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SpeciesDiversity of Moldsin Thai Traditional Fermentation Starters
(L oog-Pang)

Savitree Limtong, Sompon Sintara, Poonpilai Suwanarit and Napha L otong

ABSTRACT

The results of investigation on the number of molds and mold species presented in loog-pang, a
dry form of fermentation starter for production of traditional fermented products, collected in Thailand
reveal ed that in 38 samples of l0og-pang kao-mag (for al coholic sweetened rice production) the number
of mold were 2.0 x 103 - 1.6 x 106 cfu/g and 91 mold isol ates were collected. The mold numbersin 19
samples of loog-pang lao (for rice wine production) were 7.0 x 103- 1.8 x 10° cfu/g and 35 mold isol ates
derived. Identification of 91 mold isolates from loog-pang kao-mag showed that most isol ates bel onged
to the genus Amylomyces (31) and Rhizopus (27). The remaining isolateswere in the genus Actinomucor
(5) Aspergillus(9), Mucor (2), Monascus (2) and Penicillium (1) while 13isolateswere Aspergillusniger
group and 1 was unidentified isolate. Most of 35 isolates obtained from loog-pang lao were also in the
genus Rhizopus (15) and Amylomyces (12). Other isolateswerein the genus Actinomucor (5) and Mucor
(1) while 2 were Aspergillus niger group. As many as 31 samples (81.6%) of loog-pang kao-mag
contained Amylomyces sp. while Rhizopus sp. found only in 5 samples (13.2%). Among 19 samples of
loog-pang lao Rhizopus sp. was found in 15 samples (79%) while Amylomyces sp. was in 11 samples
(57.9%). Most isolates of the genus Amylomyces and Rhizopus showed relatively strong amylolytic
activity.
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INTRODUCTION

“Loog-pang”’, commonly known as
“Chinese yeast cake’ to the Western people, isa
Thai term for dry form of “fermentation starter”
for production of traditional fermented products
fromstarchy raw materials, i.e., kao-mag(alcoholic
sweetened rice), lao (rice wine) and num som sai
chu (vinegar) (Lotong, 1998). This type of
fermentation starter has been used in many Asian
countries with various local names, such as banh
men in Vietnam, bubod in the Philippines, chuin
China, koji in Japan, murcha in India, nuruk in

Korea, ragi inIndonesiaandragi tapai inMalaysia.
Apparently, these starters are mixed cultures of
amylolytic molds, fermenting yeasts and lactic
acid bacteria grown on rice or other cereals. In
certainlocalities, native herbswere added (Saono,
1982; Lotong, 1998; Tamang and Sarkar, 1995;
Shrestha and Rati, 2002).

The molds species that were commonly
reported foundinloog-pang are Amylomycesr ouxii,
Aspergillus oryzae, Asp. niger group, Aspergillus
spp., Mucor spp., Penicillium spp. and Rhizopus
spp. (Chatisantien, 1977; Pichaynglura and
Kulapreecha, 1977; Chaowsungket, 1978; L otong,
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1998). Mucor indicus, M. circinelloides, R. oryzae
andA. rouxii wereobtained frombanhmen (Haard
et al., 1999; Lee and Fujio, 1999). Rhizopus spp.
and Mucor spp. were reported to present in bubod
(Lotong, 1998). In murcha M. circinelloides, R.
chinensisand Rhi zopusspp. wereisolated (Tamang,
and Sarkar, 1995; Shrestha and Rati, 2002).
Aspergillus oryzae, Asp. niger and Rhizopus spp.
were obtained from nuruk (Kim, 1968). A. rouxii,
Asp. flavus, Asp. oryzae, Asp. niger, M. dubius, M.
javanicus, M. rouxii, R arrhizus, R. cohnii, R.
oligosporus, R. oryzae and Fusarium sp. were
isolated from ragi (Saono, 1982; Lotong, 1998).

Among microorganisms found in these
starter cakesonly some speciesplay theimportant
rolesinproduction of fermented products(L otong,
1998; Haard et al., 1999). Though there are some
reports on microorganismsin loog-pang and their
possible roles in product formation but only few
isolates of microorganism were collected and
maintai ned properly. Duetothelimited knowledge
of preparation process of loog-pang some key
microorganisms are lost resulted in lower quality
of loog-pang. Therefore, to control the quality of
fermentation products, isolation, selection and
conservation of the key microorganismsin loog-
pang which could be used as pure cultures for
production of the fermented products is gaining
attention. Our group reported the study of yeast
diversity inloog-pang (Limtongetal., 2002). This
present work reports the enumeration, isolation
and identification of molds from loog-pang and
investigation of amylolytic activity of molds
isolates.

MATERIALSAND METHODS

Enumeration of moldsin loog-pang
Enumeration of molds in loog-pang was
performed by standard plate count using potato
dextroseagar (PDA; 20% potato, 2% dextroseand
1.5% agar) and spread platetechnique. Number of
mold colonies was counted after incubation for 2

days at 30+2°C and the average numbers from
triple plates were reported.

I solation of mold

To obtain asmany mold generaaspossible
isolationwascarried out by 4 protocolsasfollows:
(1) spread plate technique on PDA (2) filtration of
mold pelletsfrom enrichment acidified YM (0.3%
yeast extract, 0.3% malt extract and 0.5% glucose)
broth and streaked on PDA plate (3) filtration of
mold pellets from acidified YM broth containing
30% glucose and streaked on PDA plate and (4)
isolation from sticky rice that covered with mold
mycelium collected during preparation of
fermented products.

Identification of molds

Mold isolates were identified based on
morphological characteristics according to the
monographs written by Ingold (1978), Samson
and Pitt (1989), Alexopauloset al. (1996), Hanlin
(1998a) and Hanlin (1998b).

I nvestigation of amylolytic activity

Mold inoculum was 72 h culture grown on
starch agar (4% soluble starch, 0.5% yeast extract
and 1.5% agar) plate after point inoculation. The
cultureonagar wascut using cock borer (diameter
0.4 cm), placed at the center of new starch agar
plate and incubated at 30+2°C for 3 days. The
culture plate was flooded with Lugol’s iodine
solution (2 g iodine, 2 g ammonium sulfate and
300 ml deionized water) for 1 min and diameter of
clear zone and colony were measured. The
amylolytic activity was expressed as the ratio of
clear zone diameter to colony diameter and the
results of triple plates were reported.

RESULTSAND DISCUSSION
Enumeration of moldsin loog-pang

A total of 38 samples of loog-pang kao-
mag and 19 sampl esof |oog-panglaowerecollected
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from severa provinces in Thailand. Most of the
samples were obtained from central and
northeastern regions of Thailand. The total count
of mold inloog-pang kao-mag wasin the range of
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2.0x103-1.6x106 cfu/gwhileinloog-panglaowas
7.0x103-1.8x106 cfu/g. However, most samples
of both types of loog-pang contained 10%-10° cfu/
g (Tables1 and 2).

Table1l Enumeration, isolation and identification of moldsin loog-pang kao-mag and amylolytic

activity of the isolates.

Sample  Mold count Mold isolation Amylase
code (cfu/g) No. of Method / Mold isolate Identification activity ¥
isolate incubation (day) code

1 5.0x10% 2 PDA / 2 days MKMO001 Amylomyces sp. 1.00
PDA / 2 days MKMO002 Rhizopus sp. 1.20
2 6.0x103 3 PDA / 2 days MKMO003 Amylomyces sp. 0.83
KM /2 days MKMO004 Rhizopus sp. 1.00
KM / 3 days MKMO005 Aspergillus sp. 1.00
5 4.2x104 1 PDA / 2 days MKMO006 Amylomyces sp. 1.04
6 6.0x103 3 YMzo/ 2 days MKMO007 Rhizopus sp. 1.13
PDA / 2 days MKMO008 Amylomyces sp. 1.03

KM /5 days MKMO009 Aspergillus niger group 0
13 1.5x10° 1 PDA / 3 days MKMO010 Rhizopus sp. 1.11
15 1.2x10° 3 YMgzq/ 2 days MKMO011 Amylomyces sp. 1.05

PDA /2 days MKMO012 Rhizopus sp. 0

KM / 3 days MKMO013 Aspergillus niger group 0

18 8.0x10% 3 KM / 3 days MKMO014 Aspergillus niger group 0
PDA / 2 days MKMO015 Amylomyces sp. 1.02

PDA /2 days MKMO016 Rhizopus sp. 0

19 2.5x10% 2 KM / 3 days MKMO017 Aspergillus niger group 0
PDA / 2 days MKMO018 Amylomyces sp. 1.00
20 6.0x10% 2 YMzg/ 3 days MKMO019 Rhizopus sp. 1.00
KM / 3 days MKMO020 Amylomyces sp. 1.17
21 1.9x104 2 YMgzo/ 3 days MKMO021 Aspergillusniger group  1.00
PDA / 3 days MKMO022 Amylomyces sp. 1.00
23 2.0x103 3 PDA / 3 days MKMO023 Rhizopus sp. 0.53
PDA / 3 days MKM024 Aspergillusniger group  1.00

PDA / 3 days MKMO025 Amylomyces sp. 0
24 6.0x10% 2 PDA / 3 days MKMO026 Amylomyces sp. 1.08
YMg3zq/ 3 days MKMO027 Aspergillusniger group  1.00
25 1.6x10° 2 PDA / 2 days MKMO028 Rhizopus sp. 1.10
PDA / 2 days MKMO029 Amylomyces sp. 0.97
27 1.8x10° 2 PDA / 2 days MKMO030 Rhizopus sp. 0.97
PDA / 2 days MKMO031 Amylomyces sp. 1.00
31 1.0x10° 2 PDA / 2 days MKMO032 Rhizopus sp. 1.10
PDA / 2 days MKMO033 Amylomyces sp. 1.20
34 7.0x104 3 PDA / 2 days MKMO034 Amylomyces sp. 1.00
KM /7 days MKMO035 Rhizopus sp. 1.08
KM /7 days MKMO098 Monascus sp. 1.00
37 1.0x104 2 PDA / 2 days MKMO036 Amylomyces sp. 1.00
KM / 3 days MKMO037 Aspergillus sp. 1.00
59 1.8x10° 1 PDA / 2 days MKMO038 Amylomyces sp. 1.00
60 2.2x10° 2 PDA / 2 days MKMO039 Rhizopus sp. 1.20
YM (pH3.5)/ 2days MKMO040 Actinomucor sp. 101

64 8.0x103 4 PDA / 2 days MKMO041 unidentified 0
PDA / 2 days MKMO042 Amylomyces sp. 1.00
PDA / 2 days MKMO043 Aspergillus sp. 1.00
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Tablel (continued).
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Sample Mold count Mold isolation Amylase
code (cfulg) Method / Mold isolate Identification activity ¥
incubation (day) code
KM / 3 days MKMO044 Aspergillus sp. 1.00
65 2.2x10° PDA / 2 days MKMO045 Mucor sp. 1.00
PDA / 3 days MKMO046 Aspergillus sp. 1.00
KM / 3 days MKMO047 Aspergillusniger group  1.00
KM /7 days MKM100 Monascus sp. 1.00
66 1.6x10° PDA /2 days MKMO048 Rhizopus sp. 1.09
KM / 3 days MKMO049 Aspergillus sp. 1.00
PDA /2 days MKMO050 Actinomucor sp. 1.05
PDA /2 days MKMO051 Amylomyces sp. 1.07
67 5.2x10% PDA / 2 days MKMO052 Amylomyces sp. 1.00
KM / 3 days MKMO053 Aspergillusniger group  1.00
KM /2 days MKMO054 Rhizopus sp. 1.06
KM / 4 days MKMO055 Penicillium sp. 1.00
68 5.0x10% KM / 2 days MKMO056 Aspergillusniger group  1.00
PDA /2 days MKMO057 Rhizopus sp. 1.00
YM3zg/ 2 days MKMO058 Aspergillus sp. 1.00
69 1.2x10° PDA /2 days MKMO059 Rhizopus sp. 0.89
YM (pH3.5)/ 2days MKMO60 Amylomyces sp. 0.80
KM / 3 days MKMO061 Aspergillusniger group  1.00
KM / 3 days MKMO062 Mucor sp. 1.00
70 1.2x10° PDA / 2 days MKMO063 Amylomyces sp. 0.83
PDA / 2 days MKMO064 Rhizopus sp. 0.86
PDA / 2 days MKMO065 Aspergillusniger group  1.00
KM /2 days MKMO066 Aspergillus sp. 1.00
71 1.3x10° PDA / 2 days MKMO067 Aspergillusniger group  1.00
PDA /2 days MKMO068 Amylomyces sp. 1.06
PDA /2 days MKMO069 Rhizopus sp. 0.97
YM (pH3.5)/ 2days MKMO70 Aspergillus sp. 1.00
74 5.0x10% PDA /2 days MKMO071 Rhizopus sp. 1.00
PDA /2 days MKMO072 Amylomyces sp. 1.06
77 8.0x10% YM3zq/ 2 days MKMO073 Amylomyces sp. 1.00
PDA / 2 days MKMO074 Rhizopus sp. 0.91
78 1.3x10° PDA / 2 days MKMO75 Amylomyces sp. 0.68
79 1.9x10° PDA / 2 days MKMO076 Actinomucor sp. 0.97
PDA / 2 days MKMO077 Amylomyces sp. 0.96
84 2.4x10° PDA / 2 days MKMO078 Amylomyces sp. 1.08
22 1.6x106 KM / 3 days MKMOQ79 Actinomucor sp. 1.00
PDA / 2 days MKMO080 Rhizopus sp. 1.08
39 1.0x10% PDA / 2 days MKMO081 Rhizopus sp. 114
KM /2 days MKMO082 Amylomyces sp. 111
40 6.0x10% KM /2 days MKMO083 Rhizopus sp. 0.94
63 5.0x10% KM /2 days MKMO084 Rhizopus sp. 1.16
72 2.0x10° KM /2 days MKMO085 Rhizopus sp. 1.07
KM /1 days MKMO086 Amylomyces sp. 0.93
73 1.6x106 PDA / 2 days MKMO087 Amylomyces sp. 0.97
PDA / 3 days MKMO088 Actinomucor sp. 1.00
PDA / 2 days MKMO089 Rhizopus sp. 1.07

Note: YM (pH 3.5)
YMzg
KM

y

Enrichment in acidified YM broth (pH 3.5).
Enrichment in acidified YM broth containing 30% glucose.

Preparing alcoholic sweeten rice fermentation (kao-mag) using loog-pang kao-mag and isolated from
kao-mag.

diameter of clear zone per diameter of colony
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Table2 Enumeration, isolation and identification of moldsin loog-pang lao and amylolytic activity of

the isolates.
Sample  Mold count Mold isolation Amylase
code (cfu/g) No. of Method / Mold isolate Identification activity ¥
isolate incubation (day) code

3 7.0x103 1 PDA / 2 days MLO001 Amylomyces sp. 0.75
4 25x104 1 PDA /2 days MLO002 Rhizopus sp. 0.77
7 7.0x10% 1 PDA / 2 days ML003 Rhizopus sp. 1.00
12 2.0x104 2 PDA /2 days MLO04 Rhizopus sp. 1.00
L/2days MLOO05 Amylomyces sp. 0.99

14 1.1x10° 2 L/2days ML006 Amylomyces sp. 104
PDA /2 days MLOQO7 Rhizopus sp. 0.85

17 6.0x10% 2 PDA /2 days MLO08 Rhizopus sp. 1.00
L/2days MLO09 Amylomyces sp. 1.06

26 8.0x10% 2 PDA / 2 days MLO10 Rhizopus sp. 100
PDA /2 days MLO11 Amylomyces sp. 101

28 21104 3 PDA / 2 days MLO12 Amylomyces sp. 102
PDA /2 days MLO13 Rhizopus sp. 091

L/2days MLO14 Amylomyces sp. 1.00

30 9.0x10% 2 YM (pH3.5)/ 2 days MLO015 Amylomyces sp. 0.99
PDA /2 days MLO16 Rhizopus sp. 1.00

33 3.20x10° 2 YMzg/ 2 days ML017 Aspergillus niger group 1.00
PDA /2 days MLO18 Rhizopus p. 0383

48 7.0x10% 2 PDA / 2 days ML019 Rhizopus sp. 1.00
L /2days ML020 Amylomyces sp. 1.00

57 8.00x10% 2 PDA / 2 days ML021 Rhizopus sp. 0.64
L /2days ML022 Amylomyces . 102

58 8.0x10% 1 L /2days ML023 Amylomyces sp. 112
81 9.0x10° 4 YMzg/ 2 days MLO24 Actinomucor sp. 1.00
L /2days ML025 Mucor sp. 100

L /2days MLO26 Amylomyces sp. 108

YM (pH3.5)/ 2 days MLO27 Aspergillusniger group 100

83 4.0x10° 1 PDA /2 days ML028 Actinomucor p. 1.00
85 1.5%x10° 2 L/2days ML029 Actinomucor sp. 1.05
PDA /2 days MLO30 Rhizopus sp. 0.86

86 1.5%x10° 2 PDA /2 days MLO31 Rhizopus . 095
YM (pH35) /2 days MLO32 Actinomucor sp. 103

87 1.8x10° 2 YM (pH3.5)/ 2 days MLO033 Actinomucor sp. 112
PDA /2 days MLO34 Rhizopus sp. 101

49 2.5x10% 1 PDA / 2 days ML035 Rhizopus sp. 104

Remark: YM (pH 3.5) = Enrichment in acidified YM broth (pH 3.5).
YMgzg = Enrichment in acidified YM broth containing 30% glucose.

L
Yy

Preparing rice wine (lao) using loog-pang lao and isolation from fermenting mash.
diameter of clear zone per diameter of colony
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The range of mold counts in loog-pang
found in this study was dlightly lower than that
present in banh men (1.3x108 cfu/g) (Shresthaand
Rati, 2002), bubod (1x103-1x107 cfu/g) (Tanimura
et al., 1978), murcha (2x10°-1x107 cfu/g) (Lee
and Fujio, 1999) and nuruk (1x107 cfu of
Aspergillus oryzae/g, 1x107 cfu of Asp. niger/g
and 1x108 cfu of Rhizopus/g) ( Kim, 1968).

Isolation and identification of molds in loog-
pang

I solation of moldswas carried out using 4
protocolsresulted in 91 and 35 isolatesfrom loog-
pang kao-mag and loog-pang lao, respectively.
The results showed that most of theisolates were
obtained by simple spread plate technique.
Identification following the taxonomic keys of
several monographs revealed that most isolates
obtained from loog-pang kao-mag were the
membersof genus Amylomyces (31) and Rhizopus
(27). The remaining isolates belonged to genus
Actinomucor (5), Aspergillus(9), Aspergillusniger
group (13), Mucor (2), Monascus (2), Penicillium
(1), and oneunidentifiedisolate (Table1). Among
35 isolates of mold obtained from loog-pang lao
most of themwereidentifiedinthegenusRhizopus
(15) and Amylomyces (12). The small number of
isolates was in the genus Actinomucor (5) and
Mucor (1), while 1 isolate was identified as
Aspergillus niger group (Table 2).

Asmany as 31 samples of loog-pang kao-
mag contained Amylomyces sp., however, only
Amylomyces sp.was found in 4 samples, while 7
samples did not contained this genus. The other 9
samplesconsi sted of Amylomycessp. and Rhizopus
sp. whilein 12 samples Amylomyces sp., Rhizopus
sp. and 1-2 isol ates of the other moldsgenerawere
found. Amylomyces sp. and an isolate in another
mold genus were presented in 6 samples. Only
Rhizopussp. wasfoundin 3 samples. Two samples
consisted of Rhizopus sp. and Actinomucor sp.
One sample each contained Aspergillus sp., Asp.
niger grouptogether with Rhizopussp. or Monascus

sp. and Mucor sp. (Table 3).

Among 19 samples of loog-pang lao 15
samplescontai ned Rhizopussp. Only Rhizopussp.
was found in 3 samples, Rhizopus sp. and
Amylomyces sp. were in 8 samples, Rhizopus sp.
and Amylomyces sp. were in 3 samples and
Rhizopus sp. together with Asp. niger group were
in 1 sample. The remaining 2 samples contained
only Amylomyces sp., 1 sample contained
Actinomyces sp. and another sample contained
Actinomyces sp., Asp. niger group and Mucor sp.
(Table 4).

Theresult of thiswork agreed well withthe
previous reports on the presence of Amylomyces
rouxii and Rhizopus spp. together with some other
mold genera such as Aspergillus, Mucor and
Penicillium in loog-pang (Chatisantien, 1977;
Pichyanglura and Kulpreecha, 1977;
Chaowsungket, 1978). These mold genera were
alsofoundinvariousother acoholic fermentation
startersfor examplesin benh men, bubod, murcha
and ragi (Kim, 1968; Kozaki, 1976; Tamang and
Sarkar, 1995; L otong, 1998; Leeand Fujio, 1999).
However, there was no report on finding
Actinomucor in any fermentation starters before
this study.

Amylolytic activity of mold isolates obtained
from loog-pang

Most isolates of Amylomyces, 25 of 31
i solates obtai ned from loog-pang kao-mag and 11
of 12isolatesfromloog-panglaorevealedrelatively
strong amylolytic activity on starch agar, ratio of
clear zone diameter and colony diameter were
1-1.2, while the remaining isolates showed low
amylolytic activity and one isolate having no
amylolyticactivity at al (Tables 1 and 2). Among
the Rhizopus spp. isolates most of them showed
strong amylolytic activity, 19 from 27 isolates
fromloog-pang kao-mag and 9 of 15isolatesfrom
loog-pang lao. The highest activity (ratio 1.2)
derived from 3 isolates, Rhizopus sp. MKMO002,
Rhizopus sp. MKMO039 and Amylomyces sp.
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MKMO033, from loog-pang kao-mag. Most of
remainingisolatesof variousmoldgenera, namely
Actinomucor, Aspergillus, Monascus, Mucor and
Penicilliumincluding Asp. niger group, revealed
strong amylolytic activity except 3isolatesof Asp.
niger group indicated no activity.

High amylolytic activities of Amylomyces
sp. and Rhizopus spp. isolates agree well with the
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fact that these mold generaplay theimportant role
in hydrolysis of starch in glutinousrice.

CONCLUSIONS
Theresults of thiswork revealed that most

samples of 10og-pang kao-mag (approximately
80%) comprised molds in the genus Amylomyces

Table3 Summary of mold generain loog-pang kao-mag.

Genera Number of sample

Amylomyces 4
Rhizopus 3
Amylomyces + Rhizopus 9
Amylomyces + Rhizopus + one or two mold genera 12

Amylomyces + Rhizopus + Aspergillus (1)

Amylomyces + Rhizopus+ Asp. niger groups (4)

Amylomyces + Rhizopus+ Asp. niger groups + Penicillium (1)

Amylomyces + Rhizopus+ Asp. niger groups + Aspergillus (2)

Amylomyces + Rhizopus+ Aspergillus +Actinomucor (1)

Amylomyces + Rhizopus+ Actinomucor (1)

Amylomyces + Rhizopus+Monascus (1)
Amylomyces + another genus 6

Amylomyces + Aspergillus (1)

Amylomyces + Asp. niger groups (3)

Amylomyces + Actinomucor (1)

Amylomyces + unidentified mold (1)
Actinomyces + Rhizopus 2
Aspergillus + Asp. niger groups + Rhizopus 1
Aspergillus + Asp. niger groups + Monascus + Mucor 1

Total 38

Table4 Summary of mold generain loog-pag lao.

Genera

Number of sample

Rhizopus

Rhizopus + Amylomyces
Rhizopus + Actinomucor
Rhizopus + Asp. niger group
Actinomucor

Amylomyces

Amylomyces + Actinomucor + Asp. higer group + Mucor

3

P NP P Wo

Totd 19
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whilesimilar percentageof |oog-panglaocontained
Rhizopus. At the sametime approximately 15% of
|oog-pang kao-mag Rhizopusexisted and thegenus
Amylomyceswererecorded inapproximately 60%
of loog-pang lao. Most isolates of Amylomyces
and Rhizopus showed strong amylolytic activity,
whichindicated that thesetwo mold generaplayed
vigorous rolein hydrolysis of starch in glutinous
rice, the raw material for production of kao-mag
and lao.
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