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ABSTRACT 

This study aims to investigate the feasibility of using a minimal glycerol medium with 

inorganic salt supplementation for a low-cost dihydroxyacetone (DHA) production by bacteria. 

Acetic acid bacterial isolates of Gluconobacter and Asaia, which are found in the Northern, 

North-Eastern, Middle, Western, and Southern regions of Thailand, were evaluated for their 

ability to produce DHA using glycerol as a carbon source. During the qualitative screening, 66 

isolates, including Gluconobacter ( 61 isolates)  and Asaia ( 5 isolates) , from a total of 486 

isolates showed highly positive results by the Fehling test.  The 5 isolates of Asaia gave low 

DHA production in the quantitative screening, whereas Gluconobacter isolates showed DHA 

production at low (0-5.70 g/L), medium (5.71-11.40 g/L), and high (11.41-16.89 g/L) levels. 

Preliminary culture medium optimizations for G.  frateurii BCC 36199, a most promising 

microorganism for DHA production, were also carried out using a low-cost minimal glycerol 

medium supplemented with an inorganic salt.  G. frateurii BCC 36199 produced 18.67 g/L of 

DHA with ysp of 95.44% (DHA moles/glycerol moles) at 30°C, 20 g/L of glycerol, and pH 4.5. 

The cultivation of G.  frateurii BCC 36199 in the developed minimal glycerol medium is 

practical and can be further optimized in order to apply for industry. 

Keywords: Dihydroxyacetone; Glycerol; Gluconobacter; Asaia; Acetic acid bacteria
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1. Introduction 
Glycerol is currently generated in 

excess amounts as a major by- product of 

biodiesel production processes [ 1] . 

Consequently, the price of glycerol has 

declined [2] .  Glycerol has been studied as a 

carbon source for microbial fermentation to 

generate many useful chemicals [1]. Among 

the chemicals obtained from glycerol 

fermentation, dihydroxyacetone (DHA)  is a 

promising product because of its high price 

and versatility [3]. DHA is used in cosmetic 

products, pharmaceuticals, and various kinds 

of chemicals syntheses [4]. 

Acetic acid bacteria are commonly 

used for DHA production using glycerol as a 

carbon source. Microbial production of DHA 

from glycerol was first observed in the case 

of the bacteria sorbose bacillus [ 5] .  Other 

acetic acid bacteria such as Acetobacter 

xylinum [6,7] , Acetobacter suboxydans [8] , 

and Gluconobacter melanogenus [ 9]  have 

also been reported for DHA production from 

glycerol.  In recent years, G.  oxydans has 

become the most commonly used 

microorganism for converting glycerol to 

DHA [4, 10-12]. 

Asaia, another genus of the acetic acid 

bacteria, also shows the ability to produce 

DHA from glycerol [ 13,14] .  Acetic acid 

bacteria are normally found in fruits and 

flowers [15]. These bacteria are also present 

in alcoholic beverages [16] .  A diversity of 

acetic acid bacteria in the genera of 

Gluconobacter and Asaia has been found in 

Thailand [17] .  These two bacterial genera, 

which have been reported to consume 

glycerol, could be promising 

microorganisms that have the ability to 

produce DHA from glycerol. Therefore, this 

study aimed to evaluate the feasibility of 

DHA production from glycerol using the 

acetic acid bacteria genera of Gluconobacter 

and Asaia to determine whether these 

bacteria are promising DHA- producing 

microorganisms. 

 

 

2. Materials and Methods 
2.1 Microorganisms 

The Gluconobacter (256 isolates) and 

Asaia (230 isolates) genera used in this study 

were obtained from the BIOTEC Culture 

Collection ( BCC) , BIOTEC, National 

Science and Technology Department 

Agency (NSTDA) , Thailand.  Before using, 

the microorganisms, which were kept at -

20°C, were activated by culturing them on a 

Glucose- Ethanol- Calcium carbonate Agar 

(GECA)  medium (20 g/L of glucose, 5 g/ L 

of ethanol, 1.2 g/L of peptone, 3 g/L of yeast 

extract, and 7 g/L of calcium carbonate)  at 

30°C for 24 h. 

2.2 Qualitative Screening for DHA   

Production from Glycerol 
The 486 isolates of Gluconobacter and 

Asaia were cultured in test tubes containing 

10 mL of an organic screening medium 

(glycerol 60 g/L, peptone 10 g/L, and yeast 

extract 5 g/ L)  at 30°C for 24 h.  After 24 

hours, the fermented screening media were 

tested for DHA generation by reacting with 

the Fehling’ s reagent [ 18] .  Yellow to red 

precipitate was inspected in the cultured 

media with the generated DHA.  The non-

fermented organic screening medium added 

with the DHA standard was used as a positive 

control, and the negative control was the 

unfermented organic screening medium. 
 

2.3 Quantitative Screening for High 

DHA Production Microorganisms 

The acetic acid bacteria which showed 

highly positive results from the qualitative 

screening step were selected to be studied in 

this section.  Microbial inoculums were 

prepared by culturing the bacteria in a 150-

mL Erlenmeyer flask containing 30 mL of 

the inoculum medium (30 g/L of glycerol, 10 

g/L of peptone, and 5 g/L of yeast extract) at 

30°C for 24 h with a shaking speed of 150 

rpm. The inoculum (1 mL), with absorbance 

at 560 nm ( OD560)  around 1. 3, was then 

transferred into a 150-mL Erlenmeyer flask 

containing a minimal medium ( 50 mL) 

composed of only glycerol ( 60 g/ L)  and  
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diammonium phosphate [ (NH4) 2HPO4, 2.8 

g/L]. (NH4)2HPO4 was used as an inorganic 

nitrogen source for the microorganisms in 

place of the usual organic nitrogen sources 

( yeast extract and peptone)  in order to 

observe the capability of the screened 

bacteria for DHA production in a low cost 

culture medium.  The inoculated inorganic 

screening medium was cultured at 30°C for 

24 h with a shaking speed of 150 rpm, and 

the cultured medium was then monitored for 

DHA and glycerol concentrations by high 

performance liquid chromatography 

( HPLC) .  The DHA production of the 

screened bacteria was presented as DHA 

concentration (p, g/L) and DHA yield (ysp, % 

of DHA moles/glycerol moles).  The ysp was 

calculated by Eq. (2.1) : 

 
𝒚𝒔𝒑 = (𝑫𝑯𝑨 𝒎𝒐𝒍𝒆𝒔 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒈𝒍𝒚𝒄𝒆𝒓𝒐𝒍 𝒎𝒐𝒍𝒆𝒔⁄ )     

     × 𝟏𝟎𝟎    (Eq. 2.1) 

2.4 Preliminary Optimizations for 

DHA Production from Glycerol 
Gluconobacter frateurii BCC 36199, 

which showed the highest DHA production 

from the screening, was cultivated under 8 

different culture conditions based on the full 

factorial design of experiment in order to 

primarily optimize for DHA production by 

G.  frateurii BCC 36199.  The culture 

parameters that were studied in the 

preliminary optimization were glycerol 

concentration, pH, and temperature ( Table 

1) .  The media were supplemented with 

(NH4)2HPO4 as an inorganic nitrogen source. 

The cultivation was done at 30°C for 72 h 

with a shaking speed of 250 rpm in 150-mL 

Erlenmeyer flask containing 50 mL of the 

optimizing media.  Fermentation samples 

were collected daily and analyzed for DHA 

production.  

Regression models to describe the 

relationship between the significant 

cultivation parameters and the DHA 

production are derived based on a full 

factorial design [19] .  Statistical analysis of 

the responses was performed by least squares 

fitting using DOE PRO XL 2007 ( Sigma 

zone)  software.  Two levels of three 

numerical factors (Table 1) were contributed 

in the statistical calculations. 

2.5 Determination of Glycerol and 

DHA in Glycerol Fermentation 
Fermentation samples were centrifuged 

(5,000 rpm, 10 min) and then analyzed for the 

amounts of DHA and glycerol by HPLC. The 

HPLC system was equipped with a CarboSep 

CHO 682 (7.8 mm × 300 mm, Transgenomic) 

column as the stationary phase operated at 

80°C. De-ionized (DI) water was used as the 

mobile phase with a flow rate of 0.5 mL/min. 

Sucrose was used as an internal standard. 

Culture samples were filtered (VertiCleanTM 

PTFE syringe Filters, 13mm, 0.2µm) before 

the analysis. A Refractive Index Detector 

(RID) was used as a detector for the HPLC 

system. 

 

Table 1. Culture parameters for preliminary 

optimization. 

 

parameter code 
level 

-1 1 

Glycerol (g/L) A 20 60 

pH B 4.5 7.0 

Temperature (°C) C 25 30 

3. Results and Discussion 

3.1 Qualitative Screening for 

Glycerol Utilizing Microorganisms with 

the Ability to Generate DHA 

Qualitative screening was used as a first 

step to select DHA- producing 

microorganisms using the Fehling’ s reagent 

test.  The unfermented glycerol medium 

without DHA products, which showed a 

purple color with the Fehling’s test reagent, 

was used as the negative control.  The 

unfermented glycerol medium with the added 

DHA (30 g/L) , which showed a yellow color 

with the Fehling’s test reagent, was used as the 

positive control.  Cultured samples that 

showed negative, low positive, and highly 
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positive results for DHA production gave 

purple, yellow- green, and yellow colors, 

respectively, with the Fehling’s test reagent. 

Table 2 shows the bacterial isolates which 

gave positive results for the qualitative 

screening.  From a total of 486 isolates of 

acetic acid bacteria, including 230 isolates of 

Asaia and 256 isolates of Gluconobacter, only 

61 isolates of Gluconobacter and 5 isolates of 

Asaia, gave highly positive results, evidenced 

by the orange color obtained using the Fehling 

test reagent, as shown in Table 2.  These 66 

isolates were selected for further quantitative 

screenings. 

According to the qualitative screening 

results, a larger number of Gluconobacter 

isolates, which expressed positive results for 

DHA production, were obtained compared to 

that of Asaia isolates.  This finding is similar 

to most of the studies on DHA production 

using glycerol as a source of carbon; most of 

these studies commonly use Gluconobacter 

strains, such as G.  melanogenus [ 9] , G. 

oxydans [10-12, 20-23], and G. frateurii [24, 

25] .  Asaia strains, including As.  bogorensis, 

As.  siamensis, As.  krungthepensis, and As. 

lannaensis, have been previously reported for 

their ability to produce DHA from glycerol 

[ 13, 14] .  However, in these studies, these 

bacterial strains were not used further for the 

production of DHA because the ability to 

produce DHA from glycerol by these bacteria 

was low, based on the Fehling test [13, 14]. 

3.2 Quantitative Screening for High 

DHA-Producing Microorganisms 
The 66 isolates of acetic acid bacteria, 

including the 5 isolates of Asaia and the 61 

isolates of Gluconobacter which gave highly 

positive results in the qualitative screening, 

were further studied for their DHA production 

using glycerol in the quantitative screening 

step. Based on the DHA concentration (p, g/L) 

produced, the 66 bacterial isolates were 

categorized into three groups (Table 3) which 

are 1) low DHA-producing isolates (0 – 5.05 

g/L), 2) medium DHA-producing isolates 

(6.25 – 10.06 g/L), and 3) high DHA-

producing isolates (11.38 – 16.89 g/L). Asaia 

sp., As. bogorensis, As. siamensis, As. 

krungthepensis, and G. cerinus produced 

DHA at low levels. Isolates of Gluconobacter 

sp. and G. frateurii produced DHA at low, 

medium, and high levels. Variations in DHA 

production levels by the same species, but of 

different strains, were observed. These results 

emphasize the need to evaluate the available 

bacterial isolates for the strain that can result 

in maximum DHA production. This study 

found only 7 isolates from a total of 486 

isolates screened for their capability of 

producing a high concentration of DHA from 

glycerol. 

Based on HPLC (Table 3), there were 

9 isolates of G. frateurii which did not show 

any DHA production. These 9 isolates, which 

gave highly positive results on the Fehling 

test, might have produced very small amounts 

of DHA that could not be detected by HPLC. 

The Fehling test is probably more sensitive 

than the HPLC method because the coloring 

substrate CuSO4 was added in a substantial 

amount for the redox chemical reaction to 

generate the color. 

Table 2.  Bacterial isolates tested in 

qualitative screening 

Species 
Location 

[17] 

Number of 

isolates 

Total 
Positive in  

Fehling 

G. albidus W 11 - 

G. cerinus S 4 2 

G. frateurii N, NE, M, W 111 46 

G. kanchanaburiensis W 1 - 

G. oxydans N/A 1 - 

G. thailandicus M 1 - 

G. uchimurae M 1 - 

G. wancherniae NE 2 - 

Gluconobacter sp. 
N, NE, M, 

W, S 
128 13 

As. astilbis S 2 - 

As. bogorensis N, S 143 2 

As. krungthepensis M, W 19 1 

As. lannensis N, S 3 - 

As. siamensis N, M, W, S 21 1 
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As. spathodeae S 4 - 

Asaia sp. N, W, S 38 1 

Note: N = Northern, NE = North-Eastern, M = Middle, W = 
Western, S = Southern, N/A = Not Available (for Thailand) 

The remaining 52 isolates of 

Gluconobacter, including 37 isolates of G. 

frateurii, 13 isolates of Gluconobacter sp. , 

and 2 isolates of G.  cerinus, showed 

variations in DHA productions from 0.31 - 

16.89 g/L (Table 3). DHA production yields 

( ysp, %  of DHA moles/ glycerol moles)  in 

Table 3 are based on the initial concentration 

of glycerol (60 g/L) supplied in the screening 

medium.  The yields represent the efficiency 

of the tested microorganisms for producing 

DHA from glycerol. The 5 isolates of Asaia, 

including As.  bogorensis BCC 15913, Asaia 

sp.  BCC 15940, As.  siamensis BCC 26080, 

As.  bogorensis BCC 15917, and As. 

krungthepensis BCC 15659, gave low DHA 

production with concentrations of 0.68 g/L, 

0.71 g/L, 3.03 g/L, 3.54 g/L, and 4.17 g/L 

respectively.  G.  cerinus BCC 7033 and G. 

cerinus BCC 26094 also produced low DHA 

concentrations of 0. 76 g/ L and 2. 11 g/ L 

respectively. In this study, G. frateurii BCC 

36199 produced the highest DHA 

concentration (p)  of 16.89 g/L with a DHA 

production yield (ysp) of 28.78%. G. frateurii 

BCC 36199 was, therefore, selected for 

further primary optimization.

Table 3. DHA concentration and production yield from quantitative screening. 

No. Genus Species BCC Group of DHA production p a (g/L) yp/s 
a (%) 

1 Gluconobacter frateurii BCC 15685 

Low 

ND ND 

2 Gluconobacter frateurii BCC 15752 ND ND 

3 Gluconobacter frateurii BCC 15781 ND ND 

4 Gluconobacter frateurii BCC 15799 ND ND 

5 Gluconobacter frateurii BCC 15854 ND ND 

6 Gluconobacter frateurii BCC 15858 ND ND 

7 Gluconobacter frateurii BCC 15859 ND ND 

8 Gluconobacter frateurii BCC 15870 ND ND 

9 Gluconobacter frateurii BCC 15898 ND ND 

10 Asaia bogorensis BCC 15913 0.68 ± 0.00 1.16 ± 0.00 

11 Asaia sp. BCC 15940 0.71 ± 0.01 1.22 ± 0.02 

12 Asaia siamensis BCC 26080 3.03 ± 0.04 5.16 ± 0.07 

13 Asaia bogorensis BCC 15917 3.54 ± 0.63 6.02 ± 1.07 

14 Asaia krungthepensis BCC 15659 4.17 ± 0.34 7.11 ± 0.59 

15 Gluconobacter sp. BCC 26078 0.31 ± 0.37 0.52 ± 0.62 

16 Gluconobacter frateurii BCC 15748 0.45 ± 0.22 0.77 ± 0.37 

17 Gluconobacter cerinus BCC 7033 0.76 ± 0.08 1.30 ± 0.14 

18 Gluconobacter frateurii BCC 15894 0.77 ± 0.40 1.32 ± 0.68 

19 Gluconobacter frateurii BCC 15896 0.93 ± 0.05 1.59 ± 0.08 

20 Gluconobacter sp. BCC 49193 1.30 ± 0.09 2.21 ± 0.16 

21 Gluconobacter sp. BCC 49194 1.36 ± 0.20 2.31 ± 0.34 

22 Gluconobacter frateurii BCC 15757 1.49 ± 0.31 2.54 ± 0.53 

23 Gluconobacter frateurii BCC 15777 1.52 ± 0.31 2.59 ± 0.54 

a data presented as average ± standard deviation of three independent experiments; ND: not detectable 
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Table 3. DHA concentration and production yield from quantitative screening. (Continued) 

 

No. Genus Species BCC Group of DHA production p a (g/L) yp/s 
a (%) 

24 Gluconobacter frateurii BCC 15776 

Low 

1.62 ± 0.12 2.75 ± 0.20 

25 Gluconobacter frateurii BCC 15892 1.75 ± 0.39 2.99 ± 0.67 

26 Gluconobacter frateurii BCC 15771 1.99 ± 0.19 3.40 ± 0.33 

27 Gluconobacter frateurii BCC 15786 2.00 ± 0.79 3.41 ± 1.34 

28 Gluconobacter cerinus BCC 26094 2.11 ± 0.04 3.59 ± 0.07 

29 Gluconobacter frateurii BCC 15785 2.13 ± 0.03 3.64 ± 0.06 

30 Gluconobacter frateurii BCC 15831 2.17 ± 1.09 3.70 ± 1.85 

31 Gluconobacter frateurii BCC 15861 2.29 ± 0.17 3.91 ± 0.29 

32 Gluconobacter frateurii BCC 15860 2.38 ± 0.21 4.05 ± 0.35 

33 Gluconobacter frateurii BCC 15768 2.69 ± 0.52 4.58 ± 0.88 

34 Gluconobacter frateurii BCC 15679 2.81 ± 0.32 4.79 ± 0.54 

35 Gluconobacter frateurii BCC 15705 3.02 ± 0.57 5.14 ± 0.97 

36 Gluconobacter frateurii BCC 15794 3.10 ± 1.49 5.28 ± 2.54 

37 Gluconobacter frateurii BCC 15680 3.36 ± 0.67 5.72 ± 1.14 

38 Gluconobacter sp. BCC 26074 3.49 ± 0.20 5.95 ± 0.34 

39 Gluconobacter frateurii BCC 15886 3.49 ± 0.63 5.95 ± 1.07 

40 Gluconobacter sp. BCC 49412 3.61 ± 0.37 6.16 ± 0.63 

41 Gluconobacter sp. BCC 26099 4.01 ± 1.30 6.83 ± 2.22 

42 Gluconobacter sp. BCC 27784 4.08 ± 0.20 6.96 ± 0.34 

43 Gluconobacter sp. BCC 49413 4.31 ± 0.06 7.35 ± 0.10 

44 Gluconobacter frateurii BCC 15801 4.73 ± 0.01 8.06 ± 0.03 

45 Gluconobacter frateurii BCC 15853 4.97 ± 0.47 8.47 ± 0.80 

46 Gluconobacter frateurii BCC 6611 5.05 ± 0.18 8.61 ± 0.30 

47 Gluconobacter frateurii BCC 15828 

Medium 

6.25 ± 0.88 10.66 ± 1.50 

48 Gluconobacter frateurii BCC 15797 6.80 ± 1.54 11.59 ± 2.62 

49 Gluconobacter frateurii BCC 6304 6.91 ± 0.09 11.78 ± 0.14 

50 Gluconobacter frateurii BCC 15716 7.35 ± 0.27 12.53 ± 0.47 

51 Gluconobacter sp. BCC 31375 7.60 ± 2.88 12.95 ± 4.91 

52 Gluconobacter sp. BCC 26120 8.32 ± 0.99 14.18 ± 1.68 

53 Gluconobacter sp. BCC 26162 8.71 ± 0.16 14.85 ± 0.27 

54 Gluconobacter frateurii BCC 15855 9.31 ± 0.24 15.86 ± 0.41 

55 Gluconobacter frateurii BCC 15789 9.56 ± 0.39 16.28 ± 0.67 

56 Gluconobacter frateurii BCC 15766 9.74 ± 1.12 16.59 ± 1.91 

57 Gluconobacter frateurii BCC 15755 9.76 ± 0.31 16.64 ± 0.53 

58 Gluconobacter frateurii BCC 15738 9.79 ± 0.42 16.68 ± 0.72 

59 Gluconobacter sp. BCC 26083 10.06 ± 0.55 17.14 ± 0.93 

a data presented as average ± standard deviation of three independent experiments; ND: not detectable 
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Table 3. DHA concentration and production yield from quantitative screening. (Continued) 

 

No. Genus Species BCC Group of DHA production p a (g/L) yp/s 
a (%) 

60 Gluconobacter frateurii BCC 15856 

High 

11.38 ± 0.22 19.39 ± 0.37 

61 Gluconobacter frateurii BCC 15793 11.80 ± 0.36 20.10 ± 0.61 

62 Gluconobacter frateurii BCC 15714 12.44 ± 1.24 21.20 ± 2.11 

63 Gluconobacter frateurii BCC 15682 13.20 ± 0.89 22.49 ± 1.51 

64 Gluconobacter sp. BCC 36733 13.33 ± 1.00 22.71 ± 1.71 

65 Gluconobacter frateurii BCC 15796 13.77 ± 1.17 23.46 ± 2.00 

66 Gluconobacter frateurii BCC 36199 16.89 ± 2.85 28.78 ± 4.85 

a data presented as average ± standard deviation of three independent experiments; ND: not detectable 

 

 3.2 Preliminary optimizations for 

DHA production by G.  frateurii BCC 

36199 

DHA productions by G. frateurii BCC 

36199 in 8 different culture conditions are 

shown in Fig.  1.  As shown in Fig.  1, G. 

frateurii BCC 36199 cultured in pH 4. 5 

produced significantly higher DHA 

concentrations than those in culture 

conditions with pH 7. 0.  In the culture 

conditions with pH 4. 5, G.  frateurii BCC 

36199 cultivated in 20 g/ L of glycerol 

generated significantly higher DHA amounts 

than those in conditions with 60 g/ L of 

glycerol.  The highest p and ysp of 18.67 g/L 

and 95.44%, respectively, were obtained at 

30°C, pH 4.5, and 20 g/L of glycerol. 

 3.3 Regression Model of DHA 

Production by G. frateurii BCC 36199 

The significances of the flask culture 

conditions, including glycerol concentration 

(A, g/L), pH (B) and temperature (C, °C), on 

the responses of interest, which are p ( g/L) , 

and ysp ( % ) , were determined using the 

statistical program DOE PRO XL 2007 

(Sigma Zone) .  The regression models of p 

and ysp, as shown in Equations 2 and 3, 

respectively, were fitted with the 

experimental data shown in Fig. 1. Factor 

Fig.  1.  DHA productions by G.  frateurii BCC 

36199 in 8 culture conditions; ( a)  DHA 

concentration ( g/ L)  and ( b)  DHA production 

yield (%) from three independent experiments.  

coefficients, which represent the effects of 

the factors on the responses of interest, are 

shown in the regression models. Positive 

coefficients present direct positive effects of 

the factors on the responses. Negative factor 

coefficients indicate adverse effects of the 

factors on the responses of interest. The 

determination coefficients (R2) of the p and 

ysp models, which are 0.9991 and 0.9994,  
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indicate that more than 99% of the total 

variation in the responses can be explained 

by the regression models. The statistical 

analysis of variance (ANOVA) of the models 

is shown in Table 4. According to Table 4, 

the calculated F values of p and ysp (from the 

m o d e l s) a r e  1 3 0 4.7 8  a n d  2 0 0 9.7 5 , 

respectively. The calculated F values of the 

developed regression models were greater 

than 6.0 (theoretical F value); therefore, the 

regression models developed in this study are 

reliable at the 95% confidence level [26]. 

𝑝 = 7.10 − 2.33𝐴 − 5.70𝐵 + 2.59𝐴𝐵
− 0.68𝐴𝐶 + 0.34𝐴𝐵𝐶 

R2 = 0.991        (Eq. 3.1) 
 

𝑦𝑠𝑝  = 28.16 − 20.03𝐴 − 23.84𝐵 + 1.12𝐶

+ 18.53𝐴𝐵 − 2.29𝐴𝐶 

R2 = 0.9994        (Eq. 3.2) 

where p: DHA concentration (g/L); ysp: DHA yield (% of DHA 

moles/glycerol moles); A: glycerol concentration (-1, 1); B: 
pH (-1, 1); and C: temperature (-1, 1) 

 

According to the models, there are five 

(A, B, AB, AC, and ABC)  and six (A, B, C, 

AB, AC, and ABC) significant linear terms for 

the p and ysp models, respectively. 

Coefficients of A for p ( - 2. 33)  and ysp ( -

20.03)  may indicate an inhibition effect on 

DHA production due to a high glycerol 

concentration.  The inhibition effect of high 

glycerol concentration on DHA production 

by G.  oxydans is commonly found [27] .  B 

also expressed a negative effect on p (-5.70) 

and ysp ( - 23. 84) .  Since Gluconobacter is 

acetic acid bacteria which normally produce 

acetic acid during their growth, the bacteria 

prefer culture conditions wherein the pH is 

low [ 17] .  G.  oxydans, which is the most 

common bacteria for DHA production, was 

also cultivated under low pH conditions [3, 

28] .  Temperature ( C)  has no significant 

effect on p but the factor shows a small 

positive effect on ysp (1.12). G. frateruii BCC 

36199 was isolated from a tropical country, 

Thailand [17]; thus, the bacteria prefer higher 

temperature conditions.  Commonly, DHA 

productions using acetic acid bacteria are 

carried out at 28°C -  30°C [10, 12, 23, 25] . 

Significantly positive interaction effects of A 

and B were observed on both p (2.59) and ysp 

(18.53). The significant interaction effects of 

A and B on p and ysp indicate that the 

utilization of higher glycerol concentration is 

enhanced under lower pH culture conditions. 

However, the interaction effects between A 

and C are very small at -0.68 for p and -2.29 

for ysp. 

The three dimensional response 

surface plots of the two interaction factors 

(Fig. 2) show that A and B have synergistic 

effects on the responses of interest. p (Fig. 2 

(a)) and ysp (Fig. 2 (c)) increased significantly 

at the lower ends of glycerol and pH axes. 

This indicates the interaction effects of the 

factors on the responses. In addition, the 

regression models show that there are small 

interactions among the three factors 

positively affecting p (0.34) and ysp (1.07) 

(Eq. (3.1), Eq. (3.2)). 

The optimum flask culture conditions 

for DHA production by G.  frateurii BCC 

36199 were predicted by the developed 

regression models. The models predicted that 

p and ysp of 18. 66 g/ L and 95. 38% , 

respectively, can be obtained at 20 g/ L of 

glycerol, pH 4.5, and 30°C (Table 5) .  The 

highest p of 18.67 g/L and ysp of 95.44% were 

obtained with an actual experiment, under 

the same culture conditions as predicted by 

the regression models.  Therefore, the 

developed optimization models were able to 

accurately predict the optimal conditions and 

the results of DHA production. 

 

 3.4 Kinetics of DHA Production in 

Flask Cultivation 

The time profiles of glycerol 

consumption and DHA production of G. 

frateurii BCC 36199, cultured at 30°C, 20 

g/L of glycerol, and pH 4.5 are shown as Fig. 

3.
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Table 4.  Y-hat regression table of DHA production in the flask culture calculated using DOE 

PRO XL (Sigma Zone). 

 

Factor 
DHA (g/L)   Yield (%) 

Coefficient P (2 Tail) Tolerance Sig.   Coefficient P (2 Tail) Tolerance Sig. 

Constant 7.10 0.0000    28.16 0.0000   

A (glycerol, g/L) -2.33 0.0000 1 X  -20.03 0.0000 1 X 

B (pH) -5.70 0.0000 1 X  -23.84 0.0000 1 X 

C (temperature, °C) -0.01 0.9039 1   1.12 0.0064 1 X 

AB 2.59 0.0000 1 X  18.53 0.0000 1 X 

AC -0.68 0.0000 1 X  -2.29 0.0001 1 X 

BC 0.06 0.4441 1   -0.39 0.2359 1  

ABC 0.34 0.0012 1 X   1.07 0.0080 1 X 

R2 0.9991     0.9994    

Adj R2 0.9984     0.9989    

Std Error 0.28     1.23    

F 1304.78         2009.75       

 
Fig.  2.  Graphical surface plots of DHA 

production by G.  frateurii BCC 36199 in flask 

culture: (a) glycerol and pH for DHA (g/L), (b) 

glycerol and temperature for DHA ( g/ L) , ( c) 

glycerol and pH for DHA yield ( % ) , and ( d) 

glycerol and temperature for DHA yield (%) 

 

 

 

 

 
 

Fig. 3. Time profiles of DHA production in flask 

cultivation by G. frateurii BCC 36199 

 

Table 5. Comparisons between the predicted 

outcomes by the developed optimization 

models and the experimental results. 

 

Response 

Optimization 

Error (%) Predicted 

Values 

Experimental 

Results 

pmax (g/L) 18.66 18.67 0.054 

ysp (%) 95.38 95.44 0.063 
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Table 6.  Kinetic parameters of DHA 

production from glycerol by G.  frateurii 

BCC 36199 in flask cultivation. 

 

pmax (g/L) ysp (%) rs max (g/Lh) rp max (g/Lh) 

18.17 ± 0.85 92.86 ± 4.36 0.59 ± 0.11 0.57 ± 0.04 

Data: average ± standard deviation of three independent 

experiments. 
 

The exponential growth phase of DHA 

production began at the 12th hour of the 

cultivation.  Glycerol was completely 

consumed by the 48th hour.  The maximum 

DHA concentration (pmax) of 18.17 g/L with 

ysp of 92. 86%  was obtained ( Table 6) .  A 

glycerol consumption rate (rs max) and a DHA 

production rate (rp max) of 0.59 g/Lh and 0.57 

g/Lh, respectively, were obtained.  The high 

ysp observed in this study suggests that the 

optimum culture conditions, established in 

this study, are suitable for DHA production 

by G. frateurii BCC 36199. 

In comparison, G.  frateurii BCC 

36199 ( as per the experiments carried out in 

this study) produced lower DHA than did G. 

oxydans [4, 10-12, 29] and G. frateurii [24, 

25]  in studies reported previously.  G. 

oxydans was cultivated under suitable culture 

conditions which were optimized for DHA 

production in a bioreactor [12,29] .  Mutants 

of G.  oxydans were also created in order to 

improve the DHA production ability of the 

bacteria [ 4,10,11] .  G.  frateurii was also 

cultured under optimum culture conditions, 

which served as the optimized fed- batch 

fermentation for DHA production by G. 

frateurii [ 25] .  For this study, G.  frateurii 

BCC 36199 was cultivated in a preliminary 

optimized minimal medium containing only 

glycerol and ( NH4) 2HPO4 as carbon and 

nitrogen sources, respectively.  The culture 

medium may not be the most preferable set 

of conditions for the bacteria.  Therefore, the 

culture conditions can be further optimized 

to maximize DHA production by G. frateurii 

BCC 36199 

This study evaluated DHA production 

using new isolates of acetic acid bacteria in 

the genera of Gluconobacter and Asaia 

found in tropical countries. G. frateurii BCC 

36199 was the most promising DHA 

producing microorganism observed in this 

study.  Although G.  frateurii BCC 36199 

produced lower DHA than in experiments 

reported previously, DHA production by G. 

frateurii BCC 36199 could be maximized by 

further study on the optimization of culture 

conditions in a flask and a bioreactor. 

 

4. Conclusions 

Certain isolates (66) of screened acetic 

acid bacteria from a total of 486 isolates 

showed highly positive results in the small 

scale qualitative screenings.  Quantitative 

screening in flask cultivation showed that 

Asaia produced low concentrations of DHA; 

Gluconobacter produced DHA in the range 

of low to high levels. G. frateurii BCC 36199 

was selected for preliminary optimization 

and the bacterial culture produced 18.67 g/L 

of DHA with ysp of 95.44% at 30 °C, 20 g/L 

of glycerol, and pH 4. 5.  G.  frateurii BCC 

36199 is a promising microorganism for 

DHA production in a low- cost culture 

medium which contains only glycerol as a 

carbon source and ( NH4) 2HPO4 as an 

inorganic nitrogen source. Culture conditions 

could be further optimized in order to obtain 

the highest DHA production by G.  frateurii 

BCC 36199. 
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