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Studies on the Sterilization of Food and Wine
by Diethylpyrocarbonate

Part 1. On the Sterilization of Microorganisms
by Diethylpyrocarbonate

By Shoji GOTO, Yoshihide YAMAKAWA and Isami YOKOTSUKA.

The sterilizing efficiency of diethylpyrocarbonate (DEPC) against microorga-
nisms in grape juice, wine and synthetic medium and several factors which di-
minish antimicrobial effect of DEPC were studied.

1. The lethal concentration of DEPC depended on the number of microorga-
nisms present ; in the solution which contained yeast cells 10*—10° per m/, the
lethal concentration of DEPC was 25 ppm, but in the 107 cells per mi; 50 ppm of
DEPC was required as the lethal concentration.

2. The sterilizing efficacy of DEPC was comparatively strong in the acidic
solution, but ineffective in neutral or alkaline solution. It was reduced by orga-
nic nitrogen of comparatively high concentrations, but not diminished by neither
alcohol, organic acids nor sodium chloride.

3. Vegetative yeast cells which were suspended in physiological saline
were killed by DEPC at the concentration of 20 ppm within two hours after addi-
- tion, but ascospores had strong resistivity against DEPC ; they were not comple-
tely killed at the concentration of 35 ppm.

4. The majority of bacteria was killed at the concentration of 20 ppm, but
Bacillus, Clostridium and a few other bacteria had strong resistivity ; they were
not completely killed at the concentration of 1000 ppm. Also the concentration of
50—100 ppm of DEPC were required to kill lactic acid bacteria.

DEPC had almost no effect on mold.
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erRBRFF 27 v (BT DEPC &BE4) DEBEANEAILISEI 505 T LISEER
AEETHEE, AREOBEHELARECETIWAWARBERETRbNTE . 7
F Y BEEEBEADBBICOWTIE Henvie b 2 2808 & L C Mivarik ¥, Kigruersr ¥ 2,
Bomrivesr @ 3 LU Loerm P BIC & Y £ 7 F VB0 EiER X002 ORFERE D6 A O
T, EABCZZBEET S =, ZoERIAT S DEPC 0BEEMACOWT BiEX
NTWs, B, Brovw 5 ¥, Oveah P, Kocr®, Tuovxis'® B 7' F v iEEGE~
» DEPC nF|AxEHET5 & & bic, B 7 FyEBRCHTS BEERERELT
Who BEIREWTS, FEHIC X DREE 1 b JOHEBEBOXBEEA~DISH ® T2oW
THRENIRINT WD,

%&bk DEPC 0 7' F v BERE~D LFEHAED—D L LTHD 7 F VIBERECBEFT
5 EEOBER, MEEC AT 5 REFE L DEPC A& L, /£ pH, EER LV
B E D EMBIBE L, RWT, £ 07 FyiEER, MEHS bEZoos
DOEHE, ME R L0 CEDKEEC 59 % DEPC 0EEFIRA R LcDTHRET %,

£ B F Ik

1. DEPC m¥ing & BRI

BEA BRI IR EN = BEE: 7 ¥ v EREAR: Saccharomyces cerevisiae W-3 ' % F\~
7. WRE BRI glucose 3, (INH,),SO, 0.25, KH,PO, 0,05, MgSO, 0,025, CaCl,
0.025, NaCl 0,005, yeast extract 0.1 (Bif113%), pH 4.4, EEEZEAEHIC I3
HEREM A FEA L, DEPC (HHEZEHTE KK &, #ip99.3%) 1310% = 27 —vig
WeLTHERLZ.

PR FAEEHE 200 ml % 360 ml e v o ERER, MITCHBEL -EFEEEo—E&
ZRE L, Ziuc DEPC m—E&%# Mz, IaNVI/BRTEROBEIRES L, el
O~ EY & o TEHEUSNCEIRESEL CHBT 52 v=— %5 8L, 4&HFER
e Lt
2. R pH, MRk L OERIRE

piFiE Ao pH 27 Y — X B JOHEBET AnCEnZnpH 2.8, 4.4, 5.2,
7.2 & Ut BBk HIC 22558 (yeast extract, Bouillon, peptone), #§ (glucose), &
& (citric 3 X0 malic aid), ¥R IO R/, —% Tame I O L5 GiOL,
FNENEELBRE U, EEEEIL 10, 20, 35°C Tfi o7, BEELRESUT 110X
108 cells/ml (Sacch. cerevisiae W-3) & 1., DEPC 25 ppm Z¥hn, 2BHBICEE
BEBERIHRIRRIC L TR L 7z,

3. BRTERETICAT IR

B 7 Py ELBOBEL BTV REED B WEk (Sacch. cerevisiae E-5-2,
TepZERI80%) A, AERMCEEL ClRTFORMEHER L ~RESAS BB,
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65 °C, 104-fnEL C4Mlax e, DEPC % 35ppm @ihl, 2% X0 8RR
HFERIC L CERFEBZ TS 1.

4. ERE, MER IO eHCHTHR

78 v ARSI B 5 B BERL6R bk R L OV O Bk, T OMRREKA R BR108 R,
E48E kR LU P L2E kA B L e (Tase I, V, BLO W 2H), FEKIIREE
Eadk (pH 4.51fhE) 200 mlw, » 52U ORIREEL EHE L EL 100~107
cells/ml winh X 5@ L, Zhic DEPC % 0, 20, 50, 100 ppm #&m, BEL#RED
Lz, 2V 7@ TERLT 30 °CiciE, 8k JU24RMBIC AT TIREERT
Ko Tl o MBSO A IZE-RRAIK, T~ M, A, =g
B AV, o ©AIIGEER & R ERTT IER A Wi,

KBRS L OEE

1. DEPC Zinft & BEEFEI# & oBR
DEPC #inik & RSB AR B AL X B2 54 0 ERHN R BR ORI E Tase 1

ik L7z DEPC 25 ppm HiNDE4, Bl 104~105 cells/ml Tik 2 By i1z 1009 I
SHEHE I, 6~3RFMACIXEEEEIN, LALEEN 10712/ 5 & 26499,
IBLLERBEINI bbb, 8~24HFMAI bV BOBFREARDO BN, %2
BHEIZE D edyo 7zo DEPC 50 ppm HEiND 54, Bkkas 100~10° ¢k 2 R BIc 24
BEEN, B 10 b s 2— 6B CROBOBEENRED b, SEMBE
DELBEI Nz, 100 ppm FMOBE T EB DM 23230 B3° 2 BRI S22 BB N
m&Nfze DEPCIZBIED X S e &b CHRMICHEBOREC AN TH D0, EENE
725 L1&EHEE D DEPC Tk 9% B EOBEERIZS 2T LTS, ZE2EEXTR
W\ %7z DEPC DA A T oo ffRI% 8 RefIEAG80~90% 135 10 Z &k,

TABLE I

Effect of Killing Time, Yeast Counts and DEPC Concentration
on Antimicrobial Action of DEPC

DEPC (ppm)
Killing
P 25 50 100 25 50 100 25 50 100
Initial yeast cell counts/ml
(hrs)
522 X 102 330 x 103 100 X 10%

2 2 0 0 5 0 0 58 14 0
4 2 0 0 2 0 0 47 9 0
6 0 0 0 3 0 0 32 3 0
8 1 0 0 0 0 0 28 0 0
24 0 0 0 0 0 0 17 0 0

Yeast used : Sacch. cerevisiae W-3
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TABLE ]I

Effect of pH, Temp. and Various Materials on Antimicrobial
Action of DEPC

Cell counts/ml Cell counts/ml
after 2 hrs. after 2 hrs.
7

2.8 0 3/0 0

4.4 0 Sugar 10 0

pH 5.2 12 (glucose) 25 0

732 4.200 50 0

10 0 0.5% 0

Temp. (°C) 20 0 Citric acid 1.5 0

35 4 3.0 2

0.019 & 0 0.5% 0

0.1 5.300 . . | =8 0

Yeast extract 0.5 12,000 Malic acid 3.0 3
1.5 15.000

0.019 & 3 5% 0

. 0.1 4.700 10 0

Bouillon 0.5 8.800 NaCl 20 0
1.:8 13.000

0.019 @ 1 49, 0

0.1 6.600 8 2

Peptone 0.5 17.000 Ethanol 12 0

1.5 17.000 18 1

DEPC : 25 ppm, yeast used : Sacch. cerevisiae W-3,
Initial cell counts : 110x103/ml

a) : as total Nitrogen

8 ~2URMRIC A B BERFELRD bNEFE X B2EEIThebhinwbo L hind
ERHEL D

2. BEHRCFIF T O pH LR L OERAREDFE

B&Eo pH, FEORMYE XOERIRE & DEPC o BEMR, Thbb, BHEE
FrloBFRE Tape T C—3ELTRLIz. DEPC 0 FEEZIEIE pH 2.8, 4.4 &\,
Tebb, BUEMAITERD bz, LAl pH 5.6 ©/insd EFEEAR XL, pH 7.2
B EELMBNRD BN ot T/ibb, DEPD OXKEEMIZ pH OEWERMER
WERBNCTORFEEING, ZOZEETFUBELANEETD pHIZ3~3.4TH50
G, DEPC pfEHICEL T3 L EWES,

DEPC nfEfix #h%h 10, 20, 35°C Cfflnofohs, REDHRCITRA L EE1H
birot. LAL, BlRCRiUE DEPC oo @aJEEiIcEL 725 %1 ¥ T, Hisk
HIZFEETOERANRDEZE L,

BEOBMHD 5 BT, FEC DEPC ORBEHRICEELRITL - bDIXEBERIET
bot. ABBER, T, BEADSHWEAIIE DEPC 0REEANHEEIND Z L2345
BNTWBHR, RERCELEEERIXX, XX, X704 0.1
% (NELT) BLEDHFET, BEFIRILLLBOBNEI 1,

BERROZEOFEL DEPC 0FREEALEET S L bb T 5, RERTHN
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T = VBB IO B0 0.5~3.5 %D HHEATILRA BOEEGRBD b ok, DM
$3~50%, =z —N4A~18% k5 LOEED ~20%DTFET Th FEIMRCIXEPE
MERD BN T

3. DEPC i X AERDE

HR U - 4E26E D A EERERT Taste I R L7 & Hic, DEPC 20 ppm T 2 B
BIEEFHIIEDDNT, WIhbdReEEINc, INLORBFIX R 10 L EkE
DEPC pEEHC AT 2B M E DD THINZ L2 RLTWS, ¥, BiEL) tkid5
R Tk, DEPC 25ppm INMoBE, 2~ 6RHRCOBOBRFENRD BNTED,
FHEOERE LDV ELD N, ZHIRERBEBEROBRICESL bo L Bbhb, ik
bbb, RETHBERCEHEEEKE A0, DEPC 0EEMRAEETHRT I ;
Wizwh, BEERNL VRO THo & Bbb,

TABLE ]]I
Killing Tests for DEPC against Yeasts

DEPC 20 ppm, cell counts/ml

Yeasts Irgtf(t)iaal After 2 hrs  After 8 hrs
Saccharomyces cerevisiae W-3 703 0 0
S. cerevisiae var. ellipsoideus W-7 109 0 0
S. oviformis W-31 796 0 0
S. fermentati W-210 651 0 0
S. roset W-120 148 0 0
S. rouxii NS-1-3 850 0 0
Debaryomyces vini WEF-164 309 0 0
D. hansenii CH-3 850 0 0
Pichia membranaefaciens WF-39 358 0 0
P. farinosa WF-153 185 0 0
Hansenula anomala WF-128 640 0 0
Endomycopsis capsularis TAM-4307 80 0 0
Saccharomycodes ludwigii TAM-4380 491 0 0
Hanseniaspora valbeyensis ITAM-4010 285 0 0
Schwanniomyces occidentalis TAM-4332 198 0 0
Sporobolomyces salmonicolor WF-174 438 0 0
Torulopsis bacillaris T-3 175 0 0
T. colliculosa J-5 288 0 0
T. sphaerica CH-3 390 0 0
Candida mycoderma WF-10 169 0 0
C. krusei WF-16 651 0 0
C. tropicalis WF-191 173 0 0
Kloeckera apiculata KK-3 852 0 0
Trichosporon cutaneum CH-17 103 0 0
Rhodotorula aurantiaca R-4 114 0 0
R. rubra R-3 87 0 0
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4. DEPC pEERT#IZTICA 3 5 EEAR

FEBTHMECRBLBCH L CEIEAE TS LEESABR{ABNTWS A,
DEPC ic x4 5 HEpidE & g & i, BEfLico MR Tape N KARLALIEC,
Sesimpatk 105/ml il Wi\ R BT $ 104/ml iz DEPC 35 ppm % EA I BB AT
HIERRIFEHICEL, SRR bink 10° OBRFRTABDO LN, Tihabb, Tk
BaF 2 nE PR RAL I 5 U TSR & - & Ak DEPC it A L T b0 ESEEF T
Bo ZOdETFOREC XREMIICL~SED DEPC 0EBALETHS 5,

Tase IV
Killing Tests for DEPC against Yeast Ascospores

Ascospore couts/ml

Initial After 2 hrs After 8 hrs
38 X 108 48 X 102 12 X 102
10 X 104 66 X 102 21 X 102

Vegetative cell counts 9 0
110 x 108

Yeast ascospore used : Sacch. cerevisiae E-5-2
DEPC : 35 ppm

5. DEPC i« X 2B E O

W EE24)E, 528, STEkkiC x4 % DEPC oFHE#HR%E Tase V E—FEERRL 0
KIS OMEFC LTk, DEPC 20 ppm T2 RMECBERICAT 5 L AKRZ2EED
ShEE R LT LML, Aeromonas punctata, Bacillus L&, Microbacterium
Flavum, Brevibacterium ammoniagenes ¥ L0 Clostridium o 2 Ef#EiZ DEPC 100
ppm THLRLEEEINT, DVELLFRNBO BN o lc, Pseudomoras gelidi-
cola, Micrococcus caseolyticus, Corynebacterium eque, Microbacterium lacticum
7z £ 1% DEPC 20~100 ppm T 2 R IIRFHE RS DI, 8 ~2RfHBAID RS
B RED BNt-o Fie, Lactobacillus, Streptococcus ¥ LU Pediococcus O HAREEE
1% DEPC 20 ppm TiX24R: Mt S BERE R HA DN TREKE I LY, 50~100 ppm, 8
—24FF BRI S 2 S i,

6. DEPC RESZMEMIEIIC 245 DEPC i itk L O EH & DR

B D ERIER 2D, Bacillus subtilis TAM 1026 (3 2:108#kik DEPC T4 < FHEX
nF, RAEHEE SO LAABAC A 270 £2T, DEPC 2SR HAL A%
FURRBES R B X #1254 0 DEPC FREMMEIC X T 5BEVR LR Lz, R -
it Tape VI 350 VI @R L7z Bk 10° & LT DEPC % 1.000 ppm ¥ CHEFIL1zns, —

HERIZLL B BN, Bacillus cereus DHITHNT 99 %L EDOBEHIR 1A DI Jj,
7oh%, ZOBRACLRLBECIIES b o, WEHELA 100 W2 &, EHK %

L 1999% L ERBEINSA, DEPC % 1.000 ppm HiMfEAL CTh LR RBCIXE
53, cNHOEE X DEPC m ff ULBWEHEAR>Z L& RLTS,
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Tapie V )
Killing Tests for DEPC against Bacteria

Tnitial Cell counts/ml
Bacteria c:le-xlts After 2 hrs After 24 hrs

fmil DEPC DEPC

X 10* 20 50 100 20 50 100
Pseudomonas aureofaciens TAM 1001 228 76 0 0 0 0 0
Ps. dacunhae TAM 1048 186 0 0 0 0 0
Ps. ovalis TAM 1002 127 0 0 0 0 0
Ps, schuylkilliensis TAM 1051 190 0 0 0 2 0 0
Ps. gelidicola IAM 1127 174 200 35 3 0 0 0
Ps. aeruginosa ATCC 10145 704 0 0 0 0 0 0
Micrococcus caseolyticus IAM 1312 840 9 170 0 0 11 0
M. lysodeikticus TAM 1313 173 0 0 0 0 0 0
Sarcina”marginata TAM 1130 590 0 0 0 0 0 0
Achromobacter cycloclastes TAM 1013 300 0 0 0 0 0 0
Alcaligenes faecalis IAM 1015 177 0 0 0 0 0 0
Ale. viscolactis IAM 1517 168 0 0 0 7 0 3
Escherichia coli TAM 1253 123 0 500 0 0 0 0
E. coli 6060 535 0 0 0 0 0 0
Aeromonas hydrophila TAM 1018 124 0 0 0 0 0 0
Ae. punctata IAM 1646 157 3000 4500 3800 4700 3200 2800
Ae. hydophila NRRLB-909 224 0 0 0 0 0 0
Aerobacter aerogenes IAM 1102 237 0 0 0 0 0 0
A. aerogenes IAM 1183 173 0 0 0 0 0 0
A. aerogenes ATCC 7256 562 0 0 0 0 0 0
A. cloacae TAM 1221 312 0 0 0 0 0 0
A. cloacae TAM 1615 480 0 0 0 0 0 0
Serratia marcescens TAM 1022 314 0 0 0 0 0 0
Erwinia carotovora TAM 1024 945 0 0 0 0 12 0
Er. aroidae TAM 1068 680 0 0 0 0 0 0
Proteus vulgaris TAM 1025 115 0 0 4 0 0 0
Bacillus subtilis TAM 1026 512 * * % * ct *
B. subtilis NRRL B-558 445 71 79 56 23 9 18
B. magaterium TIAM 1030 312 %* * & & * *
B. cereus TAM 1029 300 * #* & * * %
B. brevis IAM 1031 312 840 2000 629 1600 1950 127
B. alvei IAM 1258 238 * * * # * *
Agrobacterium tumejfaciens IAM 1525 720 1 0 0 0 0 0
Corynebacterium eque TAM 1038 821 0 7 4 0 0 0
C. fascians IAM 1079 190 0 0 0 0 0 0
Acetobacter sp. A-25-5 45 0 0 0 0 0 0
A. sp. E-5-15 179 0 0 0 0 0 0
A. aceti B-515-4 607 0 0 0 0 0 0
Gluconobacter oxydans 1FO 3189 523 0 0 0 0 0 0




30 HiE, 1)1, R

Pediococcus soyae TAM 1673 366 49 7 0 2 0 0
Flavobacterium sp. MDB 602 270 0 0 0 0 0 0
Vibrio metschnikovii TAM 1039 150 0 0 0 0 0 0
V. tyrogenes TAM 1089 119 0 0 0 0 0 0
Microbacterium flavum IAM 1642 280 2360 1940 1680 828 964 12
Microb. lacticum TAM 1640 500 2120 1900 0 0 0 0
Brevibacterium ammoniagenes TAM 1641 868 6000 3200 7300 b * *
Brevib. helvolum 1AM 1637 230 0 0 0 0 0 0
Clostridium butyricum IAM 19006 450 6 * * * s *
CL. acetobutyricum IAM 19052 290 * * * % * X
Lactobacillus caset ATCC 7469 103 63 14 0 3 0 0
Lact. fermentati 26 34 5 0 4 0 0
Lact. brevis 34 8 0 0 2 0 0
Lact. bulgaricus 26 23 4 0 3 0 0
Lact. plantarum 561 443 31 5 0 9 0 0
Lact. sp. 339 147 6 200 0 2 0 0
Streptococcus faecalis ATCC 8043 932 57 2 0 0 0 0
St. thermophiliis 13 21 0 0 5 0 0

* 1 same as initial cell counts.

TABLE V_[
Killing Tests for DEPC in High Content against DEPC-Tolerant Bacteria

Initial Cell cotnts/ml
Bacteria cell After 2 hrs After 24 hrs
counts DEPC (ppm)- DEPC (ppm)
Q’?OA 200 500 1000 200 500 1000
Bacillus subtilis IAM 1026 230 * * * * ¥ *
B. subtilis NRRL B-558 100 * * * * * *
B. cereus TAM 1029 152 1000 500 200 2100 820 660
B. megaterium 1AM 130 * * *® * * *
B. brevis IAM 1031 230 * * * * * ¥
B. alvei IAM 1258 320 * * * * * *
Microbacterium flavum IAM 1642 150 * % * * * *
Brevibacterium ammoniagenes 162 * 5 x % ” %
IAM 1641
Aeromonas punctata IAM 1646 123 * & * *
Clostridium butyricum 1AM 7106 250
CL. acetobutyricum 1AM 7114 220 * * * *

* : same as initial cell counts.
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Tase VI

Killing Tests for DEPC against DEPC-Tolerant Bacteria in a
little Cell Counts

Initial Cell counts/ml
Bacteria cell After 2 hrs After 24 hrs
counts DEPC (ppm) DEPC (ppm)
/X”:ZOZ 200 500 1000 200 500 1000
Bacillus subtilis TAM 1026 38 14 14 56 12 6 45
B. subtilis NRRL B-558 32 29 24 18 34 42 28
B. cereus TAM 1029 15 24 24 56 12 16 18
B. megaterium 1AM 1030 20 50 31 30 10 26 28
B. brevis IAM 1031 37 48 26 33 11 26 28
B. alvei TAM 1258 21 19 5 680 1600 2000 118
Microbacterium flavum TIAM 1642 53 32 26 40 * A %
Brevibacterium ammoniagenes IAM1641 42 36 42 53 % ¥ 2t
Aeromonas punctata TAM 1646 26 26 20 18 27 123 46
Clostridium butyricum IAM 7106 34 51 37 35 22 31 27
Cl. acetobutyricum 1AM 7114 39 39 24 56 18 99 25

* : same as initial cell counts.

Tape VI
Killing Tests for DEPC against Molds
Initial Cell counts/m!l
Molds cell After 2 her After 24 hrs

counts DEPC (ppm) DEPC (ppm)

/><ﬂ§l04 100 500 1000 100 500 1000
Aspergillus oryzae IAM 2600 25 13 18 10 7 9 8
Asp. oryzae TAM 2724 12 23 30 7 5 2 5
Asp. nigar IAM 50 1 1 2 4 6 3
Rhizopus japonicus IAM 6002 45 13 20 1 2 1 3
Rh. japonicus IAM 6017 41 2 321 2 215 6 1
Rh  nigricans IAM 6023 10 1 4 1 27 9 2
Mucor racemosus IAM 6123 12 1 1 62 3 2
M. racemosus IAM 6126 8 19 3 1 2 1 14
Penicillium chrysogenum 1AM 7106 18 9 6 7 5 6
P. chrysogenum 1AM 7114 T 23 8 12 10 1 52
Endomyces vernalis TAM 7026 8 1 6 1 1 1 0
Monascus purpureus IAM 8010 4 5 2 7 10 2 13

DEPC T & % 7 €HDKE
Taee VI, 6/E8F D7 vt d % DEPC DEEMBAEFR LIz, R LIIZH
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# & & DEPC 1.000 ppm OFMEFIC BT bREBE b, DEPC OFEEM
B ERC N L TR IRR T D L Bbhs,

= B

vrRBF v 27 v (DEPC) i X AMEMOFEERCE R g+ =, =0
RF &7 FoEBECE ST A8, MEEOEINSBOES, ME, » cHcHT &
HARERKRE L,
1. BERFEIEOOS 104~105 cells/ml D4, DEPC 25 ppm OfFEFAT, 2~ 8E:RIBICS
SHEEINAN, HEN 10T T b &, REKRED DTk 50 ppm #FE L 7z,

2. DEPC OFHEERLIEERO pH BRI THRENTSD D, HiE~7 17 ) AITH

BB B otz
3. HHZEFEDOHEAIL DEPC OBBEEAABEE L, LL, 7va—N, FHEER, &
LI HEERITX Ik o 1o,
4, £WEHEKCBRE L -ERx DEPC 20 ppm T 2R:H®BEEEZEINIZ, LAL, F
PRI F 2R BT AR L 720

5. KEH DHIEIEE DEPC 20 ppm G 2EMBELBEINLN, HREFD Bacillus
i ¥ X O Clostridium, FDfh=, =OfEIIRWEFMEELZR<L, DEPC 1.000ppm T
i bREBREINRM oI, ¥z, HREBOZEEEITIL 50~100 ppm #EL 1=,

6. DEPC D7 T A 2 BREAFIIED TP 7o 7o
i KGR ORI B AR S IARA0FERE RS I W CRt S Uiz,

b OIS, CORBF T VT AT VR AR TS ok KA TR AR  RBREL
' 7,
!
| b i)
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