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ABSTRACT

Background. A statistical model was developed in this study to describe lactic acid production through a fer-
mentation process of carrot in a rice bran bed by Lactobacillus plantarum.
Materials and methods. Response surface methodology (RSM) based on Box-Behnken design was em-
ployed to statistically evaluate and optimize the conditions for maximum lactic acid production.
Results. The significance and interaction of salt concentration, water and initial L. plantarum starter density 
on final lactic acid content were found. With the use of the developed quadratic model equation, a maximum 
achieved lactic acid content of 1.35% was obtained in a rice bran bed fermentation process at optimum oper-
ating conditions of approximately 2.95% salt, 48.24% water and 2.9 log cfu/g of L. plantarum. After fermen-
tation, the amount of total polyphenol content, antioxidant activity and carbohydrate had increased while the 
β-carotene in carrot was significantly retained (92.84%).
Conclusion. The above results could provide a practical basis for the fermentation process in rice bran bed 
to produce a delicious and reliable product using L. plantarum strain XK 1.4 which could be a significant 
contribution to the food industry.
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INTRODUCTION

Vietnam is a large agricultural producer. This is im-
portant for the food supply in the country and the na-
tional economy. The Mekong Delta is considered the 
heart of the rice-producing regions in the country. As 
published by Statista Research Department (2021), in 
2019, approximately 43.45 million tons of paddy were 
produced in Vietnam. In an ideal rice milling process, 
this resulted from 8–12% bran depending on the mill-
ing degree. The rice bran obtained from the milling 
process is generally used for animal feeds. In recent 

years, the rice bran was used more for functional foods 
processing. This is due to the rice bran having high 
amounts of nutrients such as vitamins, minerals, fib-
ers, lipid basically unsaturated fatty acids (Alauddina 
et al., 2017) and polyphenolic compounds. Rice bran 
has a shorter shelf-life due to an increase in free fatty 
lipids during storage. It can be used as a substrate for 
solid state fermentation which can increase the avail-
ability of nutrients and phytochemicals. Rice bran is 
also a good medium for vegetable fermentation (Ono 
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et al., 2014) and this will be a promising alternative as 
a fermentation substrate. 

Fermentation is one of the important food process-
ing technologies (Hasan et al., 2014). Nukazuke is 
a type of Japanese preserved food made by fermenting 
vegetables in rice bran and which was developed in 
the 17th century. A bed of rice bran as a main start-
ing material was mixed with an appropriate amount 
of water and salt, and preferably with a high-quality 
starter which is fully fermented by the combination of 
lactic acid bacteria, yeast and fungus, used for pickling 
vegetables. Lactic acid fermentation of vegetables is 
a common practice which is carried out to preserve 
the nutritional and sensory characteristics of food 
products (Karovicova and Kohajdova, 2005). L. plan-
tarum, L. pentosus, L. brevis, L. fermentum, L. casei 
are usually used in Asian fermented foods (Sajjad et 
al., 2020). Among them, L. plantarum has been the 
dominant microorganism isolated from most ferment-
ed vegetables (Molin et al., 2008). It was character-
ized by rapid production of lactic acid and tolerance 
to acidity (Thuy et al., 2017). According to statistics, 
the cultivation area of Vietnamese carrots is almost in 
the North of Vietnam. In the South of Vietnam, carrots 
are grown in Xuan Tho (Da Lat province) with a total 
cultivated area of about 240 ha/year. VietGAP stand-
ards are applied to the production to ensure products 
that are safe, high quality and have nice shape. Carrots 
are a source of antioxidants. Carotenoids, polyphenols 
and vitamins present in carrots act as antioxidants, 
anti-carcinogens and immune enhancers (Dias, 2014). 
Besides high amounts of β-carotene and other carote-
noids, carrots contain vitamins C, K and B. Carrots are 
also a good source of dietary fiber and minerals (Dias, 
2012). However, the consumer market for Vietnamese 
carrots is still unstable and plant-based products fer-
mented by using rice bran are quite limited in Viet-
nam. Therefore, the study investigated the production 
of pickled carrots by fermentation of rice bran using 
L. plantarum under optimized conditions. 

MATERIALS AND METHODS

Sample preparation
Vietnamese red carrots (Daucus carota) were ob-
tained from Xuan Tho, Da Lat province, Vietnam. The 
carrots were washed with running water until the dirt 

is removed then drained and then peeled and cut, ready 
for the fermentation.

Rice bran  was collected from Phuoc Thanh IV Trad-
ing-Production Company Limited, Vinh Long prov-
ince, Vietnam. The samples were checked for their 
quality and microbiological suitability for human 
use based on Vietnamese Standard. The Rrice bran 
batch (10 kg) was roasted using a Roaster 106 (Eng-
land) which controls the heating temperature of the air 
(110°C at 10 mins). After being processed, the heated 
rice bran was packed and contained in clear zipper-
top bags and properly labeled according to the type of 
bran and stored at 15 ±1°C for further use.

Starter culture preparation. L. plantarum strain 
XK 1.4 which was isolated from cucumber showed 
the strongest antibacterial activity (Thuy et al., 2017). 
The culture was maintained at −50°C in 20% glycerol 
stocks. For the purpose of usage, L. plantarum was 
proliferated in a liquid MRS medium until the den-
sity of the bacteria reached 5.0 log cfu/mL. This was 
counted as described by Hadioetomo (1993).

Preparation of fermented rice bran bed. The three 
essential ingredients were bran, salt and water. The 
water needs to be boiled and cooled before being 
added in order to remove the chlorine from the water. 
Vegetables [cabbage (3%), garlic (2%) and chili (2%)] 
were added to make the rice bran bed tasty. These 
vegetables can also supplement nutrients, antiseptics, 
antioxidants as well as speed up the fermenting pro-
cess and moderate moisture. All the ingredients were 
mixed. Once the basic mixture was created, it was in-
oculated with L. plantarum inoculants according to the 
experiment’s design. The rectangle shaped plastic con-
tainer (width: 18 cm, height: 14 cm and length: 28 cm) 
can be used for this purpose.

The process of carrot pickled in a salted rice bran 
bed. Carrot was prepared (peeled and cut) and carried 
out in the fermentation after the rice bran was roasted 
(110°C in 10 mins). 

Prepare the roasted bran: A bed of rice-bran 
which was composed of rice-bran as the main starting 
material was mixed with an appropriate amount of wa-
ter and salt as needed to achieve the right consistency. 
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The Chinese cabbage, garlic and chili was added and 
placed deep in the bran bed which facilitates the growth 
of beneficial yeast and lactobacilli. Inoculated L. plan-
tarum inoculants at different densities were added to 
the rice bran fermenting bed. The box was sealed and 
left at room temperature (25 ±1°C) for 2 days. Push 
cut carrot completely inside the rice bran bed in a sin-
gle layer after 2 days of rice bran bed preparation. 
Cover with the rice bran bed. Lightly press down on 
the top to ensure everything is packed in. Allow to sit 
for 2 days in a dry place. Be sure to stir the contents 
with clean hands at least once daily to ensure proper 
pickling and avoid sourness.

The fermentation process was conducted at room 
temperature (25 ±1°C). After 2 days, the fermented 
odor of pickled carrot developed with a slightly sour 
one. The pickled carrot was taken out (Fig. 1) and then 
washed with potable water. The quality of the product 
was analyzed.

Experimental design for optimization  
of lactic acid fermentation
The optimization of the fermentation parameters was 
designed according to Response Surface Methodology 
(RSM) using Box-Behnken design (the STAGRAPH-
ICS centurion software, version XV.I was used). A 33 
(salt concentration, water, L. plantarum) fractional fac-
torial experimental design based on Box and Behnken 
(Myers and Montgomery, 2002) with six center runs 
was used, giving a total of 18 experimental runs.

The dependent variable (responses) analyzed was 
lactic acid content of product. Each factor was sur-
veyed with 3 levels, coded from –1; 0; +1. The level 
of encrypted variables and experimental layout are 
shown in Tables 1 and 2.

Chemical characteristics analysis
Determination of moisture content was carried out 
based on the Association of Official Analytical Chem-
ists method (AOAC, 2005). Total acid (expressed as 
lactic acid) was determined by Valerio et al. (2008) 
method. Total phenolic compounds (TPC) were de-
termined using a modified Folin-Ciocalteau colouri-
metric method (Wolfe et al., 2003). The β-carotene 
content was determined according to the method of 
Fikselová et al. (2008). Free radical scavenging 

Fig. 1. Final product after two days of pickling

Table 1. Experimental range and levels of the independent 
variables

Variables
Coded levels

–1 0 1

A: Salt concentration, % w/v 2.5 3 3.5

B: Water, % v/w 46 48 50

C: L. plantarum, log(cfu/g) 2 3 4

Table 2. Experimental design used in RSM studies by us-
ing three independent variables with six center points (Box- 
-Behnken design)

Run order A B C Run order A B C

1 0 0 0 10 0 0 0

2 0 –1 –1 11 1 0 1

3 –1 0 1 12 0 0 0

4 –1 –1 0 13 –1 1 0

5 0 0 0 14 –1 0 –1

6 1 1 0 15 0 –1 1

7 1 –1 0 16 0 1 –1

8 1 0 –1 17 0 0 0

9 0 0 0 18 0 1 1
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activity (DPPH%) of the carrot was followed and de-
scribed by Liyana and Shahidi (2005). 

Other nutrients analysis. The basic nutrients, pro-
tein, moisture and fat of rice bran were determined 
by using standard methods (AOAC, 2005). The total 
carbohydrate content was determined according to the 
method of McCseady (1970) and Dubois et al. (1956). 
Dietary fiber content was determined by an enzyme- 
-gravimetric method (Prosky et al., 1988). 

Statistical analysis
Statistical analysis was conducted for all the above 
determinations using a statistical program (ANOVA). 
Lactic acid was analysed by using the multiple regres-
sion analysis. A statistical analysis (STATGRAPHICS) 
was used to fit the model to the observed data. The pro-
posed model (equation 1) for each response (Y) was:

Y = b0 + b1A + b2B + b3C + b4AB + b5AC +  
 + b6BC + b7A

2 + b8B
2 + b9C

2 (1)

where:
A, B, C – independent variables,
b0 – offset term,
b1, b2, b3 – linear effects,
b4, b5, b6 – are interaction terms,
b7, b8, b9 – squared effects. 
The reference equation was selected to fit the data, 

based on the R2 value obtained from the multiple re-
gression. The selected reference equation should have 
a higher R2 value. 

RESULTS AND DISCUSSION

The chemical compositions of rice bran  
and carrot
Carrot. The chemical composition and radical scav-
enging capacity of carrot were presented in Table 3. 
The moisture content of fresh carrot is about 87%. 

The bioactive compounds in carrot as β-carotene and 
total polyphenols content were 25.35 ±4.02 mg% and 
17.59 ±3.43 mg GAE/100 g, respectively. The ob-
tained data was considerably lower than the findings 
of Sharma et al. (2012) and Leja et al. (2013) who re-
ported that the β-carotene and polyphenol content of 
carrot ranged 39.6 ±0.81 mg/100 g and 18.7 ±1.2 to 
58.6 ±2.6 mg/100 g fresh weight, respectively. How-
ever, Bystrická et al. (2015) determined a lower con-
tent of β-carotene and polyphenols in carrot (Daucus 
carota L. ssp. sativus (Hoffm.) Arcang.) in comparison 
with our results, in which the β-carotenes ranged from 
24.58 ±2.38 mg/kg to 124.28 ±3.54 mg/kg and total 
polyphenols content in carrot samples ranged from 
81.25 ±13.11 mg/kg to 113.69 ±11.57 mg/kg. The var-
ious growing locations and the variety influenced the 
carotenoid contents of carrots (Kidmose et al., 2006).

Carrot is an excellent source of β-carotene, a pre-
cursor of vitamin A, and has a high total polyphenol 
content which neutralizes the effect of free radicals. 
Radical scavenging capacity of DPPH% is widely 
used to evaluate the antioxidant activity of food (Lee 
et al., 2007). The result of the scavenging activity in 
carrot was found to be 59.07 ±0.40%. Yen et al. (2008) 
observed very high DPPH• neutralization activity (80–
90%) in red carrot roots. Ebadollahi-Natanzi and Arab- 
-Rahmatipour (2014) have also studied the free radical 
scavenging activity of carrot (Daucus carota L.) grown 
in three different regions of Iran. It was observed that 
the highest and lowest antioxidant activities were 
found to be 47.20 ±10.42 and 263.86 ±39.53% DPPH 
which were similar to those of carrots taken from the 
Zarinshahr and Andimeshk regions in Isfahan and 
Khuzestan provinces, respectively. The fiber content 
of carrot was evaluated at 2.25 ±0.25%. Dietary fibers 
are not only desirable for their nutritional properties 
but also for their functional and technological proper-
ties (Schieber et al., 2001). The carbohydrate content 
in fresh carrot was quite high (9.55 ±0.51%) and it is 

Table 3. Chemical compositions of carrot and radical scavenging capacity of DPPH

Moisture content
%

Carbohydrate
%

β-carotene
mg%

Total polyphenol
mg GAE/100 g

Fiber content
%

DPPH
%

86.67 ±1.15 9.55 ±0.51 25.35 ±4.02 17.59 ±3.43 2.25 ±0.25 59.07 ±0.40

Values are mean ±STD of three replicates.
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also a good source of nutrients for carrot fermentation. 
Carrot represents a potential source of nutrients and 
bioactive compounds and it was useful for the prepara-
tion of valuable food supplements.

Rice bran. The analysis results of the chemical com-
position of rice bran were shown in Table 4. The 
analysis results showed that the moisture content of 
white rice bran is about 11.70%. This obtained result 
was similar to the research results of Lien and Thuy 
(2016) and Hettiarachchy (2009) with the value of 
white milled rice bran being 11.9% and the defatted 
bran about 10.5–12.0%, respectively. The carbohy-
drate content of white bran was about 53.74% – slight-
ly higher than the result of Hernandez et al. (2000) 
with a value of 48.3%. In contrast, the protein con-
tent of bran was about 11.42% – lower than the pro-
tein content in the study of Hernandez et al. (2000) 
with a value of 13.4%. The rice bran contained about 
14.39% lipid, which was almost similar to the research 
results of Cheruvanky (2003) in which the proposed 
fat content in rice bran was about 15–20%. The differ-
ences in the milling process greatly affect the chemical 
composition of rice bran. Bergman (2019) also posted 
that geographical conditions and rice varieties also 
significantly affected the quality of bran. The bran can 
be oxidized due to lipase. Heat treatment (110°C in 
10 minutes) is also a way that effectively inhibits the 
activity of this enzyme. Besides that, with high sugar 
and low lipid content, the white bran was appropi-
ately chosen to prepare a pickling bed for vegetable 
fermentation.

Optimization of final lactic acid content  
of product by RSM
RSM was used to optimize the fermentation process 
design factors (independent variables). Using the re-
sults of the experiments the following second order 
polynomial equation giving the lactic acid content as 
a function of salt concentration (A, %w/v), water (B, 

%v/w) and L. plantarum density [C, log(cfu/g)] was 
obtained (equation 2). The validity of the fitted model 
was evaluated, and its statistical significance was con-
trolled by F-test. The analysis of variance (ANOVA) 
for the response surface full quadratic model is given.

Lactic acid content, % = –72.37 + 0.626A +  
 + 2.965B + 0.878C – 0.288A2 + 0.025AB –  (2) 

– 0.037AC – 0.031B2 – 0.007BC – 0.074C2

It can be indicated that the model is highly statisti-
cally significant at 95% confidence level, with F-ratio 
of 24.8, and very low probability value. The coeffi-
cient of determination (R2 is 0.8353) implies that the 
sample variation of 83.53% for lactic acid content is 
attributed to the independent variables. The value of 
the adjusted determination coefficient is also very high 
to indicate a high significance of the model. In addi-
tion, the lack of fit test was performed by comparing 
the variability of the current model residuals to the 
variability between observations at replicate settings 
of the factors. Since the P-value for lack-of-fit (0.058) 
in the ANOVA table is greater to 0.05, the model ap-
pears to be adequate for the observed data at the 95.0% 
confidence level. A Pareto chart was used in this work 
to make it much easier to visualize the main and in-
teraction effects of all factors regarding the lactic acid 
content of the product after fermenting (Fig. 2).

The initial water concentration and the interactive 
effect of salt concentration and water have a significant 
positive impact on lactic acid content, while the initial 
salt concentration, initial bacteria density and the in-
teraction of salt and initial bacteria density, as well as 
the interactice of salt and water concentration, seem to 
have a negative impact on lactic acid content. Thus, 
the achieved lactic acid content of pickled carrot de-
creases with an increase of the initial salt. The amount 
of starter culture had a significant influence on the final 
acid content and the sensory quality of the product.

The higher sourness and acidic odor were observed 
in the pickled vegetables with higher starter’s addition. 

Table 4. Chemical compositions of white rice bran, %

Moisture content Carbohydrate content Protein content Lipid content Fiber content

11.70* ±0.07 53.74 ±0.74 11.42 ±0.27 14.39 ±0.024 4.66 ±0.05

*Values are mean ±STD of three replicates.
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Fig. 2. Pareto chart showing the effects of different independent variables on lactic 
acid content of pickled carrot. The model identified that within the range of ex-
periments, the quadratic effect of water, salt concentration and bacteria density has 
a highly significant negative influence on the lactic acid content

Fig. 3. Response surface and contour plot of salt concentration versus water con-
tent on lactic acid production (initial L. plantarum density was kept constant at 
3 log cfu/g)

Fig. 4. Response surface and contour plot of water content versus initial L. plan-
tarum density on lactic acid production (initial salt concentration was kept at 3%)
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Brining is also an important step in vegetable fermen-
tation. The lactic acid contents were achieved higher 
when 2 to 3% salt levels were used and lower when 
4% salt was used. At higher salt concentrations, lactic 
fermentation seemed to be decreased. The typical salt 
concentrations added to cabbage for sauerkraut fer-
mentation can range between 2 to 10% (w/w) (Xiong 
et al., 2016). LAB can tolerate high salt concentra-
tions. This salt tolerance gives them an advantage over 
less tolerant species and allows lactic acid fermenta-
tion that inhibits the growth of non-desirable organ-
isms (Rao et al., 2004).

During vegetable fermentation, the 2–5% brine so-
lutions are added to provide hypertonic conditions that 
inhibit the formation of spoilage-causing organisms 
during and after the fermentation process. Figures 3 to 
5 represent the response contour and surface plots for 
the optimization of fermentation conditions of lactic 
acid production. The maximum obtained lactic acid 
of 1.35% appeared at initial salt concentration, water 
content and L. plantarum density of 2.95%, 48.24% 
and 2.9 log cfu/g, respectively.

The nutrients and bioactive compounds  
in pickled carrot
This study (Table 5) also confirms that the amount of 
β-carotene in carrot is significantly retained even after 
fermentation (92.84%). Panda et al. (2007) reported 
that β-carotene remained more or less the same after 
fermentation, i.e., no significant difference was report-
ed. In the opposite trend, the carbohydrate content was 
slightly increased (+4.88%) after fermentation.

It can be explained by the influence of the osmo-
sis process between the material and rice bran bed. 
The total polyphenol content and antioxidant activ-
ity were also increased after fermentation (+10.57% 
and +4.79%, respectively). During fermentation, the 
rice brand bed was added with Chinese cabbage, gar-
lic, and chili which are good sources of antioxidant 
compounds (Dieu and Thuy, 2016; Ku et al., 2019). 
The influence of the osmotic process between mate-
rial and rice bran bed could lead to an increase in the 
polyphenol content of the product. The fiber content of 
the product was not significantly different in compari-
son with raw material. From the above investigation, 

Fig. 5. Response surface and contour plot of salt concentration versus initial L. plan-
tarum density on lactic acid production (initial water content was kept at 48%)

Table 5. The comparison of raw carrot and pickled carrot in rice bran bed

Nutrients Raw carrot Pickled carrot Remark, %

β-carotene, mg% 25.35 ±1.02 23.53 ±0.34 –7.16

Total polyphenol, % 17.59 ±1.43 19.45 ±0.34 +10.57

Carbohydrate, % 9.55 ±0.051 10.04 ±0.022 +4.88

Fiber content, % 2.25 ±0.25 2.24 ±0.11 not significant

DPPH, % 59.07 ±0.40 62.04 ±0.53 +4.79
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the Vietnamese carrot picked in a salted rice-bran bed 
had a bright color, delicious flavor, crunchy structure 
and high nutritional values.

CONCLUSION

RSM and Box-Behnken design proved to be a reliable 
and powerful tool for modelling, optimizing and stud-
ying the interactive effects of three process variables 
(salt concentration, water and density of L. plantarum) 
of lactic acid production from fermentation of carrot 
in rice bran bed. A highly significant (R2 = 83.53%) 
regression quadratic model equation was obtained 
by analyzing the experimental data. The maximum 
predicted final lactic acid content of pickled carrot is 
1.35%.
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