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Research on complex enzyme system to extract Hibiscus Sabdariffa L reducing sugar
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Abstract

, Wei CHEN', Rui-Ting LI'

Hibiscus Sabdariffa L. has important nutritional and medicinal value. Currently, a safe process extraction of reducing sugar from
Hibiscus Sabdariffa L. calyx by biological complex enzyme system is seldom investigated. In this experiment, the pectinase and
cellulase complex enzyme system was used to optimize the enzymatic hydrolysis of Hibiscus Sabdariffa L. and Box behnken was
used to design the experiment. The results showed that there was significant difference in enzymolysis eftect of Hibiscus Sabdariffa L
under different conditions (p < 0.05). When the enzymolysis temperature was 45 °C, pH 4.5, and the mass volume ratio of
material to liquid was 5g:100ml, the optimum conditions were obtained by response surface methodology: the addition amount
of pectinase and cellulase complex enzyme was 0.011 g/kg, the ratio of mixed enzyme was 1.36:1, the enzymolysis time was
2.09 h, and the reducing sugar content of Hibiscus Sabdariffa L extract was 3.56 mg/ml. The experimental results of reducing
sugar content of Hibiscus Sabdariffa L (3.54 = 0.1mg / ml) were in good agreement with the predicted value of the equation
fitted by response surface. The mixed enzyme system of pectinase and cellulase has the advantages of environmental protection
and energy saving, which can provide guidance for industrial production.

Keywords: Hibiscus Sabdariffa L; cellulase; pectinase; enzymolysis; response surface; methodology.

Practical Application: Efficient extraction of reducing sugars by multiple enzyme systems.

1 Introduction

Hibiscus sabdariffa L., also known as kaketti, luoshenhua,
luoshenkui, shanqie, etc., is an annual shrub of Malvaceae
wood mold genus, which is produced in Africa and has been
planted for hundreds of years. Now it is widely distributed in
tropical and subtropical regions of the world and is a tropical
and subtropical economic crop with a variety of economic uses.
The plant of Hibiscus Sabdariffa is 1.5 to 2 m high. The stem
is light purple, erect, with many branches and alternate leaves.
Hibiscus Sabdariffa blooms in summer and autumn, with long
flowering period, cup-shaped calyx, purplish red, yellow corolla,
good ornamental, and has the reputation of “plant ruby”. Hibiscus
Sabdariffa is not only a ornamental plant, but also has important
nutritional health care and medicinal value. Calyx, seed, leaf and
stem can be used. The unique nutritional value, healthcare and
medicinal value of Hibiscus Sabdariffa determine that Hibiscus
Sabdariffa has broad development and application prospects
(Dhar et al., 2015). Hibiscus Sabdariffa has been used as food raw
materials or medicinal healthcare ingredients in my countries
(Riaz & Chopra, 2018). It is of great significance to develop
Hibiscus Sabdariffa related products through multi-channel, and
speed up the way of industrialization development to promote
the usage of the active component of Hibiscus Sabdariffa and
increase its economic values through deep processing (Salem et al.,
2021). The calyx of Hibiscus Sabdariffa is purplish red, which
contains a lot of organic acids such as citric acid, hibiscic acid,
reducing sugar, vitamin C, protein, natural pigment and minerals
(Zhen et al., 2016). Some studies on the chemical constituents and

pharmacological effects of Hibiscus Sabdariffa calyx show that
Hibiscus Sabdariffa calyx has antioxidant, anti-tumor (Arenas et al.,
2016), cardiovascular protection (Carvajal-Zarrabal et al., 2012),
liver protection, antihypertensive (Dhar et al., 2015), diuretic
and antilithiasis effect (Chen et al., 2020a).

Alot of researches have been done on the extraction, structure
analysis and health tea production of natural pigment from
Hibiscus Sabdariffa calyx. The common extraction methods of
plant ingredients at home and abroad include solvent extraction,
pressure bath extraction, microwave-assisted extraction, ultrasonic
assisted extraction and so on. These methods are usually mixed
with organic solvents, which affect the natural and safety of food.
In the extraction of active components from plant samples, the
use of biological enzymes can soften and decompose the cell
wall, reduce the resistance of pigment extraction and bioactive
substances, change the binding mode between the internal
molecules of substances, and promote the release of effective
components, so as to extract effective components efficiently and
quickly. Due to the specificity of enzyme, the content of active
substance can be increased by using biological enzyme method.
Enzymatic hydrolysis has become one of the most effective and
promising technologies in the field of green deep processing
(Uddin Pk et al.,, 2019). Reducing sugars are reducing sugars.
Monosaccharides containing free aldehyde or ketone groups and
disaccharides containing free aldehyde groups are both reducing
sugars. Reducing sugars include glucose, fructose, galactose,
lactose, maltose, etc. As an important effective component of
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Hibiscus Sabdariffa calyx, reducing sugar can be used as an index
to reflect the enzymatic hydrolysis effect of Hibiscus Sabdariffa
calyx under different enzymatic hydrolysis conditions.

At present, the application of Hibiscus Sabdariffa research,
biological enzymatic hydrolysis technology is rarely involved.
In this study, under the conditions of a certain enzymatic
reaction temperature and initial pH value, the effects of the
amount of pectinase and cellulase compound enzyme, the
proportion of compound enzyme and the enzymatic hydrolysis
time on the reducing sugar concentration of Hibiscus Sabdariffa
enzymatic hydrolysate were studied. The optimal enzymatic
hydrolysis process was obtained by response surface analysis.
The application of pectinase and cellulase compound enzyme
system in Hibiscus Sabdariffa enzymatic hydrolysis process not
only improved the quality of Hibiscus Sabdariffa. The extraction
rate of Hibiscus Sabdariffa can also reduce the cost of Hibiscus
Sabdariffa processing and extraction, which can well replace the
imported plant hydrolase, and provide scientific experimental
basis for the rational and full use of Hibiscus Sabdariffa resources.

2 Materials and methods
2.1 Materials

HibiscuS Sabdariffa L is collected from a local planting farm
and preserved in authors’ laboratory (cold storage). Cellulase
(enzyme activity 1500 NCU/g, optimal temperature 50 °C,
pH 4.5) and pectinase (50 °C and pH 4.5) were purchased from
novozyme Biotechnology Co., Ltd. Glucose standard solution
(5.00 mg/ml) was prepared by accurately weighing 5.000 g
of glucose powder dried at 121 °C, and fixing the volume to
1000 ml with distilled water. Anhydrous ethanol, phenol and
other chemical reagents are analytical pure.

2.2 Sample pretreatment

The Hibiscus Sabdariffa was washed with water and seeded.
The calyx was dried at 55 °C for 10 h, crushed, screened
through 70 mesh sieve, and sealed. 5 mg Hibiscus Sabdariffa L
calyx powder is weighed, added with 100 ml distilled water,
adjusted to the optimum pH value with 0.1 mol/l sodium
hydroxide or hydrochloric acid solution, adding corresponding
enzymes, enzymolysis in a constant temperature water bath at
a predetermined temperature, controlling the pH value of the
reaction system. After the enzymolysis time is reached, the
enzyme is inactivated in boiling water bath for 10min, cooled,
centrifuged at 4000 R/min for 15min, and the supernatant is
determined at constant volume.

The Hibiscus Sabdariffa enzymatic hydrolysate was put
into the extraction container. After the extract was filtered and
concentrated, 95% ethanol was added to freeze centrifugation
for 15 min. the precipitate was collected to obtain the mixture
of Hibiscus Sabdariffa polysaccharide and protein. The mixture
was dissolved in distilled water, decolorized by activated carbon,
deproteinized with Sevage reagent (n-butanol: chloroform = 4:1)
for several times. Finally, the supernatant was constant volume
and shaken to obtain the Hibiscus Sabdariffa polysaccharide
extract (Figure 1).

Complex
enzyme system

Hibiscus Sabdariffa Adding water Enzymolysis Filtration a_nd
calyx dry powder concentration
Activated Sevage 95% {
carbon reagent ethanol

Freeze

Hibiscus Sabdariffa
centrifugation
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Figure 1. Enzymatic extraction process of Hibiscus Sabdariffa reducing
sugar. Put the Hibiscus sabdariffa enzymolysis extract into the extraction
container, filter and concentrate the extract, add 95% ethanol, freeze
and centrifuge for 15 min, collect and precipitate to get the Hibiscus
sabdariffa polysaccharide and protein mixture, dissolve it with distilled
water, decolorize it with activated carbon, deproteinize it with Sevage
reagent several times, finally fix the volume of the supernatant and
shake it up to get Hibiscus sabdariffa polysaccharide extract.

2.3 Determination of reducing sugar content and light
transmittance

Preparation of developer and solution

After the above reaction, the sample was taken out and
cooled to room temperature, and the filtrate was extracted by
vacuum pump (predilution is required for high concentration),
add the pre prepared color reagent, heat it in boiling water bath,
take it out and cool it with tap water, then add distilled water
and mix well. Under the wavelength of 540 nm, measure the
absorbance of the sample with a colorimetric dish and calculate
the content of reducing sugar according to the corresponding
standard curve. The formula for calculating the mass percentage
of reducing sugar in the sample is as follows: Mass percent of
reducing sugar (%) = (reducing sugar mg/ml x sample solution
volume ml) / sample mass mg x 100%, in which X is the content
of reducing sugar in the sample (based on glucose, %); C is the
concentration of glucose standard solution (mg/ml); M is the
mass of sample (g); V is the constant volume of the sample (ml);
V1 is the volume (ml) of glucose standard solution consumed
by titrating 10 ml of Fehling’s solution (5 ml of solution a and
5 ml of solution b); V2 is the average volume of sample solution
consumed in the determination (ml).

Preparation of 3,5-Dinitrosalicylic acid reagent

Dissolved a total of 182 g of potassium sodium tartrate in
500 ml water to prepare potassium sodium tartrate hot solution.
6.3 g of 3,5-Dinitrosalicylic acid was weighed, 262 ml of 2 mol/L
NaOH was added to the hot solution of potassium sodium
tartrate, then 5 g of crystalline phenol and 5 g of sodium bisulfite
were added, stirred and dissolved (Archaina et al., 2019). After
cooling, the volume was fixed to 1000 ml and stored in a brown
bottle for standby.

The production of standard curve

We accurately weighed 100 mg of glucose standard dried
at 105 °C to constant weight, add a small amount of distilled
water to dissolve, and fix the volume to 100 ml to obtain the
reference solution containing 1 mg / ml glucose for standby
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(Lietal.,2019). Then we take different volumes of 0.1% glucose
standard solution and standard glucose solution, fix the volume
to 50 ml, take the tube with plug, and add 2.5 ml of the above
solutions in turn, then add 2.5 ml of 3,5-Dinitrosalicylic acid
chromogenic solution in each tube, and shake well and boil for
5 min, taking another blank as control. After cooling, the model
721 spectrophotometer was used to zero with a blank control tube
at 540 nm wavelength, and the OD value was determined. Each
group of experiments was repeated three times. The standard
curve of glucose was drawn with the optical density value as the
abscissa and the glucose content (mg) as the ordinate.

Determination of light transmittance

The Hibiscus Sabdariffa polysaccharide extract was added to
the cuvette and compared with distilled water. At the wavelength
of 540 nm, the transmittance of the sample was measured and
expressed as t (%).

2.4 Single factor experiment of enzymatic hydrolysis

Effect of pectinase addition on enzymatic hydrolysis of
Hibiscus Sabdariffa was determined as follows, under the
conditions of 50 °C, pH4.5, hydrolysis time 2 h, the effects of
cellulase (Zhou et al.,, 2020) and pectinase (Magro et al., 2018)
complex enzyme dosage of 0 uL, 20 uL, 30 uL, 40 uL, 50 uL
(the enzyme amount is based on the quality of raw materials,
the same below) on the extraction of reducing sugar and light
transmittance of Hibiscus Sabdariffa were studied (Zhao &
Dong, 2016).

Effect of cellulase addition on enzymatic hydrolysis of
Hibiscus Sabdariffa was determined as follows, under the
conditions of 50 °C, pH 4.5, enzymatic hydrolysis time 2 h, the
effects of cellulase and pectinase complex enzyme dosage of
0 puL, 20 uL, 30 pL, 40 uL, 50 pL on the extraction of reducing
sugars and transmittance of Hibiscus Sabdariffa were studied
(Magro et al., 2019).

Eeffect of the addition of cellulase and pectinase on the
enzymatic hydrolysis of Hibiscus Sabdariffa was determined
as follows, under the conditions of 50 °C, pH 4.5, hydrolysis
time 2 h, the effects of cellulase and pectinase complex enzyme
dosage of 0 uL, 20 uL, 30 uL, 40 uL, 50 uL (the enzyme amount
is based on the quality of raw materials, the same below) on
the extraction rate and transmittance of Hibiscus Sabdariffa
reducing sugar were studied.

Effect of the ratio of cellulase to pectinase on enzymatic
hydrolysis of Hibiscus Sabdariffawas determined as follows,
under the conditions of enzymolysis temperature 50 °C, pH 4.5,
enzymolysis time 2 h, the effects of cellulase and pectinase complex
enzyme addition amount of 40 pL and the ratio of cellulase to
pectinase 1:2, 1:3, 1:1, 2:1, 3:1 on the extraction rate and light
transmittance of Hibiscus Sabdariffa reducing sugar were studied.

Effect of enzymatic hydrolysis time of cellulase and pectinase
on enzymatic hydrolysis of Hibiscus Sabdariffa was determined as
follows, under the conditions of enzymolysis temperature 50 °C,
pH 4.5, the total addition amount of cellulase and pectinase was
40 pL, the ratio of Pectinase to cellulase was 1:3, the extraction

Food Sci. Technol, Campinas, v42, e38621, 2022

rate and transmittance of Hibiscus Sabdariffa reducing sugar
were studied at 0,2 h,4h,6h,8h, 10 h.

Effect of enzymatic hydrolysis temperature of cellulase
and pectinase complex enzyme on enzymatic hydrolysis effect
of Hibiscus Sabdariffa was determined as follows, under the
condition of pH 4.5, the total amount of cellulase and pectinase
complex enzyme was 40 uL, the ratio of pectinase and cellulase
was 1:3, and the enzymolysis time was 6 h. The extraction rate
and transmittance of Hibiscus Sabdariffa reducing sugar were
studied at 35 °C, 40 °C, 45 °C, 50 °C, 55 °C and 60 °C.

2.5 Optimization of enzymatic hydrolysis process by
response surface methodology

According to box-Behnken’s central composite experiment
design principle and the results of single factor experiment, the
experiment was designed with the ratio of complex enzyme,
enzymolysis time, enzymolysis temperature and compound
enzyme dosage as independent variables and the extraction rate
of Hibiscus Sabdariffa reducing sugar as response value. The
response surface analysis method of 3 factors (factorA-Compound
enzyme dosage, factor B-Compound enzyme ratio, and factor
C-Enzymolysis time) and 3 levels was used (as shown in Table 1
notes). The design of test factors and levels is. Combined with
the experimental results, regression analysis was carried out to
investigate the effects of complex enzyme dosage, compound
enzyme ratio and enzymatic hydrolysis time on the extraction
rate of Hibiscus Sabdariffa reducing sugar. Response surface
methodology was used to optimize the extraction conditions
(Li et al., 2016). With the experiment conducted in a random
order, the response values were analyzed by design expert v8.0
software, and the response surface analysis chart and variance
analysis table were given.

2.6 Verification test

Under the optimal extraction conditions of reducing sugar
from Hibiscus Sabdariffa by cellulase and pectinase complex
enzyme, three groups of validation tests were carried out in
parallel.

2.7 Statistical analysis

Quantitative data are represented as mean + SD. To evaluate
the differences at 95% confidence level (p < 0.05), a one-way
analysis of variance (ANOVA) followed by Tukey’s test was
performed using Minitab 16 statistical software (Minitab Inc.,
Pennsylvania).

3 Results and discussion
3.1 Determination of reducing sugar and light transmittance

In the experiment of reducing sugar determination, the
standard curve method is needed for quantitative analysis. The
standard curve is shown in Figure 2: A = 8.7904c + 0.0052 (a is
the absorbance value, Cis the concentration of glucose solution).
The linear correlation coeflicient R? = 0.9991, which meets the
requirements of standard curve. The results showed that there
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Table 1. Box-Behnken experimental design and results for response surface analysis.

Experiment Compound enzyme Complex enzyme ratio Enzymolysis time ~ Concentration of reducing sugar
numbers dosage (A) (cellulase: pectinase) (B) (©) (R1 mg/ml)

1 1 0 1 1.62483
2 0 0 0 3.31251
3 1 -1 0 2.1218

4 -1 1 0 2.97699
5 0 0 0 3.22926
6 0 -1 3.23936
7 0 -1 1 2.23784
8 1 0 2.18991
9 -1 0 1.84935
10 0 -1 -1 3.22674
11 0 1 2.39677
12 -1 0 -1 3.29485
13 -1 -1 0 2.67679
14 0 0 3.21161
15 0 0 0 3.24188
16 1 0 -1 2.7222

17 0 0 0 3.26206

For factor A, factor coding -1 = 30 pL, 0 = 40 pL, 1 = 50uL; for factor B, factor coding -1 = 2:1, 0 = 1:1, 1 = 1:2; for factor C, factor coding -1 =2h,0=4h,1=6h.
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Figure 2. Standard curve of glucose concentration-absorbance. The
standard curve of glucose concentration absorbance was drawn:
A =8.7904x + 0.0052 (a is the absorbance value, C is the concentration
of glucose solution).

was a good linear relationship between glucose and absorbance
in the range of 0.00-0.05 mg/ml.

3.2 Effect of various factors on enzymatic hydrolysis of
cellulase and pectinase compound enzyme

Effect of pectinase addition on enzymatic hydrolysis

Under different dosage of pectinase, the concentration of
reducing sugar and light transmittance of Hibiscus Sabdariffa
were determined to study the effect of pectinase dosage on
enzymatic hydrolysis. With the increase of pectinase dosage, the
extraction rate of reducing sugar in Hibiscus Sabdariffa extract
increases continuously. When it reaches 40 uL, the extraction
rate of reducing sugar begins to decrease; between 0 and 40 L,

the transmittance increases continuously, and after 40 pL, the
light transmittance begins to decrease. When the amount of
pectinase was 40 uL, the concentration of reducing sugar was
the highest, reaching 1.075 mg/ml.

Effect of cellulase addition on enzymatic hydrolysis

In order to study the effect of pectinase dosage on the
enzymatic hydrolysis of Hibiscus Sabdariffa, the concentration
of reducing sugar and light transmittance of reducing sugar were
measured with different pectinase dosage (Liao et al., 2015).

It can be seen from Figure that when the dosage of cellulase
is increased from 0 pL to 35 uL, the extraction rate and light
transmittance of the extraction solution continue to increase.
However, when the dosage exceeds 35 pL, the concentration
of reducing sugar begins to decrease, and the increase of light
transmittance tends to be gentle. At this time, the concentration
of reducing sugar in the extract is 0.392 mg/ml.

The results showed that cellulase could obviously improve
the light transmittance of the extract, which indicated that the
extract of Hibiscus Sabdariffa contained a certain amount of fiber
and hemifiber. With the increase of the dosage of cellulase, the
content of soluble solids in the extract also increased. On the
one hand, some fibers were degraded into soluble substances
by cellulase, on the other hand, it was due to the addition of
cellulase protein.

Effect of cellulase and pectinase compound enzyme addition on
enzymatic hydrolysis

The concentration of reducing sugar and light transmittance
of Hibiscus Sabdariffa were measured when adding different
doses of pectinase and cellulase complex enzyme, so as to study
the effect of complex enzyme on enzymatic hydrolysis (Ma et al.,

Food Sci. Technol, Campinas, v42,e38621, 2022
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2018). As shown in Figure 3, when the ratio of cellulase to
pectinase was 1:1, with the increase of the amount of cellulase
and pectinase complex enzyme, the concentration of reducing
sugar in Hibiscus Sabdariffa enzymatic hydrolysate first increased
and then decreased slightly, and the amount of compound
enzyme was 40 in the enzymatic reaction, when the substrate
concentration is far greater than the enzyme concentration, the
reaction speed will be accelerated with the increase of enzyme
dosage; when the substrate is fully combined with the enzyme,
the reaction speed will not change with the increase of enzyme
dosage; however, with the increase of enzymatic hydrolysis
products, it will inhibit the enzymatic hydrolysis reaction. The
extraction of reducing sugars increased firstly and then decreased.

The results showed that the light transmittance of Hibiscus
Sabdariffa enzymatic hydrolysate decreased significantly at the
beginning stage, and tended to be flat at the later stage; with the
increase of the complex enzyme dosage from 10 pL to 40 pL, the
light transmittance of the extract increased continuously, and
reached the maximum at 40 mL uL. then, with the increase of the
complex enzyme dosage, the light transmittance of the extract
decreased, which may be due to the increase of the turbidity of
the extraction solution, so that the light transmittance decreased
Down. Therefore, 40 pl of cellulase and pectinase compound
enzyme can achieve better enzymatic hydrolysis effect. At the
same time, the results showed that the extraction efficiency of
pectinase mixed with cellulase was higher than that of single
enzyme, and the extraction effect of pectinase was better than
that of cellulase.

Effect of the ratio of cellulase to pectinase on enzymatic
hydrolysis

The concentration of reducing sugar and light transmittance
of Hibiscus Sabdariffa were determined under different ratio of
pectinase and cellulase, so as to study the effect of the ratio of
pectinase and cellulase on enzymatic hydrolysis. As shown in
Figure 3, under the condition of 40 uL of cellulase and pectinase
complex enzyme, when the ratio of cellulase to pectinase was 1:3,
the concentration of reducing sugar from Hibiscus Sabdariffa
was the highest, reaching 2.808 mg/ml; the light transmittance
of enzymatic hydrolysate of Hibiscus Sabdariffa first decreased
and then increased, and with the increase of the ratio of cellulase
and pectinase, the change of light transmittance tended to be
stable. Therefore, when the ratio of cellulase to pectinase is 1:3,
the higher concentration of reducing sugar can be obtained.

Effect of enzymatic hydrolysis time of pectinase and cellulase
composite enzyme on enzymatic hydrolysis effect

Under different enzymolysis time, the concentration of
reducing sugar and light transmittance of Hibiscus Sabdariffa
were measured, so as to study the effect of enzymolysis time on
the enzymolysis effect of complex enzyme. As shown in Figure 3,
with the extension of enzymolysis time, the concentration of
reducing sugar from Hibiscus Sabdariffa rises continuously, and
it has a downward trend when the enzymolysis time is 8 h. When
the enzymolysis time is 6h, the concentration of reducing sugar
is the highest; the transmittance reaches the maximum value
between 2-6 h. The reason may be that with the extension of time,
the components in Hibiscus Sabdariffa reducing sugar lose their
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Figure 3. Effect of various factors on enzymatic hydrolysis of cellulase and pectinase compound enzyme. The effect of pectinase addition, cellulase
addition, cellulase and pectinase compound enzyme addition, the ratio of cellulase to pectinase, enzymatic hydrolysis time of pectinase and
cellulase composite enzyme, hydrolysis temperature of cellulase and pectinase composite enzyme on enzymatic hydrolysis was determined, and
the results show that among them, the amount of compound enzyme, the proportion of compound enzyme and the time of enzymatic hydrolysis
have the most significant effect on the enzymatic hydrolysis effect, including the influence of various factors on the reducing sugar concentration

and the light transmittance of the enzymatic hydrolysis solution.
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activity. Through the above experiments, it can be seen that the
enzymatic hydrolysis effect of pectinase and cellulase composite
enzyme is better than that of pectinase or cellulase alone, which
can obtain higher the concentration of reducing sugar.

Effect of hydrolysis temperature of cellulase and pectinase
composite enzyme on enzymatic hydrolysis effect

In order to study the effect of enzymolysis temperature on the
enzymatic hydrolysis of Hibiscus Sabdariffa, the concentration
of reducing sugar and light transmittance of Hibiscus Sabdariffa
were measured under different enzymolysis temperature
(Gonzalez-Palomares et al., 2009). Under the condition of pH 4.5,
the total amount of cellulase and pectinase complex enzyme was
40 L, the ratio of Pectinase to cellulase was 1:3, the enzymolysis
time was 6 h, the extraction rate and transmittance of reducing
sugar were studied at 35 °C, 40 °C, 45 °C, 50 °C, 55 °C and 60 °C.

As shown in Figure 3, with the increase of enzymolysis
temperature, the extraction of reducing sugar in Hibiscus Sabdariffa
enzymatic hydrolysate firstly decreased and then increased,
and the rising trend tended to be gentle at the enzymolysis
temperature of 45 °C; the transmittance showed an increasing
trend between 45 °C and 50 °C, and showed a downward trend
after the enzymolysis temperature of 50 °C. Considering the
effect of energy saving and enzymatic hydrolysis, 45 °C was
selected as the temperature condition of enzymatic hydrolysis.

3.3 Optimization of complex enzyme system for enzymatic
hydrolysis of Hibiscus Sabdariffa by Response Surface
Methodology

According to the results of single factor test, according
to the box Behnken design method, taking the amount of
complex enzyme, the proportion of complex enzyme and the
time of enzymatic hydrolysis as variables (Cai et al., 2019), the
concentration of reducing sugar as the response value, and
the variable level represented by -1, 0, 1 respectively, repeated
5 times at the central point, a total of 17 times (Li et al., 2021).

Table 2. ANOVA for Response Surface Quadratic Model.

The experimental results are shown in Table 1, and design expert
8.0 was applied The results were analyzed by multiple regression
(Marin et al., 2019).

The software was used to conduct multiple regression
analysis on the experimental data. The quadratic regression
equation was established with reducing sugar extraction rate
(R1) as dependent variable, compound enzyme addition amount
(a), compound enzyme proportion (b) and enzymolysis time
(c) as independent variables: R1 = 3.26 - 0.29A + 0.091B -
0.42C-0.058AB + 0.14AC- 0.011BC - 0.51A? - 0.26B* - 0.28C.

Design expert 8.0 was used to analyze the variance of the
test results in Table 1. The results are shown in Table 2.

It can be seen that f = 148.02 > f0.01 (9,4) = 14.66,
p <0.0001, indicating that the model equation (1) is extremely
significant; F = 6.00<f0.05 (9,3) = 8.81, and the mismatch term
p = 0.0875 > 0.05, the difference is not significant. The positive
coefficient of determination R* adj = 0.9881, that is, the model
can explain 98.81%, and 0.19% variation can not be explained
by the model; the model determination coefficient R* = 0.9948,
the correlation between the predicted value and the actual value
is good, and this model can be used to analyze and predict the
reducing sugar content of Hibiscus Sabdariffa.

From the significance test, it can be seen that the p value
corresponding to A%, B2and C?is less than 0.01, and the influence
is extremely significant; the p value corresponding to AB is
less than 0.05, which has significant influence; a, B, C, AC, BC
have no significant influence on the results. According to F
test, the contribution rate of each factor was enzymolysis time
> compound enzyme dosage > compound enzyme proportion.

3.4 Interaction analysis of complex enzymatic hydrolysis

The response surface and contour lines of the interaction
among the three factors, such as the amount of complex enzyme,
the ratio of complex enzyme and enzymatic hydrolysis time, are
shown in Figure 4. The contour shape in the figure can reflect the

Source Sum of Squares Df Mean Square F Value p-value Significance
Model 4.11 9 0.46 148.02 < 0.0001 e
A- Amount of compound enzyme 0.68 1 0.68 221.96 <0.0001 **
B- Complex enzyme ratio 0.067 1 0.067 21.61 0.0023 bl
C- Enzymolysis time 141 1 1.41 459.12 < 0.0001 il
AB 0.013 1 0.013 4.37 0.0749
AC 0.075 1 0.075 24.37 0.0017 il
BC 0.0004772 1 0.0004772 0.15 0.7057
A? 1.08 1 1.08 351.18 < 0.0001 ot
B2 0.28 1 0.28 90.32 < 0.0001 il
C? 0.32 1 0.32 103.84 < 0.0001 ot
Residual 0.022 7 0.003082
Lack of Fit 0.017 3 0.005572 4.59 0.0875
Pure Error 0.004855 4 0.001214
Cor Total 4.13 16
R? 0.9948
R’adj 0.9881

**Extremely significant difference (p < 0.01).
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Figure 4. Response surface and contour plot for composite enzyme ratio and time on reducing sugar content and enzyme additive contents.
The figure shows the response surface and contour of the interaction among the three factors of compound enzyme dosage, compound enzyme
ratio and enzymolysis time. The contour shape in the figure can reflect the size of the interaction, when it is oval, it means that the interaction is
significant, and the interaction between the amount of compound enzyme and Enzymolysis time is the most significant.

interaction size (Chen et al., 2020b). When it is oval, it indicates
that the interaction is significant, while the circle indicates that
the interaction is not significant (Liu et al., 2019).

As Figure 4 showed, when the enzymolysis time is 4 h, the
extraction rate of Hibiscus Sabdariffa reducing sugar increases
first and then decreases with the increase of the complex
enzyme proportion; when the complex enzyme dosage is fixed,
the extraction rate of Hibiscus Sabdariffa reducing sugar first
increases and then decreases with the increase of complex
enzyme proportion.

When the ratio of complex enzyme is 1:1, the concentration
of reducing sugar increases first and then decreases with the
increase of the proportion of cellulase in the composite enzyme
with the addition amount of complex enzyme; the concentration
of reducing sugar from Hibiscus Sabdariffa decreases with the
extension of enzymatic hydrolysis time with the addition of
complex enzyme.

When the enzyme dosage is 40 pL and the hydrolysis time
is fixed, the concentration of reducing sugar increases first and
then decreases with the increase of the proportion of Pectinase
in the composite enzyme, and the concentration of reducing
sugar from Hibiscus Sabdariffa decreases with the increase of
the proportion of complex enzyme.

3.5 Simulation and verification of optimal enzymatic
hydrolysis conditions by response surface analysis

The regression equation is solved by design expert system,
and a group of optimization schemes are obtained. The optimal
conditions of enzymatic hydrolysis were as follows: 0.011 g/kg of

Food Sci. Technol, Campinas, v42, e38621, 2022

pectinase and cellulase, 1.36:1 of compound enzyme ratio, 2.09 h
of enzymatic hydrolysis time, and the concentration of reducing
sugar of Hibiscus Sabdariffa was 3.56 mg/ml. Combined with the
actual experiment, under the conditions of compound enzyme
ratio of 1.36:1, addition amount of 0.011 g/kg, enzymolysis time
of 135 min and enzymolysis temperature of 45 °C, the extraction
rate of Hibiscus Sabdariffa reducing sugar reached 3.54 + 0.1%,
which showed that the predicted value of the model was in good
agreement with the actual value of the experiment, which had
the value of guiding the actual production.

4 Conclusion

The results showed that the enzymatic hydrolysis process of
Hibiscus Sabdariffa was optimized by response surface analysis.
The main factors affecting the enzymatic hydrolysis of Hibiscus
Sabdariffa were enzymatic hydrolysis time, and the secondary
factors were the amount of complex enzyme and the proportion
of complex enzyme. The results showed that the extraction
efficiency of pectinase mixed with cellulase was higher than
that of single enzyme, and the extraction effect of pectinase
was better than that of cellulase. The optimum conditions for
enzymatic hydrolysis of Hibiscus Sabdariffa were as follows: the
addition of pectinase and cellulase was 0.011 g/kg, the ratio of
mixed enzyme was 1.36:1, the enzymolysis time was 2.09 h, and
the concentration of reducing sugar from Hibiscus Sabdariffa
was 3.565. In this experiment, pectinase and cellulase were
used in combination, which was conducive to the retention of
nutrients and material saving. The results of this study have a
guiding role in the development and utilization of enzymatic
hydrolysis technology of Hibiscus Sabdariffa.
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