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Abstract: Konjac glucomannan (KGM), derived from konjac tubers, is a novel functional plant polysaccharide that
plays a significant role in antioxidant activity, anti-tumour effects and blood glucose regulation. This study aimed to
develop an optimal extraction method for KGM. The extraction yield of KGM was surveyed quantitatively analysed
using a response surface central composite design (CCD) to maximise the yield. A quadratic regression model was
created to illustrate the interactions between the factors influencing KGM extraction yield. The findings indicated that
the effects of extraction temperature and the liquid-to-solid ratio had a greater impact on the extraction yield of KGM
than the extraction time and extraction frequency. The optimal extraction conditions for KGM were determined to be
an extraction temperature of 100 °C, an extraction time of 2 h, an extraction frequency of 2, and a liquid-to-solid ratio
of 113 : 1. Under these optimal conditions, the extraction yield of KGM reached 15.31%.
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Konjac is a perennial herb belonging to the Araceae
family, primarily distributed in China, Japan, Myan-
mar, and Indonesia. To date, 115 species of konjac have
been identified worldwide, with 19 species recorded
in China (Hu et al. 2019). White and flower konjac
production is highest in the southern and southwest-
ern provinces of China, accounting for one-third

of global production (Kapoor et al. 2024). The edible
part of konjac is the tuber, which grows mainly under-
ground. The tuber contains many active ingredients,
such as polysaccharides, amino acids, vitamins, pro-
teins and others (Danalakoti et al. 2023). Therefore,
konjac is processed into a variety of foods for human
consumption.
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Konjac glucomannans (KGM), also known as kon-
jac polysaccharides, are natural macromolecular
polysaccharides with strong water solubility. They
are extracted from the tubers of Amorphophallus
konjac, and can be classified into two types: homo-
geneous mannan and isomannan (Guerreiro et al.
2023). Homogeneous mannan is a branched poly-
saccharide composed of p-mannose residues linked
by p-1,4 mannoside bonds, while isomannan is
a branched heteropolysaccharide composed of vari-
ous monosaccharide residues linked by glycosidic
bonds, primarily consisting of b-monosaccharides.
Research has shown that KGM is mainly composed
of 3-1,4 linked pD-mannose and D-glucose units (Guo
et al. 2022).

As early as 1994, KGM was recognised by the U.S.
Food and Drug Administration as a food additive.
In food processing, KGM is widely used as a gel-
ling agent and stabiliser, to improve food quality,
enhance stability, and increase production efficien-
cy. In the food industry, KGM is primarily utilised
in beauty foods, bionic foods, gel foods, food addi-
tives, and preservatives (Hou et al. 2022). Research
has shown that KGM possesses numerous beneficial
properties that help prevent metabolic dysfunction,
such as reducing cholesterol levels and regulating hy-
perlipidaemia and hyperglycaemia (Hu et al. 2025).
Recently, KGM has received considerable attention
due to its high nutritional value, including its role
in boosting immunity and preventing tumours. Fur-
thermore, it has been demonstrated that KGM can
assist obese individuals, both children and adults,
in managing their weight.

KGM is primarily exported from China to Europe
and the United States, because of the high produc-
tion of konjac in China. In-depth research into
the edible, healthcare, medicinal, and other functions
of KGM suggests that demand for it will continue
to increase both domestically and internationally (Li
etal. 2022). However, due to the lack of optimal KGM
extraction technology, there are few high-value-add-
ed konjac products in China. Previous research have
identified several KGM extraction methods, includ-
ing water extraction, enzymatic extraction, acid ex-
traction, and ethanol extraction (Liang et al. 2024).
However, acid extraction introduces heavy metal
ions that contaminate the KGM, rendering it ined-
ible. Enzymatic extraction of KGM may result in hy-
drolysis by f-mannanase present in starch hydrolase
and in the konjac tuber itself, leading to low KGM
yield. Ethanol extraction causes the KGM molecular
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chains to undergo stretching, crimping, rearrange-
ment, winding, and interweaving. Consequently,
the surface state and aggregation structure change,
resulting in decreased solubility (Liu et al 2023).
In summary, in terms of food safety and application,
water extraction of KGM is safer, while other meth-
ods are more suitable for industrial use of KGM (Ma
et al. 2020). The KGM content is influenced by fac-
tors such as the solid-to-liquid ratio, extraction time,
frequency of extraction, and number of extraction
steps during the KGM extraction process (Ouy-
ang et al. 2022). The KGM content is an important
index for measuring the purity of konjac powder
(Pan andTang 2023). Higher purity KGM is required
for molecular studies to determine molecular charac-
teristics, conformation, and related pharmacological
activity mechanisms (Ran and Yang 2022). Recently,
the pharmacological activity of KGM has become
a hot topic, including its roles in obesity prevention,
anti-aging effects, resistance to oxidation, and regu-
lation of intestinal microorganisms.

Response surface methodology (RSM) is a widely
used and effective statistical technique for exploring
the relationships between multiple explanatory vari-
ables and one or more response factors (Tong et al.
2024). RSM is commonly applied to optimise pro-
cessing conditions, such as the extraction parameters
of various polysaccharides, bovine plasma protein,
and in food and drug processing technologies.

The objective of this study is to investigate the in-
fluence of extraction temperature, extraction time,
extraction frequency, and solid-to-liquid ratio on
the extraction efficiency of KGM and to determine
the optimal extraction conditions using response sur-
face methodology. The interactions between the fac-
tors affecting extraction efficiency were also examined.
We believe that the information obtained from this
study will be highly valuable in developing a fast, cost-
effective KGM extraction process with high yield and
purity, improving the utilisation rate of KGM, and
minimising its loss during industrial production. Fur-
thermore, this study provides a theoretical foundation
for the further extraction and separation of KGM and
other polysaccharide components.

MATERIAL AND METHODS

Material. Konjac was sourced from the experimental
base of Hubei University for Nationalities in Enshi,
China. Ethanol, concentrated sulfuric acid, and phenol
were all bought from Sigma-Aldrich (USA).
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Preparation of konjac powders. Konjac powders
were prepared following a previously described meth-
od with some modifications (Wu et al. 2024). Konjac
tubers were washed, peeled, and sliced into pieces
3-5 mm thick. These were then soaked in a 0.1% citric
acid solution for 30 min, dried at 70 °C for 4 h, and then
frozen at —20 °C for 24 h. After freezing, the material
was ground for 30 s and finally sieved through a 120-
mesh sieve.

The konjac tubers were cleaned, cut into slices,
crushed and dried using a 50-mesh sieve, and then
stored in a dryer at room temperature.

Extraction of KGM. The effects of extraction tem-
perature, extraction time, extraction frequency, and
solid-to-liquid ratio were examined to optimise
the conditions for KGM extraction (Yin et al. 2020).
In summary, 2 g of KGM powder was mixed with dis-
tilled water and extracted in a hot water bath as de-
tailed in Table 1. The mixture was then centrifuged
at 4 000 rpm for 15 min to separate the liquid superna-
tant. The remaining residue was extracted three addi-
tional times under the same conditions. The combined
supernatants were concentrated to 200 mL using ro-
tary evaporation. This concentrated solution was then
precipitated with 95 % ethanol. The resulting sediment
was centrifuged at 4 000 rpm for 15 min and subse-
quently freeze-dried in a freezer to obtain pure KGM.
The extraction yield of KGM was calculated using
Equation 1:

w = VXL 00% (1)

where: W — KGM extraction yield; C — KGM concen-
tration; V — dilution ratio; P — KGM solution volume;
M — KGM powder weight.

Measurement of polysaccharide content. Stand-
ard glucose curve. A glucose standard curve was cre-
ated using the phenol-sulfuric acid method (Yin et al.
2020). First, 100 mg of anhydrous glucose was pre-
cisely weighed and dissolved in distilled water
to prepare a glucose standard solution with a con-
centration of 1 goL’l. Then, 10 mL of the standard
glucose solution of glucose of concentration 1 g-L~!
was dissolved in distilled water to obtain a stand-
ard glucose solution of concentration 0.1 mg-mL™.
Next, volumes of 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 mL
of the standard glucose solution were placed into
six separate test tubes, respectively and each tube
of which was then filled with distilled water up
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to a total volume of 1.0 mL. To each tube, 6% phenol
and 5 mL of concentrated sulfuric acid were added
sequentially, mixed thoroughly, and allowed to cool
at room temperature for 15 min. The tube contain-
ing 0 mL of glucose solution was used as the blank,
and the absorbance of the other tubes was measured
at 490 nm using a UV spectrophotometer. These
measurements were used to plot the glucose stand-
ard curve and develop a linear regression model with
one variable (Equation 2).

A=CX +C, )

where: A — the value of the absorbance; X — the mass
concentration of glucose; C, and C, — constant regres-
sion coefficients of the model.

Measurement of KMG content. KGM, prepared
as described in Table 2, was diluted to a final volume
of 10 mL with distilled water. Then, 2 pL of this solu-
tion was mixed with 6% phenol and 5 mL of concen-
trated sulfuric acid, shaken thoroughly, and allowed
to cool to room temperature. The sample was subse-
quently analysed using an ultraviolet spectrophotom-
eter at 490 nm.

Experimental design and statistical analysis. Four
factors including extraction temperature, extraction
time extraction frequency, and solid-to-liquid ratio
were identified as key variables. The range of levels
for these factors was determined based on prelimi-
nary single-factor experiments and relevant litera-
ture (Zhang et al. 2023). The independent variables
to be optimised were extraction temperature (80,
90, and 100 °C), extraction time (1.5, 2, and 2.5 h)
extraction frequency (1, 2, and 3), and solid-to-lig-
uid ratio (1:80, 1:100, and 1:120). The response
variable measured was the extraction yield of KGM
(Zhang et al. 2021). Experiments were conducted
using a centre composite design (CCD) of RSM,
with Design Expert Software (version 8.0.6.1, Stat-
Ease,Inc.,USA) establishing the RSM-CCD model.
This model included centre points, 16 factorial
points, and 8 axial points to explore the interac-
tions between factors and optimal KGM extraction
conditions, as shown in Tables 1 and 2. Each factor
was coded with values of -2, -1, 1, 0, 1, and 2 in Ta-
ble 1, where + 2 represented the axial points. To re-
duce errors, a total of 30 experimental runs were
carried out, including six replicates at the centre
point (0) as shown in Table 2. The extraction yield
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Table 1. Process parameters including coded and levels
in factorial design

https://doi.org/10.17221/177/2025-CJES

Table 2. Experimental matrix with factorial design, exper-
imental response values, and predicted response values

Levels

Variables

-2 -1 0 1 2
Extraction 70 8 90 100 110
temperature (°C)
E.xtractlon 1 15 9 95 3
time (h)
Extraction 0 1 9 3 4
frequency
Liquid-to-solid ¢ 1 g1 100:1 120:1 140:1
ratio

of KGM (W) served as the response variable. A sec-
ond-order polynomial equation for the response
value was formulated to analyse the relationship be-
tween the probable optimum conditions and the re-
sponse, as presented in Equation 3.

_ 2
Y= bo + ble1 + b2)2(2+ b3X32+ b4X4+ qul
+ by X, + by X7+ b X "+ b X X, (3)

+ 1913)(1)(3 + b14X1X4 + 1923)(2X3 + 1924)(2X4

+b, XX,
where: Y — the predicted response represents the extrac-
tion yield of KGM; b,~b,, — the regression coefficients,
representing the intercepts, linear, quadratic, and inter-
action terms of the model, respectively; X, X,, X,, and
X, — the independent variables.

The effects and regression coefficients of the indi-
vidual linear, quadratic and interaction terms were
assessed through analysis of variance (ANOVA).
The statistical significance of all the terms in the
mathematical model was confirmed statistically
by computing the P-value differences with P < 0.05
were considered statistically significant. The model's
goodness of fit was evaluated using the coefficient
of determination R

Optimisation conditions of KGM. To maximise
the extraction yield of KGM, numerical and graphical
optimisation methods were performed using Design
Expert Software (version 8.0.6.1) on the independ-
ent variables and response. The maximum extraction
level and the relationship between the actual and pre-
dicted values were evaluated using the conventional
graphical method (Chang et al. 2024). The optimal
conditions for KGM extraction-including tempera-
ture, time frequency, and solid-to-liquid ratio, were
determined using response surface plots and the re-
sults of numerical optimisation.
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Run Levels of factors ~ EXPeri- Pre- o 4ot
number mental - dicted residual
X, X, X, X, W W

1 -1 -1 -1 -1 7.67 7.58 0.090 8
2 1 -1 -1 -1 854 7.94 0.600 8
3 -1 1 -1 -1 835 8.09 0.257 5
4 1 1 -1 -1 916 9.40 -0.2375
5 -1 -1 1 -1 8.02 8.28 -0.257 5
6 1 -1 1 -1 8.87 9.29 -0.4225
7 -1 1 1 -1 711 6.78 0.329 2
8 1 1 1 -1 886 8.74 0.1192
9 -1 -1 -1 1 9.93 8.72 1.21

10 1 -1 -1 1 10.12 10.62 -0.504 2
11 -1 1 -1 1 9.77 9.52 0.247 5
12 1 1 1 1 1395 12.37 1.58

13 -1 -1 1 1 10.89 10.83 0.062 5
14 1 -1 1 1 14.45 13.38 1.07

15 -1 1 1 1 10.34 9.62 0.724 2
16 1 1 1 1 12.85 13.12  -0.2658
17 -2 0 0 0 8.45 9.21 -0.7550
18 2 0 0 0 12.67 13.06 -0.3950
19 0o -2 0 0 9.89 10.24  -0.3467
20 0 2 0 0 9.68 10.48 -0.803 3
21 0 0o -2 0 6.45 7.50 -1.05

22 0 0 2 0 8.84 8.94 -0.1033
23 0 0 0 -2 643 6.10 0.3350
24 0 0 0 2 10.13 11.62 -1.49

25 0 0 0 0 14.54 14.56 -0.016 7
26 0 0 0 0 13.98 14.56 -0.576 7
27 0 0 0 0 15.67 14.56 1.11

28 0 0 0 0 14.78 14.56 0.223 3
29 0 0 0 0 13.55 14.56 -1.01

30 0 0 0 0 14.82 14.56 0.263 3

W — extraction yield of konjac glucomannan; X, — extrac-

1
tion temperature; X, — extraction time; X, — extraction

2 3
frequency; X, — liquid-to-solid ratio

RESULTS AND DISCUSSION

Changes in the extraction factors (extraction temper-
ature, extraction time extraction frequency, and solid-
to-liquid ratio) affected the variation in KGM extraction
yield. RSM was used to explore the levels of these rela-
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tive factors and to establish a second-order polynomial
equation to determine the optimal extraction condi-
tions for KGM. The degree of fit of the second-order
polynomial equation represented the relationships be-
tween the factors and the response values.

Glucose standard curve plots. The standard curve
was plotted with the glucose mass concentration (X) on
the x-axis and the absorbance (A) on the y-axis (Chen
et al. 2022). A was measured at 490 nm. The linear re-
gression equation for one variable was then derived
to describe the relationship between glucose mass
concentration and absorbance (Equation 2). The co-
efficient of determination R*> was 0.989 8, indicating
a strong linear correlation between X and A within
the linear range of 1.13-20.11 pg-mL~! (Figure 1).

A=89017X+0.0169 (4)

where: A and X — absorbance and mass concentration
of glucose.

Optimisation of results for the KGM extraction.
Compared with conventional one-factor optimisa-
tion experiments, RSM can collect a large amount
of experimental data in a short time (Chen et al.
2024). Additionally, this method optimises the num-
ber of experiments to minimise the use of consuma-
bles. In the present study, RSM was successfully used
to optimise the KGM extraction conditions, including
temperature, time, frequency, and liquid-to-solid ra-
tio, to maximise KGM extraction yield. These param-
eters were selected based on previous single-factor
experiments. The design matrix, along with the cor-
responding responses in terms of KGM extraction
yield for 30 runs, was established using CCD and is
presented in Table 2.

2.0 q

y=0.0871x + 0.1531

18 1 R = 0.9898 .

1.6 1
14 A
12 A
1.0 A

0.8 4

Absorbance (A)

0.6 -

0.4 A

0.2 4

0.0

https://doi.org/10.17221/177/2025-CJES

The maximum W value of 15.67% for the KMG ex-
traction yield of KMG was observed in experimental
run 27 (Table 2), which was significantly higher than
the minimum W value of 6.43% recorded in experi-
mental run 23 (P < 0.05). Interestingly, it was found
that there were three identical parameter values (ex-
traction temperature, extraction time, and extrac-
tion frequency) were identical in both runs 23 and
27, with the only difference being the liquid-to-solid
ratio. A higher liquid-to-solid ratio resulted in more
complete dissolution of KGM. The extraction yield
of KGM depended on the liquid-solid ratio in these
two runs, indicating that the liquid-to-solidd ratio
was a major factor in the KGM extraction process.
This finding is therefore valuable for the industrial ex-
traction of KGM.

The data collected from the experimental runs
were analysed using and RSM Design-Expert soft-
ware to fit nonlinear quadratic models for the
extraction yield of KGM (Table 3, Equation 3).
The results of the analysis of variance (ANOVA)
are presented in Table 3 and validate the model.
This model accurately reflects the KGM extraction
conditions, as the variation in the response value
closely corresponds to the variation in the factors.
The F-value of the regression model in Table 3 is
15.36, with a very low probability value (P < 0.000 1),
indicating that the model is highly significant. There
isonly a 0.01% chance that an F-value this large could
occur due to noise. P-values less than 0.05 indicate
that the model terms are significant. As shown as in
Table 3, X, X, Xlz, Xzz, X32, and X42 are significant
model terms (P < 0.05), however, values greater than
0.100 O indicate that the model terms are not sig-
nificant. Therefore, Xz’ X3’ X1X2' X1X3, X1X4, X2X3,
X,X,, and X, X, were not significant within the test-

0 5 10 15 20
Mass concentration of glucose (ug mL™)
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25 Figure 1. Standard glucose curve plot calculating
konjac glucomannan extraction amount
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Table 3. The results and reduced quadratic model of the extraction yield of konjac glucomannan response surface

through analysis of variance (ANOVA)

Source df Sum of squares Mean square F-value Prob > F
Model 14 207.76 14.84 15.36 < 0.000 1
X, 1 22.35 22.35 23.13 0.000 2
X, 1 0.091 3 0.091 3 0.094 5 0.762 8
X, 1 3.14 3.14 3.25 0.091 6
X, 1 45.71 45.71 47.31 < 0.000 1
XX, 1 0.893 0 0.8930 0.924 3 0.3516
XlX3 1 0.429 0 0.4290 0.444 1 0.5153
XX, 1 2.37 2.37 2.45 0.1380
XX, 1 4.04 4.04 4.18 0.058 8
XX, 1 0.081 2 0.081 2 0.084 1 0.775 8
XX, 1 1.97 1.97 2.04 0.173 4
X12 1 20.07 20.07 20.77 0.000 4
X22 1 30.19 30.19 31.25 < 0.000 1
)(32 1 68.83 68.83 71.25 < 0.000 1
)(42 1 55.73 55.73 57.68 < 0.000 1
Residual 15 14.49 0.966 1

Lack of fit 10 11.79 1.18 2.18 0.201 8
Pure error 5 2.70 0.5410

Corrected total 29 222.25

SD 0.9829 R? 0.934 8

Mean 10.63 Adjusted R? 0.8739

CV 9.25 Pred R* 0.677 0

PRESS 71.79 Adequate precision 12.174 6

Values of 'Prob > F' less than 0.050 0 indicate model terms are significant; X1 — extraction temperature; X2 — extraction

time; X,
ed range (P > 0.05). This indicates that the equation
for coded factors in Equation 3 accurately reflects
changes in response values. Based on the magni-
tude the F-values in the regression model, the or-
der of influence of all factors is liquid-to-solid ratio
> extraction temperature > extraction frequency
> extraction time. The model was proven to fit well
when the lack-of-fit value was greater than 0.05.
In the present study, the lack-of-fit F-value was 2.18,
which was not significant relative to pure error,
with a P-value of 0.201 8. This implies that there is
a 20.18% chance that a lack of fit F-value this large
could occur due to noise. A non-significant lack-of-
fit indicates that the regression model fits the data
well and accurately represents the actual situation.
Equation 5 presents the regression equation show-
ing the effect of the extraction conditions on the ex-
traction yield of KGM in terms of the actual values
of the variables.

407

— extraction frequency; X, — liquid-to-solid ratio; PRESS — predicted sum of square

Y = 14.56 + 0.965X, + 0.0617X, + 0.3617X,
+1.38X, — 0.8554X > — 1.05X,” — 1.58X,’
- 1.43X,>+ 0.2363X X, + 0.1638X X,
+0.385X X, — 0.5025X, X, + 0.0713X,X,
+0.3513X,X,

(5)

where: X, X, Xy and X, — extraction temperature,
extraction time, extraction frequency, and liquid-solid
ratio respectively, in the coded factors of the multivari-
ate nonlinear equation.

A determination coefficient R* of 0.998 3 indicates
that the regression model is highly significant. The ad-
justed R* of 0.873 9 shows that more than 87% of the
variation in the response values is explained by chang-
es in the experimental factors included in the model.
Furthermore, the predicted R? of 0.677 0 is reasonably
close to the adjusted R? of 0.873 9, with a difference
of less than 0.2. The adequate precision value meas-
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Figure 2. Scattergram of the predicted response versus
experimental weighted values of the extraction yield
of konjac glucomannan, where the extraction conditions
include extraction temperature, extraction time, extrac-
tion frequency, and liquid-to-solid ratio

Colours indicate clustered; W — value ranges

ures the signal-to-noise ratio, where a desirable signal-
to-noise ratio is greater than 4, in the present model,

https://doi.org/10.17221/177/2025-CJES

the adequate precision value of 12.175 indicates an ad-
equate signal, confirming that this model can be used
to navigate the design space. The reliability and preci-
sion of the experiments are further supported by a low
coefficient of variation (CV) of 9.25. The ANOVA
analysis therefore assumes that the relationship be-
tween the KGM extraction yield and the four extrac-
tion factors is well fitted by the regression model
within the limits of experimental factors. Figure 2
shows the similarities between the predicted and actu-
al values of the experiment. As can be seen in Figure 2,
the values are very close to each other. The extraction
parameters (extraction temperature, extraction time,
extraction frequency, and liquid-to-solid ratio) were
optimised numerically to find the point that maxim-
ises extraction yield of KGM. The optimal conditions
for the extraction yield of KGM are an extraction tem-
perature of 100 °C, an extraction time of 2 h, an extrac-
tion frequency of 2, and a liquid-to-solid ratio of 113 : 1.
Under these conditions, Figure 3 shows that the maxi-
mum extraction yield of KGM is 15.31%.

Effects of extraction process parameters on ex-
traction yield of KGM. The maximum KGM ex-
traction yield was achieved through the interaction
of all extraction factors. As shown in Figure 4, it
was hypothesised that there was a degree of inter-
action between the two factors, as indicated by the

Figure 3. The theoretical optimisation results of the extraction yield of konjac glucomannan (KGM) under the above

extraction conditions obtained by response surface methodology

W — extraction yield of KGM

408
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Figure 4. Three-dimensional contour response surface plots displaying interactions between factors

(A) extraction temperature and extraction time; (B) extraction temperature and extraction frequency; (C) extraction tem-
perature and liquid-to-solid ratio; (D) extraction time and extraction frequency; (E) extraction time and liquid-to-solid
ratio, and (F) extraction frequency and liquid-to-solid ratio; W — extraction yield of konjac glucomannan

steepness of the response surface and the shape
of the three-dimensional contour. The coefficients
in Equation 5 also intuitively reflected the interac-
tion between the two factors. A positive coefficient
implied that the extraction yield of KGM increased
with an increase in extraction temperature, extrac-
tion time, extraction frequency, and liquid-to-solid
ratio. However, the presence of positive interaction
terms between extraction temperature and extrac-
tion time, extraction temperature and extraction fre-
quency, extraction temperature and liquid-to-solid
ratio, extraction time and liquid-to-solid ratio, and
extraction frequency and liquid-to-solid ratio pre-
dicted that an increase in these levels would decrease
the extraction yield of KGM. The negative coeffi-
cient between extraction time and extraction fre-
quency indicated that there was no interaction, and
increase in their levels decreased the extraction yield
of KGM. The liquid-to-solid ratio is an important pa-
rameter in the KGM extraction process. The greater
the amount of solvent, the higher the extraction yield
of KGM. When the amount of solvent reaches a cer-
tain value, the extraction yield of KGM is essentially
complete (Ding et al. 2023).

Response surface plots (Figures 4A—F) were gener-
ated to fit the model effectively as a function of two
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variables while keeping the third variable at its central
point. These plots clearly illustrate the combined influ-
ence of the four factors on the extraction yield of KGM.
The extraction yield of KGM initially increased gradu-
ally and then decreased during the extraction process
with respect to temperature, extraction time, and ex-
traction frequency (Figures 4A-C).

Meanwhile, the extraction yield of KGM increased
rapidly in the early stages of the extraction process.
After this, the extraction yield of KGM slowed down
gradually as the saturation degree of the konjac powder
solution approached saturation with increasing liquid-
to-solid ratio (Figures 4D—-F). It has been demonstrated
that the liquid-to-solid ratio is a critical factor affecting
the extraction yield of polysaccharides (Du et al. 2021).
As the liquid gradually increased, the extraction rate
of polysaccharides increased in line with the increase
in water-soluble polysaccharides. However, once
the water-soluble polysaccharides reached a saturated
state, the extraction rate declined in the later stages
(Fang 2021).

Within a certain range, the extraction yield of KGM
increased with an increase in the extraction times (Fig-
ures 4A and 4D) and also with a corresponding increase
in the extraction frequency (Figures 4B and 4D). How-
ever, beyond this range, the extraction rate decreased,
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possibly due to structural and property changes in the
structures and properties of KGM with increased ex-
traction time. Increasing the extraction frequency
would not enhance the extraction yield of KGM if its
structure were damaged. As can be seen in Figures 3A—
C, the extraction yield of KGM increased signifi-
cantly with rising extraction temperature throughout
the entire extraction process. This may be because
the high-viscosity KGM could not fully dissolve at low-
er temperature; a higher temperatures could facilitate
complete dissolution. These findings are consistent
with those reported by (Yin et al. 2020).

Model validation experiments. As shown in Fig-
ure 3, the theoretical optimal conditions for KGM
extraction were an extraction temperature of 100 °C,
an extraction time of 2 h, an extraction frequency
of 2 and a liquid-to-solid ratio of 113: 1. Under these
conditions, the maximum KGM extraction yield
was 15.31%. To verify the mathematical model’s
predictive accuracy, verification experiments were
conducted under the aforementioned optimised con-
ditions in quintuplicate o further validate the model.
The KGM extraction yield was 14.97%, which is com-
parable to the predicted value of 15.31%. The extrac-
tion temperature, time, frequency, and liquid-to-solid
ratio were all reasonable. This indicates that the
measured extraction yield of KGM is in good agree-
ment with the predicted value. Therefore, the val-
ues obtained for extraction temperature, extraction
time, extraction frequency, and liquid-to-solid ratio
by RSM were real and valid. From the above discus-
sion, it can be concluded that the model can be used
to assess the extraction yield of KGM and that RSM is
valuable for optimising extraction conditions to max-
imise KGM yield.

CONCLUSION

In this study, we investigated the effects of extraction
temperature, extraction time, extraction frequency,
and liquid-to-solid ratio on the yield of KGM extrac-
tion, using RSM to determine the optimal conditions.
The study concluded that the liquid-to-solid ratio and
extraction temperature were the most significant fac-
tors influencing the extraction yield of KGM during
the extraction process followed closely by extraction
frequency and time. The steepness of the response sur-
face and the shape of the three-dimensional contours
plots suggested interactions among the factors in the
response surface plots. RSM was found to enhance
the extraction yield of KGM by incorporating the in-
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teractive effects of the examined factors. These findings
indicate that RSM is effective in optimising the param-
eters of the KGM extraction process.

ANOVA showed that the factors involved in the ex-
traction process were statistically significant. A sec-
ond-order polynomial model was developed to predict
the extraction yield of KGM. Optimising the following
parameters extraction temperature at 100 °C, extraction
time of 2 h, extraction frequency of 2, and a liquid-
to-solid ratio of 113:1 provided optimal conditions
that resulted in a significantly higher extraction yield
of 15.31% compared to other experimental groups. Un-
der these conditions, a high-yield KGM extract can be
obtained. Future studies will investigate the protective
effects of KGM on cells and organs through proteomic
analyses of its immune regulation mechanisms.
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