T = 4R SO0 B B OC HAFTE U AR R B L
B 0F Ji I O T R AT AR AR K B . SR IR B RS
P E I TR) 5 25 A B R AR A s A2 43 T A A BN
TUARME B o MR =4 POU B i Stk i e i T =B
Wik & o0 A B AU R T R SHOE S i &RallA . a R
R, RUNZWA T 0 Ko B B L Bt BoR, K
ABEACERBAGIAEAS , B0 UL -5 A I AR A A VLR
1.6 4F{EEE T &
L6, 1 HAEs ok Kiss

H AR B X BE D EAT IR A o A (BB, 2R AL ik [A)A A
PERER s A (RB/N RN AL B T 22 5 i T Wilks A B2
i BRI A i 2 (B TOAH OGP PR I B s A A [ 3 A i
K Mo 40 dE 47 A (B PR S /D R HEF 19 A
(B R B 3 7 3 A R AIE 8 R B . Wiilks A LAY BT 3R A
A2 FrR .

| D |
A= ——
| T

K2, Ty Z4E 5 0 55 B 43 Mrad B vh 004015 43 48
MRS 25, D g S G B BOHR 1 2 P S 2 L K AR I R AR
TEAS RNEOR W TR 09 & 99 06 3% B R 4y o — 41 A (5B,
T, WX 17 A9 38 i I A R B S 7 i T A It 5 ) A A
SEBR b TEARAEOR WK B e B AR vh AT 2y A 2 R
WML, BRI R K E T E 1. 6.2 43 U7
PR R AR R B . SRS AR T Y e S I P Wilks
A Geit i o b B A B R R E R A .
1.6.2 HAEL 4k Bt
& B GG B R A L REAE I B R RE AR BLAE A
TR R GAR B B AR AR R AR I A R S, 1)
P A B /Iy — T = (interval partial least squares, iPLS) X} H ik
TTHRRE & S B 4% . 5 B L ¥ 2 R A6 s 4 T
SE) R i F X (8], fE A F X E LiE A PLS 487, fEANTE T
DXTR] Y A2 35 iE A5 3] (9 3¢ 305 1iE ) J7 A iR 22 (root mean
square error of cross validation, RMSECV) 3 i & [X. |f] [=] I
REAY IR
1.7 BEEMERME R &
L7.1 BMAERZ

(2)
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B AR R A b, B T B R B REAT . AR 2 P R
YPNILEEES Y VN S S O B PN R
AEAHAL s AH SRR A4 AH S BE B MO A S PR 22 BT IX Y
A AL A AP TR s DR AR 05 A ) T i) ) 7 85 i T A
AR Ok 52 0 A 4 T8 WO E Y f o o SR T E D UCHE VR L S
BRINIHEA BN — 2K, RERERETIIRIEE R R
M B T Y P 2O B — A B2 R BB S H A
F MM AR . PRI MRS 2. BB TA
ROREAHRIT IR — 28 o BB » AR A SR S 205 SR T 0 S g Dk o
L7.2 FMAELEmR

E RS HT (PCAOI R — R F & ik, 2 — b
HOHR o3 A 23 (8 B A2 4 07 5 o R Y B RRAE B 54T PCA 4b
B, W RR T PCA M5 1 32 o iy 22 1o JiE 1 4 45
I 5 301 171] 7T 68 M B A% 8 DB B, LA b 5 0 400 i

2 #ZR5HHE

2.1 =@ RKETAE
2.1.1 #BHEFHRAFHEER

Ry 25 I B R B L BT D MR R, R = 4P
TESEAT R HG A S SG AL B . B 2 g5 T 28 B Ak 3
GRS, HPEX R, B 2 BEAERMEE T =4
P& T HOHE v Tt R AR B i g B AR R, R A 2
(b) LI 2 Ca) A 510 315 55 e 20 [ I Sl s R 46798 Ui 2
/b T SRR N R R, AR S S8 B 4 AT .
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2 HHERRETERLEIERLLIEE
(a): LbHHET; (b): AFE
Fig. 2 Fluorescence spectrum before and after
scatter removal and SG smoothing

(a): Before processing; (b): After processing

2.1.2 EhAEWRER
TEZEAT B 20 A i R B, A i 78 2 B I 600~800 nm
B BERE AR 9, PO EHEIE T 0. Wt LRE

100 4~ & S (Em: 600~800 nm) . [a] B X} K il AL A 21 4
MEWNKTFTHEM ST =MEHRE MG, &R
% 3. E 3R,

x3 ZHEHMUEER

Table 3 Third-order Gaussian fitting result
Ex/nm mETA R Ex/nm A R
200 0. 81 255 0.98
205 0. 68 260 0.92
210 0. 74 265 0. 90
215 0. 81 270 0.93
220 0.78 275 0. 96
225 0. 90 280 0.97
230 0.95 285 0.97
235 0. 96 290 0.97
240 0. 94 295 0.97
245 0. 98 300 0. 96
250 0. 98
8009 o
700
_ 600
< 500
g 400
= 300+
200
100
0k ——— pREADA
300 350 400 450 500 550 600 650 700 750 800

Em/nm

Intensity/a.u.

B3 MPHEMEHRAERELRKTHES LT
(a): FIEERT: (b): WIE)S
Fig. 3 Emission spectrum at the fluorescence excitation wave-
lengths before and after preliminary filtering

(a): Before preliminary filtering; (b) . After preliminary filtering

B 3 ATLIEHE 5 MR KM ESCR A A,
T LB HE R K, BIEAERE ., iR R KA
SR TG e ZE A0 e 52, IR R BR AT 5 N R K. & i
AE IR G 15 EEOHE R T 2L A5 B0 T M R A A AR R DG
B e . B3 45 T TAL BRI S R 98 0 B A 8] ki
TR R SRS
2.2 HE®EE
2.2.1 HiEm R EKRERER

o T B AL B 00 4504 SR I Wilks A {H3F 17 RRAE
PR, A EHET G X A & B sk 4. k4
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ATUEW, AP EERE ., P %S5 S AHENE
LA [ RRAE B R UK R 225, 230, 235, 240 FT 255 nm,

x4 FHBERR A EHFENEEEK(E)
Table 4 Excitation wavelengths sorted by A values

of two batches of banana

A AR o — i B E
B HEF i1 Ex/nm 36 Ex/nm
1 225 230
2 240 235
3 255 240
4 230 250
5 235 225
6 260 285
7 280 255
8 270 245
9 250 260
10 300 290
11 285 275
12 290 280
13 295 300
14 245 270
15 265 265
16 275 295

2.2.2 HAER AR BB R

F) I L R E R KRB AEA R S 1, 456 R
W& B pH (A A iS00, R PLS #EATRHE & 3
BB IR, R IEIETE 260~600 nm [AIFLELHE 171 4K
A RSTERAR RSO 1171, SRR, R Gt
K530 13 ASFRBER) 5 X ), ZZEAE N 12, B 4 4 T
A FE I & G O 1 R A D B R TRUIRE D0 o o A R AR 3R R G ik
KAF G YA AR AR RN 6] 5 DX ] 1) 28 630 11 44 0 AR 3 22
{5 (RMSECV),

I 4@ LIE B M HFEXRNE 2, 3, 4, 5F6
AT X RMSECV (84K, B BURE BE 20, B JL A
F X [) R A% (A B[R] U250 H 399405 A 00 i B AR 1k . #l BT 4 (b) AT
DELS - MEELBME 3 4 F XE M RMSECV {4 #
ik 2% B EIE I 1R AE 4 AR S AL W B R I8 A A
AN T B e R AR Ak, PR Ot 3 BBV At 7 A U 00 e A R AT R
S B AR X ], BRAS 3 ANFIX ] 316~342 nm, 15
AR . LItk 5 MR KT 14 4R 50
K, 370 MRHMEM K.

Ry BE 25 0 A3 B S A B MR O O g 14 SRR
RSP, BT Wilks A G831 5 %8 2 56 B4 T4 #1077 8 3 1Y
16 MR MK I, 8550 MK S Fiam. &S TLUAEN, i
JEARE T 3 A A MEBUNRHE B B . 225, 230 Fi 235
nm, PR 3 AN RAAE R B R & i 14 S RRAE R T i
K, 242 MRHEF K.

2.3 MEBMEERTME
2.3.1 B AEHZ
XoF HE Y 42 ASRRAE UK B OGS EOE AT RS

AT 28 5 2 22 1] A8 A B P A o TRt 7 6608 4 T e 80 1) ) K
SAERE . 5 T E AR BRI RIER
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B4 AHBELHAEFELHER
(a): FHAFHE; (b 5F_HFHE

Fig. 4 Emission spectrum feature bands of

S

the two batches of banana
(a): The first batch; (b): The second batch

x5 BMHBERL Wilks Bit A BHFERHL KK (Ex)
Table 5 Excitation wavelengths sorted by A values

of reselected Wilks of two batches of banana

A fH AR o9 A EORRE iy
B i e % Ex/nm K Ex/nm
1 225 225
2 235 235
3 240 230
4 230 250
5 260 245
6 245 275
7 280 255
8 265 260
9 300 265
10 275 270
11 250 285
12 285 295
13 290 290
14 270 300
15 255 280
16 295 240

Hi 5 TTLUE . Pt A s AR i RS ] (H R e 2R
AT T LA S B X G G R ) SO 26 . BT A E S W
e mE SO LIEH, ARG i R ER, #—it
TRAEN A 1, 2, 3, 4 RAGEA MRS, B H A8
—2&. ULHIHT 4 RAEFRA M BT, M5 5 RA SH4 K
R —28, UL AEAEHS 5 K PR A2 A . B B — L
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Fig. 5 Cluster analysis results of the two batches of banana
(a): The first batch; (b): The second batch
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Fig. 6 PCA results of the two batches of banana
(a): The first batch; (b): The second batch
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Feature Selection of 3D Fluorescence Data Based on Storage Room Gas and
Preliminary Early Warning of Banana Spoilage

LI Meng-li, YIN Yong”, YUAN Yun-xia, LI Xin, LIU Xue-ru
College of Food and Bioengineering, Henan University of Science and Technology, Luoyang 471023, China

Abstract In order to use three-dimensional (3D) fluorescence technology to realize early warning of banana spoilage based on
storage room gas, the storage room gas corresponding to two batches of banana with different storage dates were tested to collect
3D fluorescence data. Firstly, the 3D fluorescence data was pre-processed: to eliminate the overall drift of the scanning data of
the 3D fluorescence instrument, the drift of the obtained 3D fluorescence data was processed; the removal and interpolation of
Rayleigh and Raman scattering were handled by using the eemscat toolbox in matlab platform, which effectively eliminated the
adverse effects of Rayleigh scattering and Raman scattering; and the Savitzky-Golar (SG) method was employed for data smoot-
hing to reduce the influence of noise on the fluorescence signal. Meanwhile, the 3D fluorescence data were preliminarily
screened, the emission wavelengths with fluorescence intensity close to 0 were removed, and the more discrete excitation wave-
lengths were removed by using a third-order Gaussian mixture distribution to fit the emission spectra at different excitation wave-
lengths. Then, aiming at the feature selection of 3D fluorescence data, a feature wavelength selection strategy based on Wilks A
statistic combined with interval partial least squares (iPLS) was proposed. The specific steps are: step 1. using Wilks A statis-
tics to select feature excitation wavelengths, and five feature excitation wavelengths were preliminarily selected; step 2, based on
the initially selected feature excitation wavelengths, the iPLS method was used to select the feature emission bands in combina-
tion with pH and relative conductivity, and feature emission band including 14 wavelengths was selected at each feature excita-
tion wavelength; step 3, in order to further reduce the number of analysis variables, according to the selected feature emission
band., Wilks A statistics was used againto select the feature excitation wavelengths inversely, and 3 feature excitation wave-
lengths were finally obtained. Combined with 14 emission wavelengths at each feature excitation wavelength, a total of 42 feature
emission wavelengths were selected. Finally, considering the time-varying characteristic of banana quality during storage, with
the help of the 42 feature emission wavelengths, systematic cluster analysis (SCA) was employed to define the benchmark for
banana spoilage, and the cluster results showed that both batches of bananas had abrupt changes in quality on the 5th day of
storage. Therefore, the fluorescence information of the storage room gas on the 5th day was used to characterize the banana
spoilage. In addition, these feature wavelength variables were computed by principal component analysis (PCA), and the first
principal component was preliminary explore to realize early warning of banana spoilage. The research results show that the se-
lection strategy of feature wavelengths of the 3D fluorescence data proposed in this paper can effectively reduce the complexity of

the spectral data so as to facilitate subsequent analysis and the early warning method of banana spoilage is also feasible.

Keywords Banana; Spoilage warning; Three-dimensional fluorescence; Wilks A statistic; Interval partial least squares; System-

atic cluster analysis
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