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Storage Quality Change and Shelf Life Prediction Model of Oat Fresh Wet Noodles
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ABSTRACT: The work aims to construct a new radial basis function (RBF) neural network shelf life prediction model.
The microbial, physical and chemical indexes of oat fresh wet noodles at different storage temperatures were studied, and
the main factors affecting the shelf life of oat fresh wet noodles were screened out through Pearson correlation analysis.
The remaining shelf life of oat fresh wet noodles was predicted by models of microbial growth kinetics and the RBF
neural network, respectively. The microbial growth kinetics model could not fit the change of the total bacterial count of
oat fresh wet noodles very well, and the prediction accuracy was poor. On the contrary, the relative error between the predicted
value and the actual value of the RBF neural network prediction model was 2.66%, which was very little. The RBF neural
network prediction model is effective, which provides a certain reference for the future prediction of food shelf life.

KEY WORDS: oat fresh wet noodles; storage quality; radial basis function neural network; shelf life prediction model

FHEAZ M SN AT P 2R D SRR, R R PG
XA £ — , e A S I e 2 Ay /N |
KA o #EZZ By B-D RIRAE, AT LARR AR AR [
BEACFME SO, 385 K AR ITR . 8 H
Bi. 0B, e KRR Al M A
BN AT E IR R . BT BRSO, T2 B
HEED, N R, h TR RS MEY
A A R BEAH, e A B0 T 2 R A S TS I X 2 ok

Wim HEE: 2023-03-14

AP AR ST A B L BRI | KRR KR
JE. pH fH. 3T ENRK BN, FEM 0 5
AR BT A o T SR TN AR A T AR F5 3 6 PR 2R ok Tt
B i R AR BT A o T AR B A R R R
SRR bR, IR IIT K — A~ ] S A AR B Ok T e A
E TN SURTAT EPSE 8

UG, T80 i A9 5% S 000 75 00 468 25 22 R 4% e gt
R, Ak gl )y 2R ( Arrhenius BB ) R

E&mA: R EEHL R (2018YFE0206300 ); E RITAN—RE K FFHFF6 3 A% (ZRCQC201805)



- 76 - 1 %% T %

2023 4£ 10 A

K 2l ( MM | B IER Gompertz £5%
B BIER) Logistic A1 ) 251451 BRI 0K &,
& G B AE S 22 1) R . AL 581 b 401 0 A A fg 31
FldH AR, ATRe A TR A &l Bz RIEE,
W2 B B SR ) B —F8 A8, ANBBIE N R A2 2
0L WK EERAR . T4k, NTHERE (Artificial
Intelligence ) FIL#F2%>] ( Machine Learning ) . 4%)
12 I T T G 3k A AR H ) A 1) R R R 8
L8 AE T BRI Oy T R B T .

12 v) ik pR B A 242 M 4% ( Radial Basis Function
Neural Network ) f&—Ff i 2447 N T & 04 %
T M ik 22 P 28 o RBF A28 I 28 ZE Tl T A 2
TRACH, T H R O £ A BT AR I A AT %6 #E . RBF
o 25 DO 5 A5 1R T DL v B b G A 2k pR A, XN T
T e Az AR o 3 T ) BT AR AR R, DX e AR
CAnYLEE . WREE. pH fH) S it (584e) 2
() % G 2238 o AR Gt o A I T ) D 2R 1 A7 B R
AR, I RBF #2245 A R0 ] LA 350 4h B
PAT I R o RBF #5048 45 70 HL AT PR 1 3% ) 2 >
e, AEAE PR T Mo b T A= 00 T ) S AR . S
Pl Ao 25 ) 285 R U A LY, RBF 148 W 8 M U KA 5 &
AT o X L DG AR G TR 108 25 B 45 s o B
FERTGE , PR AN [ I8 il 85 7He 22 A4 e 380 1t Jo 1) A2
FERLEE, IR 5B S BT dE bR i sr. RBF #2845 %
DR FUMARE T . JUCh RBF 28 X 255 6% ZE 0 3 i) 455 74
R LN LS %

1 K&

1.1 ##

FER L. WEER (BEAT 11.2%, B 7.2%,
WKL EY) 63.8%, ¥IANFESE), IPEEFEKL
BIRAF; NER (BA 9%, IR 1.5%, #kik
G 75%, YIhFESEO, PRER () FR
N AR (R 77.5%, 1815 0.7%, KIS
Y 12.8%, ¥R, HEEEERLARA
A BRI . SmNPLANE, S AN Tl e
HAEM ARG RATF,

1.2 %35

FEALAS: DT-6D BV IR BN, AR
HLHL XA PRA ] SPX-150B B AL R4, K
B FRA T s LHS-2413 I TR T S 2805 K
By, TUR LRI ASMEHC AT R F ;. YP200001 UHL
FRF, LSRR A FR/A F 5 Scientz-04
RIFAT s, TR 2 A YR e A BR A T
VL-888D Z i 45HL; 100~1 000 pL BASHE n] JHFL G ;
TMS-PRO BIE it #ri, S2E FTC A F]; Y98109
A pH 11, BrmaKAFm FRHE A FRA R ; LHS-10A R
BRI EAL,  EIE TR A FRA T

1.3 MELASEEMGIS

1) FESAIH A o AT B I is g, TERIR
SCUGHT, KRR A . SRR, WAL, DL S AR
FEE T JTHE | PREE SR R S 75% (IR 40)
RS B9 B2 PR BRIFF VL 2 Wk, DAMAIERRVE RS Tk, i
R A . HEER 140 g, /INEK 60 g, B
ek 14.9 g, ZEMEIK 74 mL. B4 FRE G AR R TR
ZMLHT, BRI A T AL 5 B 2 S K AR,
Bahm &P, 493 15min )5, HWSEVLAS .,

2) FESBOALEE o RO B T AR 50 g AR
A (PP) MR EEE (19.5 cmx13.5 cmx4.0 cm )
W, RGBT R ENLAYRE R B B A SR
AL EEHLHEA T AL (R FA 4L 70%0Y CO, + 1R R
B 30%AY N, ), f2E5EEe s, PrimiE, B A ks
Be e A7 A= Y T

3) FEA ARG K 2% 5 BB B 2 37 A= I AT 7E
3P (5. 15, 25°C) Rk, Jf4EPE 24 h ¥EA7
T B AL PRI A0 4R 3 AFATIRE
1.4 F5HRE9NZE
1.41 WMEWHNE

Mg GB 4789.2—2016 )7 2 5E B 75 M8, AR
P& GB 4789.15—2016 ) 7 10 % 75 18 AN RF B 80,
1.4.2 BFHNE

B B T 45, AEBR 24 h (0 253000 5 He
B AR A EN, JFiest LT,

1.4.3 pHHIME

Bt &R T 4%, A A pH 3 FINSEE TR 2R pH {EL
1.4.4 KEBINE

B3 g SR TR A, DR K 40 5 1Y
D2 T AR K 4y o B 1 g PR rp 9 T 4507 T8l 4T
B, FHZK 16 BEASGHEA T o
1.4.5 ZEESFHHNE

B 25 my, A 500 mL #EsKH, EHl 2 min J5
B, ZWAWT, B TIE4CE 10 min, RIS FRE,
CH mye IHEZEEWAE W, W (1),

w="2TM s 100% (1)

m,

HUE 25 10 g, A 500 mL #sk e, &l 2 min
JEEE . ST B 100 mL TEshRr, Ber R
BN myo BRI BERE, 78 105 °)CFHtT £ i
THE , PER A myo 28R C IR I 2 ),

_(my —m;)x5

C x100% )

1.4.6 R4
K TAO.x 3k, MR TPA (100 N),



a4k oW

GER, e M B

{ERFEA s, JTEERR JCHEFE N 100 N, 53k [0 7 2]
FEMM R RN 15 mm, AR 75%, K6
4 48 mm/min, F4H 14 0.05 N,
1.5 SRZRHEATINAER )
1.5.1 WEMEKHHFERNEE

BIER) Gompertz 1% | Baranyi %, EIERY
Logistic 15 2 5l i £ 5 il E 9 2F K it Ze i 28 B
., A IE R Gompertz £ ILE (3),

Nt:NOJr(N _NO)X

exp{—exp[2.718,,,, /(N = N)x(L—1)]} @
Ko ¢ NS No AR TR & S A Niax
NI BETE B, ptmax KR AR R,
Baranyi f&%I i3 (4 ),
N (2)=N, ity XtHn(exXp( = pt, X2)+exp(—d) -

EXP (Ll XT —d ) —exp(—d) |(4)
exp(N,... —N,)

s d IR AR AR a0 5 ETHT I A SRR

BIE ) Logistic BRI W= (5),

N=Ny+(N,p —N,)/

max

{1 +exp [4,umax /(N,

1.5.2 XM H

Pearson FHCHM: AT & —Fh gt ik, H &t
2 MR Z Al M CERFE RS . W H] Pearson £H
A A B TP AS T I 8 3k BT e A7 A= i 30 T P TR
SVECS FA PR FE AR 0 AH S o
1.5.3 FZEERHHEMEEIEE

14 ) B R S 28 9 2% ( Radial Basis Function Neural
Network ) s&—F 1 2417 N T E el U T v
FHZ W& B 1 B/ . RBF #0200 25 T A A — fi%
M3 JZ4IaL, AR . B&ZE. fhET, fbfilhk
PN %5 2 N R EZTveA ) A DN = i e o D S X 3
ABRFZ . BEFEE RBF Mm%kl , REZE
FIHSOE RBUL (S B, IR B Ao B 702 .
i R A, SRR LE RT3 AR
HECA, SCHLRBF fHZE 28 BRI A e 4

i 2T RBF i 285 D00 28 T A5 781 o 55 J2 () J8000% pRERC,
— 15 BB T RS R B 2 RO R, WL (6,
P, (X—cl,)=exp[—%||X—ci"2j i=1,2, ...,n  (6)

X X WEIEREAR; o WBREESE i MRk
PRACEE Pol s | X —c | A9ER, SRR R B R
ARG R OIS o S R Oy 22, R

RBSCHE I3 A 4 73 HOREE , BIVES 4 A4 o) % R RS 9
RBF #1200 2 TR AL A i s 93158 00X (7)),

y=S0 (X —c)wrb 1.2 oo )
i=1

XP(— Uy —d)) —In| 1+

—N)x(-1)+2]} ®)

IS A 5 T TR 5 s
LN = P
=Ll THEL S VA
£.'9 i iy

AEN
e ]

P12 o] 5k R R 2 0 2 454

Fig.1 Structure of radial basis
function neural network
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Fig.2 Changes of microorganisms of oat fresh wet noodles at
different storage temperatures
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Fig.3 Changes of color of oat fresh
wet noodles at different storage temperatures
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Fig.5 Changes of water of oat fresh wet noodles at different storage temperatures
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Tab.1 Pearson correlation coefficient of each index and total bacterial count of oat fresh wet noodles at
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e i

o 25 °C 15 °C 5°C
%iﬁ Gy TEH faiﬁ Gy TEE faiﬁ Gupy
T 7% AL 1 15 1 27 1 51
G bie 0.570" 0.027 15 0.395" 0.041 27 0.207 0.145 51
L -0.891"" 0 15 -0.769"" 0 27 -0.454"" 0.001 51
pH -0.824" 0 15 —0.454" 0.017 27 -0.541"" 0 51
K5 Fr —0.242 0.385 15 —0.746"" 0 27 -0.172 0.227 51
KA B 0.321 0.243 15 0.523"" 0.005 27 -0.373"" 0.007 51
AEWKFE  0.164 0.558 15 -0.233 0.243 27 -0.332" 0.017 51
EEMIE 08367 0 15 —0.704"" 0 27 0.660"" 0 51
i -0.371 0.173 15 0.607"" 0.001 27 0.571"" 0 42
it -0.678"" 0.005 15 -0.414" 0.032 27 0.103 0.515 42
J R P -0.565" 0.028 15 0.502"" 0.008 27 0.317" 0.041 42
NEL I 1 —0.525" 0.045 15 -0.052 0.798 27 0.131 0.409 42
T *FIRTE 0.01 KV BFMIE, *FIRTE 0.05 KV BFMK,
x2 FmMEAEEEE—WHEAREE
Tab.2 Normalized sample data of oat fresh wet noodles
HEA G5 I 1k T 78 B L pH HAEBIRE Pl B A
1 0 0.106 4 0.99 1 0.242 4 1
2 0 0.106 4 0.9713 0.9355 0 1
79 1 0.985 8 0 0.161 3 0.454 5 0
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Tab.4 Relative error between the actual value and the predicted value of oat fresh wet noodles at different storage temperatures

P 5 UL PR B /d HHR R A VAN /d FAST R A BT/ KR
EE/eC SR 1 B 1 2 V% sghR2 Wil ZE 2% sSppRE3 BE3 % 3%
0 1.58 0 0 1.58 0 0 1.58 0
1 1.58 57.94 1 1.97 97.25 1 1.59 58.57
2 1.92 —-3.78 2 2.09 4.51 2 2.6 30.05
3 1.92 -36.08 3 1.59 —-47.16 3 1.75 —-41.62
4 2.52 —-37.04 4 8.73 118.3 4 3.31 -17.14
5 2.77 —44.64 5 8.23 64.54 5 7.18 43.66
6 6.22 3.66 6 8.34 38.95 6 2.81 —-53.14
7 5.23 -25.33 7 7.11 1.6 7 7.41 5.88
5 8 9.83 24.1 8 8.94 11.75 8 11.56 44.53
9 11.66 29.56 9 9.43 4.81 9 9.54 5.96
10 10.66 6.63 10 11.32 13.2 10 5.21 —47.92
11 8.87 —-19.34 11 6.08 —44.72 11 5.35 —-51.41
12 12.59 4.88 12 9.89 -17.55 12 9.02 —24.83
13 12.69 -2.35 13 9.98 -23.25 13 11.33 -12.85
14 13.13 -6.19 14 12.06 —-13.86 14 12.37 -11.65
15 15.56 3.73 15 10.3 —-31.34 15 13.68 —8.83
16 16.17 1.06 16 16.19 1.18 16 16.26 1.61
0 0.17 0 0 0.16 0 0 0.15 0
1 1.69 69.16 1 2.23 123.41 1 2.31 130.64
s 2 2.32 15.97 2 2.31 15.71 2 2.34 16.96
3 2.55 -5.03 3 2.51 —-16.18 3 2.45 —18.31
4 3.68 -8.03 4 3.38 -15.6 4 3.04 —-23.97
5 3.5 =30 5 3.5 —-29.99 5 3.5 —-29.91
0 0.13 0 0 0.13 0 0 0.13 0
25 1 0.13 —-86.92 1 0.13 —-86.9 1 0.13 —-86.95
2 3.5 74.9 2 3.5 74.9 2 3.5 74.9
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