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Abstract 
Objective: To develop and evaluate Lactobacillus paracasei HII01 mediated fermented Kaempferia parviflora wall. Ex. Baker rhizome juice. 
Methods: The changes in pH, acidity, ethanol, and reducing sugar content were measured by pH meter, titration, gas chromatography, and 
Dinitrosalicylic acid method, respectively. The total polyphenol content was measured by colorimetric method. ABTS (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid)), and FRAP (ferric reducing antioxidant power) assays were performed to calculate the total 
antioxidant capacity, and reducing power, respectively.  
Results: The pH and acidity of fermented K. parviflora juice (FKJ) were gradually reduced, and increased, respectively. The high total 
phenolic content was observed in F1, and F3 after 15 days of fermentation (1.14, and 1.02 mg GAE per ml sample, respectively). The total 
antioxidant capacity of F1 and F3 were 1.07, and 1. 2 mg TEAC per ml sample, respectively, after 20 days of fermentation. The sugar content 
was reduced during fermentation. The ethanol content of samples was ranging from 0.05-2.26 % (V/V). The microbial load was reduced 
during fermentation, and no pathogenic microbes were detected. The results suggested that about -20 days of fermentation period is sufficient 
to produce high-quality FKJ.  
Conclusion: The first L. paracasei mediated fermented K. parviflora juice was developed with a high content of phenolic compounds, and 
antioxidants. FKJ was microbiologically safe, and it contains an acceptable level of ethanol and acidity. FKJ can be a potent functional food 
supplement if further characterization and pharmacological evaluation are made.  
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INTRODUCTION 
Kaempferia parviflora Wall. Ex. Baker (commonly 

called as Krachai-dam in Thai or Thai ginsengs or black ginsengs 
or black galingale or black ginger) belongs to Zingiberaceae 
family. K. parviflora has been used in Thai folk medicine for the 
treatment of stomach problems, inflammatory diseases, free 
radical damages, and to improve the male sexual activity [1-3]. 

Several bioactive principles have been identified in K. 
parviflora majorly polymethoxyflavonone such as 5-hydroxy-7-
methoxyflavone, 5-hydroxy-7,4ʹ-dimethoxyflavone, 5-hydroxy-
3,7-dimethoxyflavone, 5-hydroxy-3,7,4ʹ-trimethoxyflavone, 3,5,7-
trimethoxyflavone, 5-hydroxy-3,7,3ʹ,4ʹ-tetramethoxyflavone, 
5,7,4ʹ-trimethoxyflavone, and flavonoids, chalcone and its 
derivatives [3]. Reports suggested that K. parviflora reduce the 
obesity in mice [4], induce apoptosis in several human cancer 
cells [5-9], inhibits the melanogenesis [10], reduce oxidant stress, 
and maintains the endothelium-dependent relaxation [11], and 
anti-inflammatory [12] property.  

Fermentation is one of the strategies to preserve, and 
improve the quality of foods. Fermentation process simplifies and 
facilitates the absorption of active compounds in the food 
materials. A controlled fermentation process with strong starter 
culture enhanced the functional properties of fermented food. 
Lactobacillus strains are known as probiotic bacteria with 
antimicrobial activity [13-15], and lactic acid bacteria (LAB) 
based feremnted plant juices are considered as unctional food. We 
have developed and reported the fermented mushroom juice rich 
in γ-aminobutyric acid using food isolated of lactic acid bacteria 
(LAB) [16-18], and quality enhancement of Phyllanthus emblica 
fruit juice via LAB mediated fermentation [19]. 

As per our information, there is no report on 
development and assessment of phytochemical changes of 
fermented K. parviflora using the LAB as a starter culture. In the 
present day, we have developed Lactobacillus paracasei HII 
mediated fermented K. parviflora juice (FKJ), and studied the 

changes in pH, acidity, total phenolic content, total antioxidant 
capacity, reducing power, reducing sugar, ethanol content and 
microbiological safety of the FKJ. 

MATERIALS AND METHODS 
Raw materials, Strain, and investigational setup 

Kaempferia parviflora Wall. Ex. Baker rhizome and 
cane sugar were bought from local market of Chiang Mai 
province, Chiang Mai, Thailand. Honey was acquired from 
Agricultural extension and development center, Chiang Mai. 
Health Innovation Institute, Chiang Mai kindly provided 
Lactobacillus paracasei HII01 strain. The fermentation of K. 
parviflora rhizome was carried out with cane sugar, or honey as 
carbon source using 10% of L. paracasei as starter culture.  

The following are the details of fermentation setup: 
Formula 1 (F1): Cane sugar: K. parviflora: Water (1:3:10 ratio) 
+L. paracasei (10%); Formula 2 (F2): Honey: K. parviflora:
Water (1:3:10 ratio) +10% L. paracasei (10%); Formula 3 (F3):
Cane sugar: K. parviflora: Water (1:3:10 ratio); Formula 4 (F4):
Honey: K. parviflora: Water (1:3:10 ratio); Control 1 (C1): Cane
sugar: Water (1:10 ratio) +10% L. paracasei (10%); Control 2
(C2): Cane sugar: Water (1:10 ratio); Control 3 (C3): Honey:
Water (1:10 ratio) +10% L. paracasei (10%); Control 4 (C4):
Honey: Water (1:10 ratio).
Fermentation

The fermentation setup, preparation of starter culture, 
and sample collection were described previously [19]. The 
fermentation was performed at room temperature (30 ± 2 °C) for 
180 days, and samples were collected during the fermentation 
process and stored at -70 °C after the filtration (Whatman no. 42 
filter paper) to determine the parameters kinetically. 
Determination of acidity, pH, and total polyphenolic content 

The pH, acidity, and total polyphenolic content of 
fermented juice at the various time point of fermentation was 
assessed as detailed previously [19-21]. 

Chaiyavat Chaiyasut et al /J. Pharm. Sci. & Res. Vol. 10(12), 2018, 3041-3046

3041



Determination of ethanol, and reducing sugar content 
The ethanol contents of fermented K. parviflora was 

determined by gas chromatography (GC-14B, Shimadzu, Japan) 
as reported earlier [22]. The reducing sugar content of the samples 
was calculated by the dinitrosalicylic acid method and denoted as 
mg glucose per ml of sample [23, 24]. 
Total antioxidant capacity 

Total antioxidant capacity (TAC) of fermented K. 
parviflora juice was calculated by ABTS (2, 2′-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid) assay as detailed previously 
[25, 26]. The results were represented as mg of trolox equivalent 
antioxidant capacity (TEAC) per ml of sample.  
FRAP Assay 

The FRAP (Ferric Reducing Antioxidant Power) value 
of the test and control samples were assessed as described 
previously [19]. The values of FRAP assay were denoted as mg 
Fe2SO4 equivalents per ml sample. 
Microbiological assessment 

The samples were microbiologically examined as 
explained previously to ensure the microbial safety of the 
fermented K. parviflora juice. The plate count method was 
employed for the bacterial count determination using the specific 
medium for Lactobacillus spp., coliforms, Salmonella spp. [27].  
Statistical Analysis 

All the experiments were performed in triplicate. The 
values were denoted as Mean. Duncan’s new multiple range tests 
determined the significant differences, at the 95% confidential 
level (p < 0.05) by SPSS v.17 (Chicago, SPSS Inc, U.S.A). 
 

RESULTS AND DISCUSSION 
pH of the fermented medium was reduced gradually in 

all the formulations. Notably, the formulas containing cane sugar 
(F1, and F3) showed low pH and high acidity compared to other 
experimental samples. In the case of control samples, C1 showed 
high acidity which is attributed to the presence of cane sugar that 
facilitates the spontaneous microbial growth than honey (Fig.1).  

The total polyphenol content (TPC) of the samples was 
changed during fermentation. The high TPC was observed in F1, 
and F3 after 15 days of fermentation (1.14, and 1.02 mg GAE per 
ml sample, respectively). The samples C1 and C2 showed 
maximum TPC among control samples at 15 days (0.65, and 0.60 
mg GAE per ml sample, respectively). Even after 180 days of 
fermentation the sample F1, and F3 showed maximum TPC with 
slight reduction compared to 15 days of the process. The results 
suggested that 15 days of fermentation by L. paracasei produces 
the phenolic compound rich FKJ (Fig. 2).  

The total antioxidant capacity (TAC) of experimental 
samples F1 and F3 were 1.07, and 1. 2 mg TEAC per ml sample, 
respectively, after 20 days of fermentation.  TAC of the samples 
was steadily condensed during the extended fermentation process. 
(Fig. 3A). Likely, the FRAP values of F1 and F3 was found the 
maximum (1.93, and 2.16 mg Fe2SO4 equivalent per ml sample, 
respectively) after 20 days of the fermentation process. The FRAP 
value of F1 and F3 was remained maximum among the 
experimental samples after 180 days of process but reduced 
compared to 20-day sample (Fig. 3B). The results proved that 
about 20 days of fermentation was enough to achieve FKJ with 
high TAC and FRAP value, and prolonged fermentation process 
reduces the quality of the FKJ regarding TAC.  

The reducing sugar content of the samples was reduced 
while fermentation period was increased. The samples F1, F2, F3, 
and F4, showed a reduction in sugar content from 87.32 to 0.86, 
68.25 to 1.5, 70.12 to 0.93, and 63.21 to 2.2 mg glucose 
equivalent per ml sample, respectively. The presence of starter 
culture accelerates the decrease of sugar content in fermentation 
media since they utilize that for their growth (Fig. 4A). 

The ethanol content of F1, F2, F3, and F4 were ranging 
from 0.05-2.52, 0.14-2.26, 0.25-.81, and 0.27 to 1.65 % (V/V), 
respectively. The maximum of 3.86 % of ethanol was detected in 
C1 sample after 180 days of fermentation. All the experimental 
samples showed less than 3% of ethanol (Fig. 4B). According to 
Thai community product standard (TCPS 481/2004), the 
permissible level of ethanol in fermented plant juices is 3% (v/v) 
[22]. The FKJ developed in the study was safe as per TCPS 
regulations regarding ethanol content.  

The total bacterial count of the samples was altered 
during the fermentation process. The samples with inoculum 
showed a gradual reduction since the substrate for the microbial 
growth was depleted after 30 days of fermentation. Whereas, the 
bacterial load was slowly increased in uninoculated samples. The 
same scenario was observed in control samples. After 180 days of 
fermentation, the samples with LAB starter showed a reduction in 
microbial load while other samples exhibited high microbial 
content (Fig. 5A). Lactobacillus spp. load in FKJ has also reduced 
in a time-dependent manner. A gradual reduction in lactobacillus 
content was observed even after 30 days of fermentation (Fig. 
5B). The samples F1, F3, F4, and C2, showed bacillus load at the 
first day of fermentation, whereas there was no bacillus were 
observed after the first day (Fig. 5C). The representative 
pathogenic bacterial strains (E. coli, and Salmonella spp.), yeast, 
and molds were not found in the samples at any time point of the 
fermentation process (Table 1). The results suggested that the 
developed FKJ was microbiologically safe.  

Several pharmacological properties were reported about 
the compounds of K. parviflora, and different solvent extracts of 
K. parviflora rhizomes. The phytochemical content of methanolic 
extract of K. parviflora was assessed, and about sixteen 
compounds were identified based on the reported literature.  The 
active compounds of K. parviflora, particularly flavonoid 
derivatives exhibited high soluble epoxide hydrolase inhibitor 
activity compared to other compounds [28]. Methoxyflavones 
derived from K. parviflora was tested for anti-inflammatory 
activity, and results suggested that 5-hydroxy-3,7,3´,4´-
tetramethoxyflavone can effectively suppress the 
lipopolysaccharide induced nitric oxide release, and prostaglandin 
E2 in RAW264.7 cells, while inactive on tumor necrosis factor-
alpha (TNF-γ) release [29]. The ethanolic extract of K. parviflora 
has been studied for the improvement of sexual activities in a 
rodent model. The results suggested that the supplementation of 
about 240 mg/kg BW of K. parviflora extract decreased the time 
of rat courtship behavior, and the study warned that the 
consumption of a high dose of K. parviflora is not advisable [30]. 
The ethyl acetate extract of K. parviflora showed anti-obesity like 
activity such as reduce the body mass and accumulation of 
visceral fat, consequences of diabetic conditions, in obese type II 
diabetes mice model [31]. 

The scientific reports about the properties of FKJ were 
limited. The present study explained the changes in TPC, and 
TAC of K. parviflora during fermentation, and also reported the 
alteration in pH, acidity, reducing sugar, and ethanol content of 
FKJ.  

 
Table 1: The load of pathogenic microbes in fermented FKJ. 

Parameter assessed 
Samples 

F1-F4 C1-C4 

E. coli Not detected Not detected 

Salmonella spp. Not detected Not detected 

Yeast Not detected Not detected 

Mold Not detected Not detected 
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Fig 1: pH (A) and acidity (B) profile of fermented K. parviflora juice. 

 
 

 
Fig 2: Total phenolic acid content of fermented K. parviflora juice. The results were represented as mg Gallic acid equivalent per ml of sample. 
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Fig 3: Total antioxidant capacity (A), represented as mg TEAC per ml of sample, and reducing power (B) of fermented K. parviflora juice. 

 
 

 
Fig 4: The reducing sugar level (A) and ethanol content (B) of fermented K. parviflora juice. 
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Fig 5: The total bacterial (A), Lactobacillus app. (B), and Bacillus spp. (C) load in fermented K. parviflora juice. * indicates no microbes were detected. 

 
 

CONCLUSION 
Lactic acid bacteria (L. paracasei HII) fermented K. 

parviflora juice has been developed and studied the fluctuations in 
bioactive compounds (total phenolic compounds), and bioactivity 
(antioxidant capacity) during the fermentation process was 
evaluated. The results revealed that about 15-20 days of 
fermentation period is sufficient to produce high-quality FKJ 
regarding phytochemical enrichment and activity. The safer, in 
terms of quantity, consumption of FKJ can act as a food 
supplement to manage metabolic disorders like diabetes and 
obesity and to treat inflammation and carcinogenesis. The present 
study was a primary attempt to develop FKJ, and further in vivo 
and clinical studies may prove the pharmacological application of 
FKJ.  
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