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Abstract
Thua nao was a Thai alkali fermented product from soybean
by Bacillus and it had a special flavour and aroma. The
microorganisms involved in traditional thua nao were mixed natural
flora of Bacillus, B. subtilis, B. megaterium and B. cereus,
contaminated from cooked soybeans. The product had a very strong
smell of ammonia. Ammonia content in dried product was lower
than in the wet product. The increase of ammonia was controlled by
fermentation under the atmosphere of CO2 or adding phosphate
buffer (0.1 mol kg-1 wet wt KH2PO4, pH 6.5), which had no effect
on the growth of Bacillus, proteolytic activity or amino acid
formation. The major volatile compounds in thua nao were
different from those found in natto, Japanese alkali fermented
soybean.

What is alkali fermented legume from Bacillus
food?
Alkaline, proteolytic fermented foods from legume are found in
various parts of the world, Japanese natto, Nigerian dawadawa or
iru, Nepalese kinema and Thai thua nao. Soybean seeds are cooked
and fermented by pure cultures of Bacillus subtilis, as for natto in
northern Japan (Ohta, 1986), or fermented using contaminant
natural Bacillus species, as for dawadawa/iru in west and central
Africa (Campbell-Platt, 1980; Odunfa, 1985; Odunfa, 1986;
Campbell-Platt, 1987), kinema in Nepal, Sikkim and Darjeeling
(Tamang et al.,1988; Sarkar et al., 1993; Sarkar et al., 1994),
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thua nao in northern Thailand (Sundhagul et al., 1972) and in- si
(tou-si) in China (Hesseltine, 1989). The fermentation of legumes
changes the texture and organoleptic properties of the original
legume seeds. The unpalatable flavour of the unfermented legume is
eliminated (Reddy et al., 1986). The fermented product has a
different flavour and aroma, requires less cooking time.
Most of these products are prepared by solid-state
fermentation in which substrate is allowed to ferment by
spontaneous or by adding Bacillus inoculum. The fermented
products have a distinct odor. Some products, such as natto or
dawadawa became commercialized in the market. Dawadawa is
sold in cubed packages, as are Nestle Maggi soup cubes in the
African markets (Steinkraus, 1996).
In Asia, thua nao and natto are very similar in term of proteolytic
Bacillus fermentation but these products have different aroma. Natto
is a Japanese fermented whole soybean product which is eaten
uncooked as a relish with rice, whereas Thai thua nao is generally
sold as dried disks of ground material and is used as a flavouring
agent in soups and curries.
This article focuses on Thai fermented soybean, thua nao, which
is produced in the north of Thailand. It is consumed as a food and
used as a condiment for enhancing flavour in soups, curries, or as a
substitute for shrimp paste (Leejeerajumnean, 2000). Thua nao
production, bacteria involves in fermentation, strong smell of
ammonia development, and volatile compounds found in thua nao
are discussed.

What are the differences between thua nao and
the other alkali fermented products?
Bacillus fermented food products are classified according to
the substrates used. Dawadawa is made from African locust beans
(Parkia biglobosa) whereas kinema, natto and thua nao are made
from soybeans (Glycine max (L) Merrill). The Bacillus fermented
foods are used in different ways. Generally they are used as meat
substitutes or as a flavouring agent by adding to soups, as dawadawa,
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kinema or thua nao, or eaten directly with rice in the case of natto
(Steinkraus, 1983; Reddy et al.,1986; Sarkar et al., 1996). The
fermented legumes is consumed as a fresh product without further
processing, as with Japanese natto, while some products are fried,
as with Nepalese kinema (Tamang et al., 1988; Sarkar et al., 1994).
Thua nao is sold as paste or as dried disks, dark brown in colour
with a quite different aroma from natto, often with a strong
proteolytic and ammonia smell.
The finished product of Bacillus fermented soybeans is greyish
and covered with a sticky polymer produced by the bacterial cells.
The slime on the beans is a mixture of ã-polyglutamic acid and levan,
and most of viscous materials are polyglutamic acids containing
D- and L- glutamates (Ogawa et al., 1991; Kunioka, 1995;
Yamaguchi et al., 1996). The fermented soybeans give a distinct
odour, always accompaning with an ammoniacol odour (CampbellPlatt, 1980; Steinkraus, 1983; Odunfa, 1986; Hesseltine, 1989;
Sarkar et al., 1993).

Traditional thua nao production
Thua nao prepared from dry soybean seeds (Glycine Max (L)
Merrill) variety SJ 2 or SJ 4. The process began with washing the
seeds with water, at least twice. The washed seeds were then boiled
in aluminum pots over wood fires for about 7 h, or more, to soften
the seeds. After boiling, the water was drained off and the seeds
were spread in bamboo baskets lined with fresh leaves from a
specific kind of fern (Thelypteris subelata (Bak.) K.Iwats.). The
fern leaves were made into a cylinder-shaped bar and put in the
centre of the basket. The seeds were put in the basket while they
were hot. Then the baskets were wrapped with one layer of
polypropylene mesh and covered with a thick plastic bag
(polyethylene) to provide warmth and a humid atmosphere (Fig. 1
and Fig. 2). The basket was not completely sealed and air was able
to enter through the base. Each bamboo basket contained 3-5 kg
wet wt of boiled seeds. The baskets were placed outside the building
or in the house if it rained. The fermentation was complete within
3 d.
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Fig.1 Bamboo basket lined with fern leaves and a single layer of
polypro pylene mesh.The basket in the background is
covered with a plastic bag.
(Photo by S. Leejeerajumnean from Fang District,
Chiangmai)

Fig. 2 Diagram of bamboo basket used in Thua nao
fermentation.
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The fermented seeds appeared brownish in colour, with a slightly
sticky covering and had a strong smell of ammonia. The fermented
seeds were removed from the basket and ground into a paste using
a grinding machine. The paste was moulded by hand into
circular-shaped balls, around 3 cm in diameter. These were then
pressed between a plastic sheet and a glass sheet to produce
circular, flat disks, around 10 cm diameter and 2 mm thick. The
disks were then sundried for a day (Fig. 3).

Fig. 3 Thua nao disks are dried in the sun for one day. (Photo by
S. Leejeerajumnean from Fang District, Chiangmai)
Sometimes, thua nao was mashed to produce a paste. Salt and
sometimes garlic, onion, and red pepper were added. The paste
(wet product) was then wrapped in small portions in banana leaves
and cooked either by steaming or over an open fire (Sundhagul
et al., 1972). The bamboo baskets were lined with teak leaves or
banana leaves instead of fresh fern leaves. The dry product could
be kept for up to 6 months. The dry product produced during the
rainy season sometimes had a problem with fungal growth,
presumably due to high moisture content. After drying for one day,
the dry product had less smell of ammonia than the fresh one.
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Bacteria involved in fermentation
The fermentation process was similar to that of Japanese natto,
whereas natto was now usually fermented by a pure culture of
Bacillus subtilis, thua nao was still made by a traditional method
with a mixed natural microflora. Thua nao fermentation was caused
by mixed culture of B.subtilis and B. megaterium, but the
predominant was B. subtilis. Natto has only pure culture of B.
subtilis (Table 1). Isolation and identification was clearly that B.
subtilis was the predominant species from the beginning to the final
products (Leejeerajumnean et al., 1997a).
Table 1 Bacillus sp. found in thua nao fermentation.
Time of fermentation

Bacillus sp. found

Thua nao 0 h
Thua nao 24 h
Thua nao 36 h
Thua nao 72 h
Finished product Thua nao
Natto (Aji)
Natto (Mito)
(Leejeerajumnean et al., 1997a)

B. subtilis, B.megaterium
B. subtilis, B.megaterium
B. subtilis, B.megaterium,
B. subtilis, B.megaterium, B.cereus
B. subtilis, B.megaterium
B.subtilis
B.subtilis

Most of microorganisms involved in the fermentation were
bacteria (Leejeerajumnean, 2000). Colonies on plate count agar
were spreading, and each colony appeared to have an irregular edge.
The colonies were flat and dull. These were tentatively identified as
Bacillus species. The total viable count rose to 1010 cfu g-1 wet wt at
the end of fermentation. The colonies on the plate count agar for
total viable counts appeared identical to those on spore counts plates,
and the number of total viable counts and spore counts were nearly
the same, after 48 h of the fermentation (Fig. 4), suggesting that the
same Bacillus species constituted most of the microbial population.
Lactic acid bacteria was found after 24 h of fermentation, and

Arunsri Leejeerajumnean

reached 106 cfu g-1wet wt at the end. Mould was detected after
48 h of fermentation. No enterococci or yeasts was detected
throughout the course of fermentation.

Fig. 4 Microbiological changes during thua nao fermentation: ,
Total viable counts; €, Spore counts; z, Lactic acid
bacteria counts;{, Mould counts. The graph was plotted
from the mean value of duplicate analysis. O h means the
beginning of fermentation, or the time which cooked beans
was put into the baskets. (Leejeerajumnean, 2000)

Ammonia production
B. subtilis utilized protein in soybean and released amino acids
and ammonia, leading to the rise of pH (Ohta, 1986; Sakar et al.,
1993; Streinkraus, 1996).
Proteolysis :

H2 O

NH2-CHR-CO-(NH-CHR-CO-)n- NH-CHR1-COOH
Small peptide
NH2-CHR-CO- (NH-CHR-CO)n-1- NH-CHR-COOH + R1CH(NH2)COOH
Small peptide
Amino acid
Amino acid oxidation:
R1CH(NH3+)COO- + O2
CO2 + H2O + NH4+ + Energy

Ö
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The production of ammonia was a consequence of the
utilization of amino acids as an energy source (Allagheny
et al.,1996). When the pH reached 8 to 8.3, ammonia (pKa 9.25)
was present as volatile ammonia, which gave the product a strong
ammoniacol odour (Njoku and Okemadu, 1989; Sarkar and
Tamang, 1995).
Leejeerajumnean (2000) analysed the concentrations of
ammonia in thua nao and Japanese natto by an enzymatic method
(Boehringer kit 1112 732; Boehringer Mannheim UK Ltd., Lewes,
BN7 1LG, UK) and found that the ammonia content in fermented
thua nao at 72 h (wet product) was 5.0 g kg-1dry wt, whereas only
1.9 kg-1dry wt was found in dry thua nao (Table 2), which
suggested that the ammonia content was lost during drying.
Commercial natto showed a lower ammonia concentration than that
in fermented thua nao at 72 h, probably was due to limitation of the
ammonia production in natto. Normally, the fermented beans were
kept at the low temperature after fermentation process (Ohta, 1986).

Table 2 Ammonia concentrations in thua nao and natto.
(Leejeerajumnean, 2000)
Sample
Experimental thua nao
Fermented thua nao at 0h
Fermented thua nao at 24h
Fermented thua nao at 48h
Fermented thua nao at 72h
Dry thua nao
Commercial thua nao
Mae Sao market ë
Loung market ë
Commercial natto
Mito §
Aji §

NH3 concentration*
(g kg-1 dry wt) ë
0.5
0.5
0.6
5.0
1.9
2.5
0.9
4.3
4.0

*, Ammonia was assayed enzymatically.
ë, Mean of duplicate analyses of ammonia concentrations in one extract; ±
deviation from mean.
ë, Dry samples
§, Wet samples
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How to control the increasing of ammonia?
In efforts to overcome this strong ammoniacal odour, Thai
traditional fermented soybeans were sundried for a day (Sundhagul
et al.,1972), while Nepalese kinema was fried prior to
consumption (Sarkar et al.,1993). Previously, attempts were made
to control ammonia formation by the addition of humectants, such
as NaCl or glycerol (Allagheny et al.,1996), or by limiting the amount
of initial O2 by doing the fermentation in sealed containers (Allagheny
et al.,1996). The addition of humectants reduced water activity
and proteolytic activity. Limiting the initial amount of O2 led to
reduce growth and less increase in pH, and no ammonia was
generated.
The buffering system was developed to control the increase of
pH and reduce the strong smell of ammonia. The fermentation was
done under the atmosphere of CO2 or adding phosphate buffer in
the fermented soybeans. The results found that CO2, up to 40 %
v/v and phosphate buffer (0.1 mol kg-1 wet wt KH2PO4, pH 6.5)
had no effect on the growth, proteolytic activity, amino acid
production and ammonia production during soybean fermentation
by B. subtilis. Carbon dioxide and phophate buffer reduced the
increase in pH, without affecting ammonia formation. However, to
avoid a complicated CO2 buffer system, a phopsphate buffering
system should be used (Leejeerajumnean and Owens, 2002).
In the case of natto, ammonia formation is limited by storage at
low temperature (5-10 oC) as an expedient to restrict bacterial growth
while the proteolytic enzymes continue to work (Ohta, 1986).

Volatile compounds production
In general, finshed product of natto was covered by a light brown
growth of bacteria which had sticky material. Natto had a fruity or
nutty aroma without strong ammonia ordour. While thua nao was a
dried disk with dark brown in colour, strong smell and noticeable
ammonia.
Many researchers had studied the volatile compounds found in
natto (Kanno et al., 1984; Kanno and Takamatsu, 1987 and Tanaka
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et al., 1998). Pyrazines and sulphur-containing compounds were
reported to be the main contributors to the characteristic natto odour
(Kanno et al., 1984). Sugawara et al. (1985) identified pyrazines
in natto and reported that the main pyrazines in natto were
tetramethyl, 2,3,5-trimethyl and 2,5-dimethyl pyrazines. These
following pyrazines have been identified from the cultures of
B. subtilis: methyl, 2,3-dimethyl; 2,5-dimethyl; 2,6-dimethyl;
trimethyl; tetramethyl; ethyl; 2-ethyl-6-methyl; 3-ethyl; 2, 5dimethyl; 2,6- diethyl-3-methyl and 2-methyl-5-propyl derivatives
(Kosuge et al., 1961; Sugawara et al., 1985; Yamaguchi et al., 1993).
Volatile compounds of thua nao have been extracted by steam
distillation-solvent extraction (Nickerson and Likens apparatus) and
identified by GC and GC-MS (Chairote and Kobayashi, 1987).
Esters, pyrazines, carbonyl compounds, and various other
compounds contributed to the aroma of thua nao. Pyrazines,
including 2,5-dimethyl; 2,6-dimethyl; 2-ethyl-5-methyl; 2,3,5trimethyl and 3-ethyl-2, 5-dimethyl derivatives were identified
(Chairote and Kobayashi, 1987).
The volatile compounds found in thua nao and natto had
different chromatographic profiles (Leejeerajumnean et al., 2000).
Significant difference in the composition and the pattern of
chromatogram might be used to identify the specific flavour
characteristics of thua nao (Leejeerajumnean et al., 1997b). The
similar characteristics of volatile compounds in these products were
3-hydroxy- 2 butanone (acetoin), dimethyl pyrazine, trimethyl
pyrazine and tetramethyl pyrazine. Some pyrazines and derivative
compounds found in natto and thua nao were shown in Fig. 5.
The volatile compounds found only in thua nao not in natto were
several alcohols and several aldehydes, acids and esters and sulfur
containing compound. Natto had a higher concentration of ketones
and pyrazines than thua nao.
The volatile compounds of octen-3-ol, pentanal, hexanal and
2- pentyl furan found in thua nao and natto were caused by Bacillus
fermentation except some compounds were originated from cooked
soybean such as 1- octen-3-ol, pentanal, hexanal and 2- pentyl
furan (Leejeerajumnean et al., 1997b).
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Fig. 5 Some pyrazines and derivative compounds found in thua
nao and natto.

Conclusions
In conclusion, thua nao is a proteolytic fermentation of
soybeans which is similar to Japanese natto, whereas natto is now
fermented by pure culture of B. subtilis, thua nao is still made by
traditional method with a mixed natural microflora. Natto consists
of whole beans covered with sticky bacterial growth and has a fruity
or nutty aroma without ammonia odour. Thoa nao is sold as paste
or dried disks and has a quite different aroma, often with a strong
ammonia smell. The buffering system, fermentation under CO2, up
to 40 % v/v or adding phosphate buffer (0.1 mol kg-1 wet wt
KH2PO4, pH 6.5) is developed to control the increase of pH and
reduce the strong smell of ammonia.
The development of thua nao in Thailand has to focus on
small-scale productions. First of all, it is important to make the
product more acceptable with its smell. The development of
small-scale manufactures should emphasize good hygienic practice,
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processing technology, plant sanitation, reduction in the strong smell
of ammonia, extension of shelf-life and improvement of the
packaging. The packaging form of the products should be changed
to gain a higher price, possibly from disks to cubes, similar to
African dawadawa cubes, which are pulverized fermented beans
and ready for addition to soups (Stainkraus, 1991). The promotion
of large-scale manufacture, similar to Japanese natto factories should
be considered after the products are widely accepted.
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