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Abstract

With the advancement of media and various cooking methods, the demand for frozen croissant
dough has been rapidly increasing in Korea. Although there have no cases of foodborne illness caused
by frozen dough, we conducted a study to assess the hygiene conditions as there are no prior studies.
We purchased six different types of frozen dough from large supermarkets and online shopping malls.
We mixed a sample of 25 g with 225 mL of saline solution and homogenized it for 2 min. The
homogenate was appropriately diluted, spread on Plate Count Agar, and incubated at 37C for 24
h. After incubation, each colony was categorized by morphology and subjected to 16s rRNA
sequencing analysis for strain identification. Bacillus spp. was the most detected genus-level bacteria
and Staphylococcus spp., Aneurinibacillus spp., and Enterococcus spp. were detected. Additionally,
a total of 13 types of bacteria were identified, including food safety-related bacteria such as foodborne
pathogens and probiotics. Notably, highly pathogenic bacteria (e.g., Listeria monocytogenes and
enterohemorrhagic Escherichia coli) were not detected. Most products are managed under the HACCP
system and are cooked at temperatures 180T, ensuring their safety.
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HoAE 7t A EHolHoll =dg 4 % A HHA GEBA A77E A SRRt AR
Helth, WaAA SolA= 7Fg Q7171 B A= A=2oMY BARIH(AZAISAE, 2021),
ARLM) T A= AHF #9t ofy} Q—UﬂOlﬂf&l T HEE, AR UdF EEE =
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E}. SYAS] A5 o] ZHgsto] A3 she Z0)7] hzell 7IE=A At Aot} 7hssid, 74
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AtAltS] RAEE SRIsHY HEH Ao TF7E Hololr] fioto] BT A6t
HY S 3t v+ Plate Count Agar (PCA; Becton, Dickinson, and Company, USA)E A8}
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E[H(3M™, USA)Oll &A H3UTh Azt 971 Sx-Zde o] 0.85% B4 da 225 mLE 7t
3} pummeler (BagMixer™ 400, Interscience, France)= 287F #23} A7tk 48N 1 mL-Z 0.85%
AR G942 A 0] AXIS|AsH -,4 PCA9] 0.1 mL = 1 mLS 5 4 T & 37CoA
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oI5k, align¥}t BLASTE E3f 2F2 02 Alots S5

4, 73 7%

ARAAOA Y] AE AR S ®IORS TjeFst|, 1 % Hazard Analysis Critical Control Point
(HACCP)9] # o] dg] &&jA Sltf. HACCPS 39454 (Hazard Analysis)¥} Q324
(Critical Control Point)9] F& A=A 915l WAIE {12t AR o4 A=A AE Zrtch
(RIAEQPHATE RIS, 2024). 2] 73 HACCP 9748 o= BRyn, & Ao AHg:
H AzeM) 9587 67149 Alm F 7le Al EHO] HACCP I549=7F 3750 Qlo]
HACCP #8-Z B2 AEFAS & & At 1749 A% 53 = glov fAA &gt 23
HACCP Q155 -2 AEY

PR oA Q] YEHF QB E= B 132.6+152.8 CFU/gO|Q o, 4 20 CFU/g, o 620
CFU/go2 295|0] 9122 RISHTHTable 1). One-way ANOVA EAof wi2m AupAlHe] 29
EL A29 £80] gt §o122l 2ol(p-00017} YLo] SHlElsick

PCA°] ERIE 22 16s rRNA sequencing® 2 SA5}7] 9J5lo] Fejehz] EAof ulz} 252 U
ooty 1 A, & 4709 &(Bacillus spp., Staphylococcus spp., Aneurinibacillus spp. X
Enterococcus spp.)ClA] 23719] Alldo] ERIZIQITHFig. 1 Y Table 2). Bacillus spp.7} 1770(73.9%) 2
7 =2 vlgR TN, Staphylococcus spp.(371, 13.0%), Aneurinibacillus spp.(27Y, 8.7%),
Enterococcus spp.(171], 4.3%) <02 YERit

Bacillus spp.9A1= Bacillus pumilus7} 4702 7V WXL, Bacillus cereus 37V, Bacillus licheniformis,
Bacillus amyloliquefaciens, Bacillus velezensis, Bacillus sonorensis7} 2+ 27§, Bacillus safensis®}
Bacllus wiedmannii7} Z¥Z}y 17§48 =R}, 7P WIHsHA 32 B pumilus= 354 571, EY,
Ao HAE 9 9% ot 0] A o2 B AEeA0] thelel e S AL
AL it B4 9] 52 FIAIT 3lo] AFEE FUAY HRUAE Ao 5 Yok Wang
et al., 2022). B. cereus®] ¢ X555 AtCE oJs] YA Sl=tl, A4t B TES A=
=45 WS AS=S IR AARE EShe sS4 enterotoxino| M, HARY ASES S5,
i A, A7, 2AA] FO] YAE0] Hrt LES U5k S emetic toxino|H AHfoLt
Hguto] YoJAlZo|thPark et al., 2020). L 2| B. licheniformis, B. amyloliqeufaciens, B. velezensis,
B. sonorensis, B. safensis= Y= JAAE7] Hth= It B4S 7HIL AW AF ARIIA
29 Rt FRRA] B 7S QP Sick ofE o), B. lchenjormis'= 910] £3] 2]
St U =47 QlolA A1 o #52 AFE T (Muras ef al., 2021). H|5=0f @] E325hH
ol stk LA U=d|(Jeong ef al., 2014; Nam et al., 2012), 023t E40 2 9l5lo] 1Y
5 aof A3t AEEE AREE 4 UtiJeong ef al., 2017). B. amyloliquefaciens+ 30|
Hojt o= LA 20 Benitez 5 A2 W2 B. amyloliquefaciens LBM5006 o+
Aspergillus niger, Fusarium graminearum, Cercosporina sojina® A3S-2 Aty &84 3ot
(Benitez et al., 2010). QI7F HAA| = G4 QA AN 2T W7 HHo| AshE FALof|A A
7138 79 HRA| 2 A9 Ql4]o] =olA| AL QItH(Baptiste et al., 2017). B. sonorensis®] §+ Z39] B.
sonorensis MT932 BHE|2]| QA1 AAF 538& 7FX| 1L Qe ol A AlENA Staphylococcus
aureus 2 Listeria monocytogenes©l| Tet HIEA 2 A4 9-09] G-57]5 A 2A ARLEHA
THChopra et al., 2015). T3F, B. sonorensis7} A3t exopolysaccharides(EPS)= Z2|HIO] Q EJAE A}
2= & Qtk(Palaniyandi ef al., 2018). Hascoét 501 W= B. safensiss= 2] L. monocytogenes©] F-2+
sto] A Fd= JASHILL, AdHE|E 125 7] AEAHEIA S8 AJitslo] of2f 1Y
Aol dish At B2 7KL s Ao A FTHHascoét ef al., 2021). FHLF HAUSS 58
olol . A-ZE|H(Mayer et al., 2017), B> oFH| Ak, H[EFR] Ao £RZ = TEHPO|QEHAR
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Table 1. Contamination level of total aerobic bacteria in frozen croissant dough

Contamination level (CFU/g)

Type Sample No.
CFU/g Min Max Average
A 1 30.0 20.0 40.0 30.0+8.2
2 20.0
3 30.0
4 40.0
5 <10.0
B 1 90.0 20.0 90.0 53.3£35.1
2 <10.0
3 <10.0
4 20.0
5 50.0
C 1 90.0 20.0 90.0 63.3+37.9
2 80.0
3 <10.0
4 <10.0
5 20.0
D 1 620.0 110.0 620.0 262.0£218.1
2 150.0
3 320.0
4 110.0
5 110.0
E 1 40.0 20.0 40.0 26.7+11.5
2 20.0
3 20.0
4 <10.0
5 <10.0
F 1 130.0 130.0 460.0 238.0+131.4
2 150.0
3 220.0
4 230.0
5 460.0
Total 20.0 460.0 132.6+152.8

285} 4= 9)-20| Y5 th(Saidumohamed and Bhat, 2021).

3709] Staphylococcus spp.= Z¥2} Staphylococcus gallinarum, Staphylococcus sciuri, Staphylococcus
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Table 2. The profile of total aerobic bacteria at genus level in frozen croissant dough

Bacteria No. of isolates Percent (%)
Bacillus pumilus 4 17.4
Bacillus cereus 3 13.0
Bacillus licheniformis 2 8.7
Bacillus amyloliluefaciens 2 8.7
Bacillus velezensis 2 8.7
Bacillus sonorensis 2 8.7
Aneurinibacillus aneurinilyticus 2 8.7
Bacillus safensis 1 43
Bacillus wiedmannii 1 43
Staphylococcus warneri 1 43
Staphylococcus gallinarum 1 43
Staphylococcus sciuri 1 43
Enterococcus mundltii 1 43

17 isolates
(73.9%)

3 isolates
(13.0%)

2 isolates
(8.7%)

1 isolate
4.3%)

= Bacillus spp. M Staphylococcus spp. W Aneurinibacillus spp. B Enterococcus spp.

Fig. 1. The profile of total aerobic bacteria at species level in frozen croissant dough.
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e o= Uti(Stepanovié et al., 2001). S. warneri= AR} F9] AU n|AE] £l Aok AA
ojH, HE njEYgAo g 715tk Kamath e al., 1992).

Aneurinibacillus spp.= 27\ X5 Aneurinibacillus aneurinilyticus% SAE|JTY. A. aneurinilyticus
+ SAHR R [fofRt #o& UHA qlon AFoAe s WRES AAskE el WK(Yu
et al., 2024), L. monocytogenes\t Campylobacter jejuni®l| tiolo] A G117} YF= o] 712572 =
AE Yot AR AR 8T 4= AUrhRubinelli ef al., 2023).

17§9to] 3H&E] Enterococcus spp.= Enterococcus mundtii= 9614 0™, Wister 35 iAo 2 St
W AN E. mundrii ST4SA= /0] glie A& Uehtal, Ao dis] 4= 2= It
Yeto| =5 AYikol] mgHlo] QE AR 7HE 4= QIth(Ramiah ef al, 2009). A [AIES] DahioflA
2 E .mundtii QAUEM2808 w5== QPAsh - Iao] Bz wiofE=A AR 45 A
Z 7F5740] UZ2 ARSIt (Nawaz er al., 2019). ARl TG Ee 212 S61A] QRN ool
87 79w SRAZEE E mundtirs X33t EnterococcusE E-2]5F3THSharifi-Rad et al., 2016).
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32 o
)

E3), Bacillus spp. Soll= 4552 4 4= Q= B. cereus Y B. pumilus@} Z-
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A Qdokeh. TRl RARE BE WEAPA] AlE2 HACCP slof #ej=] 1l QIglom, AlE g4
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