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Production of Dry Inoculum for Vinegar Fermentation
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ABSTRACT

Attempts were made to produce vinegar dry inoculum (loogpang) using pure culture of acetic
acid bacteria. Basing on its capability in producing high acid, toleration to high temperature and having
good longevity, Acetobacter sp. 249-1 was employed in this study. Inhibitory effect of 29 medicinal
plants was tested against the selected strain and microorganisms normally found contaminated during
the preparation of the dry inoculum. Mixture of 3% white pepper, 3% mace and 1% nutmeg was
found the most appropriate preservative. While having no inhibitory effect on Acetobacter spp., the
mixture was very effective against other microorganisms tested. Comparison of several preparation
procedures, indicated that good dry inoculum was obtained by mixing the mentioned spice mixture
with 100 g rice flour, 80-85 ml coconut water and ca. 10° cells/g Acetobacter sp. 249-1 and incubated
at room temperature for 48 hours. In terms of viability and longevity of the microorganism, oven dry
of the dough at 40° C for 24 hours was found superior over sun dry for 6 hours. The so prepared inoculum
remained active upon storage at room temperature for 3 months, or in the refrigerator for at least
six months. Inoculum obtained by addition of 0.2% propionic acid had shorter shelf life at room
temperature. However, in the presence of the acid, dough mixing could be made with less care. Vinegar
containing 6.5-7% acid was obtained when 0.2% dry inoculum was inoculated in alcoholic mash con-
taining 8% ethanol.
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PN

Mucor indecus
Penicilliwn sp. |
Penicilium sp. 2
Penicitlium sp. 3
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Table 2. continue

Spices and their concentration
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Table 3. Effect of the selected spices at low concentration on growth

of microorganisms
Concentration (%)
E E
B 5 A
Microorganism 3% £ g S
£ § 3 §
¥ S & &
Q3 & LY Q
0.5 1.0
Acetobacter aceti I 4
Acetobacter rancens [ 4
Acetobacter sp. 170-1 4
Acetobacter sp. 249-1 4
Bacillus sp. 3

Debaryomyces hansenii 4
Endomycopsis fibuligera 3
Hansenula anomala 4
Hansenula subpelliculosa 4
Hanseniaspora uvarum 4
Pichia kluyveri 4
Saccharomyces cerevisiae 4
Amylomyces rouxii 1 4
Amylomyces rouxii 2
Aspergillus niger
Aspergillus oryzae

Mucor hiemalis

Mucor indecus

Penicillium sp. 2
Penicillium sp. 3
Penicillium sp. 4

\WMWNNQNWWWA&WNWA&Q*Q&&NMyrisricu
_ e W W e D el e R RN~ N A AD A A A A |w|fragrans
WA W A W e W L N R R R R R W A D W W AN Afyrigrieg
Wl W Wl R R R R R WA D W R W A | w | fragrans

DN N DD ON R~ LA NN W NN D N~
S WA W~ O W W N AR R A A RN AR AR R RN
SN Wl o~ NN N NN AR A AR AN AR AR A Ay
O WA A WD O W~ A A AR AN AR AR A AN
D W W N D D~ ~ D~ AR AR A AN AR AR A AW
AR A A AN WA R A AR R R A AWR W WA W

3
4
4
2
3
Penicillium sp. 1 3
4
4
4
3

Rhizopus oligosporus

rwaﬂkwmwwwwqumaa‘wumwwwuwVe"l'"

penaaeulszd@niamvesayulnsnay
sea aendum! Mfd winlnona wazgniumi
wuﬁﬁauwﬁummﬁqu'lwaﬁ“lﬁ'ma?\ﬁqﬂ fio Win
I uazaensunsotiaay 3% uazgniumi 1%
Tasfuonanezausadudamsiniyvesdunis
Ihnnaiiaiigand a”afj"ug’ﬂmixﬁrumm Bacillus
sp. Idodraeuysal smwaummﬁmmmm A. niger
T (el 4) Fardunitia o Fiiailinny
1Juuilau“luaﬂui’]amua athalsimuneldams
dufs  Aniger 1Tl Taoanysel Tdldnaaoy
3= anFamvesayuinisaufunsaldsillolin
Fanunmaldauulwsnauiunsaldsiliotinee
‘lwwaﬂﬂmmﬂﬁmnu"lwsmaﬂmiﬂiﬂiaumwm
pthalandianile daaadlumiei 5 Taviidou
weiaangaldun winmovn wazaendum’

at13az 3% gndumi 1% waznsalistlalia 0.2%
ndnfe uenMNIzAINIATUSIMsITYeAUN3H
1dvarsstiaingd? ET\'I’chﬁﬂtTmf'Qmﬂﬁt‘gﬁJm
Bacillus sp. waz  A.niger ldothaanysol

Table 4. Effect of spice mixture on growth of

microorganisms
Spice mixture

bS]
Microorganism s v v oo

Tt oo s o

LIS A A S S A S
Acetobacter aceti | 4 4 4 4 4 4 4 4 4 4 4
AcetobacterrancensI 4 4 4 4 4 4 4 4 4 4 4
Acetobacter sp. 170-1 4 4 4 4 4 4 4 4 4 4 4
Acetobacter sp. 249-1 4 4 4 4 4 4 4 4 4 4 4
Bacillus sp. 3 1 0 I 4 0 I 4 0 4 4
Debaryomyces hansenii 4 4 4 4 4 4 4 4 4 4 4
Endomycopsis fibuligera3 3 3 3 3 3 3 4 3 3 0
Hansenula anomala 4 4 3 4 4 4 4 4 4 4 4
Hansenula subpelliculosa4 4 3 4 4 4 4 4 4 4 4
Hanseniasporauvarum 4 4 3 4 4 4 4 4 4 4 4
Pichia kiuyveri 4 4 3 4 4 4 4 4 4 4 4
Saccharomyces cerevisiaze4 4 4 4 4 4 4 4 4 4 4
Amylomyces rouxii I 4 4 4 ¢4 3 4 3 4 4 1
Amylomyces rouxii 2 4 4 4 4 4 3 4 3 4 4 1
Aspergillus niger 3 3 2 3 3 3 3 2 3 2 2
Aspergillus oryzae 4 4 3 3 4 3 3 3 4 3 2
Mucor hicmalis 1 0 0 01 0 2 0 2 0 O
Mucor indecus 2 1 1 2 2 1 3 1 3 1 1
Penicillium sp. 1 3 3 3 2 3 3 2 3 3 3 2
Penicillium sp. 2 4 4 4 4 4 4 3 4 4 4 4
Penicillium sp. 3 4 3 4 4 4 3 3 3 3 3 3
Penicillium sp. 4 3 3 3 3 3 3 3 3 3 3 3
Rhizopusoligosporus 2 1 1 2 1 1 3 | 3 1 0

0 : no growth, 1-4 scantly-good growth
1 : 3% Piper nigrum (white pepper) c : 3% Myristica fragrans (mace)
> : 3% piper chaba (long pepper)  d : 1% Myristica fragrans (nutmeg)
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0 : nogrowth, 1-4 : scantly-good growth 1/: mace 24: nutmeg
Table 5. Effect of spice mixture and propionic
acid on growth of microorganisms

Spice and propionic acid mixture

Mikroorganism

Acetobacter aceti I
Acetobacter rancens I
Acetobacter sp. 170-1
Acetobacter sp. 249-1
Bacillus sp.
Debaryomyces hansenii
Endomycopsis fibuligera
Hansenula anomala
Hansenula subpelliculosa
Hanseniaspora uvarum
Pichia kiluyveri
Saccharomyces cerevisiae
Amylomyces rouxii |
Amylomyces rouxii 2
Aspergillus niger
Aspergitlus oryzae
Mucor hiemalis

Mucor indecus
Penicillum sp. 1
Penicillum sp. 2
Penicitlium sp. 3
Penicillium sp. 4
Rhizopus oligosporus
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O W W N OO DA AANNNNN~A AR A|dbctp
0‘»\»&‘@@0&)060&060&@\%\{&&a+d+p

0 : no growth, 1-4 scantly-good growth ¢ : 3% Myristica fragrans (mace)
a : 3% Piper nigrum (white pepper) d : 1% Myristica fragrans (nutmeg)
b : 3% Piper chaba (long pepper) p : 0.2% propionic acid
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0 : no growth, 1-4 scantly-good growth

a : 3% Piper nigrum (white pepper) c : 3% Myristica fragrans {mace)
b : 3% piper chaba (long pepper)  d : 1% Myristica fragrans (nutmeg)

Table 6. Effects of initial moisture of the dough
on numbers of Acetobacter sp. 249-1.

Coconut waterl-/ Incubation time i cells/g

(ml) (hours) (%)

70 0 434 3.90x 103
24 36.0 1.51x 108
48 26.1 1.73%x107

80 0 45.8 3.05%10°
24 38.9 2.45x 108
48 28.7 4.85x10”

90 0 48.4 2.55x10°
24 426 3.85% 10°
48 30.9 4.70% 107
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Table 7. Effects of methods used for drying
the inocula on cell viability

Doughincubation Drying Drying time Moislure1 cells/g

(hours) methods (hours) (%)
0 - : 453 3.80% 10°
48 . ; 27.4 2.22x 108
oven dry, 40°C 24 11.2 1.28x 108
36 9.8 9.60x 107
oven dry, 45°C 24 10.9 2.05% 107
36 9.5 5.40x 10°
Sun dry 68 1.1 1.13x 107
12-16 10.6 3.10x 108

1/ Dough was prepared using 100 g rice flour and 80 ml
coconut water
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Table 8. Effects of propionic acid on cell viability
upon storage of the dry inocula

Cells/g
strage time with propionic acid without propionic acid
(week) refrig d room p e room

0 L1x 108 3.8% 10 6.2x10
1 . 5.3x10° 7.2x 108
2 - 2.4x10° 8.4 10°
3 5.3%108 5.4x10° 2.8x10°
4 . 0 9.2x10*
5 - 0 7.4x10%
6 5.3x10° 5.7% 104
8 3.1x10?
10 5.4x10
12 - 8.1x 102
2 4.7%10%

— : nostudy made ; 0 : no viable cell
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Table 9. Numbers of Acefobacter 249-1in the
dry inocula produced by various
methods at different storage times

cells/g

Storage  Preparation’ storage time (weeks)

conditions methods 0 3 6 12 24
room tempera- WS 5.95x 105 50 0 0 0
ture WO  6.a4sx10]  2.80x10° 0 0 0
cs  71.90x10° 1s52x1 0 0 0
co  nioxi? 1o3xi0? 0 0 0
refrigerated WS - 290x10°  Lisx10®  134x10°  116x10*
wo . 610x10°  525%10°  675x10°  3.60x10*
cs - 5.10x10°  3.40x155  1.48x10°  L51x10*
co . sasx108  530x10°  745x10° 470 10%

y ws: dough mixing with water, sun dry 6-8 hrs
WO : dough mixing with water, oven dry 40°C, 24 hrs
CS : dough mixing with coconut water, sun dry 6-8 hrs
CO : dough mixing with coconut water, oven dry 40°C, 24 hrs
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: 0.2-2% dry inoculum, coconut water

Yo A v o ° s A a Yt = O : 0.2% dry inoculum, 5% coconut water
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Figure 2. Acid producing efficiency of the dry inocula obtained through various preparation methods at different storage times
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