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Abstract 
This study aimed to produce nata from Komagataeibacter nataicola TISTR 
975 using yam bean juice as the fermentation substrate. The chemical 
components of yam bean juice and the physical characteristics of the 
produced yam bean nata were investigated. Yam bean nata were processed 
with juices from lemongrass (Cymbopogon citratus, Stapf; LG), Gac fruit 
(Momordica cochinchinensis Spreng; GF), and Centella (Centella asiatica; 
CA) and subsequently subjected to CIELAB value analysis, texture profile 
analysis (TPA), and sensory evaluation. The wet weight and thickness of 
yam bean nata were recorded as 130.36 ± 0.45 g and 9.64 ± 0.50 mm, 
respectively. The color analysis of yam bean nata revealed that the L* value 
slightly tended toward brightness; the a* value was negative, indicating 
green; and the b* value shifted toward blue. Upon processing, the yam 
bean nata with LG, GF, and CA exhibited an L* value tending toward white, 
an a* value indicating green, and a b* value indicating yellow. TPA results 
revealed a statistically significant disparity in hardness among the processed 
yam bean nata. Sensory attribute assessment indicated that processing 
the yam bean nata with LG, GF, and CA juices increased the liking score 
for overall acceptability.
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Introduction
Nata is a bacterial cellulose (BC) product—a 
traditional, white, gel-like food widely consumed 
throughout Southeast Asia—obtained from 
fermentation with cellulose-producing bacteria. 
Nata is a good source of insoluble dietary fiber and 
low-calorie food products, with a 2.5% fiber content 

and 98% water.1,2,3 The main efficient producers 
of BC are Acetobacter xylinum (reclassified 
as Gluconacetobacter xylinus) and the genus 
Komagataeibacter, which includes strains such as 
Komagataeibacter xylinus and Komagataeibacter 
nataicola.4,5,6 These bacterial strains are usually 
selected for research and food applications owing 
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to their high efficiency in producing BC from various 
carbon sources.4 Nata, a polysaccharide of glucose 
polymer produced by bacteria, consists of fine fibers 
in a cellulose microfiber gel, and its flavor and color 
are controlled by the raw materials used in its culture 
medium.7,8 Nata production requires a glucose-rich 
culture medium with other nutrient sources. Coconut 
water is generally used as a basal culture medium, 
and alternative culture mediums containing fruit juice 
and agricultural products have also been used to 
produce nata.9,10,11

Yam bean (Pachyrhizus erosus L. Urban), also 
known as Jicama, Mexican yam bean, or Mexican 
turnip, is a locally planted edible root that is easily 
grown and widely available in Maha Sarakham, 
Thailand. The tuber of P. erosus is usually consumed 
raw or as juice and contains a high amount of 
moisture, carbohydrates, crude fiber, and protein, 
with a low amount of lipids. Additionally, it contains 
a high amount of total soluble sugar, reducing sugar, 
and sucrose.12,13,14 These components can be used 
as a nutrient source for an alternative culture medium 
to produce BC or nata. 

In recent years, functional food and beverages 
produced from herbal plants have gained increasing 
attention. Yam bean juice has been proposed as 
a culture medium for cellulose-producing bacteria 
to yield nata, a dietary fiber food. In addition to 
being an alternative raw material for producing 
BC, it adds value to yam beans, a locally grown 
agricultural tuberous roots product, and allows 
for the production of nata mixed with herbal juice. 
Therefore, the objective of this research is to 
investigate the characteristics of nata produced 
from K. nataicola TISTR 975 using yam bean juice 
as a culture medium. Furthermore, the physical and 
sensory attributes of nata and nata processed with 
herbal juice were examined. The data obtained from 
this study can serve as a reference for the further 
development of functional food products using yam 
bean nata for commercial manufacturing.

Materials and Methods
Microorganisms and Raw Materials
The bacterial strain K. nataicola TISTR 975 utilized 
in this study was obtained from the TISTR Culture 
Collection, the Thailand Institute of Scientific and 
Technological Research, Pathum Thani, Thailand. 
The yam bean (P. erosus L. Urban) tubers, 

lemongrass (Cymbopogon citratus, Stapf; LG), Gac 
fruit (Momordica cochinchinensis Spreng; GF), and 
Centella (Centella asiatica; CA) were purchased 
from a local market in Mueang, Maha Sarakham, 
Thailand.

Starter Culture Preparation
Stock cultures of K. nataicola TISTR 975 were 
cultivated on glucose yeast extract agar slants 
(containing 100 g/L glucose, 10 g/L yeast extract, 
and 10 g/L agar in distilled water) at 30 °C for 3 
days. To initiate fermentation, a loopful of the working 
culture was introduced into 10 mL of glucose yeast 
extract broth medium. These seed cultures were 
then incubated at 30 °C for 7 days. Yam bean 
tubers were peeled, washed, and cut into small 
pieces, which were then blended. The resulting 
liquid suspension was filtered three to four times 
using a filter cloth to separate suspended particles. 
The chemical components of yam bean juice were 
evaluated before the medium was prepared. The 
total soluble solids, pH value, and total titratable 
acidity were assessed according to the AOAC 
method,15 and the total sugar and reducing sugar 
contents were analyzed via the phenol sulfuric acid 
method16 and the dinitrosalicylic acid method,17 
respectively. The yam bean juice was prepared as 
follows: The initial total soluble solids content was 
adjusted to 10 °Bx through sucrose addition, and the 
pH was set to 5 through acetic acid addition. The yam 
bean juice medium was then sterilized at 121 °C for 
15 min before use. Subsequently, a seed culture of 
10% (v/v) of the inoculum medium was transferred to 
the sterilized yam bean juice medium. The cultures 
were statically incubated at 30 °C for 3 days, during 
which a BC membrane formed on the surface of the 
culture medium. This membrane was removed and 
used as a starter culture.

Production of Yam Bean Nata 
Cultivation was conducted using sterilized yam 
bean juice under the same operating conditions 
as described above, with the addition of 1.4% 
(v/v) ethanol to the sterile medium. The cultivation 
process was performed in rectangular polypropylene 
containers measuring 14 cm (length), 9.5 cm (width), 
and 4.5 cm (height), each filled with 250 mL of the 
respective medium. The containers were inoculated 
with 10% (v/v) of the inoculum and statically 
incubated at 30 °C for 10 days.



986CHAIYACHET, Curr. Res. Nutr Food Sci Jour., Vol. 11(3) 984-990 (2023)

Wet Weight and Thickness of Nata
The resulting membranes were harvested, purified, 
and washed with running tap water. Subsequently, 
they were boiled in distilled water for 20 min. After 
any remaining bacterial cells and acid residues 
accumulated during the culture process were 
removed, the membranes were soaked in distilled 
water until a neutral pH was achieved. The nata 
was then weighed (wet weight). The thickness was 
measured at 10 positions using a Vernier caliper.

Processing of Yam Bean Nata 
LG, GF, and CA juices were prepared using 100 g/L 
of each respective ingredient and 15 g/L of sugar in 
water. Purified nata was cut into small cubes and 
boiled in water for 30 min. These nata cubes were 
then cooked in LG, GF, and CA juices for 20 min and 
allowed to soak in each herbal juice for 24 h before 
further analyses.

CIELAB Value Analysis
Color values were measured using HunterLab 
ColorFlex EZ, VA, USA. The color of nata was 
evaluated using the CIELAB scale with the color 
space values L* (lightness, 0–100), a* (+red/−green), 
and b* (+yellow/−blue). 

Textural Profile Analysis
The texture of the nata membrane was evaluated 
through the texture profile analysis (TPA) method 
using a texture analyzer (TA.XTPlus, Stable Micro 
Systems, Surrey, UK) and a cylindrical probe P/2. 
The distance between the probe and the sample 
was set to 2 mm, and the probe was compressed 
twice to 40% of the original membrane height at a 
compression speed of 1 mm/s.

Sensory Evaluation
Organoleptic analysis was conducted to determine 
the characteristics, preference, and acceptability of 
the produced nata using a nine-point hedonic scale.18 
Fifty untrained panelists participated in the sensory 
evaluation. The samples were presented in cups to 
the panelists, and the sensory attributes evaluated 
were color, flavor, taste, texture, appearance, and 
overall acceptability.

Statistical Analysis
All experiments were conducted in triplicate, and the 
data were presented as mean ± standard deviation. 
The collected data were subjected to statistical 

analysis using SPSS statistical software (SPSS Inc., 
Chicago, IL, USA). One-way analysis of variance 
(ANOVA) was performed, followed by Duncan’s 
multiple comparison tests. Statistical significance 
was defined as p < 0.05.

Results and Discussion
Chemical Components of Yam Bean Juice and 
Physical Characteristics of Yam Bean nata
The chemical composition of yam bean juice is 
presented in Table 1. After fermentation for 10 days, 
nata produced using yam bean juice as a culture 
medium exhibited high wet weight and thickness. 
As shown in Table 1, the thickness and wet weight 
of the nata were influenced by the water content 
within the membrane, which directly contributed 
to the distinctively soft texture of the final product. 
In previous studies, BC membranes obtained from 
static cultures typically consisted of up to 99% (w) 
water.19,20

Table 1: Chemical compositions of yam bean 
juice and physical characteristics of yam 

bean nata

Parameters	 Yam bean juice

Total soluble solids (0Bx)	 6.33 ± 0.58
pH	 6.99 ± 0.01
Total titratable acidity (%)	 8.39 ± 0.50
Total sugar (mg/L)	 4.21 ± 0.00
Reducing sugar (g/L)	 4.39 ± 0.02
	 Yam bean nata
Wet weight (g)	 130.36 ± 0.45
Thickness (mm)	 9.64 ± 0.50

Data are means of three replicates (n = 3) ± standard 
deviation

Processed Yam Bean Nata Characteristics 
Color Values 
Color is one of the most widely measured attributes 
of product quality in food processing research 
and holds significant importance as a product 
characteristic for consumers. Nata’s color was 
determined using a colorimeter with the CIELAB 
color parameters, in which L* represents the CIE 
lightness coordinate, a* corresponds to the CIE 
red (+)/green (−) color attribute, and b* indicates 
the CIE yellow (+)/blue (−) color attribute. The 
color assessment of nata using a yam bean juice 
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medium revealed that the L* value leaned slightly 
toward brightness, the a* value exhibited a negative 
value indicating green, and the b* value showed 
a shift toward blue. Furthermore, processed yam 
bean nata with LG, GF, and CA juices exhibited 
an L* value tending toward white, an a* value 
indicating green, and positive b* values indicating 
yellow (+b*), as shown in Table 2. These distinct 
color values stemmed from the utilization of various 

raw materials in BC production.21 Instrumental 
colorimetry measurements are associated with the 
consumer perception of a product’s acceptable 
appearance. The correlation between instrumental 
color and sensory acceptance was evaluated, 
as non-destructive color measurement has been 
utilized in predictive modeling for assessing the 
nutritional quality of both fresh and processed food 
products.22

Table 2: Color comparison of processed yam bean nata

Sample	                                            CIELAB values

	 L*	 a*	 b*

Nata	 30.86 ± 0.61b	 −1.47 ± 0.04b	 −3.79 ± 0.28d

LG	 30.46 ± 0.05b	 −2.15 ± 0.08c	 0.91 ± 0.33c

GF	 32.03 ± 0.85a	 −0.98 ± 0.16a	 2.26 ± 0.79b

CA	 26.64 ± 0.29c	 −1.98 ± 0.03c	 4.30 ± 0.67a

L*: Lightness; a* axis; b* axis. Data represent mean ± standard deviation; 
values that do not share a common superscript (a, b, c, d) in the column 
indicate significant differences among the groups at p < 0.05, as analyzed 
via one-way ANOVA with Duncan’s post hoc tests

Texture Analysis 
During the processing of yam bean nata, texture, 
appearance, and flavor are the key sensory factors 
that underpin food acceptability for consumers. 
The textural parameters, namely hardness, 
springiness, cohesiveness, gumminess, and 
chewiness, were evaluated via TPA. Statistically 
significant differences in hardness were identified 
among the various processed forms of yam bean 

nata (Table 3). Hardness corresponds to the peak 
force encountered during the initial compression; 
that is, the maximum force attained during the 
first bite or compression. This characteristic can 
be experienced by customers as a degree of 
crunchiness, crumbliness, or brittleness. Springiness 
refers to the extent to which a product physically 
rebounds after being deformed during the initial 
compression. It signifies the degree to which the 

Table 3: Texture profile analysis of processed yam bean nata 

	                                                                  TPA parameters

Sample	 Hardness (N)	 Springiness	 Cohesiveness	 Gumminess (N)	 Chewiness (N)

Nata	 147.63 ± 1.65c	 1.51 ± 0.14a	 0.23 ± 0.23a	 49.21 ± 0.35a	 186.30 ± 0.19a

LG	 136.43 ± 0.65d	 1.93 ± 0.25a	 0.33 ± 0.46a	 46.67 ± 0.66a	 198.69 ± 0.34a

GF	 195.57 ± 1.22a	 3.21 ± 0.21a	 0.31 ± 0.25a	 46.09 ± 0.49a	 248.06 ± 0.26a

CA	 158.86 ± 1.05b	 1.69 ± 0.19a	 0.24 ± 0.25a	 48.16 ± 0.41a	 182.76 ± 0.11a

Data represent mean ± standard deviation; values that do not share a common superscript (a, b, c, d) 
in the column indicate significant differences among the groups at p < 0.05, as analyzed via one-way 
ANOVA with Duncan's post hoc tests
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food restores its original height after compression 
and is often expressed as a ratio or percentage of the 
original height of the product. Cohesiveness refers 
to the product’s resistance to a second deformation 
relative to its resistance under the first deformation. 
It is calculated as the ratio of the area of work during 
the second compression to the area of work during 
the first compression. Gumminess corresponds to 
the energy required to disintegrate a semi-solid food 

to a point at which it can be swallowed. It is computed 
as the product of cohesiveness and hardness and 
applies solely to semi-solid items. This attribute is 
mutually exclusive with chewiness, as a product 
cannot be both semi-solid and solid simultaneously. 
Chewiness corresponds to the energy needed to 
masticate solid food until it is suitable for swallowing. 
It is calculated as the product of gumminess and 
springiness and is exclusive to solid products.23,24

Table 4: Sensory assessment of processed yam bean nata 

	                                                                  Attributes

Sample	 Color	 Flavor	 Taste	 Texture	 Appearance	 Overall acceptability

Nata	 5.80 ± 1.67c	 5.02 ± 1.67c	 4.98 ± 1.46c	 6.38 ± 1.34b	 6.54 ± 1.33b	 6.08 ± 1.31b

LG	 7.66 ± 1.42a	 7.76 ± 1.39a	 7.62 ± 1.46a	 7.44 ± 1.16a	 7.26 ± 1.19a	 7.50 ± 1.31a

GF	 7.92 ± 1.28a	 6.02 ± 1.73b	 5.72 ±2.24bc	 6.78 ± 1.40b	 6.58 ± 1.18b	 6.56 ± 1.33b

CA	 6.98 ± 2.13b	 5.20 ± 2.75c	 6.00 ± 2.55b	 6.72 ± 1.63b	 6.42 ± 1.69b	 6.42 ± 2.17b

Data represent mean ± standard deviation; values that do not share a common superscript (a, b, c) in the 
column indicate significant differences among the groups at p < 0.05, as analyzed via one-way ANOVA 
with Duncan’s post hoc tests

Sensory Characteristics 
The sensory evaluation of the processed yam bean 
nata, encompassing attributes such as color, flavor, 
taste, texture, appearance, and overall preference, 
is detailed in Table 4. The outcomes from the 
sensory assessment indicated that the processing 
of cooked yam bean nata with LG, GF, and CA juices 
increased the liking score for overall acceptability. 
Nata processing, involving boiling with sugar or 
herbal juice, influences textural characteristics 
such as hardness, adhesiveness, cohesiveness, 
springiness, gumminess, and resilience,25 ultimately 
enhancing the liking score for sensory attributes.26 
The utilization of different substrates or culture media 
to produce cellulose bacteria (nata) influences the 
sensory acceptance of the resultant food products. 
This influence is attributable to the culture source 
employed, such as coconut water for nata de coco 
and pineapple juice for nata de pina. In this study, 
the use of yam bean juice controlled the flavor of 
the nata products.7,8

Conclusion
Nata was produced using yam bean juice as a 
culture medium for K. nataicola TISTR 975. Yam 
bean juice, abundant in nutritional components such 

as total soluble solids, total sugar, and reducing 
sugar, serves as a promising nutrient source for 
cellulose-producing bacteria to produce nata. The 
wet weight and thickness of yam bean nata were 
measured as 130.36 ± 0.45 g and 9.64 ± 0.50 mm, 
respectively. The color assessment of yam bean nata 
indicated that the L* value slightly tended toward 
brightness; the a* value was negative, suggesting 
green; and the b* value shifted toward blue. Upon 
processing, yam bean nata with LG, GF, and CA 
juices showed an L* value tending toward white, an 
a* value indicating green, and a b* value indicating 
yellow (+b*). TPA revealed a statistically significant 
variance in hardness among the processed yam 
bean nata. The sensory attribute assessment results 
showed that the processing of yam bean nata with 
LG, GF, and CA juices increased the liking score for 
overall acceptability. These findings of the study can 
serve as a reference for the commercial production 
of functional foods using yam beans' nata derived 
from yam beans.
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