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W EREBHFRFIEARE (Alicyclobacillus acidoterrestris) R 3| AT H T E 2 AEY, N LR LELIEFR
FMAE AT POARNE, ARAELIILERRET PR EEFRRFATALSSOEL, RARER
(autoscale) . % TH4TA £ (multiplicative scatter correction, MSC) . A7/ E A % # (standard normal variate,
SNV) . X4 #4t (detrend) 3FREstiTALIE, Lo FiH &S, MERAIREERIIEFRFIBATELSE
FMABEA , Ak b, s bk b B L ISR BR S AT A TN B AR, PR A — PR AL TN
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(partial least squares, PLS) #7348 o BR £ J6 3R BR 5F AT B & = 09 T 0N BOR AR s 0 4F, #2522
(prediction determination coefficient, R *) &Ml 7 4ki% % (root mean square error of prediction, RMSEP) %7l
7 0.733 #= 0.242 lg CFU/mL, #AA%} \/ffmf\f‘ (relative percent deviation, RPD) # 1.919, 4 AR AE A 69 75 i% £
(mean square error, MSE) 4T 0.0046~0.0300 lg CFU/mL Z 8] ; #) % 4&i% £ (root mean square error, RMSE)
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Growth Prediction of Alicyclobacillus acidoterrestris in Orange Juice
Based on Near-infrared Spectroscopy

ZHANG Jiawen, LIU Jiayuan, FENG Yutong, SUN Jiayi, ZHOU Binjing, TU Kang, PAN Leiqing’

(College of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Alicyclobacillus acidoterrestris is the dominant spoilage bacteria resulting the deterioration of orange juice. To
simulate the growth of Alicyclobacillus acidoterrestris in orange juice, near-infrared (NIR) spectroscopy technique was
used to predict the content of Alicyclobacillus acidoterrestri in orange juice. Different spectral pre-processing methods,
including autoscale, multiplicative scatter correction (MSC), standard normal variate (SNV) and detrend, coupled with
chemometric regression were used to build the prediction model of Alicyclobacillus acidoterrestris in orange juice by NIR

spectroscopy. Based on that, the NIR predicted colony data of Alicyclobacillus acidoterrestris was used to develop the
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growth model of Alicyclobacillus acidoterrestris in orange juice by one-step approach. Results showed that, PLS model
established by spectral pretreatment after Autoscale had relatively good prediction effect on the content of Alicyclobacillus
acidoterrestri in orange juice, with the prediction determination coefficient (sz), root mean square error of prediction
(RMSEP) and relative percent deviation (RPD) of 0.733, 0.242 lg CFU/mL and 1.919, respectively. Four different growth
simulation models gave satisfactory predictions, with MSE values from 0.0046 to 0.0300 lg CFU/mL, RMSE values from
0.068 to 0.173 Ig CFU/mL, AIC values from -66.383 to -53.944, respectively. Correlation analysis was performed between
the four developed growth models based on the NIR prediction of colony number and the growth model constructed by
plate counting method, and all of their correlation coefficients () were higher than 0.900. Particularly, the Huang-full
model had the best ability to describe the growth of Alicyclobacillus acidoterrestris in orange juice and showed the best
fitting results. Besides, the good reliability of all developed models was verified by accuracy factor (Ay) and bias factor
(Bf). Accordingly, this study indicated the potential to use NIR spectroscopy combined with advanced chemometrics to

describe the growth prediction of Alicyclobacillus acidoterrestris in orange juice.

Key words: Alicyclobacillus acidoterrestris; near-infrared spectroscopy; growth model; one-step approach; food predictive
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iR BB ZE AT (Alicyclobacillus acidoter-
restris) , MPRWE R R, ELAT it B 1R 1 ek, AN
AL BENE A 2O T v ik % v R 2K B, T BLAE
pH (B MR Syt n] DIAREF A KT, SRyt 7E
Ayl ) S TR I RTINT, RHR A0 s AN S TR AR
32N, AH R TR LA RR ZEAAT PR G TR | i
o TP EE . SERPTIPE SRR, L ZEA AT DAHCHTIR T
FEIN T B O R R R WA T ok, TRl B3R
FAE Y, FRE P AR IR P A I, REMER T XUBR
FEL BT, HH R - AR PR ZF AT PRl S 30 SRR
T w R, VP2 MR 45 SR B, 12 2R
R ZFFRAF PRI 12 S0 AT T ARG Sh A 7 A T4 72
S RN = P d tpieti1955 2% o e Rl S e e= 22 v P DYl i [<E 2
TR ZEFEAT R R (AR SR V25 AR FIBEAR 1) 2L R, S 7E
vt A i Tad Bt b 75 2 TR ) B e . ZF
FRH & SR o A R AN P B LI, (R O 2o it
Ptk FERR T NG PR ZE AT R QT 2577 A= — Lk
R P4 SO, AN 2 TR A B BRI, R AEIFRNS
I —E RS, (H AR R AT — Lk
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H = LR F R RS IR A AN = P AR R B =2 1Al iy
F R Gompertz B4 | Baranyi 1% & Huang #5%
HU SRR B FH ORISR — S s ml 2 F SR A
BRI ZR R — AR P S ), 25 AR
AGAY i 7 TG 7 RRAET T TR A R — Se B iR
BOR AR S I AR AR T
IMTHAE P F LTINS . IRAE A K ESET 1Y
RO 2 ZE R A W RO AR TR (1) 4 e e i A 7 T
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ST REETT TR AP, (B R LB A - B P LA
SCERAE LR A TR S T R s il o

TRl A= By FROMASL Y )2 o FH T8 Sk 4k, 1H
AR SR AE G IR G IR A @sr U7, A5
VESZ 2%, H-HAEW 2R ). LRI Ak sy
TSR E A P TS A (R B SRR . AT T AN
FEIR I RS HTLT AN E AT DG = 18] i 7 [l A —
Fh 79, T BB EE | 28RS, ANTHFERE S, A
BAIR, A B — B [a] AT LSS Al 2 A R4 248 A i K
m, H HAER S R AR s Az vs gy, ek 12 A
TR SR AR AR . 25 5B A S
A IREA I T LT A G B LA A4 FIZH A B AR K,
KL, BEARAIYCIE SRS BB ES B Al i
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VAR T AR PR ZFAUAT B DA I SR -

K, AT LA T o %0 42, 38 1 0 2 7E IE
HESIBE MRS R, 4. 20, 40 °C =FlORIFHR
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T NSRRI SRR, ARSI T S ATl
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1 MRS
1.1 MR5EE

12 -+ NE IR ZE AT B8 (Alicyclobacillus acidoter-
H A4S CMGCC 1.1801, 3K H 1 [FE %
AW AR RS P 2R B s E M A Y s, E 4 C
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AT (Citrus sinensis (L.) Osbeck) WJHFRHET X
XGRS ERIEEAL XN ; Bk o«
WA R A RS W BAT #5383 H &kt
B Tolb el AE AR A BRAE]

BANEER S TN TR R R RA F LR
JIZERK WA PIGRZERSTI) s ERER R
6 AR DA RS A MXW-20DL Ui
BERGAL  BLFF UL ARAT BRA 7]; ANTARIS i HL
PARIT LT AN GHEIY 35 E Thermo Nicolet 23 H] .
1.2 KWHE
1.2.1 AESACERS RN PR T R PRI 2F AT T B
MR EIRRA G RIIREL, T 40°C Z&F R 1SR 24 h
AR, FEARR S T U T RGE LS, oA
BHER KR AL A TR - N PR 2F AT B Tl il R 2 U
ITVEFEHE = 10°~10° CFU/mL, 1.

PRIE R/ NS B Brief GRS, 15 VE. KR
Pt FHZAR R ik T, SR IR R 3
AT KBEALPEC . FETCRIAEE T, B¥rid by ig T A5 EAmR
ZEFUAT PR BB M AT, I 10 mL B9 L0 48 3
4753286, A4 B D IR 7B AR B, 5T 4. 20, 40 C
FATE VRS FRAE TP 43 I 9 288, 120, 46 ho 7KL
FEHTEGE OB AR B E . 5 ARSI AE S T4
SIS GIERIN AN A 4 S A
1.2.2 #AEYEEMNE IR R, 45 10 mL
FRE S I E T IO A, N A 90 mL Az HEh /K %
W, IR EIR G OR G345, 35 H IR IR 216
FFREWR o 35 F8— 8 iR RE B MR T3 B, LE43% 2~3
ASEIEIAREE, B 100 pL 45 T BAT #5355 |, T
40 °C THIRBEFRFE D REFR(48+1) h JF A P8
1.2.3 AEZIAMDGE N SREE B Antaris 1T {8
AT LT AN R R FE R A, S TREAS IR £ 4 b
SCIEEHR I REE . REIGERTLAS SN T i 7iE
FOGEERAE, BUARRIELRE N iR AR T IR 415 Mg
SOCIEAT, B R AR 3 Ik, BUL DG
T ERZEEAR T R AR S . SRS ITHSEOR B
R FRERECH 32 IR, i 3E 8x, ArFERN 16 cm ™,
T BEE A 10000~4000 cm ™'

1.2.4 IELaSMGREEARAAI 5V Uk a4t
TETRALIRTT LATE BRI | B0 BT, A3
SR AP TIAL BT Bl FE AR L (Autoscale ) . Z2T0HT
B34 1E (multiplicative scatter correction, MSC) | FrifE
1EZAZE e (standard normal variate, SNV) | a3k
(Detrend) . HH, FrifEfk (Autoscale) 1] LA [R] A5 52 E
AR AR L, 3B A AR B 2 (W] R EALA
AN TR] T 5 | A A A EE A [ i T 200 R o TE 25 A% 4
(SNV) R RAXT AR S AN 5 S 3 s i i 5 2 19 152
ZEHATRLIE ; Z 0 IE (MSCOVEFH ShnifE IEZR
AR (SNV) ZERIP; b (Detrend) 7T LK 4T
SN TEEAERATAA S0 sl b, IHBRIRBEHER R T A

PR e S nd e,
AL £ 4R e B R o, B/ e vk
(partial least squares, PLS) s&—Fg ) v i FH I £
AT, iy A RO IS IR YRR 1) 1, S
P GCTEER i R 46 Al 4R, BIRARYERL IE e &
#(calibration determination coefficient, Rcz) NSRS
7E Z2 % (prediction determination coefficient, R *) . 1
IEH R 1% 22 (root mean square error of calibration,
RMSEC) . il ) J5 4R 12 2 (root mean square error
of prediction, RMSEP) Fl A X} 43 71 % 25 (relative
percent deviation, RPD), XY (1) Tl t4: G E47 7
Hro ALY R, R,>0.9 H RMSEC 5 RMSEP %5
JINBSE, T RATA SR iz A A ) ME R R L PR RE AR E -
RPD — & TIPU AL i T GE 7, RPD = 1.4 IR
BERIAT 4T, RPD<1.4 N5 B IZAR RN TT H] T SE BRAe
A BRI, Horp, o R TR 2E R Ay
W2 TR == (1) L (2) . B FTRP,

_ Z?:l(yi B Yp)

R = (1)
2 (yi—y) A
1< )
RMSE = 1/;;(yi—yp) X ()
SD

A y AREAR IS y, ARSI y,
FEASTRIIAE; SD Ay I BE iR + 5 B IR 27 FAT 1A & 5
FABRIEZE
1.2.5  “— 2Bk B SRR
1.2.5.1 —2RA5ERY AL SRR TA: P TR0 A ASE — A fel
FAWGE, RIS ke e — AR R N — A, e
SIRNTEF S AR IR 2E . 2B B LR YR
KBHR A b R R A, TR A — AR R
TEAEER RZERPN AT N, XA P i A T
W RHEG . B, 207 T A By 4 s
R A

iR T Hg MR 2 AT IR AR T P i AR R i e 52
PR L Fe O A RR e B = B, R, 2EHR
Huang % 71257261 R No-lag phase f& 1 2728 {5 —
PARRRAIARTR T NE PR 2 AT SRS TP ay AR K,
Huang BRI 5 RE WLE(4) . (5)F11(6), No-lag phase
R 7 R WL (7 ) o

Y =Y, + Yo —Infe + [e¥m —e¥0]er=B0) 3 (4)
1 14emtd

B(t)=t+—In—— £ (5)
a 1+e
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A= X 6
ﬂxﬂ)&
Y () = Yo+ Yoo —Infe” + ("= —e¥)e™=] 3 (7)
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Y 7t BSZNZH B e B (Ig CFU/mL) 5 Y, I AR BB
A 19 A KM (1g CFU/ML) 5 w0 R A B B KA K
A (h )5 t ] (h) s by AR TR ITAR RS AL @
m HFRE

1.2.5.2 s
Ratkowsky /7 HREEAUPT F1 Suboptimal Ratkowsky
SV T7 HRASE RO A Dy — ARASE RISV AR T R R IR
AR 25 AT B AR R R A2 IR Ay s2 e . Herp Full
temperature range Ratkowsky = J7 MRS Y (14 J7 F2 W
T (8), Suboptimal Ratkowsky ~“F-J7 ARABLTY (1) 77 2 Ul
(9.

453 32K Full temperature range

Vi = a(T =Ty [1 =" ] X (®)
VMmax = a(T_TO) ﬁ (9)

HH, e AL E R AR HTZR (0 )5 T, WA T
MRAEAIREE (°C); T, WA B B S AR IR (°C )5 a0 R
FHU, Ratkowsky P AL AY T, HARHE = L E/Y
FBARAAIE IR E, — BRI T PR A S PR E R R
A B AR A IR
1.2.5.3 ¥k 77122 (mean square error,
MSE) . ¥ 5 #31% 2= (root mean square error, RMSE) |
IR BN (akaike information criterion, AIC {H)P!
PPUT AR s A Sl B, Hat B A an=(10) .
(11). A2 PR,

MSE = RSS X (10
n—-p
RMSE = RSS 2 (D
n—p

AICZIﬂn(R—SS)+2(p+1)+M
n n_p_2

X (12)
b, n Sy SEDUAE Y # i s RSS S5k 2277 Fil;
p BRI SRR A
BEH 2 AR (4. 20, 40 C) R FrvEK
B AR i NG AR R SR iR, IR MER
X+ (accuracy factor, A,) Ff 2= K+ (bias factor, B,)
PRI AT SRR A FNBA%0(13) . (143145

0 16 /Ny |

A =10 " = (13)

ZiL e iy /N o)

B; = 10 " A (14

FCH: Ny ARV E A SEIME (CFU/mL) 5 Ny R
BB TIINE (CFU/mL); n osS2Bk .
1.3 B

AAF5ER ] Matlab R2016a F11 WPS office Excel
ST AL BRI LT A M CREE; SR FH T = 24 &
FHEAF IPMPGlobalFit XF 4% 71 1 B2 + I 2R 8 2 1
AR AR B R A T LA AL EE, 5FH OriginPro 44
TEE.

2 HBRESH
2.1 ELISNEEFEBIRIENL

FAMEEE (4, 20, 40 C) BRI RESL R LA BE S
FEANE 1 AR, 7E 4000~10000 ecm™ GBI, AN
[ A PR T AR i 2B JEAS AR [R] R GRS TE A, a3
FAR—3, LA I i & SR X-H(X=
C. N. O)#R 3 i A5 4 W s 55 & 5 R e B, i 2 O-
H 3 W 6 7E 3590~3650 cm ' &b, HHIE 1 H0, 7F
P 8000 F1 10000 ecm™ Bz BH S iy Wi hoilgs, HL s
(B AL 375 G AN[E], 8500~9000 ecm ™ A4 B i B 45 PR
2y, /ETF T RSB 4k .

4
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S
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BE]
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~ — 24h ‘ﬁ\\
= — 48h [
paR Il — 72h )
R 00051 96n a)
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1 AN PR B TS G
Fig.1 Transmission near-infrared spectra of orange juice
samples at three temperatures

R T LA [R] g FA FE T T = AR BE RS TAE
it R T IR PR ZF AT B AL PERR A 52, o =
ANTREE R AR S T INAS DGR RIS S T A B, =
AR AT SR GIE T A ) S 5 i e i v
AFAE/ DB I e 85 R S 1, AR 0S5 Br
722 (Principal components analysis, PCA) X =~7
PSSO GRS R A TIHA T 5 W (E S5, AR sy
HERASE .
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¥R IEAE S IEAE 2 LT 311 iy Hbfi =
WAsAT Matlab H 47 FIBENLETE DIRBUE U o3 SR 4%
R, Hirp 60 MEALH SIS IESE, T4 20 DEEARZH S
JEEE, WIER 1 R, = MR IR THRE A IEAE TR
T NEEARR AT B 5 i/ MBS 2.259 1g CFU/mL, %
JAE A 5.449 1g CFU/mL, “F4Y(E N 4.233 1g CFU/mL,
BRAEZEN 0.479 1g CFU/mL .

R EANRERETHE IR S R
PR R ZF AT iR 5
Table 1 Content of Alicyclobacillus acidoterrestris in the
calibration set and validation set of orange juice samples

at three temperatures

P2 + JE PR 27 fU AT 7 7 £ (Ig CFU/mL)

LS SR S

B/ ME BRME FEE S teiEE
KIES 60 2.259 5.449 4.233 0.479
Btk 20 3.686 5397 5.220 0.169

K Autoscale, MSC. SNV Detrend Y6 4t
S S35lEESr PLS WUMAELRY, S s g4 K G $R 4
S, b = AR R TR S P R R IR 2R 1
AR S 5y PLS AR AN 2 Fio .

#2 SRR, T ISR AR PLS
Y A T 25 5
Table 2 Results of PLS model for Alicyclobacillus acidoter-
restris in orange juice samples at three temperatures

; 2 RMSEC 2 RMSEP

BULER Ty R (Ig CFU/mL) % (Ig CFU/mL) RPD
None 0.875 0.226 0.677 0.269 1.726
Autoscale  0.878 0.224 0.733 0.242 1.919
MSC 0.893 0.209 0.649 0.289 1.604
SNV 0.893 0.209 0.649 0.289 1.603
Detrend  0.873 0.228 0.712 0.254 1.829

R 2 FIE 2 AT AR Y, AL 3Ty AN [R], X
U SCIE S SSCRALAT T AN W], P85 18 1Y TIAL By
EA RS UGERRI R PERE . SRR S AR G
PR AR He, FH MSC Fil SNV i b B J5 45 i fi4 R 2
{EAR T IE AR GRS A, fH )&t MSC il SNV Ti4b 3

T p=0878
| RMSEC=0.224 Ig CFU/mL
—
E st
=)
B~
Q
20
= 4 L
=
;E_S

3 L

2 3 4 5 6

S (Ig CFU/mL)

%12 Autoscale-PLS HEAUAE IR + BE AR 25 AT P & ==
AT R P H R P

Fig.2 Scatter plots of measured values and predicted values of

Alicyclobacillus acidoterrestris contents estimated by
Autoscale-PLS model

JEAREALEY R? AN RPD (LA 0 Ui S s, Fnil
M AE . {HH Autoscale #ll Detrend 4b #E )5 5
WGP S AR RY R ARSI T IR SC T AR A, AR
RPD HJ7E 1.5~2.0 Z[H], FMZEHRARGF . 2545 HeEsis
i Autoscale THANFH 77 25 5 57 %A 150 T30 -4 B AH o)
BAE.

FIHITLLA MG i 7 AR A P4 | v
A TCHAS I T i, BA T IZ N TR . B4R R
JHIT LM i 3 i PE A SR R AN [H]
WE TR A ERT 4 01, VEI 353K 5] 93.75%, FRWId Hint A
LTINS CIE LS5 Z2708E T AT AT LAXT RERR N AR AN
R ERRR A T DR AR 1 501 . A7 D) N7 T R TR T
PR LTS MAEAG IR, I HLXS WE R TR I N Y

BITPRIEA TELA AT, WFFE R AT LTSGR T

LSS 9 22 TS A TR 26 A 7 DR 3 48 5 AN I . Mengshi
SOV I R B AT LA M GRS B A AT LU ] 51 SR
THES PRI AT TS5 Y. skt FHITL5h
YCHE ST HORWITE T SR AR A S A b
TrAE 2R ME PR A, O i — A T B G S
B i 42 5P 2R b R T R RO DU AR AR B R e FR K
h0.921, N ERAZ SR 56 ) TN AE TR 2280 0.907,
RMSEP 4 0.264 pg/L; e K/ NA-— ik Piab B
DGR HV R AN IR b R T e A SR i PR R
Bl 0.935, NERES USSR il e phre 22450 0.927,
RMSEP “} 0.532 pg/L, 5T R AT LN GIE Bt
ARBEAS T SR AR A - R P R R R
PG

ASBIFFE e R =AU BE AR T i T R IR AR
ZRAEAT B A JEUGCIE S 7. 09 PLS BEAY R 2 2 0.677,
RMSEP 4 0.269 lg CFU/mL, RPD & 1.726; 4 fh <
[5] 7t Ak #8535 HP, Autoscale FAL B G 1% 5 & 57 1Y
PLS R IRATXT #24f, R,? 24 0.733, RMSEP Xy
0.242 1g CFU/mL, RPD & 1.919. UiBHFI L £1.4k
I S T H AR AN AR T RS AL i R T IR ER
PR AT B I AR R AT AT .
2.2 ETFRLISNIETUNEE B E KRB E

P2 = NS B R 28 A AT T 1 W8 IR, FEARIR PRI
AR L2 B, FTLA 4 °C BE3Rw0 i, Ryt RE sl i iR
T NERIR 2 AT R A BRI A R ., AR SRS
WA P, AH AR TR e 8 . HIEFRIRE N 20,
40 °C I, B3 rh PR T DB PR ZEFRA B i A 1K P BGEL
B, AR 588, GRS fr b | X BOH s e 1)
=B

ARSI 2 B 3 T 5 R XA B T AT
SISCTEAC T F A v H R R EAIR ZF AT B R R AR
AT TG, BI—SR AR — AR ZH & e
AR R 4 O R S S Y
AR, 43514 Huang-Full temperature range Rat-
kowsky PR (AT 2465 N Huang-full AR ) | No-lag
phase-Suboptimal Ratkowsky &7 (744 46 5 A1 No-
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sub 157 ) | No-lag phase-Full temperature range Rat-
kowsky 1A (744 465 7 No-full #5%!) | Huang-Sub-
optimal Ratkowsky A% (47 44 45 5 > Huang-sub £5
L), XF 4,20, 40 °C AAF T OGS FT R A B A 1
B HE BT oA, B AE S A e 8. S5 R sk 3~
2% 6 FR.

M 3. 5% 5 A%, i Huang-full 228551 No-full
FEALALLG AT P R L IR B IR 28 AT B 1 e IR A
AR 10.30 °C, S B KRS 58.40 F1
59.20 C. PIRPEAUG T ERA KRS 5.41
1 5.47 1g CFU/mL. ¥&5& 4. 3% 6 1%, i No-sub &%
TR Huang-sub PG AR 7T PR IR 281
PR AR AR A R EE 5l 11.20 #1110.70 “Co Pifp

A5 A 1 18 B R A K e B 435 ol 5,350 5.33 1g
CFU/mL. #atrsenl i, 1 + B8 MR8 25 Ao AT B mE 12
T R, R — P AR R 4 8 2 PG RHE B, A pH Y I
7 2.5~6.0 Z 0], A RKIEELE 25~60 C Z[H]PY, 15
JFREE 25 351 1 8 A5 B AR v R R I B B 14 2B KR Ry
28~60 °C; 53 B WG IR T P B 14 AR 1 IRE o 24~60 °C,
I FL3 ok g7 TR HR B 1) A AR, ABRUE BRAR Y
A=y R ASEIRY F FITIN HE BR U R T T A B 1) 1 e R A B
HZh 660 mg/L. 155 il i IR A A E IR
TR - R ZE AT PR A s i, 75 245 IR
AN EAAEDRERT, 12 BRI ZE AT B 04 B A T
ik 7.06 lg CFU/mL; 2455 37 3% 1 3 2B 22 1 hn 2|
2 g/L I}, P - NE IR ZEAEAT B 1 B AR Bk 7.66 1g

%% 3  Huang-Full temperature range Ratkowsky #1122

Table 3 Parameters of Huang-Full temperature range Ratkowsky model

2% T il BETFR LR A
MSE RMSE AIC r
a 0.0285 69.3 0.00 1.00x10°° -154 155
b 0.033 234 0.00 1.00x10™° -521 521
T,(°C) 10.3 2140 0.01 9.96x10" —4760 4780
Tpnax(°C) 58.4 67100 0.00 9.99x10"! ~150000 150000
A -4.07 415 -0.10  9.24x10™" ~96.6 88.4
m 2.09 113 018 857x10" 23 272 00046 0.068 ~ ~66.383 0963
Y, 4(lg CFU/mL) 3.37 0.991 3.40 6.72x107 1.17 5.58
Y50(lg CFU/mL) 3.81 0.936 4.07 2.24x10° 1.73 59
Y40(lg CFU/mL) 422 0.882 4.79 7.35x107* 2.26 6.19
Yimax(1g CFU/mL) 5.41 1.22 4.45 1.24x10° 2.7 8.11
#% 4 No-lag phase-Suboptimal Ratkowsky #5152}
Table 4 Parameters of No-lag phase-Suboptimal Ratkowsky model
2% fik RRRE AT P BHTFR RELR A
MSE RMSE AIC r
a 0.019 0.00626 303 8.95x107 0.00556 0.0324
T,(°C) 112 2.46 456 445%107 5.94 16.5
Y, 4(lg CFU/mL) 3.2 0.737 434  6.83%10* 1.62 4.78
¥, (g CFU/mL) 3.8 ol s3a Lodxio* 23 a 0.0300 0.173 -53.944  0.907
Y40(lg CFU/mL) 3.98 0.644 6.19  2.37x107 2.6 5.36
Yimax (1g CFU/mL) 535 0.566 9.46 1.85%107 4.14 6.56
%% 5 No-lag phase-Full temperature range Ratkowsky #5244
Table 5 Parameters of No-lag phase-Full temperature range Ratkowsky model
2% fiki RRERZE A6 pft BT BHEER il
MSE RMSE AIC r
a 0.026 96.3 000  1.00x10° -210 210
b 0.0332 370 000  1.00x10° -807 807
T,(°C) 10.3 3270 0.00  9.98x10™ -7110 7130
Trax (°C) 59.2 112000 0.00 1.00x10°° —243000 244000
Y, 4(lg CFU/mL) 3.17 0.749 424 1.15x107° 1.54 4.8 0.0131 0115 60915 0920
Y 2(lg CFU/mL) 3.72 0.775 481  4.29x10° 2.04 541
Y40(lg CFU/mL) 421 0.735 573 9.53x10° 2.61 5.81
Yimax(1g CFU/mL) 5.47 1.82 3.01 1.09%1072 1.51 9.43
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Table 6 Parameters of Huang-Suboptimal Ratkowsky model
2% fikE R A8 pfit RETE RELR P
MSE RMSE AIC r
a 0.022 0.00923 2.39 3.44x1072 0.00191 0.0421
Ty(°C) 10.7 231 4.64 5.72x10™ 5.68 15.8
A 1.16 2.04 0.57 5.79x107" -3.28 5.61
m 0.602 1.15 0.52 6.10x10™" -1.9 3.11
Y,,4(lg CFU/mL) 33 0.876 3.77 2.68x10°° 1.39 521 0.0106 0.103 65168 0-949
Yg20(lg CFU/mL) 3.89 0.871 446  7.76x10™ 1.99 5.78
Yy40(lg CFU/mL) 427 0.706 6.04  5.86x107° 2.73 5.8
Ymax(1g CFU/mL) 5.33 0.543 9.82 4.37x107 4.15 6.51
CFU/mL. JEAREAEC il wF 5eps v vh 22 TR 55¢ )
G368 B B 20T T 2 K AR B, % B Y R Tk ae et
HE Sy 100% i, BB e 2 F60FF 14 10 24 1K 9k 1 240 2 22
4.18 g CFU/mL. ASHF5EH, Huang-full %1 F1 No- § 45
full AEERILLE H A IR - NS IR 25 FAT B e i 2B K IR 2 RSN A
HEFISCHRPEE, FL 4 FIvBOR 4 50 09 S IR I g e T e
B R L - No-fullli)
Z% MSE., RMSE., AIC Ji- W/ B 8 01 2505 132 sol==/ | 7 Nosubfll
(TR G0 (DRI, AL A RS G . T A
VL& H, Huang-sub 52 7 FI No-full % % 1) RMSE. o
MSE. AIC AT, J6 43525 5, 7T LATA A 2 Rl sa 20 -
AT LA AP 2 T LTS IR T P - B R 27 2
FEBAIO A I I 2k . 455 IR No-sub B, Hfih z 4
3 PRI REAR 4 ML 1 N8 BRI 2R AT B i A 2 aal = TETAMTIN TR
., HL Huang-full BRI 3 FHEARAHELE /N, BT 2 ”gxgg;gﬂg%
G R . PRIARE T H AR, Huang-full £ ® 40 7 ~ - No-fullfi
PR BT A5 A R S o 1R o1 1 - BSR4 AT v o NosubBM
BB . KT AT SIS DA T v v S ke OB N
{4 DU Fof A AR AR 55 S A A0 S ) A AR TR 4551 oe
AT AR M5, 7T LA Y Huang-full AR A4 #2114 Tl
FE 55, 7 oM 0.963; No-sub 15 51 #4) AL (14 A5 514 'q; s,
BAK, » S 0.907. BEYSRTL, 4 FASRY A AH S RS 2
KT 0.900, H. Huang-full #8280 R A o 248 . LA A
I, T DLW T £ 4 MG O s s Fod s i A K E Huang-full %)
BB, AT LT P B A TR L HEERR Eear  Hang e
LR R 00 AR AR ol 2 -- Nol-sub@";’jfg

MR LLAP N RV HTE 4. 20, 40 C 51 F
W S R v P - G PSR 2 A4 B 17 B T 25, 40
JH Huang-full % & | No-sub 1% i | No-full 4% U F
Huang-sub AR AU -G 15 B A K ph £k (Un&l 3 s ) o
R 15 SRR A T, B GRS E A0 i s
(46, XTI PN BRI A KR B A TR B 1 T
[0E:=

X T LT A MGG ARAT T DA 7% Z5ORA R (A AR R A T
BOUE, BFSE R 0L 7, AT 4 BRI A TE
EE (4. 20, 40 C) Z&1FTF, ITLLAMGIE T 45 21 7Y
P v R - R PRI 2R HUAT B TR VS B A FIB AH .
27 AT, PP ST AR RUA AE 1.014~1.103 Z [H], B,

6 1.0 2I0 30 40 5I0
IRFE] (h)
P34 RN R IRLEE 50 T 4 I 2EA DG S i
TR IR PR I AEAT B A AR R 2k
Fig.3 Growth curves of Alicyclobacillus acidoterrestris in
orange juice predicted by NIR spectra under different
temperature conditions by four models

£ 0.971~1.074 Z[a], H#BEET 1.000, LA L
JIT ST AR T SRR AR e AR . AL, 4 S
TE 3 A B FEAA A LA ROR, 7T AER
G- PR T R R S R PR IR ZE AT B 7R AS [ s
BE R BRSNS . UABHIT LTSGR AR B 4
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Table 7 Validation results of four models under different
temperature conditions

B
4°C 20°C  40°C 4°C 20°C  40°C

Huang-full 1.056 1.020 1.018 1.038  0.981 0.985
No-sub 1.090 1.033 1.043 1.063  0.983 0.992
No-full 1.103 1.017 1.014 1.074 0995  0.991

Huang-sub 1.062 1.037 1.034 1.044 0971 0.978

SRIFER A TR RE Y Fh R - IR PR 25 FRAT B IO T 7 A
e, HEST P00 bR 7 B AR T AR o
3 Zig

WFFERE TRV PR L IR ER IR ZF AT IRITE 4. 20,
40 °C X 3 M T IR LTSN GRS RNSTHR bR v TR
AR AL, SR — X L0 A MG
T RV Hh R - IR PR 2 AT B 10 A KRB A
3T, 435337 T Huang-full #£% | No-sub A5 7Y |
No-full £ %IFl Huang-sub B g5 R0, 4 Fp i
AL Y i MSE {H A~ T 0.0046~0.0300 1lg CFU/mL
2 [a]; RMSE {HAT-~ 0.068~0.173 g CFU/mL 2 [i];
AIC {H A T—66.383~—53.944 2 ||, H. Huang-full %
BIRY 3 FhFE AR ARECE /)N, B USRI T P iR g
IR ZFAOAT B A A Y BRI, 7EAS [ RE 25 7F 48
GRS o P UT LN CIE S RAS P B v KR L i)
4 Fep A AT 5 P M B2 A e il AR AR 5 331 i
FTAH S 438T, HAH S R A RTF 0.900, H. Huang-
full BRI YFLE RO . RIUH, AT LATE R R T2l
BT T B 7 RS T 1 A AR, AT DA IR T
A IO A T T R R AR 2R AT B 9 AR A
U TR EE A AL A B (HPE TUGUE, IESASARY
Yy RA REFrml SavE . WFEas R A b
PR T NEFRIR ZF AT IR TS A it 275, (BAESRR
A R, B AR A R A AR R R A AT
AET AV P A2 B 1 & B8l o sl i
TS T £T A MR L, D) 25 mel A R F) TR A
B
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