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Announcement of Publication

In collaboration with Toyo Institute of Food Technology, Toyo College of Food Technology started publishing
research reports in 1950, when the college was at the period of Toyo Canning Vocational School. When Toyo Institute
of Food Technology was approved as public interest incorporated foundation in 2010, the two institutes decided to
publish the research reports independently of each other.

Last year, Toyo College of Food Technology celebrates the 50th anniversary since the switchover from the
vocational school to the college. We hereby start publishing Bulletin of Toyo College of Food Technology in order to
commemorate this anniversary.

We hope that this Bulletin would be a source of our college’s continuous development over hundreds of years, and

we would be grateful to readers and authors for all their supports.

Ken Takenouchi, Dean
Toyo College of Food Technology
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Significance of educating “Shoku-
Gyo-Jin”, or food manufacturing
professionals in Toyo College of Food
Technology

Kazutoshi Mihara"

Tatsunosuke Takasaki, the founder of Toyo College of Food
Technology (TCFT), had a philosophy about educating food
manufacturing professionals in canning industry that honesty is
requisite for engineers working in canning industry because the
inside of canned foods is invisible.

Since its foundation, TCFT has endeavored to realize his
educational philosophy.

Here I introduce the term “Shoku-Gyo-Jin”, or food
manufacturing professionals to describe significance of our
educational belief. In this paper, education of “Shoku-Gyo-
Jin” is discussed in consideration of current issues surrounding

packaged foods.

Key words: Shoku-Gyo-Jin, packaged food, Tatsunosuke
Takasaki

*Corresponding author, E-mail: kazutoshi_mihara@shokuken.

or.jp
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[Research Article)

Effect of Anaerobic Atmosphere on Acetate Ester Biosynthesis and
Alcohol Acyltransferase Activity in Bananas

Sumithra K. Wendakoon®

Aroma is an important contributor to the quality of fruits. The effects of anaerobic condition on the production of volatile

compounds including acetate esters, and the activity of alcohol acyltransferase (AAT) in bananas were investigated.

Incubation of the pulp in less than 1% O, resulted in a significant reduction in the formation of acetate esters. Regardless

of the presence of a higher level of endogenous and exogenous alcohols in the pulp under anaeorobic conditions, the

production of acetate esters decreased. When pyruvate, isobutyl alcohol, and methyl hexanoate were added to the pulp,

lower acetate ester production was detected under anaerobic conditions than in aerobic storage. When yellow ripened

bananas were exposed to short-term anaerobic conditions (12, 24, and 48h), higher levels of ethanol and acetaldehyde

were detected. Immediately after releasing the fruit from the anaerobic atmosphere, isobutyl acetate and isoamyl acetate

were decreased but recovered later. The increase in AAT activity was slightly lower under anaerobically treated fruits

than untreated fruit. However, the lower activity in treated samples was sufficient for the ester production in bananas. The

results suggest that acetate esters cannot be produced without oxygen due to inhibition of production of acetyl CoA derived

from pyruvate via mitochondria and beta-oxidation of long-chain fatty acids.

Key words: Anaerobic condition, acetate esters, acetyl CoA, alcohol acyltransferase (AAT)

Introduction

Volatile compounds are responsible for fruit aroma
that influences consumer acceptability, and contribute
to the characteristic flavor of fresh fruits. Fruit aroma
is a complex of a large number of volatile compounds
such as alcohols, aldehydes, terpenes, sulfur-containing
compounds, and esters. Among them, esters are the
predominant aroma volatiles in most fruits. Bananas are
one of the world's most important food crops, which is
a sugar-rich and easily digested food. Bananas mainly
produce volatile esters, such as isobutyl acetate, and
isoamyl acetate, which contribute to the characteristic
aroma of the fruit. Esters are formed by esterification
of low molecular alcohols and carboxylic acids. Gilliver
and Nursten? and Ueda and Ogata? reported that the
acid moiety of acetate esters was formed from acetyl
CoA, activated form of acetate in banana fruit. Acetyl
CoA and alcohol are then converted to acetate esters by
alcohol acyltransferase (AAT), which has been identified
and partially purified in ripened bananas®.

During the postharvest period, the quality of fruits,
especially aroma is easily lost due to postharvest

handling. The most common way to maintain good
quality during transport or storage is to seal the fruits
in polyethylene bags and keep them under desirable
temperature. However, the production of volatile
compounds often fluctuates when fruits are sealed in
plastic film bags. For this reason, consumers sometimes
recognize off-flavors, such as alcohol, when the fruits
are unpacked. To improve postharvest quality, it is
important to study aroma production in bananas under
low oxygen or anaerobic conditions.

In this article the author wishes to discuss and review
the published data including author’s research data on
acetate ester biosynthesis, production of other volatile
compounds and alcohol acetyltransferase activity under
anaerobic conditions in banana fruit.

*Corresponding author, E-mail: sumithra_wendakoon@shokuken.or.jp
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Acetate ester biosynthesis in banana fruit pulp

Acetate esters such as isobutyl acetate and isoamyl
acetate which gives banana-like aroma to the fruit, are
formed by esterification of acetyl CoA and alcohols,
which are derived from amino acids. Generally, acetyl
CoA is formed from different sources, such as pyruvate
and fatty acids in higher plants. Pyruvate, formed from
glycolysis, is converted to acetyl CoA by pyruvate
dehydrogenase in mitochondria. However, acetyl CoA
itself cannot directly pass through the mitochondrial
membrane. Therefore, mitochondrial acetyl CoA is
hydrolyzed to acetate by acetyl CoA hydrolase, which
is present in mitochondria and then leaks out from the
mitochondria. Continuously, acetate is converted to
acetyl CoA by acetyl CoA synthetase present in the
cytosol? since acetate can’t be reacted with AAT?. Tt
has been reported that acid moiety of acetate esters was
mainly derived from pyruvate via acetate in bananas (cv
Cavendish) although a small amount of acetyl CoA was
formed from citrate, which is formed in the tricarboxylic
acid cycle in mitochondria®. Some of cytosolic acetyl
CoAs in banana fruit maybe derived from acetaldehyde
by aldehyde oxidase®.

Production of acetate esters under low oxygen
concentrations

During the postharvest period, the quality of bananas
is easily lost because the fruit becomes highly perishable
after the initiation of the ripening process. The most common
way to maintain good quality during transport or storage
is to seal the fruit in polyethylene bags. However, when
bananas are packaged with polyethylene bags, the fruits
are subjected to be at risk of encountering anaerobic
conditions during storage or transport. As a result,
banana-like esters can be suppressed and off-flavor could
be produced in the fruit.

In the author’s research, to elucidate the effects of
low oxygen or anaerobic conditions on acetate ester
biosynthesis, ripened banana pulp was used. When
banana pulp was incubated under various concentrations
of oxygen, less than 1% oxygen caused a significant
reduction in the production of acetate esters”. Regardless
of the presence of a large amount endogenous ethanol
and the remaining exogenous isobutyl alcohol after
complete anaerobic incubation with the pulp, the
production of acetate esters decreased (Fig. 1). To
determine the relation between pyruvic acid and acetate
ester formation under anaerobic conditions, banana pulp
was incubated with sodium pyruvate and isobutyl alcohol
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Fig. 1 Gas chromatogram of the formation of isobutyl

acetate in banana pulp resulting from the addition of
isobutyl alcohol under aerobic (A) and anaerobic (B)
conditions. Tridecane was used as an internal standard.

for 4hrs. As shown in Fig. 2, the production of isobutyl
acetate was lower than that of incubated under air. The
reduction of acetate esters under anaerobic conditions
suggested that pyruvate may not pass into mitochondria
and that the metabolites, such as acetate, do not leak
out from mitochondria. The formation of acetyl CoA,
derived from beta-oxidation was also studied. Lower
levels of esters such as ethyl acetate, butyl acetate, ethyl
butyrate and methyl butyrate, were detected when
banana pulp was incubated with methyl hexanoate
under anaerobic conditions than that of under aerobic
conditions due to suppression of beta-oxidation under
anaerobic conditions. To determine the effect of short-
term anaerobic conditions on the production of aroma
volatiles and the activity of AAT during the postharvest
period, yellow, ripened (yellow with green tips) bunches
of bananas were treated with nitrogen gas for 12, 24, and
48h at 20 C ®. Large amount of ethanol and acetaldehyde
were produced in anaerobically stored bananas due to
anaerobic fermentation. The concentration of ethanol
was higher than that of acetaldehyde in the treated
fruits, since acetaldehyde is an intermediate compound
and ethanol is an end product of the anaerobic pathway.
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Fig. 2 Acetate ester formation in banana pulp resulting
from the addition of sodium pyruvate (Pyr.) and isobutyl
alcohol (OH) under aerobic (A) and anaerobic (B)
conditions. Error bars represents SE (n=3). fw, fresh
weight.

Furthermore, the author elucidated that the production
of isobutyl acetate and isoamyl acetate was reduced
markedly in 24h and 48h nitrogen treated bananas just
after removing the fruits from the anaerobic conditions
but recovered lday later. After long-term CA storage
of apples, aroma production was suppressed by CA
storage and the greatest reduction was found under the
condition of 1% O, and 3% CO,?.

Effect of anaerobic conditions on alcohol
acyltransferase activity

The first AAT enzyme characterized in fruits was
reported by Harada et al® in banana pulp. And they
also reported that the enzyme activity first appeared
at the yellow-green stage and peaked at the full yellow
stage of bananas. The enzyme, only active on acetyl
CoA, was later identified in apple!® while another AAT
enzyme, active with different acyl CoAs, was purified
and characterized from strawberries'V. The gene
expression for the enzyme has been detected at the
onset of ester biosynthesis in banana fruit'?. A number
of studies have reported that the importance of AAT as
a key enzyme in aroma biosynthesis in many fruits. Ke
D. et al'® have reported that the reduced AAT activity
by CA treatments was a major reason for the decreased
concentrations of isopropyl acetate, propyl acetate, and

butyl acetate in strawberries. The effect of short-term
anaerobic conditions on AAT activity in bananas was
investigated for the first time by Wendakoon et al.?. The
AAT activity was increased in both anaerobically and
aerobically stored banana fruits, and during the latter
part of the storage, AAT activity was slightly lower in
anaerobically stored fruits than in the untreated fruits
(Fig. 3). However, there was no significant difference
in acetate ester production between anaerobically and
aerobically stored bananas at the latter part of the
storage?’. Therefore, the author’s results indicated that
anaerobically treated bananas for a short-term had
sufficient AAT activity for the production of esters at
the end of the storage.

In spite of presence of sufficient AAT activity in
anaerobically stored bananas at early stage of the
storage (Fig. 3), significantly low concentrations of
isobutyl acetate and isoamyl acetate were detected just
after removing the fruit from the anaerobic condition®.
It implied that the substrates of the AAT were not
adequate for the production of acetate esters under
anaerobic conditions.
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Fig. 3 Changes in AAT activity in yellow, ripened
bananas after nitrogen treatments (12, 24, and 48h)
during storage. The enzyme activity was measured by
GC, in terms of isobutyl acetate formation.

Conclusion

The results from the author’s study clearly show that
the formation of acetate esters is inhibited by anaerobic
conditions because acetyl CoA, acid moiety of acetate
esters, which is derived from pyruvate via mitochondria
and beta-oxidation of long-chain fatty acids cannot be
produced without oxygen (Fig. 4). The results further
demonstrated that when bananas are exposed to
anaerobic conditions for a short-period (12 ~ 48h), the
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aroma balance is disturbed and off-flavor will develop
due to the production of higher levels of ethanol and
acetaldehyde in the fruit. However, the activity of AAT
is not significantly affected by short-term anaerobic
atmosphere in bananas. The data obtained from this
research provided significant and helpful information for
the keeping quality of bananas, especially the production
of volatile compounds, during the postharvest-period.

Pyruvic acid ———— Acetaldechyde <«—— Ethyl alcohol

Fatty acid

Inhibition
under

anaerobic
L condition

Inhibition
under anaerobic
condition

»| Acetyl CoA
(cytosol)
/\AAT
Alcohol

Fig. 4 Proposed pathways for acetate ester biosynthesis

Acetyl CoA
(mitochondria)

Acetate
(cytosol)

——

and its inhibition under anaerobic conditions in banana
pulp. AAT, alcohol acetyltransferase.
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BRI T F RIZDORERE T A T
VEBRBXOETZ VA= VLTINS
VAT I —EIEEICE LTI E

Jyrzry¥a—r S K’

FEOIZEDONE 2 PO EELERETH L. HEIRE
HINF F REOHIMR D DA B L O AAT I B X
FTHBICOWTHRAE L. BERED 1 BT TIE N
FREOFERET A 7 VAR WD T - 72, RAMITEA
MOT IV T = VORI 20 b 5F, BEIRE TN
FRIEOBEFET A T VAT L7z, N FFRFEICE N
YUl AVTFAVTVa— ). BEERINTSE, BR
RETOZ AT VAERIIIFRIRE L LR TR - 72 31 L
7o F RE R WREH OBGIREBICHK T 2 &, RO
5 —=VRTE MTIVT RPER SN, BEIRED S
REHRDONFF TR AV TF LT ETF— b BIOA VT
INVT T — MEERMED o 7oA, WFERHc s EIh
S5O AFIVARDEIE L7z, BB TR L 723N F F
RED AAT L, AR TR L7z RE L RTH
FTEr o720 Lo L, 20 AATIHHIZT A F VAR
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W5 THrEEZLND. RIFEREID, BEILW
RETIE, EVECVBRBE» DT T )V CoA Ot
DNHESND 720, BB AT IVHIER SN WT &A%
LMo 7.

F—7—F : BEEIREE, FEEET ATV, 7 F I CoA,
AAT

*#H5SE , E-mail: sumithra_wendakoon@shokuken.or.jp
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BN R Geobacillus stearothermophilus ® I A= v F DNA ik 7 v X 7 B D&

Bk BOZT, B ML 2A R
F O, AR T

APNCIE, DNAMBROT T -4 DA ML AIZX % DNA G BET 24 52 A7 2 0%Mib > T b,
Geobacillus stearothermophilus 1%, FRIEEEFAMEIEME TH L. ZOWIE, AHiSEm - AR OMERE I
BUSERERREE LTHMON TS, HREETODNABEI AT 2 5WHL,IT 5720, G/T, G/U I A
~¥vF DNA & BWIE A/UXT — DNAIZRHRMICKET 25 Y7 HERER L7, TORE, G/TIARY
FBIUPG/UIAYYF DNAZKHEMICHEEGT LY 282 BRA L. o0y v e Ewminhric
IOVMELZEZA, G/TIATYFDNAKEGSY V87l MutS, G/U I A~ v F DNAKAESY v 3 7 B
UvrA L RIEES N, Ty Y7137 7 A DNA I AV v F DNA 2K S 7z & S % 38
WL, BEEAI—DNTEI ONRNIETHLEEZOLNS.

F — 7 — F : Geobacillus stearothermophilus,

wa

PN & o TRARTE MO PRI B THEZ BikE
Fo. W3/ 5 DNA 2 ZEIRFET 5720128k 4 7%
VAT AEDBODIENG o TETRD. BIZIE, 7/ 4
DNA ZHH T LBICAE L HEBL T —RIEEOR T I/
BICE > THELDIAY Y FDNAWR, Z0FFICILTE
CEBIREMDERIIORIDLHN, Tt 0B EREL
BETIHA LI AT LADH L LDV oTETNS.
F 72, BAINRRAL AW E I X o THE L A8k 4 7% DNA 15
BB B VAT AOHFLEDI LN E RS> TETWVAYY,

Geobacillus stearothermophilus 1%, 314 % WK § 5 if 24
PEIEMECH L. TOWIE, et - Hor 2 ik
TTHBROEBERE (Wbws 77y MFT—W) &L
THHNT WS, FROMBMEDIFF IS 2oL b
FRREETEEIIRRTE RV LEDVDY, TO%E, G
stearothermophilus O WA F IR & IMNIRMGEIREE A —3 9
5720 (55 CHitR), BEWHIEIZ IR R EEILET
& B3IV, G. stearothermophilus |ZH MR T CTHET 5 72
W, PEYLFEERIC L S DNA BB EZZ TR TVwEE 2
bNb. &I, 5-AF VY MY rOBT I 2EIC L 5 F
SUNOERRLY PV ORAFIMLIZE ST T YAND
ERPBIDRTVURENDH L. COERIZL>TGE/
TIARYFRG/UIARYFHFELDL. 202D, &
ERBE T CTHAE L T3 G. stearothermophius 1213 2 5
DNA B ZAT 2D & YRV AT D L E X bND.

I A< v F DNA, DNA 548, MutS, UvrA

F AR, AL ERERE LR EDOA ML AL
Lo THAY O MBI IRGH & FHEN 2 IREICR D,
WBHOKETIIMB EIN L VWALE L TWELIFTH %
VW “viable but non-culturable” ZIRFEIZR D, TD XD
A EEOFETRIRIETE 2o, AREED
WA ERCHEEZTI SR ITREND L. F7-, H
BR OIRIED & l4E L7/ iE & o 2 b L AT LTtk
EWMTIEILOENTWEY, WEAHEZHRLTVS G
stearothermophilus %, MEGKWIZ L 2 FiRA M LA ZZT
5. L72hoT, MR TIZB T 5 ZOROET D X
B AL, FRICHA R A P LRSS SR IBE A =
ALBHFHRD L IZEELEREZHED. LS, Z
DWIZBVTED LS % DNA BHE Y AT 2550 b o T
LONFRIEFEAEGR> TRV, RFETIEG.
stearothermophius 23817 A I A< v 7 DNA 5 2 56185
55 R EOREEATR ST,

MRlERE
pakEE
WX, Geobacillus stearothermophilus ATCC12980 %
fEH L7z Hlgs2813 TYGH: H (1% Tryptone, 05 %

Yeast extract, 0.2% K,HPO,, pH72) % M\, 55T -
A& Tl o 72

MR AR D FHE

*

JE#%4G, E-mail: fujihiko_matsunaga@shokuken.or.jp
PRBREER K R LR =



10 Bulletin of Toyo College of Food Technology 1, 9—15 (2012)

R B e O MR =W 2 X L, PBS (137 mM
NaCl, 27 mM KCI, 10 mM Na,HPO,, 2 mM KH,PO,) T
hEok, v=r—3a vy 77— (5mM HEPES,
pH7.0, 15 mM MgCl,, 100 mM NaCl, 10 % Glycerol, 1 mM
DTT) & L, A28 E it L7 (5 watt, 4 min).
B0, @l (16000x g, 20min, 4TC) ATV LEFZER
WL, Thzfifapimis L.

ARIATYF DNA OFR
FEIZH V248 DNA OBSIILL T oY) Th b, &
DNA 13 5 K2V ¥ 4 —ie5] GATC % .
MIS1 :5-GATCGTACCAGTATCGGC-3
MIS2:5-GATCGCCGATACTGGTAC-3
MIS3:5-GATCGTACCAGUATCGGC-3
MIS4:5-GATCGCCGATGCTGGTAC-3
IS 4FEOAK DNA OfAGHEIZL D, IEH DNA
HBHVIEI A~y FHIER % &L DNA 25C& % (Fig. 1).
MAGDLEIRZUTOMEY TH 5 IE4H DNA (MISI+
MIS2), G/T 2 A=< v F (MISI+MIS4), G/U I A= v F
(MIS3+MIS4), A/U X7 (MIS2+MIS3).

DNA €7 7O—ADFFH

% DNA 1 T4 Polynucleotide kinase (NEB) 2 X %
Ko Lo DL, T4 DNA Ligase (NEB) % M
WTELHMERE 21T o 72, FEREROS T EE LIRS
Pto 7z, HAE S 7-A 8 DNA it bt 7 7 0 — 2 i
(GE healthcare) Z#& S/ (Fig.1). £t77a—2RL
DNA @O v 7Y ¥ 7RI EEE ORI 72,

ATy F DNAEBERVINIEDDBE
% DNA $72133I A~ v F DNA 244 L7 DNA &
T7A—=AENTAITKHE L (7T =T 4 —hTFN).

T74 =74 =T L%HRiENy 77— (25 mM HEPES,
pH7.0, 15 mM MgCl,, 100 mM NaCl, 10 % Glycerol, 1 mM
DTT) THfifbs 7%, Mgtz r 74 =71 —
AT LIZEL, DNAt®T7 7 u— R LEEISEIT - 7.
7 70— A0 0 EEOKEG /Ny 7 7 —THETITo 72
%, 7 7u—2025fwOBE M NNy 77— (25mM
HEPES, pH7.0, 15 mM MgCl, 1M NaCl, 10 % Glycerol,
I mM DTT) 12X > TDNA ALY v 32 e vl
L7z, SFEBIFMN.UCGRE L7 2 >ofiilafliiz AvC
Ty, BRMAMRE L. &4 7 M23MiE 1 g5 oM
N flr i % Sl L 7.

SDS-PAGE (C&% DNA &2 VNV EDRER

DNAt 7 7u—RI#iH L7y »/8 7 E % SDS-
PAGE sample clean-up kit (GE healthcare) % H i
L7z, Bonilklz ®Eidichtvy, SDS-PAGE #: CER
L7z, R 7BOBMIEI <3 =TT v T —H
B K> T o7z, WENCELCIMED Y V37 B%
AT A BRI CE# A D H 2 L, F RN
ZUNRTERPROENT VDB Z LR D7 v 87 Bk
BEMNELTBSY, @827 794 L7k ARy T
DNADT 7 4 =T 4 717 KT B RERVED DD,
HHBERCBEIN Y Ry BE BRSO ICHE L7,

IAVYYF DNAEBEZVNVEDEESRH
BRIKEN RO 7 NV SRR N Y P2 @ IRL, 7 v
POENYFEEYF UL Evx v 7 L& T 0V
Fidifats, EIo (10mM DTT, 25mM Ammonium
hydrogen carbonate) % 2 C, 56 C T 45 4 Ko &
w7z WEHE T V¥ VL (55 mM 2-iodoacetamide,
25 mM Ammonium hydrogen carbonate) < 30 4, -SH
KOTNVFNMLEATS 28, TS TV Y

-~ , DNA sepharose

Normal DNA G/U mismatch
- -GATCGTACCAGTATCGGC- -GATCGTACCAGUATCGGC-
7 -CTAGCATGGTCATAGCCG~- -CTAGCATGGTCGTAGCCG-
G/T mismatch A-U pair
-GATCGTACCAGTATCGGC- -GATCGTACCAGUATCGGC-
-CTAGCATGGTCGTAGCCG- ~-CTAGCATGGTCATAGCCG-

Fig. 1

Schematic presentation of DNA-affinity column. Column was filled with DNA-sepharose beads. DNA was

covalently attached to the sepharose beads. Cell extract was poured into the affinity column and proteins specifically
bound to the DNA-sepharose was eluted by 1M NaCl. Sequences for normal DNA, G/T mismatch-, G/U mismatch-, or

A/U pair-containing DNA are also indicated.
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(20 ng/uL, 25 mM Ammonium hydrogen carbonate) %
Mmz<, 37 CT—MfE LMLz &I, MY Tv >
GIRICK o THEBR LR TF FEEm L, ol
(MALDI-TOF, Bruker Daltonics) T##r L 7z.

HBR

DNA 182 VNI EDIRFR

P B I B B TR R % 88 5 0k g LA Tl
A L7, oMM Z IR DNA(2 > fa—)),
HHVWEGC/TIAYYF, G/UIAYYF, A/URT %
G DNAZRELLT 7425714 —% 52 (Fig. 1) &
PUS S8, B THWIEIS 2 FER WIS 2 7 > 82
HEmEELE.

IEHDNA & G/T I Ay FDNAICHAE LY V8
I ENENEEAR Lo TREMLEBLEZ A,
WINO DNA & W 72856 S BNy skt v /z
(Fig. 2). MBFBDO/NY Ny —vxigL7-L 25, IEW
DNA®OYH ¥ I TN FER, G/TI AT Y F
DNA O ¥ T VIZBWTHWHMAEEZRT SO -
7z (Fig. 2, Band2). F#£Z, G/U I A< v F DNA H 5
WX A/UXT DNA IZ#E L7y ¥ 87 B % IEH DNA
ERBE Ly s EERBELEZA, G/UI AR Y T
DNA TH M DNA TIER LN WHIO/N Y 2R
5 Z M TE&7 (Fig. 2, Band3). A/U X7 DNA # Hw
WA, BHIEICRR LAk S e o BBIER BN S
NV FIIMILTE o

NS DHRED S, G stearothermophilus 13 G/T I A

Normal GIT

Marker

~vFEG/UIAR Y FENFRWICE#RT LY 328
LB ED IOFORIALTVDE I EDGho T

BESMICEBE2NIEDEE

T74=2T4 =" TLATHHEINTI A~ v F DNA
WCHRNICEAT Ly N0 R BT 5720, G/T 3
ARy FEGUIATY FENETNTHERMICHEE S
Nn7:3> F (Fig. 2, Band2, Band3) 7% &M ot
H L7 F7 WBoOzD, EHDNAZ&R TXC
® DNA Tl IZfERR S 722y~ ¥ (Fig. 2, Bandl)
ST L7z, Ea 58T iE MALDI-TOF 30 CT1rw, g
IEPMF B X O"MS/MS 2 ll v 72, 2 o5, IEF
DNA IZk& L7z % 7827 %13 DNA polymerase I (Fig.
3A, Table 1), G/T I A~ v F DNA IZHEMIZHEA L
% » 737 %1% DNA mismatch repair protein MutS (Fig.
3B, Table 1), G/U I A< v F DNA |ZHEMWICHE L
% v 37 %1% Excinuclease UvrA & & &7z (Fig. 3C,
Table 1). WINDOLEED THICHEVWAITEZRLTH
D, FMZEOWHEICHERmWEEZ SN 2770, G
stearothermophilus D 7 7 5 DNA X S N T wiz
®, DNA polymerase I UAME BT FED 77— 7 % Fw 7z,

U EOfERDPS, 774274 —HF7HIEIAR YT
DNA A M 274 53 DNA polymerase I 2% & L T
B, G/TIAXyFIETMutS % %7 8EH, G/UI A
<y TR UvrA & Y8 7 B RICEEL Twas 2 &
WHLNE o7z,

A/U G/U Marker kDa
| B =158
:KandS '—_., 176
§ S5 S J7.2
- i Lol - GG 4
e - QA
ﬂﬁ S W 55.6
- 427

Fig. 2 SDS-PAGE analysis of eluates from normal DNA, G/T mismatch, G/U mismatch, and A/U pair DNA affinity
column. Each eluate has two lanes that came from two different dilutions of the same sample. Both ends of the gel
are molecular size marker. Mw for the size marker is indicated on the rightmost. Bandl, band that was commonly
observed; Band2, band that was intense in G/T mismatch sample; Band3, band that was intense in G/U mismatch.
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(A) Band1

4TI _spopyap— ' TLBAY
a7 asg f siasz T+
s TIT 2379083
: : = H 847050 g T ooz
—— - —— - - 1385004 2370981
— w1 + Nerare E~1E ]

ENVLASIDE IKGEKLKENL WLLS KOUALICRDA  PVELTLDDIV THSEDREKVV  ALFQELGFQOS 55 ' ~
15T
616-620

WESDEAVYG  KGARRTVFDE PTLAEMLARK AAAIVALEEP LHDELRRENEQ DRLLTELEQP LAGILANKEF

EEGRETRQAF  VPSEPDVWLIF AADYSQIELP VLAHIAEDDN LIE,

MEROAKMNF__GIVYGISDYG LAGNLWEITSK EALETIDRYT AOTPOVRQYE DNIVOEAKOK GYVTTLLHRR
R T ]

1120841
Mg,

IGAKTLTSTH YHELTALERS LPRLSNVHAR AIEENGEVVF LIOIADGRAD NSVGINVAEL

& KPOWDAIE GLSPAISIDG FKTTSRNPRST VGTVTELIYDY LRLLFARIGR PICPTHGIEI QSQTIEQNVD

IDGLOAKLEVD LOLVIPNDEL TLEEHAIARW EPQSSQYYPQ LLEAVCHMYG IPHDVPVEDL FPREQLDRILY

B 1] Z
AVLVGGKNIG EVTAMSVTEA LAFFOGLELT EKEAQIARLI LREIRDRLGF LOWVGLDYLT LSREAGTLEC

EAQRTALAT QIGSRLTGVL YVLDEPSIGL MOQRINDRLIA TLESNRDLGN TLIVVEMDED THLAADYLID

— g - = : i

Fig. 3 MALDI-TOF MS analysis. Bandl, Band2, Band3 found in SDS-PAGE analysis (Fig. 2) were analyzed by
PMF-MS/MS methods. PMF peak pattern (right) and sequence coverage pattern (left) are indicated for each band.



A TR R 2 B

1, 9-15 (2012) 13

Table 1 Summary of MALDI-TOF analysis

Sample ID  gi number? Annotation® Mass (Da) pl PMF score PMF&LIFT score
Band1 806281 DNA polymerase | 98665 5.65 281 338
Band2 221089894 DNA mismatch repair protein MutS 101735 5.50 17 365
Band3 56421620 excinuclease ABC subunit A 106502 5.85 118 224

a. NCBI gene identification number

b. MutS and UvrA are identified by using Geobacillus sp. YA12MC61 and Geobacillus kaustophilus HTA426 sequence data, respectively.

ER

AHFIETIEIGTIA~YTYF, GGUI AR v F, A/
UNRTZEOCHEEDNAICN ST 74 =74 =T A
rHV, TRENITRHENIKEG TS5 X% G
stearothermophilus DL A SEEF L 72, 1L DNA
T, &2TODNA THRMIHER SN Y37 B
DNA polymerase I & W& &7z, A7 TH W7z 95
A TlX, €77 10— A0 DNA K¥i% 2 DNA polymerase
I 2554 Liz7zsd, 2T DNA @D NN Y B LT
BTERLEZOLND.

G/TIAX vy FDNAIHEGLTWAY 87 7T,
DNA mismatch repair protein MutS & [WE S N7z, 2D
F R BIIRGRE e MO EEL, KIEESPe Tl
G/T I A~ v F DNA 2BHT 5B, RMIZI ATy F
BT B Y RTETHDSZED o TWAHDD, MutS

MG/T IARy FIRIIIHET L, & D>0% DNA
BEEZITHRIMD Y 237 e OaGE s e EDVHMS
NTwb, SHOMRTIE, G/TIAT Y FITHRENIC
HWELTWZ L2MERENTDT, KEERE FTH
LN TW5 O L [FEFRIC G stearothermophilus T b MutS 7%
RO G/TIAR Yy F2ikl, MoBHESY X7 8%
MHOSEEBHEEA Y= 352 EA9REBEIN. T2 G
stearothermophilus Tl Vsr endonuclease 75 G/T I A< v
F BT 5 LOMEDVDH VO, T OMEHK L MutS 13 505%
MOBEY AT LD, H5WIEHEALTH2008]5
WICT BLEDNH 5.

Fig. 41%, G/T I A~ v F %2 BH T % ik O MutS
(Bacillus subtilis, Escherichia coli) & G. stearothermophilus
D EFM G. kaustophilus ® MutS & = Hl\vy, 7 3 7 K
B L7720 THb. 3207 I 7 BRECHNFAFE ML

G. kaustophilus
B subtilis
E coli

G kaustophilus
B subtilis
E coli

G. kaustophilus
B subtilis
E coli

G kaustophilus
B subtilis
E. coli

Y IHDH [ GAKTLFSTHYHELTALERSLPRLSNVHARAIEENGKVVFLHQ I ADGPADKSYGI 758
YVHDH [ GAKTLFSTHYHELTVLEDKLPQLKNVHVRAEEYNGTVVFLHQ I KEGAADKSYGI 761
NLANKIKALTLFATHYFELTQLPEKMEGVANVHLDALEHGDT | AFMHSVQDGAASKSYGL 773
Dbk ok kel Dok ek ok Domlek ok kD okIk D koK skeok
HVAELAGLPASL ERARA| LAELEKAAGKQEAAAGRMDDGALAEAGLAFQGNEALDVGSK 818
HVAQLAELPGDL | ARAQD | LKELEHSGNKPEVPVQ KPQ 799

AVAALAGVPKEV | KRARQKLRELES | SPNAAAT Q 807

sk kk Tk Dk kKD ok okkk

VEREKASRPSAGAAREGVLAEAAFEQLSMFPDLAPAPVEPPLSSKEKKALAALKE INLLE 878

VKEEPA QLSFFDEAEKPAETPKLSKKEKQV IDAFKSLNILD 840
VDGTQMS LLSVPEETSP———————————— AVEALENLDPDS 836
*, %, o B I

MTPLEALNKLYELQKLLK 896
MTPLEAMNEMYKLQKKLH 858
LTPRQALEWIYRLKSLV- 853

Dhk kDD Ik kDL

Fig. 4 Multiple sequence alignment of MutS proteins in Geobacillus kaustophilus, Bacillus subtillis, and Escherichia coli.

Only the region close to C-terminal end is shown. Alignment was performed by using ClustalW2.
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L, RN AL VD ICREShTw LaLl, G
kaustophilus MutS @ C K¥iitl21&, B. subtilis X° E. coli T
BHEAELZCT I BESIVFEL TWD. ZOHIBIIK
W & O MutS #%5fiiss Tld 3 ot O s iz s hTw
W TdH A7, G. kaustophilus R° G. stearothermophilus
MutS @ C KA &) gz &, Lok ki
AEFRROEREE 2 b D DO IEH ITHELIRR .

G/UI A~y F DNAICHENICKEGT 25 ¥ 37K
I¥ Excinuclease UvrA L FES N7z, S ¥ 37 Hik
UvrABC #HEMHIZB VT, HEIHMOREREITTR) &~
INTETHBHVY. UVHEGRO X 7 LA F FREBHEIC
BWTEL LY VI HTH DD, SHIOHERPS, G
stearothermophilus \Z B\ Tlx, G/U I A~ v FIT b i
IS LIBEAZITOMEIH 5 LRIES NS, UvrA ¥
YR BIINNVF -l E D O DNA #8352
L THIBNA. G. stearothermophilus UvrA & G/U I A< v
FICL B EELRELRHRL, BELTRERSS. G
stearothermophilus UvrA OF5SEREEIZH S22 %> T b
A%, HEHN TORBEIL D> TE LT, KRUSEOMRIC
XD UvrA ORREAFSS— 439 A2

KIFFETIL, 5 F Thho TRD 572 G. stearothermophilus
2B %I AX v T DNA @Eilks 37 &g L7z
BRWSAFICLELERSFHETTIE, ¥ YR 5-2
FNT T VOBRT I /MEICL B I A7 v F DNA %
BELTWwWLEEZON, ZOBHERMEZMT LI L
& G. stearothermophilus DY I EE 2 HIR % #50.
ZDDITIE, R THE L2 X7 HE5HE LT
BARFR in vitro DFFRESERDFEREZITH)I T LTI AT Y
7 DNA 55O %2 HT 2 LE1 D 5.

&!I

¥

AT 2 BATT HI2H 72D, KK IZHPE R T
RpWiged (#08-06, #09-08) 5, HildRHre (& C
—f%# 11-082) 254K — btz ziF7e.
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Identification of DNA mismatch
recognition proteins in the
thermophilic bacterium Geobacillus
stearothermophilus

Fujihiko Matsunaga®, Akiko Sakai, Seiya Mochizuk,
Kousuke Minami, Sakiko Inatsu

Extremophiles are thought to have damage-tolerance/repair
system that allows them to resist harsh environmental stresses.
Geobacillus stearothermophilus is a thermophilic bacterium
that grows at around 55°C. It forms endospore that survives
extremely high temperature. Due to the heat resistance, G.
stearothermphilus causes spoilage of processed foods and drinks.
Regulating growth of this bacterium, therefore, is an important
goal in food processing. However, damage- tolerance/repair
system of this bacterium is not fully understood.

Here we studied damage repair system of G. stearothermphilus.
Cell extract of this bacterium was passed through a column on
which mismatch DNA is fixed. Proteins bound to the mismatch-
DNA column were analyzed by SDS-PAGE and compared
with proteins bound to normal DNA. The analysis identified
proteins specifically bind to G/T or G/U mismatch DNA. Mass
Spectrometry analysis of these proteins indicated that G/T DNA

was bound by mismatch-recognition protein MutS, and G/U
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DNA was bound by UvrA, a subunit of UvrABC endonuclease.
These proteins are likely to be the primary actors that recognize
these mismatch DNA produced at high temperature.

Key words: Geobacillus stearothermophilus, mismatch DNA,
DNA repair, MutS, UvrA

*Corresponding author, E-mail: fujihiko matsunaga@shokuken.
orjp
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(5 %]

R DR ERIHLY P & FEHRENC B9 % 8 E
—BIZEY ZH VI P EFEBRORE—

fdt AT, Bk

BIZEY ZHTEMOBERIPY o &AM 2 2AFROML 2D S L7z, KERTIE [T
OFAER | TEARN /RS TPURIEMIC X 2 BB [ERAF RS X A2ERHIE] & v 4 ODERFA
¥ Mg, 2 LT [ FRoWAAR ] [#AENZIEE] 12OV T PROAME, [HURIEIC X 2 6wl ]
WZOWTRHMET LOFMIZ I o THRAEL, [HRAFSRMIC X 2 BZEWHIE ] 12oW TG ERE & Sl TRz
WEtREy L7z & 25, WD OB S AW T & 72, HEAGIZEE LENED2D, MR
DR CHE OB MmO FVIZIZED L) ZRzERTRELIVONE V) L 2 ARMICHET 2 T

Bczy, HEMRPMESTLEEZONM%.

F—TU—F: BIZXDY, staphylococcus, A, Prwizhba, MET L, MEw, fOsinE

XU®IC

E AR O 5 TR T R AR R b R EO—
OTHAH. EPEE, BROEZERLEMTOFEWEIZL -
TRE 221D D05, £ FBBEHICART 2 EEM
AP EGREERT LI EICETRI S, AMEIZH 724
KADWEMHPFIEL TS, Fl2IE, AOFIC3HEZE
NEVIEEOMAEBNELTL. hTd, AMmfEL
ML 720 2807 K7 BRI 2 A0 SE, B T4
M5 20 ~40% OMETHIBEINDY, T, FKE
RFEEOL VERBLEBY T, FREA L THRDIA
Ry, BhHERAEORRE R 2BNDEH D, E-T, Mk
WO R E R 2 R L, BEMOmAN I fvi
FRTEIFEELREREFO.

WA OBIIZHIE TS EDTE S, FIAITEMEM
By o, I, WHERET S Lo 2EmORSF
HEOKRER, BERHETLE VS HEENZ L2
) FLAMT B T, A ORI TR E 2 5.
WAEMOREEZ Y, WA HET 52 L b REICAENE
PoTWL I RATEELRZETHA.

W, AR BRSO N— AR Y T ERR I LY
W2X % ATPREZHWT?, TIROHYRE RS RICD
WTHSR, LALZOFETIE, SR ety
W& 2 EMEROHIE E TERRMIERET L2 L TE
.

ZZTHE, TARIBIZEDEZHCT, BMORENZR
LY o & BAEMHIENIC O W TR A RO LI LN TE S
FHERE T Y L, FHRERETYA Y $512Hh7%

=

Biicfificd by, HHErI I L.
BRONEBRIEHNTRTT230THHI L.
e L OfEBRES S RN L.

HEAEFICEALTBY, FAOBKEZTIEDOF5 )
DTHHZ L.

5. I, BREIERLTVWHIOTHAE I L.
D5 HICHEL.

Table 1 IZKEDLEBROTRN L BEENAEB L O %
AT EBIZ3HMTREMET A, 1HAOBIZEDIERT
&, FEOFEIC L) FIROFAEROBGES X AN 2
RO ZITH. SHICBIZE Y ~OHET LIEEA
AOFMIZ XY PRI X AW H# oMGEZ 47 .
EL L7-BICE DL, =i (25C) F2dWeE 47TC)
T—MRAE L, ARG & 2 B i o %) 5 % WaE§
5. ZLT2HHIZT7 FYREBIEICBIZE) 225
LI TINEHAL, —MBEELABEIHAKT FY
BRI IC & B YR WGET 5.

W o=

MHREXOFE
BAX1E Table 2 (IR T & B0) Th L. 1FH - RfFT 2
BIZEY) DML, FEEOTEOL R, T L OAE,
WERMNOENZ L > T [PELZL - T LAL - Zinfk
Al TF4E% L - T LA L - WEBERAE] [FERL - M
TLHY R [TRZL - HET LD Y - G A
[ TR MET L L -=bAr] [ TR0 -MTLzL-
WA [TEHY - T Ld Y - Zitifr] [ T4

*JWi% S, E-mail: sakiko_inatsu@shokuken.or.jp
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Table 1 Experimental schedule, inspection points and methods

Schedule Contents of experiments Inspection points Inspection methods
1st day Bacterial flora on fingers
With or without gloves
Make onigiris Hygienic conditions
Bacterial control by With or without umeboshi
antimicrobial action
Storage onigiris Bacterial control by Cool storage (4°C) or
storage temperature room temperature (25°C)
2nd, 3rd day Incubation and observation Contamination by Staphylococcus Inoculation in a selective medium

of bacterial colony

Table 2 Inspection classification

Without umeboshi With umeboshi

Room temperature (25°C) Room temperature (25°C)

With gloves

Cool storage (4°C) Cool strage (4°C)

Room temperature (25°C) Room temperature (25°C)

Without gloves

Cool storage (4°C) Cool strage (4°C)

D -HETLHY - WEHERAF] OGRS EZRY, S1HE TFHEZHBO L biEo7:. ZORKR— VAT &

DBIZENPRLEERD.

CITIR P2 NTERZAT ) Ba M 20k B &
OChEZilks 2. TR OMENE (TLHY - 1
TL2L -Filffr] [TRHY -HET L L - s A

L., Hz#T72. FRAYVOBIZZNIE, REFAOM
WETHA u r TREZAM L, FREKISHEDS S 348X
DGR BT DO L7z, $72, BIZE ) 3T

LOWEP BRI I T LRLOBIZE) » 5o

[F48H Y - MET LDV - KEREE] [FEDY - BT LD
D R RS ] OGEH4 ) 1ZOowTiE, 18T kY
NS LY TV ERIE L, EY OTELR LOBRENEC
ONWTR I AT OHGOY Y T IVEHET S.

" r
<
\

et

X @28, WL 6MH), v~v=v MAEEEREHREE
(MERCK) (12 #0), 9mL AEHAHAKA Y K v (36 &),
w7k ANLERE—L (12), KEKZEDLK—
22), Ledbl (&), 2L, HIVE 7797,
BHEAF A0y T4 (1H), BREEAR My A=K
V4% (1280, BHEAARL L 24R), av5 9 IF (2
AK), 0% 73—, BRI, IKEH, GEE, B,
F—roVL—7

Fig. 1
As it would appear, make onigiris with hands. In case

3 How to make an onigiri
L. BIZE) ok (Fig. 1)

RERE, TVI—=VHEHLIZR=VIIBLE T
Zy T ePTETRICEBHREEODOTTENL LS
WETHILA TLa—LlE#ELE L UTHEERE
Wy, BIZEYEZRY, ¥9 07y FTRIWUAT. F4
HZLOBIZEDIE, FHEEDT, K-V 72KEK

of adding umeboshi, make an onigiri by mixing rice and
crumbled umeboshi. (A) without gloves and umeboshi.
(B) mix rice and umeboshi without gloves. (C) with
gloves and without umeboshi. (D) mix rice and umeboshi
with gloves.
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7z, T LAREACHAIEIBICED 1212 L 1%
M, MEZINY S CTHRAZMACHEBIZE) A
ICREAG L)Lz MEETHERNT2303H5H0 1
DTN IA—NVHET S, VEETOEHIIEL R ELTFR
DERUNOBAWRA 2 BII#T, L b L0
e U CHERTEERPZELGER LWL ) IEEE
fho 7=

2. RFE

I CTHERLZBICED) ZEE(25C) 2136 4 T)
T—WaRAE L7z, AT HERE AT O BE, SEhdMwoT
Rtk i %.

3. BB X OB LW oBGE

BIZE) Z—MRAFE LR TNEFROBIZE) 1D
28 TORKEZRIL, WMNFEAA MY v —FR)EIZA
N7z, HETLAYDOBIZEN) 2 ORITIE, BT L2
HASEZWEIIZTH, ZZI29mL OAFAEAKAD R
V245 (I8mL) ZMZ, KKAIESIEHIT% B FE
FCFTECIIOL 10 ARG ZER L7 (Fig. 2). &K
2, WHEEAAEA P ERHWT 10 BABE D S 1 mL $##
BL, 9mL AEFAEAKAD R MVITHZ 100 £ B %
e L7z, 8 O BIZE ) 2o 100 5 4B % 18
BL, WHEFEAARL PEHWTT Y=y PATHER TR
Bl 025 mL o F L7z, @iz o> 5y VTS
DRV, 37 CT—MibfRiiE L7z, BH, RS
FICHIE L 22 A 2ok T2 Blg L7z (Fig. 3). M
HWHIIBICEY 1gH72 0 o CFU Tt L 72.

faR
BT ROl S N RBIE RS

Fig. 2 Suspension of grains of rice. Grains of rice are
suspended in saline so that grains are separated apart.

Fig. 3  Colonies of Staphylococcus on the selective medium.
The color around coagulase-positive Staphylococcus
becomes yellow. On the other hand, the color around
coagulase-negative Staphylococcus stays magenta.

1. 4850 04 (Table 3)

FHRODYVOBICEDIZ1IYTI £y b LILEY 7
Ve Lz [Ty - HTLAL - KilRF] Tk, 7
R ER# 2 1.2 X100 CFU/g it &z, —J, [F48EH 1 -
METF L7 L - SRRl TR0 -MTLH) - =il
WAEL, [F8HY - T LDV - GEERE] TIE7T Py
o ao=— 3kt Shd, mBRAE (40x102CFU/g)
KiiTH o7z,

2. PR LFAEADYE (Table 4)

[ P47 LT L7 LSRG T, 7 By EkH A7 6.8
x105CFU/g #eth &z, —, [P85L - BT L&l -
WHEERAE ], [FREL - T LY - BEMF], [F4E
LT LDY - SRl TET B BRREIEMm &
Nedpotz.

3. PR LFAEBOYE (Table 5)

[F4ER LT L L Rk T, 7 FoERiE27 4.2
x105CFU/g b sz, —, [P8EL -MT L&l -
WA, [TEL2L - T LY - Zilfr), [T4
L -MTLHY - wEHAE] TIE7 BBk IEmRm S
Nhehoi.
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Table 3 Bacterial count with gloves (CFU/g)

Without umeboshi With umeboshi
25°C 1.2x104 <4.0x10?
With gloves
4°C <4.0x10? <4.0x10?
Table 4 Representative result (Student A) (CFU/g)
Without umeboshi With umeboshi
25°C 6.8 X105 <4.0x10
Without gloves
4°C <4.0x10% <4.0x10%
Table 5 Representative result (Student B) (CFU/g)
Without umeboshi With umeboshi
25°C 4.2 %105 <4.0%x102
Without gloves
4°C <4.0x10? <4.0x10%

EE

B LD EERE FYFAL V55128720 500K, ~
MIRE L. TOEIZOVWTELET 5.

L BamICHfETH Y, HEEF LW &,

Fig. 413, FROAWIIIoTHELLBIZEDIZETN
57 FYHREBOAEZLKL72XNTH L. T LIZRER
IY, BIRTRAELZGGORMRZREZ. FRAELT
i, FHEADOEA63X10°CFU/g, FHEB D4 42X%
1°CFU/g (23§ 5%, F8R%E$52 L T12x10'CFU/g
FTWAT LI EWbhrb. Fig. 51, HETLICX 25U
BR%E 7T PORRB TR LZNTH 5. MoSMEFR
L - BIRAETH L, BIZEDIHTLEZREAL S
EWCXD T FYERRZHHITE 2 2 LW DN S, &
%12, Fig. 61%, ZRAF & WHERETO T B RFE
ZHBLZMTH S, MOSKMITLELZL -MHETLAELT
HDHA, GEHETHRAET LI LX) 7 Bk 2 3T

(X10°CFU/g)
7

S = N W e ot

Without gloves
Student B

Without gloves With gloves

Student A

Fig. 4 Comparison of number of bacteria with or
without gloves. (Other conditions : without umeboshi
and stored at room temperature)

EHILEVDHNDL. TDXHIT, RERTIR [TROFLE
W TR 2 RS ] [HURAEINC X 2 Bl | T ERAE
S X AW L) 4 DDFEEFL ¥ MHEY
POYIREICHE R & LTHIN S, REBRIIARSFTIEMICH
720 i LTW B0, ¥ TR IR % 1T ) A%
LTH B R, o T, RERIZFAEH RO VG

(X105 CFU/g)

S = N WA OO

Without umeboshi ~ With umeboshi Without umeboshi ~ With umeboshi
Student A Student B

Fig. 5 Comparison of number of bacteria with or
without umeboshi. (Other conditions : without gloves
and stored at room temperature)

(X105 CFU/g)
7

S = N W e

25C 4C 25°C 4C
Student A Student B

Fig. 6 Comparison of number of bacteria between
storage at room temperature and at 4C . (Other conditions :
without gloves and without umeboshi)
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BRTFHFA v ThHHEFTRA.

2. MONZEBRBRANTHTT23D0THEZ L.
RPN L I TICIHZET 200, FEEHED
AR T HM I E 5.

3. B EofERitEr L2 L.
AREBRTIIHEARZ HO TR ZBREEL TV 572054
DEFCREIZHE D 2 T TR O X Iz A &2
W 22l BRI KGOS BN, RIENHET LT
WA NIZT B ERERGE IS ) T VWO THEESLE
ThHab.

4. HEAFICEALTBY, ZHROBIKREZTIEDT5 b
DTHbHT L.

T FYREIEIAD TR LB IATET 5 d Hilik
HEHhHFEHO—DOTH L. F07z, FRAMELTBICE
DL KD BiFohs. EBICRERSLHREBIZED
POWAT FYEREIMHSND Z & h3H 3o B EER
U LR, F 72, T LICRBERERZH D, BIC
EDRBIAYBOFIZAND LM OB 2 W) 2 5 K RA
HDHENH)ZEEFL L DFEN M TWD., SRIOFEET
NGO EERFEZIZETTYA VL7

HEMEAEETIEZ COBPHRIZOVWTERZD, 0
LD ICHFEAETGICEAS LR 2 v TERNE %
BAET HEHRIFRY R T, MRNORBLEERL %
U R woR, EO X IEETRIIVOrE W
) LR RRICHET 2T D L5 EZ 5.

5 oH, BEIERLTVWIOTHLI L.

~ =y MAEERTPRE L TIZEE 7 N BRE &
TFYREAE IR DM THINT I LIZTESDS, 2
T —EKRERERZIVE E XD IEMIZHENT S &
NCTEDL, Tl TU7u MY VOBEETEENEL
PCRMiAEZBMTAIEDTEL. ZDXHIC, £
7 N IR & WAL T N 3R OVER OE W ITB A GA A 721
ERBDSTEETH D, T MY 2 PARFERE ORI
L oT, 7 NYEREUANO—BAERSLRBRAEICOWTD
a3 52 e TE Y. AMEEERTIEFIROEGER)
2R ANDLD, THOVoEREMEIELI L
WKLo TEFMREDIMETELEEZONS.

— O B AR TR TR IRAR A e RIS T v —
FEFERLIZEZ A, HIRICHKRS 72, EBRIZBIZE) 22
ED)FROWEHL L7722 & TTFRWRHAERICKEZ DU
589207z, L) BN S N PR BIRZ £
T HD, ORISR DD 5 P AEFE R T T A >~
TAHIET, MOHAIRIBONLZLEZOND.

BILED 2 TEMBOFEAENIY o & AEw ke
RS 2RO 20X Lz, REBTIE [TIROW
W] TR AR 2 Ve ] THURIERNC X 2l ] [ R
FRMCE AMAEDHE] 2w 4D0%FKRL V248
J7e. 2L C [ FHROEER] [HENLIEE] IZonwT
ETROHE, TPIRERIC X 2MEWHIE] 2owTid
METF LOFEICE - THAEL, [P X 2 A
1AW TSR & R CRIRE LBRET Lz &
25, WP OE AR RATERCTE 2. HE
ATRICERE LIZNED 20, FISRIZER D 9 < MR o R
RLEHOWY PN ED L) REZFEETIUE I OR
L) T ERMRRMICHFET 2 FIIICR Y, BEREDS
mEsseEZLNS.

BEXH

1) HAES 7, RN RS, A/KIED] @ AR R O S
WHIR (2 DWT. BRI, 13(4), 234-237, 1998

2) MIHEOWEL L TATP LT W56 0Tt
WEAR EEICE T A HEMR. AR R
vol5l. 53-58, 2005

3) EmOFAREIZET 2H7E(1) BIZE) ORAEICSE
U AR R, KEGEHE KA. vol.38(2) 223-
230, 1989

4) MRBIZE Y OMEG YRS X ORI X 2l D%
). FEEL RS AR vol. 46 15-21,
2009

5) [ ERERTE - 11 2005), HARSE A0, R
HRaxtt, pp.74-102, 2005

Study on teaching hygienic
conditions and bacterial control in
food production
—Proposal of a student experiment
using the onigiri (rice ball) —

Sakiko Inatsu® and Fujihiko Matsunaga

We have designed a new experiment for students to learn
hygienic conditions and bacterial control in food production
using the onigiri (rice ball). Here we have set out four leaning
points: effect of (1) bacterial flora of worker’s palm, (2) hygienic
conditions, (3) antibacterial agent, (4) storage temperature, on

conservation of foods. Effect of bacterial flora and hygienic
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conditions were examined by the presence or absence of the
glove. And effect of antibacterial agent was examined by
producing onigiri with or without umeboshi (pickled plum).
Additionally, we have compared storage temperature of onigiri
at 4°C or at room temperature. These experiments were very
simple and they clearly indicated the effects of bacterial
control by the factors mentioned above. As onigiri is one
of the most popular food in home cooking, this experiment
impress students the importance of hygienic conditions. This
experiment also helps students to learn characteristics of
bacteria. We conclude that our experimental design presented

here has a high educational effect
Key words: onigiri, staphylococcus, bacterial control,
antibacterial agent (umeboshi), bacterial flora,

storage temperature

*Corresponding author, E-mail: sakiko_inatsu@shokuken.or.jp



22 Bulletin of Toyo College of Food Technology 1, 22-26 (2012)

(%
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BB T ICBIT 5 e ~ EMAEY DB

Wik HET

Fara L OBIE BV TRIMBABRREO X 9 %2, BAEMICE > To THIRESE | 285 2 & TRAEWHIBE T

bhTwa., Lal,

C DOHER EAZIIMRBRBRIE AT B E 2 A 2 72, B &\ ISR BREBREE & AR AY |2 AF A T X

LM HAFAET B, AR TIE, Wi 2B T CH AEAFTT R 2 W) (R RRBREE ) DEAET 5 2 L 2 L
A ELmOWEIIBED R 2T ) e b &, ThOBREEMEN E DD EH VDY THL L2 AT,

F—U—F RS,

BRFRMEDHDHE M EWEMDIEL

e L bV PEMICRESND X9 AAEREENTE
WORAEDTRETH 5 L) 2>, ZOREUE, 7
DOEHEL RO BE KA L T b, BEhERERo
W& %A EZBRRE LTI, Behidmibfms #
ETAHZ LTk, HAROEME AL, Al
G INEAR N OB L L TR X 9 2 XXENH
PNTW5,

[pH 746 Z# 2, 20D, KIPIEMED 094 78
R B B O LG W M FE R it 12 2 > T,
HULEE DI E 7 120 T T4 50 m# 3 3 77X
1ZENEFLEDR) ) Z 5T 2 Mk TRAT
2/

[PH A 46 # 82, 7D, KO 094 282 5] &
WIADIE, YY) XARPETTLUREOD L 5M4TH
L. ZOWE, AR ) X AWERRBT L0, [h
D OWREZE 120 CT4 5001 YL LRI TRET 2 46%E
Bhb oFh, MEHEEOZOLSVERTLEA
i, RV X ZAWPEFTHUREO D 5 WEANHTIEAR
V) XAMDFEHET B &) A TMEERE L7 Tidk
LaWnwkwy)ZEeThb bBEAHA, RWIIARY ) X AWK
P i NERVWDITTIER V. ZRUSHNIS fhi#se
B AG SR THAEWISEAEL, 1o oty ns
BaGls B REEDS B NI A R % HIETRE L TR 5
.

COEMEABEOLFIE pH RAKSENE, HEE W)
F—T— FAED AT TWE. Arhide 2 B Kty
OADHEE, o X ) RRBEEREZ MR 12HRY
ZHHAENPMZ OB b EE2FHLTVS. £
LT, BEhEeEcHEIZZ 201, LI LIRS
WCHEI AR TMAEW 2 BPEETH L. AfFTIE, Ih%
b b EHRREREMA OB L R Th. BERIZH T E

WA, A, B

WEN TV ZRWEEM OIS Nz Z RTwZET,
WEAMDEEMII OV T RO EmMEY Y L3 LR
o lelE 2R L 72w,

BRRIZICEZDWEMLS

20 AL DHEIICAD, HEYIFODNAOHF H % H
Wrge s 2 FAREIC 22 o 72, 1970 SERE, 7 AU A
DH = - 7=, TNFEFTRBRERLIVELRTRH, K
VI XARWEEER CEIEMEZ L EbhTn/d 5o
AW 725 A%, HIEHR & 12089 AW TH B L XAATD N7z,
LHLAAMRRIE, L FOKLERAEWE LR LY.
= AW ROVF 7e W e e W - 5137 —F 7 (Archaea,
HHlE) & XiEdhTws, BiE AWIEET, EEAEY,
BHIFME, ZLTT7—FT7D=Z207 V=725 ENT
Wh. T =TI R o1k, TR #iFA TE
XTVBLONL NI ETHDH. T2, BEIEMECEM A
PO b BREEA IGO0V 5 . R 5
WHEZFOMEW & 22 L ZORIHEICH R 5. Yo
3ODTN—TETIZBWT, T X RAEWHEIET S
FRERBE & Vo TH B4 H D DN, AR TIHIKEEZIREE,
AT, B, pH, Z L CHEZ ATV, Feras
AHOBEIIEL, L MIZhL DL EBIRICT S, §
bhHBREREZ WAL Z & THAEDRHEZITo TV 5
LaL, 3T LLTXTOMEMICE > TENDS [HE ]
CIERS VD E V) FlEAR TN,

(€3

b EED, ZLOEYITE o THRFEZVLEART R
HThb WAEMILTY, EFIRELETLEL T
bOWIK AT B, TO &) LHRAEDIIERSEZ
MRS 2 AT AV F—Z AL TE Y, ke
e Xdns, HRVEOREYII L Tid, BRES 2l

* W46, E-mail: fujihiko_matsunaga@shokuken.or.jp
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FTIIEFZHETE L. HIZI1E, BETFHOUEREN
IR R & R SNTNEDB A>TV D T EDH 5.
BRI & > TUZENOMBE X IRRE IR &, IF4A
MHMAEMDEBTZMMZ B ENTEL., T0 L) RS
RIBIC X 2 WAED TSGR 2 IBIAH EHTH D, L
UM T, e T LA R (RS <
WBHENH->TH R THEE TV 2MEWI VD Gl
BSEMAEY). BEIFELLZVIREBTHEEZ L ZLDT
E DWW IR e FAE R DIEA S 0 ?

F—=AFTVTOY v —=7BBIEA P T4 N EIE
ENBREEW AT S, S, YT /N FUTEn
I MEREAT ) HIEME DS, WhoMREmE Hb S > TH
W R Z IR L7200 THE. ZOAIET NS4 b
HMEaELTHROPS. Ata~ b4 Fofbh % B
BECEIERTLE, YT T TICX LW MIEA D
5. AL OERMERS Y7 /N7 F ) TIZ X 7=
BN, R 27T EAERTICHIER RICFEA L 722 L 039500 5.
ZLT, ZOMAEWIHEETR LD TREREITVEE
RUERELIZEWEEEZONTWS. 2F ), ZOMEY
AR U724 27 fEAFERT & 0 HUd, MR RICERRIIRZ L
TWwickEzohs, MIKEICAEY (BUEYW) HHEdE L7z
D T REAET L Vb TBY, YT /N7 T Ot
EFTBIZI0MEDODH T, MAEMIIMELR L CTEX
TEZILIIhD, 2O EEEZNL, MEWOHICE
FOLVIKETEFETEX 20000 ADIFELBLVWI L
TlE v, FER, L SAFET S, B2y 7 RiEHER
PHED Bz D, HErVIImEONBERKLZD LT
KBEOBEEZ D 5 & ¥k EOUFRMEMEY OB %
i enTEL. LL, Y1) X AR EDEKMEM
AEPNCE S5 TIL LA E LWEREAZ L, a@rEsesvmE
ML PR TEET 28RO,

KaEME
KIFAEMIZESTRLZEDTELRWGTTHD. &
WAEMFITBCTIE, BAEWDPFIHTE 2 KOBELRT
/AL UCRMEMZ WS, MKOKSEMEZ 1.00 T
HATTEEAEL 7 51 3 LA OAEFFHESNL DS,
OREFEIIMAMIIL > TRLZ L. HAROERMFEELETIE,
RN OKRPIEED 094 L D KRE VNS VWD TH
WHRMEDEDL > TL B, KROGWEEH 094 & vk, K

V) X AWPEEREDE D 2, € DRFOKGIGVEAE %
L LT3 (Table 1). % < OAIIAKFTEEAE
W EEFTTE WD, KOWMTEE TS % 5
HITE L. KOWEMEE FIFHI121%, HRERHEL FIF 5
HENH B, WERY ¥ AOBRGEER I VI &2 B0iE)
N5 E R,

T, RO IR 35 % TRIEE 098 FET
HbH., ETAHN, TOWEKEITIZMKEY ST o L IHIEE
DECKPFET 5. 728 2134 AT TV ORHEIT IR
JEAT30% 12D 2D, KAWL 0.7 28] 2 K EE R
COMIRIEFER I XY 2 LD B35 LK, ok RBE
TR EAME T & THlE OMEWITEE TWITF R,
2L, 2O X9 REstiikEORE % IF A CTHE X 24D,
BB T 5. 72, =BRGPV HIITHZ LA
AGDL Y REEDLHE, HHVIEY) Ty IIN—R
WCHEZAHAEDBHEAET S, T LI, D TV AKIE
PETH LA E X ZMEMILBAEAT S, Fhnt I
TlX, ABORERRIEIEADNT VST P IR S K
SEVEAT 086 ETHRLEFRETH S (Table 1).

ZDEHIZ, AEORETIH 5L I MR B &
B2 AEKGTEETH > THAEBWHELMAEYIFET
5. BRI B\ TORGIE M T R R W i o 22N
THhHD, ZOL) GRBEEEICRCBEMD»AIET 5 2
EBRENTIE RS W,

matiR

WIS, BEEEZ TEHRRIZOWTR TA AW, HAT
R (7<) S X2 REMORBEIEFF T 2 Twi
WS, AV CIRREBICHH SN TS, H U<z e
RS9 5 & MR IS TEEER 338 4L L DNA o 2 FHHY)
Wie 7 7 B OEH G| SR L, R T IS 5.

TR AEWICIRE L, WA 37 %I T
LDIZENTZTORBEVPLEE >72h (D) 25
L2 KW (Escherichia coli) @ X 9 7z Y@ O AEW X
BT LUABREOREMTEA ALK LTV, LaL,
Deinococcus radiodurans 13 7000 Gy TR\ & & Z £ THE
WLV, COMEYE, 7 A ATH YRR X
ABEEMIE L TV THDD 5723, Wl Ew 2% 513
FEANT S DR A % HiGT L 2 A O8RS TR B 2
D, TNREoNITTHEESINI R THL. 72, TN

Table 1 Optimal growth temperature, and lower limit of pH and water activity (Aw) that permit growth of various
microorganisms

Name Optimal temperature Lower pH limit Lower Aw limit

Escherichia coli 37°C 45 0.94

Salmonella 37°C 5.5 0.94

Staphylococcus aureus 35°C 4.8 0.86

Clostridium botulinum (type A, B) 35°C 4.7 0.94

Bacillus cereus 35°C 5.0 0.93




24 Bulletin of Toyo College of Food Technology 1, 22-26 (2012)

GHBEOEWIRE D O 75 BE S L7z Rubrobacter radiodurans
EHEIZE WY 2R L, Dy=16000Gy TH 5. Z
DX, BEHRRITE L CIRE ISR I % 5o 72 e
PEAET . 2O L) RAEYIE, BEHIREIC X 0 65
%5213 72 DNA % L2 BT 2N Z o Tw b &
EZzoNb. OB D, ~AGYy THLHI L%z 5L,
FSHROBRESE T CTHHEZIEL L ENTE AN L
B25.

pH

e EMOBBICH 72 o T, LIl X 9 1AW
O pH L AKPIEENEETH S, pHA 46 L D &L A0
RATELEAT094 £ 0 BB a I3 & s EE I XD duii
JEAS120 C T4 50 L &SN LORRKN S LE L 7
%, KSHEPEICOWTIRT TRk~ pHIZOWT D
AR X AWHEIET & BRI D pH EAEAE L 72 5 T
% (Table 1). KAV X AW EFIZ, —#RICEPHRLE
ORI L pH YT UBRMEREDS 1286 LB CTE %< %
%. F72, K pH THEETE BMEWIXE < ATMBIZFT .
L72%35C, pH ORI MR Tid 100 LT OB
WD 5% E, RERE L IFENLGRETENRE b5,
LAaL, 20X REBEEORVHERES T 1IKPulk 2 R
T, B 5\ ITERIEBREE % I AN 4585 5 A
HATET 5.

b FOFIEZEERFICpHA 1 CHVETID S, £561<
CDX) BEBIIHAEM IRV EEZ LR TWD, w
FCTIIZLDADOHIZE T YR (Helicobacter pylori) H%3
ATVEZ LD hoTWwah, ¥ ) BIZREE H5EL T
TYEZTEREY) HREFMTHIENTELDOT, BO
HCHEMFRER D, DX HIT, BMBRENCEIL L7
WAEMDAAET 5.

BERETEOPRZT Tl v, RREMBICESHS [H
B, b FEEIC pH AW CTH S (Fig. 1).
DX YIS bRk A AN E o5 2 LR
L. WFERUETE &M A A 7E. Pl 2, TR 555
BES NIV T + UNAW (Sulfolobus sp.) % Ria2d 2 5;
WTiE, pHEbHbEb S 31 FIFTEEETS.

T2, WEEWIZHARARICHFETLAIET TR, &
ramEm LR LARMEZ SR T LD D S,
Alicyclobacillus acidoterrestris 7 & OUFEEER (Fig. 2) 13,
R B OMRIEEE A B WAt b (BB 254« LS5
DOFEWRELD T ENAMSENT WS, Alicyclobacillus DA H]
b L b EBEEOR VIR SR S NBMENTH
A, HWREIBE & AR MO N BB II N 213 LT
WL LEDRHBEDIZ

Fig. 1
place in Oita prefecture, Japan. (B) This place is an

(A) Picture showing Komatsu-Jigoku, a volcanic

example of extreme environment rich in hot acidic
water. Acidophiles and thermophiles can be isolated from
such water.

Fig. 2 An example of thermophilic acidophilic bacilli
(TAB) isolated from plant nectar (Matsunaga e al.
unpublished). This type of bacteria can contaminate acidic
drinks to cause off-flavor. Picture was taken by phase
contrast microscope.

mE

RARIZ, W E W) BT TR 2 R Tw L famo
IR PRAFIEFRIETH HERMIZATDN T b, RiRBREE T T
(ST O A EIE B AR AR T 5 2 & 2RI L7204
BEThAH. LaL, Rz A TES 2HBEY SIS
5. MWD L \VIZRRE EIHEN L MEMTH L. I
WL — R OB A Gl E TIEBEE S, 10 CTH 6%
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THEOHP TS 5. HMERLICIIE VR4 D
D, WLk T D BEW AR LB L T 5.

HHR O HIZIE L & N 5 i 2 O B i I TR RE A
T2b00BY, KVYXAWLZD—DOThHA.
AEMTIARY ) R AR ZROEN LA, ZHIEHERET
WOMPDLHRTEETINLRETTIELRL, KV XA
WOHFENZ T T 5 72 DAL N 572 Ky Y XA
WO M % BN LA 5 A s S 2 B9 5 120%, ol
WEEAY 120 C T 4 53 LL EOTRWINEANS LT, L MV MR
W EOFEIHCONS, FhE KT 5 M35
TMOFEEBRRERMED TH Y, HiibZmdF e
Lo THEINTWLIRBEYD 256, TOFRrvr
WS AP EELRRELE 25, FRISHEMEDS T2
T TR, AL AR D T 2 R Uik E b B E T
H5. FRILET BB S L TARIUTEKRR IR 7 A
FLAZHHLTEY, BHOGEFLTERELTHELLTEL
MRO—DOVFNWTHEEFR 5.

BACH LCEBE R T E W) L DX, BshF & ik
WMHva, AN Z SRS L L Ciddm (Fig. 1) %
R OBOKIIRA DTSN L. 0 X9 HYHTIILEF#
WdHcHWIEEEEE SIEN2MEYHPBEE LTS, i
BONIL, WIRTIEIH A 1k LIRIRIRIBIC S 2 4%, W
W3 S BEAHICE LT\ B LIRSS HERN 9 4. B4 R w
X 60 CHitED D DA 5 100 CHIZD D DETHA TH 5.
DX BHBRNOPIIE R AN G L, MEE
ERNEWNETIZRITEOD L. Bl2IX, Geobacillus
stearothermophilus \ZHFEMETH 5 LICHERD KT 5,
Wi B2 fif 2 724 ThH S (Fig. 3). LMICHB %%
IR TE T 2 B O L G. stearothermophilus @ 5l 22 18
W (55 CHifR). Z D720, MEKR T o
TFRASFIE L, WE OMABBIZR ) BT 5 L BN Sk E
BII. Ind, WBRICAEX MWD i CRIE
ZH|ERIIT—HITHS. ZLT, ZOMEWOMIH DI
WS Bonbn7z.

ARIENDS, WFEAMEDOMAEWIEFEOHZIZH > TV 5.
Bl 21X, W BIC T 72 G stearothermophilus 13 3 B4 T
THALDOTHEAT LY V37 FITERICHT DD
5. ®IRTH 9 PCR (AT 7% DNA BlEES) ([CHw
% DNA B & L C G. stearothermophilus D ¥ ¥ 737
B L TV 5.

CCFCIEIMBERETICAS 2MEW A PR TE
7. Lo L, €5 Z0MAEwT MBI, mEELIENT
LR EFo T D, MU EERE T IZBrhi
0, H5VITHEIRIREICE2NAD T 5 0
R DR EZALHEIE S AR EN BB SIS, &
AN, TOX)RIMEA NV AICH LT, MEANTIEE
Tav s YR ERA—NV KT ay sy R HEME
NDY T EPEESN, WEEICL-TBIS8 ¥
N BRGIBROREEEACZBE L) PHL2D$5. &
2, —EERBEA PLRIZELE RS E, LIZHIEA ML
ARG S o7 B S N, M@ LD b

Fig. 3
spores of Geobacillus stearothermophilus. (B) Rod-shaped

(A) Phase contrast microscopic image showing

cells are vegetative cells and round bright particles
are spores. Some vegetative cells are in the process of
forming spores inside.

A VAT BMEDH A - 72 IREEC R D 2 & D 5o
TW5.

% OBAEWIZBICET VO T, AMETEICB VTN
FEFICHEMEREETHS. LirL, v bpa%y L
W) RMREREE T THILRIEETY S, DLW
AT BEMHIEAET B L V) FEREFEDOTAICBNT
Bl kv,

EE Ukl 2WMEM5

RBIC, EALIZOWT 2 HF K L7, DNA IZHER2R
72EEERIE T € — S hTRoMRICZ T MAN B D5, £
DIFRELE 100% TlE WV E WS T &, ZLTC, EGoNE
WIIMAER D ST Y, Tt LBEWIZ 3Tk
Poltlbw) Tl Thab.

MaA DT 5L &, 22002 DNA #3¥— L5
BT 50LENHL. ZokE, a¥—oEMMEX 100% T
37, —~EORETHEVWEZILT I L2900 o>Tn5.
ZOHEX, 1M HRTEICH7-T, kD7
D 10025 109 THh 55, MAEMMILO DNA IXB X2
106+ — ¥ — DI P L TETWAE. L7zd > T, 1,000
A5 10,000 [l 412 43543 i 1 3 T 4 B o0 [ 38 W e =
5LEZONDL. MEROMIAGZFITE THHL, Hd
DTIE30 G723 1SS S, 2T, MEYD
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Y&, DNAOBHBEI ALY EEFIHEEEZOND L
BIEBEICEE LR TV, 2% ), MAEWTHSO%RE D
LY DOEZBITITBY, ZTOEZIIMOAED LY HHwE
EZibhh.
AEOEHETHE YO RMBRZ R BT OV TR
N7, FEROWIZED b Ay ORI & Bb i 5 A
NIRRT H D T Do TERY, EPigdb e d e
BONBEEDSF & 72 o R EAVR SR S B, KRS,
B OhS 2 BHRICE SR 5 EWEEDS LA T L v
) EBERIESNTVAD Y, At ANEEIIBNT
T b WE R BW T MBE R D12 SRR S D72,
HEALORER, BAEOMERBRECHIE L TE L oMAEm ot
BMENEGE 572 LA L, BB RRICHAED O#E X
SHHNT VS, B X o 72 BUEW ST O BITR L
T, H5VIEZOMOMPRERE N L Ttz =0 Td B
L R,

bW

A CIIMRESEIC A S 2 AW E, A EmIlBlT
LUE BB S D TATE 2 T, oM
SO L OOV TH Rz, =35 - Ty R—
VAT T v A TEEGHE MO BED: 2 B L T 200 4£2L 1
7ob, A EmOBEEEME RIEOMS A FE T L
L, EmICEITEEOERDLH 5. WEWIIT - & H,
HWERDMRRBRE 72 > 72 EHN L EETE T, £0HWISHAL
BRI TCEZ. ZLT, Thed bifbEfg b, MRS
BiA Y C L TR EMOMAER KL L o T b KA
bF7, WITHERIRO LN D7
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Battle between human and
microorganisms under extreme
environment

Fujihiko Matsunaga"

When we produce packaged foods, we regulate growth
of microorganisms by treating them under “extreme
environments”, such as heat, UV, or low pH. However, there
are many microorganisms that show high resistance to such
extreme conditions. Some even “loves” those environments. In
this paper, I introduce such extremophiles that could survive
sterilization process or harsh conditions utilized in production
of packaged foods. Inside packaged foods is a “battle” between

human and extremophiles.

Key words: extremophiles, packaged foods, microbial control,

sterilization
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