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In Vietnam, almost all traditional fermented foods 
are made from non-dairy indigenous materials like 
vegetables, cereal, meat, fish, and shrimp. Traditional 
Vietnamese fermented foods are divided into two types: 
long and short shelf-life products. Long life fermented 
foods are usually products with high salt concentra-
tions like nuoc mam or mam nem (fish sauces) and tom 
chua (sour fermented shrimp). They have a  shelf life 
of three months to two years at ambient temperature 
because a high concentration of salt (up to 25% w/w) 

inhibits pathogenic contamination. Their fermenta-
tion process lasts from one to eighteen months. On the 
other hand, short life fermented products, such as fer-
mented vegetables – e.g.  cabbage, eggplant or  bam-
boo, and fermented rice (ruou nep) usually have a sour 
taste  and their fermentation time ranges from three 
to five days. They are intended for quick consumption 
and should be stored in a cool place, at a temperature 
range of 2–8 °C, to  slow down the fermentation pro-
gress and prevent contamination. Several herbs and 
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spices can be  added during the fermentation process 
to  enhance the taste, such as  onion, garlic, ginger, 
pawpaw, or pepper. Vietnamese traditional fermented 
foods and beverages may share the way of  fermenta-
tion but they differ in used raw materials like mam tom 
(shrimp paste), mam ruoc (sea water shrimp paste), 
mam tep (small shrimp paste), so  it  may be  difficult 
to distinguish them for people outside Vietnam (Thanh 
and Viet Anh  2016). The  traditional Vietnamese fer-
mented products used for the isolation of microorgan-
isms in this study are characterised in Table 1.

The traditional fermented foods are produced 
on a small scale in households, the fermentation pro-
cesses are carried out spontaneously in  most cases, 
and the fermentation time mainly depends on ambient 
temperature, so that product quality and their specifi-
cations vary and are not defined (La Anh 2015). Some 
households may use the old batch as  starter for the 
new batch, then the fermentation as well as  the shelf 
life are shorter. Lactic acid bacteria (LAB) are consid-
ered the predominant bacteria in fermented products 
having a crucial role in the fermentation process (Doan 
et  al.  2013). LAB are irreplaceable as  starter cultures 
in fermented foods and increase their shelf life by the 
production of lactic acid (Rhee et al. 2011). There are 
few studies describing the lactic acid bacteria (LAB) 
isolation from Vietnamese fermented foods (Inasu 
et al. 2005; Doan et al. 2012; Ong et al. 2020). Further, 
many other non-LAB microorganisms occur in prod-
ucts, both functional and non-functional ones. Func-
tional microorganisms convert chemical components 
of initial raw materials in fermentation processes into 
new components that have probiotic properties, an-
timicrobial or antioxidant effects, or result in peptide 
production (Tamang et al. 2016). Namely bacteria from 
the genus Bacillus are found frequently in  fermented 
foods and beverages (Tamang  2015). In  the food fer-
mentation process, bacilli produce enzymes necessary 
for the raw material decomposition, such as amylases 
and proteases (Ramos et al. 2015), extracellular poly-
saccharides and polypeptides, and lipopeptides with 
antimicrobial activity (Li  et  al.  2023) and contrib-
ute to aroma formation (Noguchi et  al. 2004; Uchida 
et al. 2004). However, the role of Bacillus in food fer-
mentation is not always appreciated.

The main objective of  this study was to  isolate 
LAB  and bacilli that contribute to  the typical char-
acter of  traditional Vietnamese fermented foods. 
Theoretically, the knowledge could be  used for the 
development of  new fermented products produced 
by controlled fermentation. Ta
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MATERIAL AND METHODS

Sample collection
The collected samples were Vietnamese traditional 

fermented meat, vegetables, fish, and shrimp purchased 
in markets in Hanoi, Vietnam in the 2022–2023 period. 
Microbiological analysis of the samples was performed 
within 24 h, or exceptionally within 48 h of purchase. 
Until then, the samples were stored at the recommend-
ed temperature (i.e. at ambient temperature or in a re-
frigerator at 7 °C).

Media for inoculation
For initial isolation of  bacteria from the samples, 

the following culture media were used: de  Man-Ro-
gosa-Sharpe agar (MRSA; Merck, Germany), Tryptic 
Soy  Agar (TSA; Merck, Germany), and Triple Sugar 
Iron Agar (TSI; Merck, Germany).

Bacteria isolation
Liquids from fermented samples (e.g.  dua muoi, 

ca  muoi, ruou nep) were diluted using a  decimal di-
lution scheme and sterile 0.9% NaCl in water as dilu-
ent. For  the inoculation of  agar plates, 10–2, 10–3, 
and 10–4  dilutions of  the original sample were used 
(e.g.  the liquid was diluted 100  times for 10–2  dilu-
tion). Solid samples (e.g. nem chua, thit chua, ca thinh) 
were ground and diluted with PBS buffer (containing 
in g·L–1: 1.15 Na2HPO4, 0.2 KH2PO4, 8.0 NaCl, 0.2 KCl, 
0.1 CaCl2, 0.1 MgCl2, pH 7.4) in a similar way like liq-
uid samples to concentrations of 10–1, 10–2, 10–3, 10–4. 
For  inoculation, 0.1 mL  of  each diluted sample was 
placed on MRSA in Petri dishes and spread out even-
ly on  the agar. The  inoculated dishes were incubated 
at 30 °C for 24–48 h.

For further work, separate colonies grown on the agar 
and exhibiting special characteristics of LAB, i.e. circu-
lar, opalescent or milky white, colourless, transparent, 
convex, entire or  lobate margin, and smooth appear-
ance, were selected. The  individual strains were se-
lected and purified by  the streak plate method using 
MRSA and TSA medium.

Identification of bacteria
Identifying the microorganisms was performed 

by  their molecular fingerprint with the 4800  Plus 
MALDI-TOF MS/TOF™ analyser [BD Bruker MALDI 
Biotyper (MBT), USA] (MALDI-TOF – matrix-assisted 
laser ionisation – time of flight; MS – mass spectrometry). 
The data files from the 4800 Plus MALDI-TOF/TOF™ 
analyser system were analysed on  Data Explorer soft-

ware (version 4.9) to convert to text files. The text files 
were then entered into the Bionumerics system for fur-
ther analysis. Accuracy and specificity of bacterial iden-
tification correspond to the calculated score. Normally, 
a score of 2.0 or higher indicates correct identification 
at the species level, and a score between 1.7 and 1.99 in-
dicates identification at  the genus level (BD  Bruker 
MALDI Biotyper Instruction).

Biochemical tests
Chemical and biological tests were performed with 

the isolates for further determination of  their typi-
cal characteristics:

Catalase test. 1–2 drops of  H2O2 was applied di-
rectly onto the surface of LAB colonies that have been 
cultured on MRSA plates at 37 °C for 24–48 h. If gas 
bubbles emerged, the test was positive and vice versa.

Oxidase test. A colony was taken using a glass rod, 
and rubbed on a piece of paper. Further a drop of oxidase 
reagent (N, N', N'-tetramethyl-p-phenylenediamine 
dihydrochloride) was added to the colony. The results 
were observed within the first 10 s. The positive reac-
tion gave a blue violet colour.

Indole test. Bacteria were inoculated in  MRS broth 
and kept at  35–37 °C for 18–24 h. Then 200  µL was 
transferred to Eppendorf tube. Further, 3–5 drops of Ko-
vacs' indole reagent were added into the tube. The posi-
tive reaction showed a red ring above the culture solution.

Urease test. Typical colonies were inoculated 
on urease agar base medium at 35–37 °C for 18–24 h. 
The result was positive when the environment turned 
pink-purple, and the result was negative when the me-
dium did not change the colour. 

Determination of  glucose fermentation. The  bac-
teria were inoculated on  TSI  plates and cultivated 
at  37 °C for 24 h. If  the bacteria can ferment glucose 
without fermenting lactose, the colour of the agar will 
change from red to yellow, if the bacteria can ferment 
lactose, the inclined medium will turn yellow.

RESULTS AND DISCUSSION

From thirty-five Vietnamese traditional fermented 
products (Table 1), colonies of different shapes and sizes 
were isolated. However, typical colonies obtained after 
24–48 h growth at 37 °C were white, smooth and circu-
lar. After transferring to the streak plates to purify and 
isolate the pure cultures, 74 isolates were identified us-
ing the MALDITOF system (Table 2). Forty-three iso-
lates (i.e. 57% of all isolates) were identified with high 
probability at a species level (the MALDI score above 2) 
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Table 2. Bacteria identification using the MALDI-TOF system

No. Sample Microorganism Score
Rice products
1

ruou nep cam
Priestia megaterium 2.24

2 Weissella paramesenteroides 2.16
3 Pediococcus pentosaceus 2.12
4 me chua Bacillus cereus 2.31
5

ruou nep
Bacillus cereus 2.41

6 Limosilactobacillus fermentum 1.88
7 ruou gao nep no LAB or Bacillus –
8

dam gao
Lactiplantibacillus plantarum 2.41

9 Pediococcus pentosaceus 2.06

Soybean products
10 chao thuan phat Lysinibacillus xylanilyticus 1.93
11 chao mon dai binh duong Lysinibacillus boronitolerans 1.83
12

tuong ban
Bacillus atrophaeus 1.74

13 Bacillus amyloliquefaciens 1.85
14 tuong nam dan no LAB or Bacillus –

Vegetable and fruit products
15

dua muoi

Bacillus cereus 1.90
16 Bacillus pumilus 1.96
17 Metabacillus indicus 1.98
18 Lactiplantibacillus plantarum 1.94
19

bap cai muoi
Lactococcus lactis 1.85

20 Lactiplantibacillus plantarum 2.09
21 Limosilactobacillus fermentum 2.03
22 ca muoi Limosilactobacillus fermentum 2.04
23 bong ruou (dam bong) (beet alcohol) Bacillus cereus 2.15
24

mang chua
Limosilactobacillus fermentum 2.18

25 Liquorilactobacillus nagelli 2.37
26

dua chuot muoi
Limosilactobacillus fermentum 1.86

27 Weissella cibaria 2.26
28 Pediococcus pentosaceus 2.07
29

kieu muoi
Limosilactobacillus fermentum 1.99

30 Lactiplantibacillus plantarum 2.41
31 Lactiplantibacillus pentosus 2.23
32

sung muoi
Limosilactobacillus fermentum 1.84

33 Weissella confusa 1.80
34 Weissella paramesenteroides 1.97
35 hanh muoi Lactiplantibacillus plantarum 2.04
36

bap cai muoi
Limosilactobacillus fermentum 1.79

37 Lactiplantibacillus plantarum 2.22
38 Weissella confusa 1.98
39

bap cai muoi
Limosilactobacillus fermentum 1.93

40 Lactiplantibacillus plantarum 2.24
41 Weissella cibaria 2.09
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Table 2. To be continued

No. Sample Microorganism Score
42

bap cai muoi
Leuconostoc lactis 2.12

43 Weissella cibaria 2.11

Meat products
44 bap cai muoi no LAB or Bacillus –
45

bap cai muoi
Limosilactobacillus fermentum 1.79

46 Lactiplantibacillus plantarum 1.70
47 Lactiplantibacillus pentosus 1.94
48

nem chua

Lactiplantibacillus plantarum 2.08
49 Companilactobacillus farciminis 1.85
50 Lactococcus lactis 2.32
51 Levilactobacillus brevis 1.85
52 Pediococcus pentosaceus 2.09
53 Weissella cibaria 2.11
54

thit chua anh xuan  
(đat to)  

(pork, rice)

Lactococcus garvieae 2.12
55 Lactococcus lactics 2.17
56 Lactilactobacillus sakei 2.18
57 Weissella cibaria 1.83
58 Pediococcus pentosaceus 2.10
59

thit chua truong food (pork, rice)
Lactiplantibacillus plantarum 2.09

60 Pediococcus pentosaceus 2.15
61 thit muoi Weissella cibaria 1.97
62

nem bui
Lactiplantibacillus pentosus 1.70

63 Weissella confusa 1.70

Fish products
64

mam nem

Bacillus amyloliquefaciens 1.83
65 Bacillus pumilus 1.93
66 Bacillus altitudinis 1.89
67 Bacillus subtilis 2.12
68 Bacillus vallismortis 1.89
69 nuoc mam no LAB or Bacillus –
70

ca thinh

Lactiplantibacillus pentosus 2.57
71 Limosilactobacillus fermentum 2.11
72 Companilactobacillus farciminis 1.89

2.0173 Lactococcus garvieae

Shrimp products
74 mam tom Bacillus altitudinis 2.01
75

tom chua
Bacillus cereus 2.20

76 Priestia megaterium 2.06
77 Bacillus subtilis 2.10
78 mam tep no LAB or Bacillus –
79 mam ruoc Bacillus pumilus 2.05

Bold – bacteria identified with high probability on a species level (the calculated score above 2.00); description of the 
main ingredients of the samples can be found in Table 1, or in the case of local specialties it is given after the name; 
LAB – lactic acid bacteria; MALDI-TOF – matrix-assisted laser ionisation – time of flight
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Figure 1. Distribution of bacterial species in different fermented foods

while the rest was identified at a genus level. The most 
frequently isolated species were Limosilactobacillus fer-
mentum (isolated 10 times), Lactiplantibacillus plan-
tarum (isolated 9 times), Weissella cibaria (isolated 
6 times), and Pediococcus pentosaceus (isolated 5 times). 
On the other hand, 24 species were isolated only once. 
The most commonly isolated species belong to the spe-
cies that are often isolated from fermented foods and 
strains with probiotic properties can be  found among 
them (Jiang et  al.  2021; Fidanza et  al.  2021; Lacerda 
et al. 2022; Kang et al. 2023). The species names of the 
families Lactobacillaceae and Bacilli are given according 
to novel taxonomy (Gupta et al. 2020; Zheng et al. 2020).

In our research, LAB are predominant bacteria com-
pared to  Bacillus species in  products with sour taste 
and short fermentation. Bacillus species can survive 
in salty fermented products, which agrees with the re-
sults published by Thanh and Viet Anh (2016). Distri-
bution of LAB and bacilli in different samples is shown 
in Figure 1. Almost all LAB in this research occur in fer-
mented vegetables, meat, and fish with sour taste 
and in  products with short production period (from 
3 to 5 days). Otherwise, bacilli occurred in shrimp sauc-
es, alcohol fermented rice, and in many kinds of highly 
salty sauces (e.g.  in  mam nem, soybean sprouts, sour 
shrimp) and in  rice alcohol, in  which LAB are rare-
ly found. Long fermentation (from 1  to  18  months) 
is typical of these products. Formation of spores by ba-
cilli may facilitate their survival in the hostile environ-
ment of some fermented products (high concentration 
of salt or low pH). The presence of LAB or Bacillus may 
also depend on the raw materials, fermentation stage, 
ambient temperature, and season. In  summer with 
higher ambient temperature, normally the microor-
ganisms grow faster. In the fermented cabbage samples 

(samples 36–47 in Table 2), the occurrence of LAB was 
different. Besides some common LAB like Limosilac-
tobacillus fermentum or  Lactiplantibacillus planta-
rum, the samples contained also different LAB species, 
or  it  was not possible to  isolate any LAB from them. 
This probably depends on the traditional fermentation 
method of each household because some of them can 
use the sour solution of  the previous batch as  starter 
culture for the new batch, which can reduce the time 
of  fermentation. This leads to  the altered fermenta-
tion duration as well as modified quality of fermented 
products while the use of starter culture may affect the 
growth rate of  bacteria. The  distribution of  LAB and 
bacilli in our research was lower compared to the re-
search of Doan et al.  (2012); it may be caused by  the 
differences in used materials, spices, fermentation con-
ditions and time of  sample collection. Some isolated 
species may have significant positive effects on human 
health like the production of  B12 vitamin by  Priestia 
megaterium (Biedendieck et al. 2021), bacteriocin pro-
duction by  Liquorilactobacillus nagelli (Yetiman and 
Ortakci 2023) or significance for food preservation like 
antagonistic activity against Listeria innocua found 
in Bacillus atrophaeus (Guo et al. 2016).

The individual separated 74 bacterial species, iden-
tified by  MALDI-TOF, were used for further charac-
terisation. They were stained according to  Gram (all 
of them as positive) and the selected biochemical tests 
were performed (Table 3).

LAB exhibited the typical characteristics in  bio-
chemical tests: Gram positive, catalase negative, oxi-
dase negative, indole test negative, urease negative, 
glucose and lactose fermentations positive. On the oth-
er hand, Bacillus species differed from species to spe-
cies. The  common characteristics of  Bacillus include 

Lactobacillaceae

4
Fish

30
Vegetable

16
Meat

3
Rice

10
Shrimp

3
Vegetable

6
Rice

2
Tofu

Bacilli
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Table 3. Characterisation of bacterial isolates

No. Microorganism Catalase Oxidase Indole Urease Glucose Lactose

Rice products

1 Priestia megaterium + + – – + +

2 Weissella paramesenteroides – – – – + +

3 Pediococcus pentosaceus – – – – + +

4 Bacillus cereus + + – – + +

5 Bacillus cereus + + – – + +

6 Limosilactobacillus fermentum – – – – + +

8 Lactiplantibacillus plantarum – – – – + +

9 Pediococcus pentosaceus – – – – + +

Soybean products

10 Lysinibacillus xylanilyticus + + – – – –

11 Lysinibacillus boronitolerans + + – + – –

12 Bacillus atrophaeus + + – – + –

13 Bacillus amyloliquefaciens + + – – + +

Vegetable and fruit products

15 Bacillus cereus + + – – + +

16 Bacillus pumilus + + – – – –

17 Metabacillus indicus + + – – – –

18 Lactiplantibacillus plantarum – – – – + +

19 Lactococcus lactis – – – – + +

20 Lactiplantibacillus plantarum – – – – + +

21 Limosilactobacillus fermentum – – – – + +

22 Limosilactobacillus fermentum – – – – + +

23 Bacillus cereus + + – – + +

24 Limosilactobacillus fermentum – – – – + +

25 Liquorilactobacillus nagelli – – – – + +

26 Limosilactobacillus fermentum – – – – + +

27 Weissella cibaria – – – – + +

28 Pediococcus pentosaceus – – – – + +

29 Limosilactobacillus fermentum – – – – + +

30 Lactiplantibacillus plantarum – – – – + +

31 Lactiplantibacillus pentosus – – – – + +

32 Limosilactobacillus fermentum – – – – + +

33 Weissella confusa – – – – + +

34 Weissella paramesenteroides – – – – + +

35 Lactiplantibacillus plantarum – – – – + +

36 Limosilactobacillus fermentum – – – – + +

37 Lactiplantibacillus plantarum – – – – + +

38 Weissella confusa – – – – + +

39 Limosilactobacillus fermentum – – – – + +
40 Lactiplantibacillus plantarum – – – – + +
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Table 3. To be continued

No. Microorganism Catalase Oxidase Indole Urease Glucose Lactose

41 Weissella cibaria – – – – + +

42 Leuconostoc lactis – – – – + +

43 Weissella cibaria – – – – + +

45 Limosilactobacillus fermentum – – – – + +

46 Lactiplantibacillus plantarum – – – – + +

47 Lactiplantibacillus pentosus – – – – + +

Meat products

48 Lactiplantibacillus plantarum – – – – + +

49 Companilactobacillus farciminis – – – – + +

50 Lactococcus lactis – – – – + +

51 Levilactobacillus brevis – – – – + +

52 Pediococcus pentosaceus – – – – + +

53 Weissella cibaria – – – – + +

54 Lactococcus garvieae – – – – + +

55 Lactococcus lactics – – – – + +

56 Lactilactobacillus sakei – – – – + +

57 Weissella cibaria – – – – + +

58 Pediococcus pentosaceus – – – – + +

59 Lactiplantibacillus plantarum – – – – + +

60 Pediococcus pentosaceus – – – – + +

61 Weissella cibaria – – – – + +

62 Lactiplantibacillus pentosus – – – – + +

63 Weissella confusa – – – – + +

Fish products

64 Bacillus amyloliquefaciens + + – – + +

65 Bacillus pumilus + + – – – –

66 Bacillus altitudinis + + – – – –

67 Bacillus subtilis + + – – + –

68 Bacillus vallismortis + + – – + –

70 Lactiplantibacillus pentosus – – – – + +

71 Limosilactobacillus fermentum – – – – + +

72 Companilactobacillus farciminis – – – – + +

73 Lactococcus garvieae – – – – + +

Shrimp products

74 Bacillus altitudinis + + – – – –

75 Bacillus cereus + + – – + +

76 Priestia megaterium + + – – + +

77 Bacillus subtilis + + – – + –

79 Bacillus pumilus + + – – – –

Samples for which no bacterial isolates were obtained were excluded from the table
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the following results: Gram positive, catalase and oxi-
dase positive, indole and urease negative. They differ 
in the way of carbohydrate fermentation. Some species 
ferment both glucose and lactose like Priestia megate-
rium, but others ferment glucose while lactose is not 
fermented by them, for example Bacillus subtilis. Some 
species are both glucose and lactose fermentation neg-
ative like Bacillus pumilus. Various fermentative path-
ways resulting in mixtures of species-specific acids and 
alcohols were described in  different bacilli (Schilling 
et al. 2007; Suarez et al. 2012; Han et al. 2017). Large-
scale production of  commercial fermented products 
such as tuong Nam Dan, ruou gao nep, mam tep and 
especially nuoc mam includes sterilisation, and fine 
tuning of  the flavour using both specific production 
steps and addition of flavourings to establish standard 
parameters of the product. However, these steps may 
lead to  a  reduction in  the diversity of  the microbial 
population (Ostermeyer et al. 2009).

CONCLUSION

Fifty-three LAB species were isolated from col-
lected samples. Bacillus occurred less frequently than 
LAB  in  this study. We  isolated twenty-one Bacillus 
species from samples mainly from fermented prod-
ucts under high salt concentration. All isolated micro-
organisms were chemically and biologically tested for 
further identification and functional characteristics. 
Many traditional fermented foods and beverages in Vi-
etnam are produced naturally at a small scale in house-
holds under traditional experience and conditions that 
lead to  the biodiversity of  microorganisms. However, 
with the change in development that some fermented 
foods and beverages are shifting from traditional meth-
ods to commercial technologies to reduce the produc-
tion time, together with the climate change with higher 
temperatures, the sterilisation in  advanced technolo-
gies to meet food safety conditions leading to  the di-
versity of microorganisms may decline. Scientific data 
on the functional properties of fermentative microor-
ganisms should be collected widely to make the most 
use of  beneficial bacteria for health as  well as  limit 
harmful bacteria for food safety purposes.
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