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1.1 ##

S AR AR R R VR T2 R . PRt R TE B A . &
FBHRFHRNBFERHAE, &t Co-60 FHHF (15kGy) K
WG R AR B CE T 4 CHIET, 4.

1.2 BRERES

ARG TR W W= R A A B (AL Slavus)
3.17, M (A, flavus)3. 3950, ZF4 1 B (A, parasiticus)
3.395, 2F 4 it & (A. parasiticus) 3. 0124 F1#% il & (A.
ochraceus)3. 6486 . B P & W T [E b st AL gy BB R 52 B » &
F I #4 B 4 BE BUIR (potato dextrose agar, PDA) B4k |
FEAik o S TIHT . 2 BN 2] PDA 597 5 178 26 ‘CHi 3R 7~
10 d, g oK st i 5. B R B RHE R IR R T B
P B E 50 mL R . @ PO O S R IR
£ 10° CFU.mL ', £ M.

1.3 7k

R TR 120 fy 50 g WK AL, B 10~
100 p L 25 FR B A 8 B 7 9k s 20 ol 35 b T b 5 TR B0 98 T
VR 10 L TR L 06 OB T A TR, 26 C,
80 26 AH X 1 B2 (RED A58 9 d, B 3 d %42 e o R 85 0 i 76 A=
F WS T o307, W AT B B 0 dRE G P RTVE R
BT 2.7 Log CFU » g1, RIBFEAERE . 85 0 d 1k
AR X A, TR R R E TR E AR T 4 CHE
T, &

SR FH i 3 R A W ALK 03 A6 26 I ORIAR . B A P g
WA BCE N 5], R AT R R L A E TERL23ED
CIF2h HEMRAMBIER. 2/ MB3600 T it 21 40 615X
(Quebec 24 ], E KO F1 InGaAs Y H K £% (ABB-Bomem
AN IO AR G RN, G HAERTRI S ¢ T
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HHRBBGEER 2 12 000~4 000 em™', 4R R 4 em™', H
il 64 EY L BERNEE A 3 U, BOF IR AE S A8 2R b
i

I [R) i 780 st 300 76 A2 v B 94 B B0 I S IR GB/'T 4789. 2
2010 HEATHRAE
1.4 BiRSHH

XHEFR 0, 3, 6 F 9 d ANIE B BefE AR BEATOLIE R . R
LG M O B X NIR $o8iE E A7 2L B, Oy 19 B B 2k i
B . AL RS ORI R 25 . R 2 S0 MU AR IE (muldi-
plicative signal correction, MSC) Wil 4b ¥ 75 ¥, 4o i3 = 4
43 ¥t (principal component analysis, PCA) #2 B 3 % 5 95 Jf: HE
W 8, )5 24 B B At d O A 5 TR AL 0] 43 BT (dis-
criminant analysis, DA) X855 3% 4 4> B B 09 16 A A= KR 00 ik

FFIX Ay s )5 ok e B /s 3 1] 03 43 M (partial least squares
regression, PLSR)XJ 76 4= o I ¥ B 5 i 47 2 = v b . AT
PLSR 43 #7 i), EARBAE A GG B /R A AL 7, 18 3% S8
PER AR i, P 2/3 RERAE AR 1/3 MR A T4
PPl PLSR g PERE 46 AR A« A S E R B (correlation coef-
ficient of determination, R®)., # B # i% 22 (root mean
squared error of calibration, RMSEC) | il ¥4 J5 8 i& 22 (root
mean squared error of prediction, RMSEP) | 3¢ H. 56 UIF #] J7 /R
1% 2% (root mean squared error of cross validation, RMSECV)
FIR) 4> 750 00 g 2% (residual predictive deviation, RPD), H
RPD Jy 5 o fii 22 5 F000 35 5 AR AR 22 19 Lo (6 . DA By M s 7
TQ Analyst v6. 2. 1 (Thermo Electron Corp. , Madison, WI,
USA)Y R AT .
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Fig. 1 The raw averaged NIR spectra of peanut samples infec-

ted by 5 different fungal species
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Fig. 2 Spectral changes as A. flavus 3. 17

grows on peanut samples during storage
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Table 1 Functional groups and vibration modes of NIR spectra

WA/ em ! ThE R B
8 549 C—H (HC=HO) it 45 45% 3 T — B A5 03
8 248 C—HUE M) 16 45 4% 3 e — A 48
6 975 N—HEH D) il 45 9% 2l B 5 43
6 069 C—H(CH;, CH=—CH) 1 45 4k 3l S A5 430
5790 C—Hg M)

5 736~5 396 C—HUEM) il 45 4 3 A% 35
5154 O—HGK) A

4 940~4 484 N—H, =0 (HAk) 1046 3% 3 S — B A5 95
4329 C—HUEMD o5l 4R 3 B Z B
4280 C—HUEM) il 45 45% 2
4262 C—HURM) 251l 4% 3 B B £
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Fig. 3 Mold count of S fungal species in peanuts
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Fig. 4 PCA analysis of spectral data of

total fungal species in peanuts
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Table 2 Discrimination of training and testing sets of DA analysis model of

5 fungal species of peanuts during storage of different days

FBLYL B 41
A ELES B MR PES FE IR AT GRS B MRS FE IR AT GRS
i/ /24 i/ /% i/ /24 i/ /%
wih g 3. 17 24 24 0 100. 0 24 24 0 100. 0
WM E 3.3950 24 24 0 100. 0 24 23 1 95.8
A hE 3. 395 24 24 0 100. 0 24 23 1 95.8
M 3. 012 4 24 24 0 100. 0 24 24 0 100. 0
HEth % 3. 648 6 24 24 0 100. 0 24 24 0 100. 0
AR 120 119 1 99. 17 120 119 1 99. 17
5 g A6 e 2 R A T AR 9 o R i AT 4T o os
T/ 8 4 P 2 5 U5 SR E O I ) 25 S L A6 /R R 8 34 )
0 d I ERI AL, B 3 d IR S HTRE BN 42 5 6 A 0o & o
O d BB ARG LR TT BLBC 40T, A 120 AN BE T 808 o
DA B, BT L ASRE BRI X 4+ il 3 38 R GE I AT 1 o £° %
AR B K 4, WEB K B 99.17% , % BT DA 4M47 AT a 4 ° o
AR 7 2 52 B R e 1 AT X4 2 o
2.5 PLSR &3#1 E o
PLSR 43 H7 FLAT fR 38 0 B0 A J1 .+ % — 2 91 [ 245 ik o 42 5 i .
B 76 A5 AT T P B, BAJE P 95 B MK (Log o 8 o % osd
CFU « g ") W SE i AT BERE . 26 3 91 th 46 28 b 2 e T 25 44 o Otigg 3%0&;%0
169 d % 91 1A PLSR 43 7 45 BL. 82K 0 Rp A A1 /b 1y o8 ° e
RMSEP {f [ Wb R EE 0F . 26 3 7T LU 4 1 4 i 4 401 1 1 , , , , ,
R AR H Ay = Fh 85 1 4L/ . 27 4 Ml 8 3. 395 41 RM- = & '?chﬁonf . -

SEP {7 0. 107 Log CFU « g "W R FH A WA B4,
A R A 3. 648 6 S 3. 17 AUTVE M AU R . Hig
73, 648 6L TN A 45 SR W WAL T ¥ i & 3. 17 4. PLSR
R A S AN E SR X Iy N S Al
PLSR 4 M6 A4y, b 2 3. 648 6 41 Ay H B 4 15 151 0l 4
W 73409 7, EH#%#HEE 3. 648 6 2019 RMSEP {E 3% T 25 4 i

BS RETSHBEREEBMARBRETH DA 147
Fig. 5 Total fungal species of peanuts using DA

analysis during storage of different days
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Table 3 NIR spectra prediction results for mold count of peanut

samples infected by 5 different fungal species

TR L e o
R R RMSECCOE pxomm mT R el e owm WE CFU-gh N

> g ) CFU g™ D)
wrph 4 3. 17 0.737 7 .310 0 L7377 0.776 1 4 0.674 9 0.357 0 0.7334 0.695 2 2 0.414 0 1.67
#h A 3.3950 0.889 3 . 147 0 . 8742 0.3340 5 0.872 3 0.161 0 0.907 2 0.254 0 4 0.229 0 2.62
27 & 3. 395 0.947 2 .102 0 .946 8 0.151 5 5 0.944 0 0.107 0 0.9855 0.043 8 5 0.169 0 4.01
M E 3.0124 0.912 9 . 1300 .914 0 0.2459 5 0. 900 6 0.141 0 0.976 7 0.083 6 5 0.187 0 3. 04
i th 7 3. 648 6 0.975 6 .093 8 .976 2 0.077 6 7 0.968 0 0.161 0 0.9319 0.242 7 7 0.181 0 3. 87
B PR 0.9237 . 152 0 L9239 0.2224 12 0.874 1 0.2850 0.8856 0.346 5 12 0.276 0 1.92
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Rapid Detection of Toxigenic Fungal Contamination in Peanuts with Near
Infrared Spectroscopy Technology

LIU Peng', JIANG Xue-song'* , SHEN Fei*, WU Qi-fang’, XU Lin-yun', ZHOU Hong-ping'
1. College of Mechanical and Electronic Engineering, Nanjing Forestry University, Nanjing 210037, China

2. College of Food Science and Engineering, Nanjing University of Finance and Economics, Nanjing 210023, China

Abstract The quality of peanut products were rapidly and non-destructively assessed for storage and edibility safety. Near infra-
red spectroscopy (NIRS) was applied to develop qualitative and quantitative methods to determine the toxigenic fungal contami-
nation levels in peanuts. Firstly, clean and fresh peanuts were sterilized with Co-60 and inoculated individually with five common
toxigenic fungal species in grains, namely A. flavus 3.17, A. flavus 3.3950, A. parastiticus 3.395 0, A. parastiticus
3.012 4, and A. ochraceus 3. 648 6. The samples were then incubated for 9 days under suitable conditions (26 ‘C, RH 80%).
Secondly, diffuse reflectance spectra were collected from peanut samples in the wavenumber range 12 000 to 4 000 cm ™' at differ-
ent time during the inoculation. Analysis models were developed with principal component analysis (PCA) , discriminant analysis
(DA) and partial least squares analysis (PLSR), respectively. The results showed that the inoculated different fungal species of
peanuts can be effectively distinguished during different storage periods. After peanuts samples were incubated for 0, 3, 6 and 9
days, the overall classification accuracy would be 100% and 99. 17 % for the treatment of individual fungal and total fungal spe-
cies by using DA analysis models. PLLSR models were also developed to predict the number of colonies of peanut samples with the
coefficient of determination of the validation set (Rp) of 0.874 1, root mean square error of cross-validation (RMSECV) of
0.276 Log CFU « g ! and residual predictive deviation (RPD) of 1. 92. The results indicated that the NIR technology could be
used as a reliable and rapid analytical method for determination of fungal contamination in peanuts, which could realize quality

and safety control in the process of storing of peanuts.
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