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Abstract

A curd yogurt was prepared from milk added with skim milk powder or four kinds of cereal. Addition of
cereals markedly stimulated acid production by Leuc. mesenteroides. The acidity significantly increased dur-
ing fermentation by Leuc. mesenteroides for 30 hours while pH significantly decreased during fermentation.
The number of viable cells markedly increased until the first 12 or 18 hours of fermentation by Leuc. mesen-
teroides. Acetaldehyde, acetone, ethanol, diacetyl, butanol and acetoin in curd yogurt were detected by gas
chromatographic analysis. Among these compounds, acetaldehyde, ethanol, diacetyl and acetoin were pro-

duced during fermentation by Leuc. mesenteroides.

LA B2

S-ejvtele] 19944 LEf AJAkeES 524000802
FAE 7L A oheo R o A AAE By
o ol AREe £ dAgTFeENC YR
Fekal §ALFSY) B s FEEWEE 872
E xe FRgaftetar syt AwEr] A
o 1 28)7F 24 Zo)ske] 19949 soje
55001 ol Zatgict. Sejvele] AE Aol
m2d, IALTFEEFFLAR)Y FARZIEE
(milk-solids-not-fat) §F 8% oA E WAFQTFE
EQEER)Q 3% o)4dT v zZsH S o of$ wrh &
AeFeEl §33E FekE o] Hsted UnkA
o2 YA 4, AxEH, HejWz £, §3 £,
Al o So) At vk, $=iviel Rt
ol A $-froll 3-4% =] FARFE Hrlsted &
HaF2Ees $3E FE Folx sith
B e 5o SRHE Al odeirix] 2R/
F7E Arletal Falo) SF2E R HAA 4,
o t}2 ME2E ZALTEES WEE 79 o
2A, FF A7t SfollA Ao s A4
A gk A B8 AR T

DA N I 4

»

S
oL il

0

-316-

Lfoll R oleje] MBS Hrlsle] 2F2E
wE ols} AR HEFAES e Fe 9TE
Adre ohga gk $fof tiF = oSy
€ AR A7, el BV 55 AV’ 47,
@2 fo Ba|Eied]e Arig A7, Bade) UE
3l Hrgt 470 55 2 2 E 5 A

o|Ake] FA-& AAF] AR Bl FF v o)
o FAR AEE FAE Aol ol Hrhstd A

< e 3AQTFEEE WEIA Je dTFE
bR AATLE ol FelA A Be ALE A
g3}

wafa] B gl ARl o]e] f-fof &
B 2 4F9) SF08, 1o, ¥, 2ee)E 4 A
7V8} 3L AR (Leuconostoc mesenteroides) S 2 A 3}
o, FF7F H7hE $HolA Ak AST) ARA
) A 7| A E-S RASH T

I gz ¥ WY

L ARBEF
AP A= AP f-AHf (homofermentative
lactic acid bacteria)d] Lactobacillus 3&-& A3} 2



72 A $

22§ AT E olgt uluslr] $iste] olEE
Akt (heterofermentative lactic acid bacteria)}] Leu-
conostoc mesenteroides(ATCC 91352 A}-&3}3ct. H
AbgFel 324 wix] 25 MRSEHA =] (Difco Lab.)
£ ARt

2. RF2EQ HIZ

FARY] AR e el o258 79
o] 272 Az AR A3 7E 2
W2 71H2 AHsAY, 1¥E FFE F7HA717]
Azt FRAEFA - B(duke], Heal), B
2 (d=8H, AN}, B EY1E oHEAE, T
9, AYAD), 55 2RERLEEDHE 2%
(W/IV) 3718 98 71 2 ARgslet &, B2, &
e 2471 (“H*r’ﬁz} KMF-360)Z #2§g ¥ 2&
o3| (42 mesh, A2 =] 035 mm)S EI3 B
£ Agel AHspet. FulEl 7R L 95°CE AR
2o A 1027F 7 A2 sk AAFst & ¢fF 40C2
A8 52 MRSHA A 4] 24A17F wefst fAbE o
FAL 3%(VIV)Y BlE=Z HFslo] 40°Ce] L]
(Model SLI-600D, Tokyo Rikakikai Co., Japan)ell4]
A7 wheksksch.

3. pitzel M1} AMEr BF

ok 2%9] BA LR mE FFHE AL Sl
A Ak ASI AAZE AR A3y
A7 EY QFEES N A58 LFHoE 3
3t A, AHALE 9 pHE 243Gl A8E
A= 250 ml AFZFE el =] 100 mi4 Fw]ske o
o, &iy} 8P ATF2EE A8 AHE §ol3}
A 817] $iste] 22 ke HFFE Pt FA
A& A 1 %) Wi o] Fatedch.

4. @F2EQ| §liM &) Mol M

sT72E b ] AL F T2 8D, 4q
33} GC workshop A A8 v 2 sled o}gat 2+
o] ¥Aslgdct.

50 m/e] A EE 100 m/ &} AtztEetazel Y 50
g2 Na,SO.8} W5 ZFE4 =2 n-propanol2 50 ppm 7}
3lo] rubber septum(24 mm, Sigma Co.)o.2 WX% %
50-55°C2] #zollx] 2027F wHbslg ok WAYEl head-
space gasE 5 ml gastight syringe(Hamilton Co)Z 1 m/
#sle] HP 5890 Series II gas chromatograph(Hewlett
Packard Co)2 #+A3lgirl. ¥FEAE acetaldehyde
(GCH, 99.5% ©]7, Fluka Chemika Co.), acetone(Z-,

fro\ A Leuconostoc mesenteroides®] -5z} ALYA &

-317-

2HA) A 1R B4 105

Table 1. Conditions of gas chromatographic analysis

Column : HP-FFAP fused silica capillary column (stationary
phase : cross-linked polyethylene-TPA 25 m X 0.32
mm X 0.52 um film)
Carrier gas : Nitrogen (flow rate 1.25 m//min)
Air & Hydrogen flow rate : 330 m/ & 33 m//min
Injector temp. : 200°C
FID temp. : 20°C
Column temp. : Temp. program
10°C/min
50°C(7 min hold) --~------ > 90°C(6 min hold)
Injection : Headspace gas 1 m/, split 12: 1

Junsei Co.), ethanol(GC#-, 99.8%, Merck Co.), diacetyl
(5%, Toyko Kasei Co.), n-propanol(5-, Junsei Co.),
butanol(Z-F, Junsei Co.) ¥ acetoin(GC-$-, 98%, Fluka
Chemika Co.y& AR8-3te] w]5-F-A|7k(retention time)S-
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Area of X in sample
Area of X in standard sample
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Recovery ratio

X : volatile aroma compound in sample
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Table 2. Effect of additives on growth and acid production by Leuc. mesenteroides in milk added with cereal

Titratable acidity(%)”
pH? 3.93 3.99

Additive
Control” SMP? Rice Barley Wheat Comn
1.000°+0.021 1.136*'4+0.017 1.067°+0.018 1.035°+0.016 1.018°+0.018 1.011*+0.014
3.89 3.90 3.92 3.92
6.4x10° 7.6%10° 7.2% 10° 5.6x10° 7.8%10° 6.2x10°

Viable cell Count’(CFU/m/)

Y Control: Sample prepared from milk only.
» SMP: Skim milk powder.

? % Titratable acidity as lactic acid. Values represent the difference between titratable acidity of an incubated sample and

that of an identically treated, but unincubated sample.

Mean values and standard deviations of eight or more replications.
Any two means in a row not followed by the same letter are significantly different at the 5% level.

“ Median values of eight or more replications.
9 Mean values of four replications.
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Table 3. Changes in growth and acid production during fermentation by Leuc. mesenteroides in milk added with ce-

real
Fermentation time (hr)
Additive
0 6 9 12 18 24 30
Control” (0 0.112°+0.013 0.289°+0.014 0.490°+0.016 0.811°+0.019 0.940°+0.013 1.059°+0.011
Titra-  SMP? (04 0.126°+0.013 0.320°+0.009 0.558°+0.007 0.902°+0.014 1.064°+0.014 1.202°+0.026
table  Rice (o4 0.130°+0.016 0.332°+0.016 0.575°+0.005 0.881°+0.156 1.045°+0.014 1.151*+0.009
a- Barley (04 0.154°+0.009 0.363°+0.016 0.581°+0.009 0.896°+0.023 1.031°+0.023 1.155°+0.009
c};lg,y Wheat (0 0.144'+0.007 0.342°+0.016 0.576°+0.015 0.880°+0.009 1.013°+0.016 1.139°+0.012
(%) Corn (0 0.143'£0.012 0.325°+£0.011 0.555°+0.014 0.863°+0.019 0.987°+0.005 1.106°+0.012
Control 6.74 6.12 547 4.75 4.14 4.04 3.94
SMP 6.76 6.15 5.55 4.89 4.22 4.10 4.01
HY Rice 6.72 6.02 5.31 4.62 4.08 3.97 3.89
P27 Barley 6.69 5.93 5.18 453 4.06 3.96 3.87
Wheat 6.70 6.00 5.30 4.59 4.09 3.98 3.89
Corn 6.70 6.00 5.27 4.61 4.10 4.00 3.90
Vi- Control 1.0x 10° 6.6x10° 1.7x10° 3.7x10° 5.6x10° 6.2x10° 5.3x10°
able SMP 1.0x 10 6.3x10° 2.5x10° 40x10° 6.5% 10° 7.5%10° 9.4x10°
cell Rice 1.1x10° 5.8x10° 2.1x10° 6.1x10° 6.2x 10° 8.6x10° 7.2% 10°
count’ Barley 1.0x10° 6.2x 10° 2.5%10° 6.0x 10° 6.1%10° 4.1x%10° 8.0% 10°
(CFU/ Wheat 1.0x 10° 5.5x10° 2.0x10° 5.6x10° 7.1x10° 6.4x10° 6.1x10°
m)  Com 1.1x10° 6.7% 10° 23%x10° 6.4%x10° 6.5%10° 9.1x 10° 9.5% 10°
1299Gee footnote in Table 2.
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Fig. 1. Changes in acid production during fermenta-
tion by Leuc. mesenteroides in milk added with cereal.
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Fermentation time(hr)
%

Fig. 2. Changes in pH during fermentation by Leuc.
mesenteroides in milk added with cereal.
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Table 4. Composition of several volatile flavor compounds produced by Leuc. mesenteroides in milk added with rice

(unit of content: ppm)

Acetaldehyde Acetone Ethanol Diacetyl Butanol Acetoin
Ohr - 3.789+0.330 2.5681+0.449 - 0.544+0.076 -
24hr 0.19840.066 3314+0.423 5.711+£1.305 4.384+0.783 0.529+£0.103 94.111+6.484
10.5 T T T . 2 4 [
e Control 3
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Fig. 3. Changes in viable cell count during fermenta-
tion by Leuc. mesenteroides in milk added with cereal.

A& ushA 7F4sks] o 6AIZERE] 18A[ZF Ate]
off FA A ZF48ld AL 184] 7k o] F-of = 30| 71714
A% st o7 e APAEe] AAAC Wt
o} Ashe Asfole).

Leuc. mesenteroides®] 172 A Al H3lE B2
A(Fig 3), AGE AAE 5 647ke] A3Hsh7] Aol
log phaser} Atslo] 4, BE], d, &4 AL
AT, 225 B EF AL 18424
log phase7} 4% ¥ 1 & 30X7k7}A] stationary
phase7} A4S it &8 27| AF4v) o E A
QT urh ki Pkt

olatel AslgRE] B Aol A4 Leuc me-
senteroidesx= pH 3.8-4.00 ol2+ Hl& 30X 771X
stationary phaseZ} |45+ 2122 Mo} fitfkite] v
5 7selE 2 e & & 2ok

3. RTEEQ| M VMRS BY

B AgolA ALeg 459 FF 7k vt
A FA 07 ARgsl Qe o] 2%(W/V) A7 $
S-oll Leuc. mesenteroidesS *3ZE3Fo] QAAIZF wHAA
7 ZArermES FHUA Fr] MHESL gas cho-
matograph 2 8-A13lgict. EFEA R acetaldehyde,

sr=za)whsta] ] A 1A A 3 5(1995)

Fig. 4. GC chromatogram of volatile flavor compounds
in standard sample.

1; acetaldehyde, 2; acetone, 3; ethanol, 4; diacetyl, 5; n-pro-
panol, 6; butanol, 7; acetoin.

acetone, ethanol, diacetyl, butanol % acetoing AH&-3} 1
e gz=Ea 2= npropanold AM2-3l9ith. Fig 4=
EF A 59 chromatogramo|th, 19 == ¢l Yephd
dae &2 AR ether(2.086 min)e] ¥ Fo|d,
13 5e] 4471 & acetaldehyde(2.354 min), acetone(2.
914 min), ethanol(4.224 min) % diacetyl(5.224 min)2] =1
Fo)u, 5> WH-EFEAZ AL n-propanol(6.879
min)¥] | =o]t}. 63 7H-L butanol(10.295 min)=}
acetoin(15.044 min)2] ¥ Ho]c}.

Table 4% &0 & 2%Z A7 A 8ol Leuc
mesenteroidesZ AH&3le] HFE A Fol 4 WHEE
o 34 e FEES] FHY TS 4T A o)
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Ethanol & 0A]7}el] 2.568 ppme| @ Zlo] 24417t ¥tE %
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Fig. 5. GC chromatogram of volatile flavor compounds
in sample prepared from milk and rice(0 ho)".

R 2; acetone, 4; ethanol, 5; n-propanol, 6; butanol

Sample was prepared from the milk and rice that were ino-
culated with Leuc. mesenteroides, but not fermented.
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Fig. 6. GC chromatogram of volatile flavor compounds
in sample prepared from milk and rice(24 hr)".

Y2 acetaldehyde, 3; acetone, 5; ethanol, 6; diacetyl, 7; n-
propanol, 8; butanol, 9; acetoin

Sample was prepared from curd yogurt fermented with
Leuc. mesenteroides for 24 hr.
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