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Abstract

This study aims to develop and evaluate two predictive microbial growth models for hamburger
patties prepared with different levels of Tenebrio molitor powder (0%, 4%, and 8%). The number
of total aerobic bacteria and Escherichia coli was measured during 20 days of refrigerated storage
at 4+1T. The Baranyi and modified Gompertz models were applied to the observed data on total
aerobic bacteria to develop, compare, and validate microbial growth predictions. The number of total
aerobic bacteria was not changed during 3 storage days (p<0.05), while it was increased after 7
storage days (p<0.05). However, E. coli was not detected in the all hamburger patties during all
storage days. In the patties prepared without 7. molitor powder, the Baranyi model’s By and Ay are
close to 1 which means the model performed well. The Baranyi model showed a better statistical
fit than the modified Gompertz model in the patties prepared with 8% T. molitor powder. However,
when the patties were prepared with 4% T. molitor powder, the modified Gompertz model performed
well in all statistical analyses. These results indicate that the Baranyi model is more suitable for
hamburger patties without 7. molitor powder, as well as those prepared with 4% T. molitor powder.
However, using the modified Gompertz model for hamburger patties prepared with 8% I. molitor
powder is more appropriate. Future studies should investigate the reasons for this variation by
developing secondary models with a wider range of 7. molitor powder levels in hamburger patties.
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A QAR SR 24 thildo] tigt 8% 2005A5E] 20509714] 9 76%7F Z713t Aolgka
a4} Elth(Alexandratos and Bruinsma, 2012). B-&/ TidQl 452 Q4 ojujicAilto] 44 QA =
gHElo] Slof 9lk AleiolA] FR7 P FFeo) 4 ckUeon et al, 2024). T2t} A7)
49491 EAjo B AR SA7RASH 20 PHTA Q) 7K ARREtO ZE ujehe] A1 8
£ g3 F2A71E ) A7 P& A0 E HoltkAlexander ef al., 2017). TEo] 9197} F715H=
02 418 Tho] thet 507 A14H 02 71e 202 GlEIA, olo] AHgote 8% Tl
T AL ofH AL Qlo] Al QR A B2 A0 & HETHKim er al., 2021). o]of| w,
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njEo] & 7hsRt T SHEe Gl 95f ASe T Aol Basirial wHET gl
o, olof] ZA| AL FEU7IHFAO)= Tt & SPHE A& 252 AIRtstal AtHNam, 2019).

AlE AF2 A 3R T EHAS 50% oMt ookl Gk BN ofzl, Bop] Al
FAE 4% FEo el Zpdo g A JdA ZHEA7E AL WIFE AL QIEHKim er al., 2024).
TS BASIAMPAL 9fgpo] o, S, ulvlg, ofly 2 w|Fg F|EE FH9te R JUTt
FZ THES AlFske 359l 2 4 UthRumpold and Schliiter, 2013). T Uo7k 2 2120
A AE 25 BHEL 2 Adleg AR ARZE JljleH, A8 250 A8t avt 5 Al
I3 389 7154 EAol et ARE ErSidl vF QItK(Huang ef al., 2019). A8 253 22 45
S5 v uFS o A8 Y | g2 AYAkol= o oF 8148 A A2 EXE QR oy, 247}
A HiESFE $579 Blwsie] oF 6-134] oA o] mX|= F7Fo] ArH(Van Huis and Oonincx,
2017). @F 2 A AHof|A of2fet FHEE Qlote] A 152 S715=0l 7folo] 4R A%
SIS s, A8 ZEE ol8T 87KRES ekl she el ol A 5]
THChoi et al., 2024; Choi et al., 2017; Yong et al., 2023).

@A, 800] 7]} =7HollA] <F 1,900 o] A& Fo] AHEIL QIEK(Yong et al., 2023). 71
% AR 591 ZAARE Tenebrio molitony A AAZ 02 B3], A10] Hla 4194 o
T2 o] e A8 2F0E LA ek Mancini e al, 2019). ZHAAY $3 BUE o
2AA]9] gl A FRolA 52 FEo| £55ithes AT A JIHK(Choi et al., 2017). SHARE
ZAAA 0] el @ e BARE A3, 7 log CFUg A® w2 52 9t Alit 28
Helorm, EofulBE2l Bacillus sp., Clostridium sp. 5= HE%|ItHStoops et al., 2016). S715-=
oA mESHY QP AlE] FYH BT 71541 SR B S851A oAk gttt 4]
& 132 o188 S7RSEY] Aol o] o]FofR| AL YARE wYE QPgAde] Tt Ak oA
FE9E Aotk webA] A8 152 VIRt HiEe 22 S7REe] nESH FAS gEG|
9Iet 2 wikto] Fasi.

o= u|AYESHpredictive food microbiology, PEM)S A1&o] Qo g i 9l 0 EE 4= Q2
e WRkS wish] flsl, AF W SAcks nES] A 9 AFE S B Wi Es 28
SF oM HElS 5ol A= BAISHL oS5l to|tHMcMeekin er al., 2008). ©]= 410
AU G 192 WA AAGEAEY o SB BHE, pH 5) E 98 29(4F 2, 4%
ol PES] A Ao H|A= FFE 7IWFCE AlARRITHYoon, 2010). PR A& HE
12} 5di} 22 elg Uss 4= Qlrk 13} 2EE TRt ] 891 T 93] 891 2719] A1F00A
AR Aol wE nES] AT AR oS0l ARSET o] F ol&ste] mES] 7], 27| Al
a5 Ed A Al <, 2 BFES AR 5= ok 23 HE2 13 RdojA] JiE HeERE
71, BEE 5)°] Tt 8 270 ofste] o g A Wleh=AE A& sk do]th(Lee and Yoon,
2016). 4=t HEHS AoiAe EZEPe] Aokt AdE Ay, nE AFANE HiEgeE
23¥et 4+oha] HelE AEishoR gtti(Yoon, 2010). 53] 12 Bl A4sh= = Hl-¢- S850H,
Baranyi model, modified Gompertz model, logistic model 5] T3t 4814 RElS A& vlw, 43
sto] 11 AL sk " QAJo] Qth(Baranyi et al., 1999).

e S715EE0] ASn8ETE Bl A 37500 A9 nlBE 4= WSS skl fIs)
QAv(hazard analysis) 9 %Q 3] Z]&(critical control pointyS ZAA5}1A} $HcKFakruddin et al.,
2012). o= S7FEE YA Al nIBESH QRhTE] V1E A 9 e Wk 5 vBE Ve ES
AAok= o &84 4 QItK(Yoon, 2010). Heo et al. (2008)x} Heo et al. (20092 1|7} Alo]d-3-
A7h ol WE gaH|et 2AR rdE AR S 14 BES Aok A X3S HE Qi
SHARE AAEA A8 150] 7 S7REE] dlS nESE A8ste] nE dE BEE A
SF s BERT Aol wEhA] 7 At AE TSRt (0, 4, 8%)2] ZAAAE] 5 EEE



ZM7KE] RE BEZY A0 HE A HEQ o Did= 22 1L & &

Ol

A= }‘1‘3171 “Hﬂ—J nPESH e BRlsk] fistel ARl mE & 71 Al O
% 97143 Alatoll Baranyi model¥} modified Gompertz model& 4}-89]
W daws AW vz 2 5 oo

1. A IHE| M=
B 80| A8E AT 9% Huko Zo|x (Gyenggldo Korea)ol Al £ FEiZ UM%
o S8 Fo0S OIS 7 AR BN 53 £ Ol Tk 9 248

o7 Fuislor, 4837 SRS 717 8 mm E8|0|E(PM-100, Mainca, Germany)Z 2-21%
FHIE Ao AREEIS E}. 4 == SAM A Y Aol ARgSHSl o, gt AAA A
YR Y E3 7hE A% Ao] AREsie] AMEE FAISHL A1 S AT Y
A g AxE fote] 4 =52 4F, AT, okATEHAL gt £, vhs B 53 A A
4 5 7150 Table 19] HigH|of wet 4T oA 1587 S3619inh S BH5(20 912 A&

8 cm@] 7 ije] HP7|2 YRoto] P A floto] Hels ZAAAY £5 £
H7HA] 92 T ZHControl, T. molitor powder 0%)2} ZAARE] 55 4 42 4%, 8%
A7Vt AT molitor powder 4%, 8%) 2 o] A=t Axst sfel= 22t 3] 23
(polyethylene bags, 2020 cm?)5}3.0H, WA L&(4+1T)o)4 2097 #15193ch

CHNIS)

2. X|E DMS0| Mx SN

g A 5 WA e F 271 vET didee AR de v oR SAESSlH. HiE
20 g2 0.85% BEBAIGZ 180 mL7} 7] B AZu3M, USA)Oﬂ Yol 108 545 2 stoma-
cher(BagMixer® 400, Interscience, France)S- 0]-85] 28 59t 7-43) 59ich -8k AlEE= 0.85%
AP GLE 0] 85a] AR AL 2g8519].0m, SJAE AIF(0.1 mLy= & 57|14 vBE 49
At 55 ERISH] Ysto] 22 plate count agar (PCA, Difco, USA)2} eosine methylene blue agar
(EMB, Difco, USA)°| =USIIL). BE HiR|E 36+1TC 2A] 24A)7F S21 viofsii o, vioF 3wl
9ol FAH FA|(colony)S AlS=5}19] colony forming unit(CFU)/gC= WERNITY.

Table 1. The formulation of hamburger patties prepared with Tenebrio molitor powder

T. molitor powder (%)

Ingredients (%)

0 (control) 4 8

Pork ham 70 66 62

Pork back fat 15 15 15

mlzizirrilal Ice water 15 15 15
T. molitor powder 0 4 8

Total 100 100 100

Salt 1.5 1.5 1.5

Sugar 1 1 1

Additive Ascorbic acid 0.05 0.05 0.05
Onion powder 1 1 1

Garlic powder 0.5 0.5 0.5
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3. 2315 2y

1) Baranyi model2| XE
&+ 59 SA+ 2o Feje] AR HHY| Yoha] AFRE 9] A2 Baranyi and Roberts (1994)
7} A|A3t Baranyi functiong ARESIYIT. G4t A=) A% 7|7t0] whE A BAE VEoR
Baranyi 3H5of| tisle] 4:5H4 melS =Z319ith DMFit(3.5 version)S ARR3lo] 4:5H4 mdlo]
749l Z| A E (maximum growth rate, pm), S-=7|(lag phase duration, LPD)E 5%tk
Baranyi model $4]2 o}l At}

Mo A1)

+€ (y _;1}
e max 0.

Nit)= Yo T Mmax Alt)—1In|1

" Mmax f+ 67 I _ 8(7 Mmax tfho)]

At)=t+ ln[e

max

N@): Azt tof149] t]AE Zhlog CFU/g)

vo: 271 A3EQ] Fl(log CFU/g)

Ymae A UABE Fhlog CFU/g)

tmax: 2 A%4E(log CFU/g/h)

9 SA0NA hoghe wIES] 27] R=7|(LPD) BRte] HAE 4% oA antE ojwlait =
hy= 787 Al 8Rlo] EAsk: Aol uiEo] Aok HE=E YElh= A°11, et LPD
9] Fo=zw yepd 4= Qlry. IE ZAIK= log CFU/gOE HASHTE

2) Modified Gompertz model2?| HE

Modified Gompertz model:> A1 717tol| w} nAE g8 HidS dl&she b AR Ee 484
o, 27| Zkat o gk Alol9] AL A4 FEl2 LERE 4= 9t} Modified Gompertz model
A ot A

Y(t): Yo + (ymax _y0> T exp

Ymax 0

Mmax * €
_exp{max C(y—=0+1

Y(0): A7t to]A19] wlAE Zhlog CFU/g)
¥ 27] UJAE Fhlog CFU/g)

Ym: A T8E Fhlog CFU/R)

e F|TH Ad%E(log CFU/g/h)

y: 9%=7|(LPD)

Modified Gompertz model®] Z+ Wj7jH4>52 GraphPad Prism software(GraphPad Software Inc.,
USA)Z ARgsto] TEE|lom, i/fisES Bl e Bolo] s A4S 2ES 4t

4, NXIGIEZMO| M3 Ty}
Baranyi modelJJr modified Gompertz model, F7H4] REo] A=A A3 HIIE ) R?,
g Al 27~]-(r00t mean square error, RMSE), bias factors(By), accuracy factors(As) 4¥e< H]ws}

Gt 7 FSL TheTt 2 42 B9 Ak



ZM7KE] RE BEZY A0 HE A HEQ o Did= 22 1L & &

Ol

— 2
RMSE= | Z(obs npred)

Elog<m) j
obs

2
Elog(m) ]
obs

n

9] S04 obsi= B gL predi= 95 4 0 IS 4] =ARE YERATE Baranyi model}
Modified Gompertz model Z}2}H9] 7He 273la] A8 123 7|5t HE|9] & 714 uAYE d&
TAE ofd RES ARESh= Zo] A-THA| WSt RMSEGLE ok Hdlo| A5 571
o ol-&shH, K9] ol It AA| gk Afole] @AF 2715 S7RITt Bias factors= oS ght A
2 2431 719] Al Hape] ZAo|n, Accuracy factors= &7} GuigkE AZX|9k Xjolth=7]
£ S74% 4ke oulet

4

5. A<=

Qut A3 RElS AR2sto] 2HE DE B SPSS program®] LYEfR] EARLA(ANOVAYS:
olgstgitt. T3t A2|417ke] Bt 7t H|1= Duncan?] thEAE Boto] R4 AR (p<0.05)yS
A5kt

1. Zap ¥ az

1. M&712t 5 OPEsty st
T. molitor powderZ ©1-§5}0] UF =55 A WA HEE EF 2004 2087 AP
o] & 57)A Aldt 2 Table 29] L]-E]- et A4 0GA0l T molitor powder® Z+Z} O(control),
4%, 8% THAIRE WA wE|Q] T 7|3 Alit 4= 27 3.71, 3.76, 3.75 log CFU/gO 2 BT
L= WA g At & 2714 Al A 30111'77}11 S7I5HA] kot (p>0.05), A% 782k
FHE fFofHoR F7kste] oF 5 log CFU/g $:20R Ul om(p<0.05), A4 204oll= <F 6

Table 2. The number of total aerobic bacteria (Log CFU/g) of hamburger patties prepared with
Tenebrio molitor powder during 20 storage days of at 4+1T

T. molitor Storage (days)

powder (%) 0 2.5 3 7 8 9 11 18 20 SEMV

0 (control)  3.71* 3.80 3.80% 541 560° 5.62° 563° 583 611" 0.013

4 3.76°  3.85° 3.93° 543 556" 5.66° 5.65° 6.07° 626 0.023
8 3.75° 3.80° 3.87° 536° 5.63° 570 576* 5.82° 6294 0.012
SEM? 0.010 0.021 0.033 0.014 0.040 0016 0.021 0.058 0.015

DStandard error of the means (n=27), (n=9)"
A8 Different letters within the column differ significantly (p<0.05).
¢ Different letters within the row differ significantly (p<0.05).
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log CFU/g +57HA] S-9)& 07 Z7151tHp<0.05). T molitor powder?] A ~50f W & 57|
3 Al S A 0gALIA 18YAZIA] B 521291 Zpo)7h §IATh(p>0.05). SHARE, A% 20
Aol A T molitor powderZ 4%, 8% thASH IHEIY] & SV Mt = 22 6.26, 6.29 log CFU/gO.
2 T molitor powder= HASFA] &2 mfjE](6.11 log CFU/g)E Tt G940 & =7 LERFTHp<0.05).

gt etz og Al I5oA S5] TEEE 94 AR WAFEC|tH(Grabowski and Klein,
2017). Hize]l & ALAA T molitor powder® THAN(0, 4, 8%)% A HE|S] BE A4717HEt
oietS SRl H3ton, BT HE <1 log CFU/g)OsHe] o2 H{ThH(Data not shown).

Pt o ® AE IFLE EY X SFHBEC] 2o] Hol w2 s E et BuE
TH(Stoops et al., 2016). SFA|RF & Aslo]| ol &% T molitor powder?] & 37|14 Modtd}t A+
& A<1 log CFU/)ol5HE LEFITHData not shown). O]2{3t o-f-& A7 0UFE 18LAF71A]
T molitor powder THA o]l T FHA dE]Q] F 74 Al Solle F22% Zol7t fIid
Aoz wetETh SHH, A 20931 T molitor powder= 4%, 8% HASH HE|Q] F 2714 A<t
57} tiZH(controh) E T} -Fo] 2 0 2 =H |29l o]fofl thsiA= F7HQl AFE B3l Eelst
3 798 "aAo] Qlrk thh, Petterssony} Baith(2003)0] T 4R EQUIPEL FH JYZA
ou} pHEZ1T} Zo] YAE 2 W3lof A-gska st |7HA] AA_E Algte] Hasktial Hargt
v} Qle}. & Aol o8 T molitor powder7} <t AlEo0] ofH7]o] & HA|(<1 log CFU/g)o]5t
& EAold 47 2 nESo] A7 AARESSE FHgHEe] &35k SARE 740l
JE Ao FAHE

El Wahab -5(2019)2 A|£35F 4117] HElE § 4sto] W Hasiyls W, $ 2714 Alts7t
A7 21920l A 5.40 log CFU/g, 249014 6.40 log CFU/g9] kS UeRdth g4117] sigE
A|zslo] 7|mgo s W BHykelole w, A 2097 259R0] F 27 Al o= 22 4.54
9 5.08 log CFU/g& EtHRajkumar et al. 2004). Kumar 5(2015)°] HjA|117] SjElS &7| 2 0=
2197 B Bl W) & 714 Alet 9= 5.13 log CFU/g %101, Park¥} Chin(2014)0] A&t
17| dfels 7120 2197 AFS W] 7 log CFU/g o[0.= Ueyith. jH, & o
A Az AHA ez 2097F 7] 2 E W Aelgle W 6 log CFU/g 202 UERKiT
FHA wEl= AR oA Rt Amrt M7=, ofs 242k AdHiE Aelshr] izl Az
3 2 240 "t mdE Y 0] tEA Yehe AeE FHHH:

2. £ 5714 Mol CHgt Baranyi model & Modified Gompertz model2?| XE

oY A3 ofl&ocks 14} P2 Baranyi model, Gompertz model 5 THYRH S50 A%t
THPal et al., 2008). “1 5 Baranyi model oJ &0 353} Fopoj|A] B2 A7} XIdP=|olA Ll
modified Gompertz model-2 7]Z0] 2A51F Gompertz modelo] AU IH o 9] SAE A%
F99| =512 BYsio] 4245 Skro|tMcKellar and Lu, 2003; Van Impe et al., 2005). & A+
o]|A}%= Baranyi model™} modified Gompertz model-S ©|-&3t RS AR} o= TS 12 1(Fig.
1&2), Z47}9] of|& o] uf7f4=ql 271 ulE hy,), A F8E T vm), N AFE (U,
FE7N()Y = AlAtsto] Table 30 YeRTh

T. molitor powder tA| WA E]Q] F S7|A4 v|AE 45 Baranyi modelo]] 7]Zs}o] =3
T L Fig. 19] (a)~(o)°ll Uetth 1efino= digrd HES {19 nlE A9 Hlolg A3
(n=9) EZF YEPtE =7l ndEo] MEE 0 85| 8 YA Algto] A28%= 24
717, & A8 AR A9 BA] AEE AAIsKE AIREeRE 2 Hst] theh whE A A
OJu]gtcH(Swinnen et al., 2004). Baranyi model Z-& A| T. molitor powder O(control), 4, 8%= ThA|gt
HE]Q] F 57|14 Aol st F=7]= 22 2.87, 2.06, 2.76 40|t Table 3). ©|+= T. molitor powder
4% ALl FE=7|7F 71 ot njEoe] 3y wislol| wWl2A| A5 AARITE T molitor

ok

2



W 95 2

at
=

29| TNl M2 A LE|S| 0= Old=z

Ol

10 20

Storage (days)

15

(a) 7 4 T molitor powder 0% (b) 7 q T molitor powder 4%
L]
6 * 6
ha iy
& E
L5 4 SR
3 3
4 4 ® observed data 4 ® observed data
L
— predicted data — predicted data
3 3 T r \
0 5 10 15 20 0 5 10 15 20
Storage (days) Storage (days)
(C) 7 T molitor powder 8%
A
6
oo
Es
[-1]
=}
Ju
4 A observed data
— predicted data
3

Fig. 1. Predictive growth models of total aerobic bacteria by Baranyi function in hamburger patties
prepared with Tenebrio molitor powder during 20 days of storage at 4+1T.

(a) 7 T molitor powder 0% (b) 79 T molitor powder 4%
||
6 * 6
&0 L0
= =
= =
T 54 Us
50 ot
= &
= 4 ® observed data - 4 B observed data
1 — predicted data —— predicted data
3 T T T 1 39 T T T 1
1] 5 10 15 20 0 5 10 15 20
Storage (days) Storage (days)
(c) 71 T molitor powder 8%
A
6
=
=]
=
SR
=1
=
- 4] 4 observed data
— predicted data
3 T T 1

10 20

Storage (days)

15

w -

Fig. 2. Predictive growth models of total aerobic bacteria by modified Gompertz function in pork
patties prepared with Tenebrio molitor powder during 20 days of storage at 4+1T.

powderE 0, 4, 8% HAIS ] BF {77} A &, A 3URREE 209247HA] 242} 5.81, 6.01,
594 log CFUIgS] 2t} w42 glo]l wesielch. o2 2412] 744 92 712712 oJujshe 2t
AAES] AL, T molitor powderS 0, 4, 8% TS el ZH2} 0.41, 0.32, 0.38 log CFU/g/day 2
I moltor powder7h B4 ke WEle] lAE Zo) A0l FE e g vieich

Fig. 29] (a)~(c)= T. molitor powder= ThA|E HAHA sfEloA] & 57143 Aldt 5 modified
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Table 3. Growth parameters of microorganisms on the basis of Baranyi function and modified
Gompertz function in hamburger patties prepared with Tenebrio molitor powder

Growth parameter

Function T. molitor
powder (%) ?/ol) Y ,umax3) 79
0 (control) 3.67 5.81 0.41 2.87
Baranyi 4 3.66 6.01 032 2.06
function
8 3.68 5.94 0.38 276
Modified 0 (control) 3.70 5.89 0.44 291
Gompertz 4 3.70 6.02 0.35 236
function 8 3.72 6.00 0.41 2.85

YPredictive initial cell count (log CFU/g).
DPredictive maximum cell count (log CFU/g).
Maximum specific growth rate (log CFU/g/day).
YLag phase duration (day).

Gompertz modet2 7]8F0.2 oj&3t J9mel, A14] AHolA B 2% Holsn-9)2 Holxc
T. molitor powderE: 0, 4, 8% TSt HEIQ] S =7+ Z2ZF 291, 2.36, 2.85UEA], T molitor powder
% AN 7H B 2 AT Table 3). S717h A 5 OF 17917 o SIS, 2ol
oY ZHS 5.89, 6.02, 6.00 log CFU/g7HA] AAHS-S & &= Qlrt. T35t HHPIEL T molitor
powderZ- O(control), 4, 8% A3t TE] AT 044, 0.35, 041 log CFU/g/day= ERI=]QIT
E g3 Ayl »E A diE] A2]Lof|A Baranyi model®] A4 mj7fH4E HTt modified
Gompertz model®] /g7 Wi7iASERTE B &2 gk HERH: ol 24 719 3= Alol7} 72+ A%
7fASE9] ool FRRE P 4= Qg2 AlARITE URFA O = Baranyi model:> WY E 47 &
719 F&71E Axo, F=717F vE ARl viAle 93 Eoh AgsHA #AF 4 Qo
(Buchanan et al., 1997). ¥FH Modified Gompertz model-> w9 F-=2]2- SR} Fej9] A& A5}
Lo e, A FH] S wrh HHS] welet 4 ok HackBuchann o o,
1997), 4% VPR |3 17 weo| M TR AR Yol S EAT 712 WAl
(Fakruddin et al., 2012). WEhA] 0|30l A NS 83519 T molitor powder= T3t sig]Q]
Baranyi model2} modified Gompertz model®] B ¥ AZS ZYolo] Table 49 e

3. Baranyi modelZ} modified Gompertz model?| Hju % H7}

Baranyi model¥} modified Gompertz model®] 23t A= Z wetsly] Y3 24 ALRY), B
A FZ LXHRMSE), bias factors(By), accuracy factors(A)E-S AREd1Y] 27H4] G389 Halo] A3
2 B4 5448 H|w K Table 4). RG> 03 1 Afo]e] B4 wElo] H3es st okt
F88F =R s, gho] 0.9 19] YIS 54 mdo] tloEE & Akl Altke A
olujgtth Asuero ef al., 2006). WEHA AZ7|7H) W T molitor powder 0(control), 4, 8%= THA|E
A dEle] F 71K oE vBE 1Y B Z3st 544 HolHE Awsith SR R
o] Hlojgo] Ak At 2 Ast=AlE AlSotARt Ko HukAQl oS et Al=d<
B7¥s17] flste] vt A ARE SHHCE AEsfof gitk(Barrett, 1974).

Baranyi 5(1999)2 RMSEL= o 02 2ol of&0] 03} J=2 ek AE2, o gt
T g1e] Aol AlFsto] Batol] FEE A& gloln, ¥25F 2Pt Avial wetal itk T molitor
powder= 0, 4, 8% thAStE HEIQ] & 714 Aol thsl Baranyi model®] RMSE= 0.181, 0.342, 0.321
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Table 4. Evaluation of the Baranyi model and modified Gompertz model against experimented data
of hamburger patties prepared with Tenebrio molitor powder

T molitor Statistical analysis
Model )
pOWdCI‘ (%) R2 b} RMSEZ) B f3) Af4)
0 (control) 0.966 0.181 0.994 1.027
Barany1 4 0.949 0.342 1.053 1.109
model
8 0.961 0.321 1.048 1.010
Modified 0 (control) 0.986 0.176 1.019 1.081
Gompertz 4 0.982 0.319 1.008 1.100
model 8 0.981 0.331 1.050 1.105

DCorrelation coefficient.
PRoot mean square error.
9Bias factors.

Y Accuracy factors.

2 goI%]%] 0™, modified Gompertz modeloflA+= 0.176, 0.319, 0.331°]t}. Control} 7. molitor powder
2 4% tiASH A el ol dlo] ol @} A= modified Gompertz model©] Baranyi model©]|
Hlwsto] o WA Uelgth B3t F+ olE HE B T molitor powderE AR SE]ET} control]
RMSEZ} Sohe 28 & 4= Ql5ich 2] 2418 Wriop] o] 24P} 248 RUSEZ} A 4
AR o FR|of| WiZFe}7| wize] o]= Qlsf HHo] 450l Mg R 4= At (Mentaschi ef al., 2013).

Ross(1996) 2] 228 9I%t I T} AT 2 Bk AS AL, B welo] ot gte)
S Uehe A|Eole, A Bde] HEHEE B/ Aok sk glck R Ross(19%9)
o] e Aol 9] 4% ofEsle THolA Bt 09~1050] Yo £ T, 07~09 F
1L06~1.159] 910 WolSe1a) 2 gl melo]x, o]sjo] o] Siiate WolSe] & 2 gl
ojtal gtk ol M= T molitor powder 4% Aol Tt Baranyi modelS A|2J51H £
dlo]1, T molitor powder 4% ThA-2] Baranyi model 3t Hof50d4 4= Q)= wdlo|c}, g
% o] UERIE Bt A 1017 Aol 6 B2 REU%E glo] 10] 7RAlH, LitHel o
= & HEE HeE Q5] gho] S7IsHAY HAa o Ith(Ross et al., 2000).

Z3H 02 controlo] Higt T oS Zde] RMSEE H|W6l%-S T modified Gompertz model©]
o Etha 971 4 AR Bt AS Hlwal BQRS w Zk7F 0.994, 1.027E Baranyi model2] 5t
91 clze] WA} 48 SOl 925t Uitk S T molor powder %42 TR she]
of ot % of= TUL WLeISLS U] Baranyi modele] % AL RMSE, By A] Zo] 217}
0.321, 1.048, 1.010°2 RE= X|H#7} modified Gompertz model' T} Baranyi model©] 7. molitor
powder 8% THART WA wije]o] WA Agslglie Wl & 2714 Aletell tigt 4% &2 o B
S StE= AR SHAIRE T molitor powder 4% HAIES] ol RS Bt A3, modified
Gompertz model2] RMSE, By, A} 242+ 0.319, 1.008, 1.100°.% YR} Baranyi model 2t} B 9
St & 452 Eth o]= modified Gompertz model©| T. molitor powder 4% AlT-S WA *1%
s W T 271 At A 504 8 Agsithe As Juleit

rOlt

==

O:

IV. @ ©9F

a5
& AFolie ZAAAE 75 20, 4, 8%)2 YT =52 AR WA HE9] ol dEsH
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PdE ERIsh] flstod, A7 mE F 27148 At 2 tiiet $5 S4sIh o
Baranyi model¥} modified Gompertz model-S 2-83}0] t|AE &S /sl Hlw 9 HE5)
ok ZAAA 55 20, 4, 8%)2 HAIE FHA HEIS 2047F 41Tl AP3lRe of, ZE
sfElollA] ot TEEA] Rttt A 093], e A wElY] 5 37]“ At 4= 3.71~3.76
log CFU/gQi TARE #E2 Bylon, of 349 f=rI7h At & FejEew ST
o]% =5 7kS 7|22 5}o] Baranyi model¥} modified Gompertz model-J WSS E851 1]
BE A5 2E2 el 452 88 + 222 vkt 1 2y, tdiaa(0%)2 ZAA A
85 B 8% AT Baranyi model®] bias factor@} accuracy factor”} modified Gompertz modell2.
T} 9255} ZkS Hol o= wEl 7fdo]| 9loA] Baranyi modelS AlEisH= Zo] HAslri= AnE
Bk v, AR 55 B 4% tAlZoM= BE EAA A H7T modified Gompertz model

A sto], ASE i A S HEE ARSShe o] BRgsiths 220 ol=3H:. & A

m %0 o

¢

e AR o2 BE 2 93 B oYl e WA dele] H4 g
o2 2 75 9 72 AR FBY 4 UL A0E ARk ST, £ A7 Ak 2AA
o) 45 B W 7o) U o Ae o oS mEe Aesien] ol Holsh waysiel
ok 5 QoY olefet elo] ofE 50| YA Uokw] SIol 27w ol wS el
Il 7‘515@_— ré 7]. Oh;]— X{o}o ] T:-ﬂ‘,] H ‘“|‘7]'J"E~’] EX] J,]ﬂ /\]/\Eﬂoﬂ Z{Q_ D]}\ﬂgo]—ﬂ
QRS FPYA7IL, AnlAe] 417 B, ol Fiet AlAl S vYEE BHT 4 Pk B
S

d.

~

Fol £A10] thet wgo] ZRsSITt. 25 ZAAAE §5 Baw e A e e
o e Fpset ol A7) ME BY, Bed B % A4 D) U Aud HSE
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