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A1 1)

7.1 Introduction

Permented soybeans constitute a key part of the diet in many parts of the world, especially in Asia and
Africa. Although the main raw materials (Le., soybeans) and fermentation processes are very similar,
they come in various forms and names. The widely known examples of food products in this group are
the Japanese natto, the Korean chungkukjang, and the Indian kinema {Steinkraus 1996). The major
microorganisms responsible for fermentation are the Bacillus bacteria, in which their proleases cause
protein hydrolysis and ammonia liberation. The release of ammonia provides an alkaline condition;
hence, these products are often termed alkaline-fermented soybeans. Among these, natto 1s probably
best characterized with comprehensive scientific data. In contrast, there is Jittle scientific information
on thua nao. This chapter is therefore introduced to document the current status of thia nao in terms of
manufacture, fermenting microbes, and nutritive goality.

7.2 Thua Nao and Related Products

Thua nao is a traditionzl fermented soybean food widely consumed in Northern Thailand (i.e., Chiung
Mai, Chiang Rai, Mae Hong Son, Lam Phun, and Lam Pang). It is not only an important food/condiment
but aiso serves as a low cost protein supplement for the jocal people. Traditional thia nao has a strong
unpleasant ammoniacal smell, dark grayish or brownish color, and slightly slime matier (Figure 7.1).
This is different from natto, which are a white mucous substance that has a unique flavor and a palat-
ably soft texture, are light yellow, and are able to generate silky and sticky mass (Wei et al. 2001). Some
features of thua nao and other traditional Bacillus-fermented soybeans are summarized in Table 7.1.

131
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FIGURE 7.1 Thwu nao products in the local market of Chiang Rai. Left, dried form known as dina nao kab; right, rossted
thua nae covered in banana leafl, (Courtesy of Mr. Pichilchai Nantarat.)

TABLE 7.1

Some Features of Traditional Bacillus-Fermented Soybeans

Product Country Uses Reference

Thua nao Thailand Flavor enhancer in local dishes Chukeatirote et al, (2310

Main dish: mashed fresh #ier nue in
combination with salt, chili, lemongrass.
onion, and garlic, packed in banana leaves into
smali pocket and eooked by steasning or
roasting, ealen with sticky rice

Naito Tapan Eaten directly with vice . Kiuchi and Watanabe (2004}

Fravor enhancer jn focal dishes, i.e., miso soup
and sughi

Accompaniments to drinks, i.¢., sake and tea

Main dish: mixed with miso, salt, sugar, gatlic,
and other ingredients, mashed together and
stored in chinaware for few days w produce a

pickled dish

Kinenu India Fried in vepetable ol for 3 to 5 minutes and Tamang et al. (1938);
lomato, onion, spices, salt. and a litle amount Nout et al. (1998}
of water ar¢ added to produce a thick curry

Dawadawa Nigeria and Ghana  Flavor enhancer in local dishes Omafuvbe et al, (2002)

Chungkutjang Korea Flavor enbancer in local dishes Kwak et al. (2007)

Bk

7.3 Thua Nao Fermentation Process

Three major raw ingredients for thua rao production are as follows: soybeans, water, and mixed natural
bacterial culture. In general, four major steps are involved in the conventional thwa nae manulactur-
Ing process consisting of soaking, boiling, fermenting, and incubating (Chantawannakul et al. 2002;
Chukeatirote et al. 2010). For detailed descriptions, it typically begins with soaking of soybean for over-
night and then boiling of soybean seeds for 3 to 4 hours unti! soft. The cooked soybeans are then packed
in bamboo baskets lined and covered with banana leaves and aflowed o undergo spontaneous fermen-
tation at ambient temperature for 2 to 3 days. However, there are differences in the procedures and
equipment used in different areas and communities. For exarnple, in the production of thue nao at Fang
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District in Chiang Maj, dry soybeans are cooked in boiling water for 7 hours after being washed twice
with clean water, fermented in woven hamboo baskels lined with forn leaves, and then covered with the
plastic bags and placed outside the building exposed to sunlight for 3 days {Leecjeerajumnean et al, 2001),
According to the production process of Muang Chiang Mai District, soybear seeds are soaked overnight
(1214 hours) in water before being beiled for a shorter time (4-6 hours). Besides, the fermentation con-
ditions are also different, as cooked seeds are packed in bamboo basket lined and covered with banana
leaves and left to stand at ambient temperature in the household for 2 to 3 days. The production of rhua
nao in Lam Phun and Lam Pang follows closely the method of Fang District, except tor omitting the
soaking step of the seeds; instead, dry soybean seeds are immediately cooked by boiling in water for 3
to 4 k, and the banana leaves are used to enclose the caoked soybeans in bamboo baskets and allowed to
spontancously ferment at ambient Lemperature in the household for 3 to 4 days (Sundchagul et al 1972),
The diversity of soaking and cooking steps inciuding the variation of equipment and fermentation con-
ditions leads to the inconsistency and safety qualities of the product. The complete fermented soybean
is indicated by the grayish brown color of soybean seeds and the appearance of a slight mucilaginous
substance and is dominated by a strong ammonia-like odor. Thua nao is regarded as spoiled when they
liberate putrid or rancid smell or appeared contaminated with mold or yellow-pigmented slimy material
on the beans. A major problem of cooked thua nao is a short shell life, approximately 2 days, if stored
under ambient conditions. Hence, 1o extend the shelf life of this product, a sun-dried process of rhua nae
is developed and widely known among the locals as rhua nao kab (see Figure 7.1), which could be kept

for several mmonths.

ift AT T

7.4 Bacillus Species as Predominant in Thua Nae Fermentation

As mentioned earlier, thua nao is still produced conventionally by natural microflora. It shouid be noted,
however, that Bacillus species are always present in high numbers. According o Chukeatirote et al,
(2006}, Bacillus species, especially Bacillus subtilis, predominated from the beginning (o the end of
the fermentation. The occurrence of B. subrilis as the predominant species in fua nao product was also
reported by Chantawannakul et al. (2002) and Legjeerajumnean (2000). Other Bacillus species were
also found including Bacillus cereus, Bacillus licheniformis, Bacillus megaterium, and Bacillus pumilus
(Chukeatirote et al. 2006; Legjeerafamnean 2000). Apart from dominant Bacillis species, & few bacte-
rial groups (i.e., lactic acid bacteria and unidentified Gram-positive cocci) were also identified only ar the
onset, and thus their involvement in fermentation is possibly limited (Booatim et al. 2003; Chukeatirota

et al. 2006: Tabie 7.2).

TABLE 7.2

Predominant Bacteria Involved in Alkaline-Fermented Soybeans

Product Microorganisms Involved References

Thug Nue B. subiilis, B. Lcheniformis, B. pumilus, Chukeatirote et al. (2006); Sendhagul et al. (1972);
B. meguterinm, B. cereus, Lactebacillus sp., Leejeerajumnean {2003)

Gram-positive coccl
B. subiilis, B. licheniformis, B, cercus, Bacillus  Tamang (1993); Sarkar etal. (1994, 2002); Nout

Kinema
civenlans, B, thuringensis, B, sphaericus, et al, (1998)
Erterocaccus faecum. Candida parapsilasis,
Geotrichum candidum, Escherichia coli,
coliform, and Enterphaceriaceae
Daddawa B. subiilis. B. licheniformis, B. pumilus, Omalfuvbe et al, (2000); Dakwa et al, (2005); Dike

B. cerens, B. firmus, B. civculans, Bacfllus and Qdunfa (2003); Hdeant and Okeke (1991)
metaterinm, Staphylococeus saprophysicus,

Staplviococens epidermidiy, Micrococeus

futeus. Psendomonus ueroginesa

Kwak et al. (2007

Chungluljang . B, subrilis
Kiuchi and Watanabe {2004}

Nero B. subiifis (nutto)
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TABLE 7.3

Proximate Composition of Sacillus-Fermented Soybeans

Chemical Composition Kinema* Thua Nao® Dawadawa Changlukjang® Natto!
Protain (%) 48 38.76 3125 15.70 42,51
Fal (%} [7 16,97 19.90 9.0 2111
Ash (%) 7 573 1.72 52 4,38
Carbobydrate {%) 28 26.38 22.856 1481 341,80
Fiber (%} - i1.93 347 - -
Reducing sugar (%) - - - - 8.20
Ammonia {mg/ 100 g) - - - - 240,49
Moisture (%} 62 - 59.40 54,00 59.30
pH 7.89 8.0-8.6 §.2-8.9 8.49 6.83

Note: —, data not available.

* Sowrce: Sarkar, P K. et al. Food Microbiol, 17, 47-35, 1994, With permissios.

¥ Source: Sundhagul, M. et al., Thai J Agric Sci, 5, 43--56, 1972, With permission.

¢ Source; Jelf-Agbocla, Y. A,, O. S, Oguntuase, J Nutr, 3, 606-~7, 2006, With permission.

4 Seurce: Omatuvbe, B. O. ol al., Food Micrabiol, 19, 5610, 2002, Wilh pcraission,

¢ Lee, ML Y. etal., J Food Sci, 70, M191~6, 2005, With permission.

T Source: Wei, Q., and 8. K. C. Chang, J Food Process Presery, 28, 251-73, 2004, With permission,

7.5 Proximate Composition of Thua Nao

It is expected that there exist some differences of these proximate values between thua ngo product and raw
soybean because of btochemical changes during fermentation. As deseribed by Chukeatirote and Thakang
(2006). the content of protein, fat, and reducing sugar of fresh thia nao appearcd to be slightly higher than
unlermented soybean. These changes are possibly caused by several extracellulur enzymes produced during
fermentation (Chukeatirote et al. 2006). The overal] dala of proximate analysis of thia nao products are as
follows: 64.91% moisture, 1.65% ash, 7.69% crude fiber, 14.33% crude protein, and 1.83% fat, whereas those
features of thua nae kaly were 11.88%, 4.94%, 13.46%, 36.43%, and 17.96%, respectively (Chukealirote and
Thakang 2006). Table 7.3 summarizes proximate composition data of #hua nao compared with other fer-
mented soybeans, Please note that the data of thua neo in Table 7.3 are from Sunghagul et al, (1972} in which
some variations in these values are also observed compared with the data mentioned previously.

o

7.6 Amino Acid Profiles of Thua Nao

Thua nao products seem 10 be a good protein source based on the amino acid profiles. Available data show thul
ail amino acids are present in thua nao with quantities of total free amino acids ranging from 11.03 to 61.23
g/kg, as dry basis. The major amino acids are Trp, followed by Glu, Cys, Lys, and Lew, All essential amino
acids are also present in considerable amounts, It should be noted interestingly that there exist & large propor-
tion of bitter amino acids accounting for more than 50% of total free amino acids (Dajanta et al. 201 La,c).

7.7 Isoflavones of Thua Nao

Isoflavones, a type of phenolic compounds, exhibit estrogen-like activity, which has been reported to
exhibit several health beneficial effects (Wiseman 2006). Stmilar to other formented soybeans, thug nao
products contain high amounts of isoflavone compounds. Besides, the use of pure starter culture o pre-
pare thua nae has showed to increase the content of aglycone isoflavones (Dajanta et al. 2009). Aglycone
compounds are of great interest hecause of their bioavailability, high rate of absorption in animals and
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humans (fzami et al. 2000; Kane et &b, 2006), and high antiproliferative activity on human cancer cells
(Peterson et al. F998).

AR R T GRS AW

7.8 Arom

The microbial fermentation of soybeans causes biochemical changes inchading organcleptic properties.
Such changes affect texture, odor, and flavors of the products. Traditionally produced thwa nao is typi-
cally described as a fish sauce-like product due to a strong ammeoniaca] simeil. In contrast, natfo produced
by a pure starter culture has a fruity/nutty aroma. Leejeerajumnean et al. (2001) reported that thua nao
products contain aldehydes, aliphatic acids, esters, and sulfur compounds, whereas aatfo condiments are
devoid of these chemicals. Besides, several pyrazine compounds found in natto are proposed (o be the
main contributors to agtio odor characteristics (Sugawara 1985 Owens et al. 1997).

As part of the program to improve thua nao quality, the use of pure starter culture of B, subtilis strain
TN3! isolated from commercial rhua nao product has been shown to improve the organoleptic quality of
the product (Dajanta et al, 2011b). The profile of volatile compounds responsible for the aroma of thua nao
produced with pure and mixed eultures was determined using gas chromalography-mass spectrometry. In
total, 85 volatile compounds were identified as follows: pyrazines (109, aldyhydes (6). ketones (17), esters
(8), alcohols (15), acids {4), aromatics (4), Turans (5), sulfur-containing compounds (2), and other con-
pounds (14). Generally, the predominant volatiles in fermented #hua nao products were 2-methylbutanoic
acid, 2,3,5-trimethylpyrazine, 2-methylpropanoic acid, acetic a¢id, 2,5-dimethyipyrazine, benzaldehyde,
5-methyl-3-hexanone, 2-butanone, and 3-methyi-2-pentanone, whereas those in cooked nenfermented
products were cthanol, 2,3-butanedione. 3-hydroxy-2-butanene, acclone, benzaldehyde, and 2,5-dimeth-
ylpyrazine, It is therefore evident that there was a shift in volatile profiles from the cooked nonfermented
to fermented products. Besides, a different pattern of the volatile compounds was also observed in the
thua nao samples prepared with pure and mixed starter culture (Dajanta et ak. 2011b).

a and Flavoring Agents of Thua Nao

7.9 Conclusion

Thua nao is an indigenous alkaline-fermented soybean of Thailand. This condiment plays a key role as
dietary culture of local Thai people. In terms of nutrition, the product is acceptable as a good source of
protein supplement in which other health benefits must be further explored, At present, scientific data
of Thai thua nae are increasing. This chapter, which is a focus of fhua nao, is our attempt to update its
information currently available with an anticipation (o attract rescarcher’s attention on this local food
product, Several issues are open for further experiment to study and to improve the product’s qual-
ity. For instance, the use of pure starter colture {s a good start and potential for product improvement.
An aiternative tesearch relevant to nutritional quality {i.e., enhancement of amino acids and flavoring
agents), health benefits (i.e,, anticancer, antimicrobial, and antioxidant activities), and fermentation pro-
cess would provide a new image of this indigenous food to the Thai and world community.
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