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Table 1 Definition of mildew degree of dewy rice
BARE TORERT T R ETAR TR TR B
Degree of mildew Sampling time/d Sensory index Proportion of mildew granules/%  Total mold colonies/(CFU-g ")
R HR AT 0 P, LR G 0 10°~10*
SRR AT 1 K FOALRS 0~1 10*~10°
i TR e 7~8 HBLAIR AT MR 2 B ARG, S T R A (A 1~5 10°~10’
SRR ELEY 12 ~13 MK ERFEA K, MELEEHNME >5 >10’

132 RAsREHRE

TR SE G, B E T EIR 1 h AR
BEFaE. RER RN (25+1) C, HIXIEE N 20%~
30%. KA FERAEEBERE, Kl R H 5k
TG AT IE AN . ERHT e 2 i, IR
MELHAE ) BB RS TR, IS EE
AR J (1O P AR I B BEAL E . K TENSOR I AL f#
HL AR I 2T AN BE AT 1 h, BB e A
11000~4000cm ', ¥R 8em ', Hifi 64 K, FEdh
HEEFHR 3R, B,
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B B R A (L 3 NMER T RS B I B T B ECFIE A
) DA B R . T A AR T S TN SR
SN 2 fios.
134 #3% SR 6 REE0T

NT PR REREMRBERAILG], FrE ik
T S AL HHER 150 4 oK 45 B F A Al 150 HE B S -
300 ZHAE AL LA 3:1 B LUK 73 AR 4 (200 >) AR


http://www.tcsae.org

%43 FE B BT ORI BN IR R RS A R AR P 4 G T 301
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Table2 Sample information table of modeling set and prediction set of NIR qualitative discriminant model for rice with different
degrees of rice

AR A TRMAR i 2
Number of modeling samples Predicted sample number
FE i 2018 SEHFHT 2019 SE4HFHT L o g 2018 AEALFHT 2019 SE4LFHT e L o dhm St
Sample 27 % 275 L 7@5@1&&% . = 27 % 275 . j?wf*lé . 1% Total
2018 Mudanjiang 2019 Mudanjiang onyme Sng sram Muxiang 2018 Mudanjiang 2019 Mudanjiang onyng t(?ng.graln Muxiang
27 27 aromatic rice No. 1 27 27 aromatic rice No. 1

KRG FR- A 40 40 40 40 20 20 20 20 240
¢ 5 - B YT 40 40 40 40 20 20 20 20 240
4 - 7578 40 40 40 40 20 20 20 20 240
4 - 5548 5 Wl 40 40 40 40 20 20 20 20 240

*3 ETRMINEANBEREEENHBRANEEESTNEHREER

Table 3 Sample information table of modeling set and prediction set of NIR quantitative discriminant model for rice with different degrees

of rice
TSR T
Number of modeling samples Predicted sample number
P 2018 AF4LFHL 2019 FFALPHT KA ; 2019 4E4EPHT. RRIKAR Bt
N . ) [} L LY =] - - =}
Sample 27 %5 27 % Lonjing long %[ [?;i:mjg 202151/;!53_ E;iiiz = 27 % Lonjing long ij/‘[ FLL: Total
2018 Mudanjiang 2019 Mudanjiang  grain aromatic 130 1 & ;7 VAN 2019 Mudanjiang ~ grain aromatic ;o 1 g
27 27 rice : 27 rice ’
K FE- B 25 25 25 25 12 13 12 13 150
G G 9 9 9 9 4 5 4
4B 8 8 8 8 4 4 4 4 150
4 T -5 5 1B 8 8 8 8 4 4 4 4
1.3.5 E4rs S 2 ik 5 oA AR 7 ik EFGRAGE N, AMBEZKEEDTRME T ETF

KW F KA TENSOR I1 {8 BUH- AR S 20 sl fx fe B XSesb B AR SE IR, A EH RN
HEAE A OPUS 7.5 $HT RIS AL B 5 404701, DURSIIER L TRl A HoR S,
T AT M SR T T B 55 [ 5 % B4 R 2 B 5 3 PEAL PLS #5284 1) B FR AR 4 Y € 20 (corrlation
e R, HAREUSSE B S, N T4 e coefficient of determination,R”) « A% IE 3 7 % % (root
ek, M, R, SR T LR T AT R, mean square error of calibration, RMSEC) . Tiiill|$5 75 #i
AFERNPFATHAIE., KRBTk, —/ S84 F % 2 (root mean squared error of predicition, RMSEP) .
VB RN 2 R AT, ARG B 2SI AE 35 77 iR 2 (root mean square error of cross-

RV S, SRAIARAE S AR T ik pifh  validation, RMSECV) AIPEfE 5 fii %2 2 L6 Cratio of
BRI, B B B 5 B S 2 ) performance to deviation, RPD) ™. Jeft, R’ RMSECV
(PR B HEATUCHE, BEESHAE, UURR R, A RPD FE [ S WA RURS B 5 A5 € vk, 11 RMSEP I B 4%

1F i/ — i Cpartial least squares PLS) & sy PVBURISCAIME . RBR PLSR BURRLH % &% RPD A1 R, i€
PPk, ABFAS T EMA M (principal com-  RMSECV Al RMSEP, H RMSECV>RMSEP. M £
ponent analysis, PCA). $AHIE /4T (canonical correla- I RMSE MU SRS, RPD B, RPD i, fi
tion analysis, CCA) &% e A7 (multivariate 2 0 THEUHE0 22 4 s 1 RPD MR

linear regression, MLR), HHITETIHBREILLE KR, F4 FETMRESEEBENXER

M EIEER, FEH TIFZLE R 3, PLS 25 Table 4 Relation between residual prediction deviation(RPD) and
1FMZBREERA, 65 E R —HISERILHAR, % i A

LT PCA. ZH ALK HIELEL R (FRy PLS T RPD Model accuracy
SN R BRI A, TR SRR R B A 2 RPD<15 WA, LU T 52 A

N . . N e 2>RPD>1.5 PR A] T 5 A b

[f e (PLS1) BRdl4 (s PLS N7 By 22040, 2.5>RPD>2 T S A

N TSR P AAL, R TG M B 2 AR A AT VA 3>RPD>2.5 HERERLAF, U RASE RO I 471
SH (PCAY R FH T e M . 5 B — S 13, 3@ RPD>3 RS, R AT P T S B A b T

Tk B 2 AR R i Dy B/ ) B R gk 2D R R A A ER TR T 08 IEWR B AR DU REAR S

AN 2200 KR A A o {5 BP0 PLS DA vl R Z RN BE RS S v LA B e MR I Wl AT 4, 2
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S<UIf, RORPIRFEG Z MM R R, BRI
RORMZE ;s 2 S=1 1, FoRPIRFE R Z AR AHDI R &,
BRI SRR — M 4 S>1 B, FORPIFE SR AR B
MISR AR, BUEBOK, AR50 RO R o ) HE R R
IAEBR RSB, AR 2 S>1 MIZRE R, IR R
ol A 1 PR S P o

HRESH

RSG5 SRELNRAE, Fik, FEY
BEARBA AT R ELBRrEiy, B
FAFEBR A SZ BRI, 103X P9 AN BB 3550 1 20 A0 e 15 B 5
BRe (RN IE T AL AMGIE 5 45 F3 g A3 0 85 A0 ) S A 7
B, SIS FFERRARE S, RAP R R X E AR
FUR AR, A B3 T AR AR R S
2.1 ELIAMNKIES

B 1R T 45 R R IE A R &80 B P35 e ik
X el (1) AR ARG 4 B R B B A R K A TR
TER AN (5 AR AR, X eI A AL S T RE A
FARMIVERE. EERIREY, REEEMH TREEM
BV, (Al TR, SR SRR E .
NFRFHERLRE IR, AR 1% T 4 000~9 500 cm ™!
WRE I, BETF TR AR 9 500~11 000 cm ™' [X 42K

TE e VAR g S rp 3 S A v R IR A v VA
TASFETAE T BRI (R 5~E 6).

SRR, T AEAHE T A e AR I E AT
B RS e HEFRE B S o SRR TE— ) S 8- P Tk 3 s

2

kA

Sia R Tk, BRI RCR S, 0 TR )5
HER 2 IR 93.00%, KWL TV A8 A X 3 AN Al B AL A
FERIREL . RIH BT 7 A7 RE 6 SR IO S A RFAIE 32 B
gy, MARAE SR SR AT S R IR A, R IR < e
WEEAR. B, KA H-rE+ AR
4 IR BARE L W E M R it T v Rt

=

He foke A
*% ﬂi lﬂ% ’ j‘j o0 B
W B
— K4k F-F A No dew.-mildew 4 #5778 H fiDew-mildew metaphase
45 T - 5578 K WIDew-carly mildew stage -~ 4% - 48 Ji5 JJ]Dew-mildew stage

cCoLo -
—oihroanxmoior

%564 Absorbance value

5t E Absorbance value

000 9000 7000 5000
# % Wave number/cm™!
b. 20194 4L PHT.27 %
b. 2019 Mudanjiang 27

%% Wave number/cm™!

a. 201844 HT 275
a. 2018 Mudanjiang 27

o

2 14

co12

Q

£ o8

5 0.6

_ﬁ 0.4 4

@ 0.%

R 02 L L L

= 11000 9000 7000 5000

WA Wave number/cm ! % Wave number/cm ™
c. 4L d. JRERL A
¢. Muxiang No. 1 d. Lonjing long grain
aromatic rice

B 1 R it A TR F LN e eo b 3 50
Fig.1 Near-infrared average spectrum of different varieties of

dewy rice in different mildew period

®5 AEIEMLEN R ERERIEETE NN

Table 5 Effect of different spectral data preprocessing methods on accuracy of standard algorithm modeling

S {H S value FI I HER % Discrimination accuracy rate /% S B
X R k22 SR £ 2 2= R & 22 2R k22 AR 4 22 A g 222 -
ka7 2% kg OIEEE WG SRR g ea WEEEAE WEE-EE WEEEE g )i
I b1 J5 H# I b1 J5 A e
Pretreatment mode No dew - K . No dew. - K discriminant
. Dew - early Dew - mildew Dew - mildew . Dew - early Dew - mildew No dew. - o
mildew . mildew . . accuracy/%
mildew stage metaphase stage mildew stage metaphase mildew
TETAbEE 0.582 0.908 0.905 0.587 67 92 79 21 64.75
KEIH—1k 1.161 1.049 1.044 1.166 100 92 93 86 92.75
—Br S5 N 0.545 0.272 0.273 0.543 87 38 43 93 65.25
—Wr S H+9 P 0.776 0.414 0.412 0.773 87 54 71 93 76.25
I 13 0.947 0.532 0.532 0.942 93 77 79 86 83.75
—Mr 17 ST 1.035 0.604 0.604 1.035 93 77 86 86 85.50
— FE R+
s T 1.109 0.974 0.974 1.109 93 92 86 89 90.0
—Mr FRE+RE A+
o 0.635 0.359 0.359 0.635 93 23 86 100 75.50
—Fr FRE+ R E A
13 P 0.806 0.493 0.493 0.806 74 77 73 72 74.00
—Mr FRE+RE A
17 P 0.909 0.609 0.609 0.909 69 62 78 78 71.75
ZHr S HSs AT 0.089 0.072 0.072 0.089 0 0 7 0 1.75
TS ST 0.098 0.076 0.076 0.098 0 0 0 0 0.00
M S 13 ST 0.131 0.091 0.091 0.131 0 0 0 0 0.00
B S e W= e 0.194 0.121 0.121 0.194 0 8 0 0 2.00
Zr RE R E A
S T 0214 0.179 0.179 0.214 0 0 0 14 3.50
ZHr R H R E A
o 0.153 0.124 0.124 0.153 0 0 7 0 1.75
R
13 5 0.144 0.111 0.111 0.144 0 0 7 0 1.75
SR BT+
b 3B R EIR 4 0.180 0.130 0.130 0.180 0 8 7 7 5.50

17 5P
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Table 6 Effects of different spectral data preprocessing methods on the accuracy of factorization modeling

ST FTAER %

S value Discrimination accuracy rate /% T;i%%; ggu
S OSE i b ghgE AR ghEE AR gEem AR LhEE BN LEEE AR phEE e A
broteatmanmode | KAE-GE HUEE ARAE S SEAE g e SRS WEAS AEEE S avenge
No dew - 7 e H7Y No dew. - 7 i ki discriminant
. Dew - early Dew - mildew Dew - mildew . Dew - early Dew - mildew No dew. - o
mildew . mildew . . accuracy/%
mildew stage  metaphase stage mildew stage  metaphase mildew
Jo sk EE 0.942 0.530 0.533 0.945 93 77 79 86 83.75
KA1 1.091 0.812 0.812 1.096 93 62 79 93 81.75
BSOS ST 1.042 1.042 1.127 1.204 93 100 86 86 91.25
—M 29 TR 1.013 1.013 1.128 1211 93 100 93 86 93.00
—M S HH13 ST 1.001 1.005 1.129 1.213 93 100 93 79 91.25
—r S H+17 s R 0.998 0.998 1.122 1.202 93 100 86 79 89.50
. /\‘ D =N =
@'E%%?ﬁf§§%k' et 1.138 0.942 0.942 1.138 95 92 86 9 92.25
U E pX Va ~E|' —_
g %%&;ﬁf; LR 0.974 0.974 1.109 93 92 86 94 91.25
U E pX Va ~E|' —_
g %%+?f}éj s 00 0.978 0.978 1.100 93 92 86 98 92.25
U pY Vi E|' —_
g %%+?$}éj e o7 0.979 0.979 1.097 93 90 82 100 91.25
IS HS CTE 0.403 0.057 0.057 0.216 7 0 21 0 7.00
ZH S E9 AP 0.655 0.100 0.100 0.445 73 0 21 0 23.50
S H+13 ST 0.651 0.434 0.434 0.651 87 15 43 71 54.00
ZIh S 17 mCE 0.888 0.666 0.666 0.888 80 85 57 100 80.50
— 1/ EL 3 =g
—H Er;ff%.f e g0 0.001 0.001 0.008 0 0 7 0 1.75
— 1/ EL 3 2
—H @;95119%%)3 0005 0.005 0.002 0.002 0 0 7 0 1.75
— EL ¥ e B —
i ﬁa“??j‘féj s 0736 0.424 0.424 0.736 67 0 50 86 50.75
— B e —
- %%+?f}éj e s 0.707 0.707 1.045 93 38 79 100 77.50

22 GEBEATRBEREEEMEENET BrRm AR R, IR — R EL BRI ERNZ

76 CLBRHE S35 o A 5 i e R R p (3R 5D,
REREH AT T SEBI KT 1, e
L ERA MR R IEITX 9, B4 A
SIERR R, N 92.75%. LA TA0I% 40 bt B 5 PR A 7Y
(R 6, —Ir SR MBS B S
AR (S>>0 — i FH+S SoFE/9 SFEA3 AP
HET L G R RS A RIS BRRE M ZE R &N, R
TIEASE TR B RG5O I A B4 v A R o T A
93.00% (—FrFH+9 S+ 5, XUl —Fr
S ET U R A I R AR SRS () B AR R B ) ) )
FesE MR U

GEEORA, Ak bR i Sk L 4% T 4 R A R R
SEPERIRE B0, X AT R Tk aT AR OG5
A3 2 5 BRSSP I
FOERUN, $REUF G5 B A 2

K 3509 2P0+ R Ty 2 S AR R
SR 2 Fror, REHEX S ERAENAREEREE,
RO e, RE “SR-BETa 5
“EE-ETHHT MAEES, XWRESEREKEEM
NToHHRZER Ko FEA db PP AR PR SRR IX B oy B9
Hredggm, RHAE CREBR-BL M 4R-H5EE
W BN,

23 SEFEASELHNEEEBNEN

K FHAS [ 1) e vl o Ack 2 77 5 T R 5 o B

EOWRENER 7 iR, GRER, DNEATHGHE. JH

TCHU R IESE T 00 AR AR I R PR B . (H SR T Filsdk
SR AURE AR M N R M S, KR
ik B/N-BORIH— AR 2 ST R IE S 1R L

45 - AR AT
Dew-early mildew stage

o A1
Muxiang No.1

L8 Rehh-B% . KRR
L6 T No dew-mildew “y Longjing long grain
Lar aromatic rice

o 20184 PHT27 5
2018 Mudanjiang 27

+ 201944 HT 275
2019 Mudanjiang 27

Hie- R e

53 PC 3(10.15%)
f=]
~

70'2 L

—04} Dew-mildew stage
06} ) - )
—0.8 Dew-mildew metaphase
— 1 0 1 1

12 06 0 0.6 1.2
F 2 PC 2(88.22%)
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Table 7 Effects of different spectral data preprocessing methods
on quantitative analysis models

PR E AR -
LT SBIEN o mw
Spectral pretreatment method RMSEdV Dimension
T AL
No preprocessing 0.576  0.866 5 9 2.74
TH IR Bl
Eliminate constant offsets 0577 0.8657 9 27
W AR LA
Subtract a line 0.599 0.8555 8 2.63
KEH—bi%
Vector normalization method 0546 0.8797 9 2.88
=S O NE Rl A7
Minimum-maximum normalization 0.542 0.8816 8 291
method
Z LU R IE
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—Br FHs SO
First derivative +5 points smooth 0801 0.7415 3 1.97
— M S8+ R
First derivative +9 point smoothing 0.774 07584 4 204
— S H13 RUPH
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— S H17 RUPH
First derivative +17 points smooth 0694 0.8059 7 227
TS s RO
Second derivative +5 points smooth 0352 07129 3 121
e ER Y
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ZI A3 AU
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— I S E R E L9 P
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+9 points of smoothing
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—Br PR E TS ST
First derivative + vector 0.769  0.758 0 3 2.08
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RMSECV }0.546, R* ~0.8797, 4%~ 9, RPD 42.88.
S Z RS, BRAAFKYTRREZE (RMSE)
MR {H, 1%E+% RMSE ik R® i AR E i e 44T
T 24 50 ) 3% 45 T e S R R TR ) B R MR R RN RE AT, ek
Gl P E R E, AT IR S, IR E
AEBN 9 IR ME R e dd . Kk, PLS AR EHCHN 9.

IR R AL B PLS & EA M A RS
B 74 B0 5 00T 4T A6 T A et g RN 3,
AN IGUE S FOAE S SO B AR AE LA 2R, SRR
AR M o AN [ B R b ol 1) R 4 A % 1 T S X
B A5], R IHIE LA 45 A PLS AR A ] 5 G il
SBBAMEESE, B2 “ERRT M CRRT FERR
ML /N,

*8 RIERHEENTEENERE

Table 8 Precision of the quantitative analysis model after correction
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Vector normalization method 0470 0.5045 3.24 0450
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Minimum-maximum normalization method
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Multivariate scattering correction
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Rapid grading prediction of mould in rice grains based on factorisation
and partial least squares algorithm

ZUO Feng' , HAO Zhenyu? , ZHANG Caidong' , DONG Zhihao! , QIAN Lili** , ZHANG Tao®,
LIU Xingquan®* , ZHOU Guoxin*

(1. College of Food Science, Heilongjiang Bayi Agricultural University, Daging 163319, China; 2. College of Food Science, Jiangnan
University, Wuxi 214122, China; 3. National Food and Strategic Reserves Administration, Beijing 100834, China;
4. College of Food and Health, Zhejiang A & F University, Hangzhou 311300, China)

Abstract: Food spoilage caused by mold has posed a major threat to grain quality and national food safety. Mold can also
produce mycotoxins damage to the nutritional value of cereals, and even be harmful to human health. It is highly required for
efficient and reliable detection. Traditional detection of the mold in grains can often involve time-consuming laboratory tests
that rely heavily on specialized equipment. It is very necessary to realize the rapid on-site assessments. Alternatively, near-
infrared spectroscopy (NIRS) can be expected to rapidly detect the mold of agricultural products, due mainly to the detection
speed, non-destructive testing, repeatability, and easy online analysis. The purpose of this study was to establish a mold
detection model in rice using NIRS. A systematic investigation was also implemented to rapidly distinguish rice from the
different levels of mold. A dataset of 960 samples was taken from four varieties with different mold degrees (2018 Mudanjiang
27, 2019 Mudanjiang 27, Longjing long grain aromatic rice, and Muxiang 1). Qualitative discrimination models were then
realized for the different degrees of mold contamination. The first derivative was combined with 9-point smoothing and
factorization during preprocessing, in order to obtain the qualitative discriminant model with high accuracy. The mean S value
greater than 1 represented the excellent performance to distinguish between mildewed and non-mildewed rice. The accuracy of
the model was further verified by a leave-one cross-validation. The accuracy reached 93%. In addition, 300 independent data
sets of rice samples were also utilized with the different degrees of mildew. The total number of mold colonies was
quantitatively characterized using NIRs. A discrimination model was then established by vector normalization and partial least
squares (PLS) method. Some indexes were calculated to evaluate the accuracy of cross-validation root-mean-square error
(RMSECYV), determination coefficient (R?), and performance deviation ratio (RPD). The prediction root-mean-square error
(RMSEP) was also used to evaluate the accuracy of the model. The results showed that the values of RMSECV, R?, RPD, and
RMSEP were 0.470, 0.904 5, 3.24, and 0.45, respectively. The first three parameters indicated the high precision of the model,
while the latter indicated the high accuracy of the model. Therefore, the improved model with high accuracy was achieved to
rapidly predict the mold in grains. The mold was the main influencing factor on the variation of the NIR spectrum after
optimization. On the contrary, there were relatively small effects of rice variety and harvest year on the spectral characteristics.
Therefore, the NIRs can be highlighted to detect mold contamination in rice, regardless of variety or time differences. This
finding can provide a strong reference for the rapid prediction of the mildew degree or amount of rice in different transportation
using NIR spectroscopy. Online real-time monitoring equipment can also be offered to monitor the grain mildew in containers.
Keywords: near-infrared; spectroscopy; classification prediction; paddy; degree of mould; total number of bacterial colonies;
vector normalization; PLS quantitative analysis
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