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Monitoring Bacillus cereus and Aerobic Bacteria in Raw Infant Formula
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Abstract The purpose of this study was to examine the presence of Bacillus cereus, aerobic bacteria and coliforms in
the raw material of infant formulas and investigate the manufacturing process in terms of microbial safety. Among ten
kinds of raw infant formula material samples (n=20), Bacillus cereus appeared in two (n=4). Aerobic bacteria were not
detected in raw infant formula material or maximum 4.15 log CFU/g. Eleven species of aerobic bacteria were isolated and
76% of them were Sphingomonas paucimobilis, Pseudomonas fluorescens, Rhizobium radiobactor, or Stenotrophomonas
maltophilia. A Pearson’s correlation analysis revealed that the most influential factors for detecting Bacillus cereus were
aerobic bacteria and coliforms In other words, when the measured values of aerobic bacteria and coliforms were higher,
the possibility that Bacillus cereus would appear increased. In a regression model to predict Bacillus cereus, the rate of
appearance was correlated with aerobic bacteria and coliforms, and its contribution rate for effectiveness was 86%.
Improving microbial quality control by pasteurization, spray dry, popping and extrusion resulted in a decrease in the
numbers of Bacillus cereus, aerobic bacteria and coliforms in the raw materials. The results suggest that a hazard analysis

and critical control point system might be effective for reducing microbiological contamination.
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cereus N8BS 3 A}, 45.9%X B. cereus’t AEEJLH, A
29 AFE F 84%A 2¥FEE 2.00 log CFU/g ©]3tE et
WAtk Rowan 5(8) <l o8 uetllA /%= 1002471
ZA Aol Uistd, YA B cereus AEFTF AN 54AE
AE3IE) o] F 38 +57F =, 5.00 log CFU/ML ©]
Felld =47 HEEA). Winands S(11)2 Wd&d=2] 87l
o] A EFFANX L] B. cereus®] AAFE Ao, 2RFE &
¥ 550l thele] 54 gene ERINF S 3 Ay 2F R
o]’d2] enterotoxin geneS R-F3F O}, cereulide AAdd2] Hl%=
sortial BAsigth B Ao e vAETE LFgdgS
ol@ 7] $18) B. cereus, Wgd, M FTE ZABIROH,
HAlHS F85te] L9HES Botstaat skqiek gk 4 -
frokg 2153 A= vig nAESY oHdS As] g W
oLe- 2ALsl7] {1l At (pasteurization), F5-7Z(spray dry), %
3K(popping) X YZ(extrusion) T FA T RS ZARIAL
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2007 295E 2008 6€7HA] AFE A AERFE 2R 4.
HEH 1E D 74 F 12 ErEEAEoR BRE 2ARR
(Milk Formula, MF), ¢} Z24]4](Infant Formula, IF), 2374718
ZA) 2] (Follow-up Formula, FF), 94 + frol-§ 3/ =A|2](Cereal
based Formula, CF), 71€} 9 - o} (Baby Food, BF) ¥ <3 -
ol8 5424 4)F (Formula for special Medical Purposes, FMP)]
o g 714 AFRIHA ARt FLAANEE R 3t
At iy AEAE= dextrin(AA}, Incheon, Korea), lactose(BAL,
USA) organic brown rice powder(CA}, Anseong, Korea), mixed
orgamnic vegetable powder(CAF), extrusion rice powder(CA}),
alpha rice powder(DA}, Gwangju, Korea), orgamic alpha rice
powder (DA}), lactose(EAF, Denver, USA), mixed skim milk
powder(FAl, Germany), skim milk powder(GA}, Yangju, Korea),
whole milk powder(GA}), Infant formula M(HAL, Gongju, Korea)
< ARgsRiTh

HEET % LUNET SHEHY

g AAE 252 F3t B AAEF 225 mLE 78t
Pulsifier(PUL 100E, Microgen Bioproducts, Camberley, Surrey,
UK)E 1527 Egste] Algedoz atar, Alg-e& 1 mLet zh
A AN 1 mLE 29 o] Md S8 plate count agar
(Oxoid, Hampshire, England)ll &3t 35+1914 24-48A17F u)
% (Yeon-u EN.G, BI-125-4S, Dagjeon, Korea)dt 3 A= &
FE ARl 2 Hd JEE Al Fste] AldrE Ab
Z3l9om, 74&9 M-S gram stain(BioMeriux, Color Gram 2-
F, Hazelwood, MO, USA)3+ & microscope(DM2500, Leica,
Wetzlar, Germany)¥2#, Vitek® 2(BioMeriux, Inc., Marcy-I'Eltole,
Franceys ©]-8-atod A33eta] A|@HALS AAsFdTh 3k i
o AES flsto], 2t AAle] A8 1 mLE 10mL durham
#-& 3233 lactose broth(Oxoid, Hampshire, England) % bril-
liant green lactose broth(BD, Le pont de claix, France)ol| 7}3}
3, incubator(BI-125-4S, Yeon-u EN.G) 35£1°CollA4] 48+3A]7F uj]
stal 7k WA o RE AT
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3L, TESE API 50CHB, API 20E(BioMeriux), Vitek® 2(BioMer-
)& o] &3t AslEr A FHAE F3l B cereuss A3
o} X3 B cereus® BR1E A= B. cereus®}t B. thuringien-
sisE TE3H7] 918, gram stain(BioMeriux) Sl microscope
(Leica, DM2500)E 53l 1,000 vj&= 3}od crystal-forming®!
73%- B. thuringiensis=. T-%3}5] T}
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At o
Y - FOLE AEHES DIYE 2P =AY

2 AFddxe 7t dE5ol g deAlgErE dotiy] s
g - fobe AEFLE 1050=20) AAEF 4F =81 HE
(40%) E0om, 321+3.64 log CFU/gCE UEPom, 3 4.15
log CFU/gollX] A 1.86 log CFU/g(#HZ3H 10' CFU/)2] &
XE HJt} Table 13 Zo] & - Fol& 2ZFUF el skim milk
powder(GA}, NO. 1, n=2), whole milk powder(GA}, NO. 2,
n=2), mixed skim milk powder(FA}, NO. 3, n=2), lactose(EA},
NO. 4, n=l)lactose(BA}, NO. 4, n=1), dextrin(AA}, NO. 5,
n=2), organic brown rice powder(CA}, NO. 6, n=2), mixed
orgamnic vegetable powder(CAF, NO. 7, n=2), alpha rice pow-
der(DA}F, NO. 8, n=2), orgarnic alpha rice powder(DA}, NO. 9,
n=2), extrusion rice powder(CA}, NO. 10, n=2)& A}&-3}o] A4k
H AEQl Infant formula MHAL NO. 11, n=2)0lX= IitHlg
Z, WA, B cereus’t HAEEA] U THTable 1).

B - froke AFLRAA EEE Ik EEXE A 4
I F 1150] £ HIJon, FeE vt 5 76%E 2HA|st
= $HEFL Sphingomonas paucimobilis, Pseudomonas fluore-
scens, Rhizobium radiobactor, Stenotrophomonas maltophilia =2
2 Ut Table 2). 2¥ +F F S paucimobilis, P fluore-
scens= A9 50% ol’dg YERY Q- frolg AEdEe] T8
QAFOE EISITE

PFFTS F 105(10=20)2] Y5 F organic brown rice pow-
der(CAD 15(m=2)°14 1.00 log CFU/10 g& 2 AZ(10%) DA
H, & d8dME o] AEHA &3tk & 105(0=20)
o] 8 5 B caeus’t AEE YEE 2F(n=4, 20%)°1% o,
1.02+1.36 log CFU/gCE YeRten H 1.81 log CFU/IA
HAA 1.60 log CFU/gHZ3A 10" CFU/g)Y EFXE Btk B
cereus’t 7A2E YEE= 7EREY 532 organic brown rice
powder(CA}) 2 mixed orgarnic vegetable powder(CAl) ©]om,
AZ&H B cereus® SH A= Table 39 YeERJSITE 3HH, B
cereus SR1E M= AHulA] Qo= F7F ERIAFe]
e As ¢ QA Tk AzIEr AJdo 2= B cereus?t B

7V BE7VS3L B thuringiensis?t X733k
toxin crystal Bote] B/ 4 Ark(12,13). L, Hsieh
514y B. thuringiensis 9 B. cereus®t & A=41E8 At
slal MY ZAta ERsilenz F S FEE g ¢l
°] B. cereus groupS® | #HEate o] FE|HolTL AlR
Hu AE T F Ies EY T e AlEHHe] AEaadel
HA] Fojof & Ao potHt, E AFdA= B. cereusSt B
thuringiensis &S<S Y23 A3} crystal-forming! B. thuring-
iensis’} 10%, B. cereus’} 90%= B. cereus’} $-Al5FS3 Tl

2 AFAAXE B. cereus®] A& FEFE FE FEAAAE =
AFel7] 13l Pearson FHEATS AAISH A3}, dukAlFot o
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Table 1. Microbial distribution in major ingredients of food and infant formulas

NO? Ingredients

Microbiological Level (n=22)

Manufacture Process APCY Coliforms B. cereus
(log CFU/g) (log CFU/10g) (log CFU/g)

| Sk_lm milk powder Cen&lﬁ;ge—)Homogen1.zat10n—>Cream. NG NG NG
(n=2) separation—Pasteurization—Spray drying

) Wilole milk powder Centrlﬁ.lge.—ﬂ-lomogemzat'lon—) NG NG NG
(n=2) Pasteurization—>Spray drying

3 Mixed skim milk powder Centrifuge—Cream separation— 186 NG NG
(n=2) Pasteurization—Cheese—Whey separation )

_ Centrifuge—Cream Separation—

4 Lactose (n=2) Pasteurization—>Cheese—Whey Removal NG NG NG

5 Dextrin (n=2) Protein Separation—Spray drying NG NG NG

6 Origanlc brown rice powder Ml.lhn'g—)F oreign matter removal— 415 1.00 181
(n=2) Grinding—Packing

7 Mixed organic vegetable powder Drylng—)Forelgl} matter removal— 341 NG 1.60
(n=2) Grinding—Packing

3 Al{)ha rice powder Mllhr‘lg—>For§1gI‘1 matter removal—) NG NG NG
(n=2) Popping—Grinding—Packing

9 Or_ganlc alpha rice powder Mllhr.lg—>For§1gI.1 matter removal—) NG NG NG
(n=2) Popping—Grinding—Packing
Extrusion rice powder Milling—Foreign matter removal—

10 n=2) Extrusion—Grinding—Packing 207 NG NG

Preparation Mixing—Gelatination—Drum drying
1 Infant formula M (n=2) and crushing—Granulation—Mixed cold— NG NG NG

& sealing—Box packing

processing material—Storing in silo—Gas packing

DAPC: aerobic total cell count, each value means the average of replicate results.

’NG: negative.
INO: 1-10, ingredients of food; 11, end product.
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Table 2. Cultural characteristics, viable cell counts and identification of microorganism in raw material of foods for infants and young

children
Isolation groups of microorganisms"
Characteristics
Strain A Strain B Strain C Strain D

Cultural characteristics of colony
Size (diameter, mm) 2-4 4-7 2-4 1-3
Shape Circular Circular Circular Circular
Margin Entire Entire Ciliate Entire
Color Yellow White White or beige Brown
Motility Motile/nonmotile Motile Motile Motile

Identification
Gram staining Negative Negative Negative Negative
Size (widexlength, pm) 0.2-1.4x0.5-4.0 0.5-1.0x1.5-5.0 0.5-1.0x1.2-3.0 0.5%1.5
Oxygen demand Aerobic Aerobic Aerobic Aerobic
Catalase test + + + +
Oxidase test +/- + + -
Ala-Phe-Pro-ARYLAMIDASE + - - +
ADONITOL - - + -
L-Pyrrolyl-ARYLAMIDASE - + - -
BETA-GALACTOSIDASE + - + -
H,S PRODUCTION - - + -
BETA-N-ACETHYL-GLUCOSAMINIDASE - - - +
Glutamyl Arylamidase pNA + - - -
D-GLUCOSE - + + -
GAMMA-GLUTAMYL-TRANSFERASE - - - +
BETA-GLUCOSIDASE - - + +
D-MANNOSE - + + -
BETA-XYLOSIDASE - - + -
L-Proline ARYLAMIDASE - + - +
PARATINOSE - - + -
Tyrosine ARYLAMIDASE + + + -
D-SORBITOL - - + -
SACCHAROSE/SUCROSE - - + -
D-TAGATOSE - - + -
D-TREHALOSE - - + -
CITRATE (SODIUM) - - - +
MALONATE - - - +
ALPHA-GLUCOSIDASE + - + -
SUCCINATE alkalinisation - - - +
ALPHA-GALACTOSIDASE - - + -
PHOSPHATASE - - - +
Glu-Gly-Arg-ARYLAMIDASE - - - +
Species identification Sphingomopgs Pseudomonas ha:zobium Stenotropho.m'onas

paucimobilis fluorescens radiobactor maltophilia

Confidence by Vitek™ 2 system (%) 98 99 95 99

Isolation groups of microorganisms: +(positive), -(negative).

7tEE S UeRNtHTable 4). 3| AEAS E3 Bacillus
cereus 8 5 B2 o2} o] EEEHIOH, 37|29
FEAS YeEE 71982 86%= H7T HUATHTable 3).

Bacillus cereus=2.252+0.007[total colony counts]—3.616[Coliforms]
(R=0.934, R>=0.873, adjusted R’=0.858, p<0.01).

Kim S(1552 7532 @5l tigt AFolA S paucimo-
bilis, Arthrobacter atrocyaneus’} A2l 50% o]’dS 2A|8=
8 9o FE YERT g v Qlow, AlEXE EFFe fF

o] ople ES TSt USSR mAEC] FAE] AT
sihar & ub QUTH(16). & AFolA F - frokd AEY Fa d
BoM E2E IF F S paucimobilis= Kim S(15)°] w3
25E 223 gl e drdet dX skt
Hfraw mik)E YAEZE 7HSE 95X = BF B. cereus
7t AEHA] ko, YRk F4= mixed skim milk powder(F
Al, Germany)ollA] 1.86 log CFU/go & Uelgth FHU oS
AEE e AR B cereus’t HE FoH, AL
%= organic brown rice powder(CAHoIA1 4.15 log CFU/gC 2,



498 =2 F38k8] %] A 42 WA 4 F (2010)

Table 3. Biochemical patterns of Bacillus cereus observed by Vitek® 2

No Biochemical details Result” No Biochemical details Result”
1 BETA-XYLOSIDASE 24 D-MANNITOL -
2 L-Lysine-ARYLAMIDASE 25 D-MANNOSE +
3 L-Aspartate ARYLAMIDASE 26 D-MELEZITOSE -
4 Leucine ARYLAMIDASE 27 N-ACETHYL-D-GLUCOSAMINE +
5 Phenylalanine ARYLAMIDASE 28 PALATINOSE -
6 L-Proline ARYLAMIDASE 29 L-RHAMNOSE -
7 BETA-GALACTOSE 30 BETA-GLUCOSIDASE +
8 L-Pyrrolyl-ARYLAMIDASE 31 BETA-MANNOSIDASE -
9 ALPHA-GALACTOSIDASE 32 PHOSPHORYL CHOLINE -
10 Alanine ARYLAMIDASE 33 PYRUVATE +
11 Tyrosine ARYLAMIDASE 34 ALPHA-GLUCOSIDASE -
12 BETA-N-ACETYL-GLUCOSAMINIDASE 35 D-TAGATOSE -
13 Ala-Phe-Pro ARYLAMIDASE 36 D-TREHALOSE +
14 CYCLODEXTRINE 37 INULIN -
15 D-GALACTOSE 38 D-GLUCOSE +
16 GLYCOGENE 39 D-RIBOSE +
17 myo-INOSITOL 40  PUTRESCINE assimilation -
18 METHYL-A-D-GLUCOPYRANOSIDE acidification 41 GROWTH IN 6.5% NaCl +
19 ELLMAN 42 KANAMYCIN RESISTANCE +

20 METHYL-D-XYLOSIDE 43 OLEANDOMYCIN RESISTANCE -

21 ALPHA-MANNOSIDASE 44 ESCURIN hydrolyse +

22 MALTOTRIOSE 45 TETRAZOLIUM RED +

23 Glycine ARYLAMIDASE 46 POLYMIXIN B RESISTANCE +

DResult: + (positive), - (negative).

mixed orgamic vegetable powder(CAHolA] 341 CFU/gS-Z, extru-
sion rice powder(CAPOIA 2.07 log CFU/ge 2 7}t YElST)

2 A=) H|sle] URAIESTT7E 341 log CFU/g oo = 4
=% YFX B cereuse organic brown rice powder(CAFolA]
1.81 log CFU/g, mixed orgarnic vegetable powder(CAHollA 1.60
log CFU/geZ HEEHUTE ol F 9559 7S Ava
H = (milling), 1EAA ¥ T 23l (grinding) s AX A==
Atk ole Y89 7HEEAgolN EFE At (pasteurization),
F7AZ(spray dry), ®3H(popping) ¥ U (extrusion) 52 EAE
40l gl AS & F ANY Hwang (1) =d] diFriE
MM KT FA ZAERY AE HAAES dibErs
1.83+0.68 log CFU/e®.2 L}EFskom #3450 log CFU/g A7)
1.00 log CFU/ge] #XE RIS 3IHOHW, B cereus= 0.69+
0.32 log CFU/ge 2 JUERITIAL & Al 4147} Hlwshd €
25 ditAlEd B cereus7t AIFLE vAE 20| Ho]
(carry over) 7FsES 58 & AUATh

A - ROISAMES| O|MESHN ZEEZ| Weob =ArEY
2 ATdAes @ - fols AEYES] AS, AT At
R0z, 9s 2 4= 59 €48 ol gl Al
A, tt<t, B. cereus®] HE 7Fs730] Al UeS &
T UAH(Table 1). &, tidtt, B cereus’t S8 YEE
Fesle] Aakel $A1E Infant formula M(HA}Y, Kongju, Korea)2]
= dukAl, WA, B. cereus’t AEHA] Fgkom o=
3 rg o - fokg AFAAl TFEEE ERl s tH(Table
1). Fig. 13} 7Z¥o] Infant formula M(HAHS] 73-$- A2l A
AE A= AoJgFoezE =HAZ(drum drying, drum surface
temperature: 100-135°C), #5712 (spray drying, inlet air tempera-

-

A

o

N

offl ox.

ture: 135-204°C), AH(UHT 130-150°C/1-4 sec), RIS A 7}3}
H-oh(hazard analysis and critical control points, HACCP)®] %1
th o]& B bHE F - Fokd AFY mAETH FAAT
7t 7besk Aoz gl HA.

NAFE, B cereus 52 VAE EFAE wWetoz HAH
= -9 I FAH JEstE - folg AF Y AxGA
Ql NiroAle] A3 AZWHE ZAS A3, - o8 2F9sE
o A, B cereus 52 31/ WAEL] A7) A
Hol ol wet bk 9 - frof AF] AkS g vAE
A 2R3 Weke o o] AAISIAL Utk 9 - folg
2E] AzFFL A A TR ERE & U BRE U8

[e)

AEEC] AxH FWIHE 395 7354 (hydration)§lo] &

= Tl 3H37d (dry blending)s} 7} YEAEEC] Aoz
ZA o] At - AxE = HdHl T (wet-mix process) 373 ©]
Rom, et gujetAe EEEegel A9E THeRel
ATH17). EEGTHL Fege] gleng AFY Ax F
AAGNA B, cereus’t &
B. cereus®] LPFF0] F
wEb A dE5AE Fke] G - foks AFAA 2HA
?l B. cereus I3t A P g AR Alsd.
Q- froks 2Ee] AL T80 IS 7 dEES o
4Rl AR ZAIE S, ©]F & (homogenization) 3t EA
(pasteurization)8t -, F-F-7AZ(spray dry) 3h= 37°|th(17,18). ©]
uf, @xjglol| o3l 4A e BENF 52 Rz H
=, oAl &g F e, olZlel FEgeln A
4 FFAAAME 4R FHEC] nAEY] 29, T2 Ee AL

o

Je

e oft

oL,

N

=
3% & ATH17,18). Jung 519X Z-Fr(colostrum)
FAZ(spray dry)¥ 73 T2 3.14 log CFU/mMLOA

=2

i ng
Me o o
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Table 4. Pearson correlation between Bacillus cereus, total
colony counts and coliforms

Item T.SY Coliforms  Bacillus cereus
T.SY 1.000 0.940%** 0.920%**
Coliforms 0.940** 1.000 0.809**
Bacillus cereus 0.920** 0.809** 1.000

T.S: total solids.
**Marked correlations are significant at p<0.01.

EXEE AMEHAY, YiHETE 647 log CFU/MLAIA 3.94

log CFU/MLE 743y s1gloen,| ol Y- Z(spray dry) &
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Table 5. Regression summary for dependent variable
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Unstandardized Standardized
Item coefficients coefficients t p-value R? adjusted R
B Std. error of B
onstant . i . . . .
C 2252 2.086 1.079 0.296 0.873 0.858
B.CV T.C.C? 0.007 0.001 5417 0.000 - -
Coliforms -3.616 1.899 -1.904 0.074 - -

YB.C: Bacillus cereus, T.C.C: total colony counts.
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. .. Preparation Mixing
Preparation Mixin, > .
[carbohydrart)e source+pr0tegin source [carbohy(.irate (lactose, 'dextrm)j-prot.em
+oil}—>hydration—>emulsification (skim milk powder, milk protein)-+oil]
shomogenization — hydration—>emulsification
& —homogenization
2 \
High pressure homogenization Gelatination
(100-200 kg/cm?) (using jet cooker/heater)
2]
A A
Commerecial sterilization Drum drying and crushing
(UHT 130-150°C/1-4 sec) (Drum surface temperature 100-135°C)
A 2
Spray drying process Granulation
(inlet air temperature 135-204°C (Binder sterilized water/
Material temperature 45-80°C) carbohydrate solution)
2

Mixed cold processing material
(ex. Lactic acid bacteria,
water soluble vitamins)

\
Storing in silo
\

Gas packing & sealing
(N, gas >97%)

4
Box packing (final product)

Fig. 1. An example of manufacturing process of milk/infant/follow-up formula (A) and cereal based formula (B).
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