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The effect of pectinase addition on clarity and
quality of Ca na (Elaeocarpus hygrophilus) wine

The hydrolysis roles a crucial play in the winemaking process, and Ca na wine is a novel alcoholic beverage. In
order to produce good quality products, the hydrolysis temperature at 30, 45 and 60 °C and time for 3, 5 and 7
hours, which were studied with the investigated addition of pectinase concentration at 1.0, 2.5 and 4.0 % (v.v").
The evaluation of the product was based on the clarity, the content of ethanol, saccharose and the bioactive
compounds. The optimal condition of the pectinase hydrolysis was figured out using the Response Surface
Method (RSM). The optimum parameters were 1 % (v.v') pectinase addition and the hydrolysis conducted at
39.96 °C during 5 hours 45 minutes. With these optimal parameters, the clarity (expressed under the transpar-
ency T %), the content of saccharose, ethanol, phenolic, flavonoid and tannin (per 100 g of dry matter) were
25.85g,9.28 % v.v', 38.24 g, 10.34 g tannic acid equivalent (TAE), 4.06 g quercetin equivalent (QE) and 3.50 g TAE,
respectively. The compatibility between the predictive model and the research’s objectives was highly matched

and could be used as a reference in calculating and optimizing the processing design for the food industry,

especially in the wine or alcoholic beverage industry.

Descriptors: Bioactive compounds, Elaeocarpus hygrophilus, hydrolysis process, pectinase, winemaking process.

1 Introduction

Pectinases are a large group of enzymes that break down pectic
polysaccharides of plant tissue into simpler molecules such as
galacturonic acid. It has been used widely to increase the yield and
clarity of fruit juices. Since pectic substances are a very complex
group of macromolecules, various pectinolyticenzymes arerequired
to degrade it completely [1]. Pectinase is one of the most widely
distributed enzymes from microorganisms (yeasts, fungi, bacteria)
and grapes but also performed by commercial enzymatic prepara-
tions added exogenously[2]. The mechanism of pectinase enzymein
clarifying fruitjuiceis breaking down pectin and causing suspended
particles to settle, without unwanted changes in color, taste and
stability [3]. The pectinase was first used commercially in 1930 in
wine and fruit juices [4]. It is better to use pectinase enzymes in
wine, bringing high yield when adding enzymes before fermenta-
tion. As the performance of pectinase enzyme in making banana
wine enhances clarity without affecting any other characteristics of
the wine [5]. Pectinase pretreatment does not affect yeast growth,
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nor ethanol and glycerol production, but significantly increases
juice/alcohol yield [6].

Ca na (Elaeocarpus hygrophilus) fruit is olive-like, about 3 cm long
with a pointed tip, its color is green and turns to pale yellow when
it ripes [7]. This fruit is rich in phenolic compounds and triterpe-
noids, including tannin, gallic acid, ferulic acid and rutin, the main
macronutrientis carbohydrates (12 %), other micronutrientsinclude
calcium, iron, vitamin C[8-10]. Canais mainly processed to produce
lacticfermented product, jam, pickle with rice wine, but they are still
under a household scale and discrete, so theyield and selling-value
are not efficient. In order to enhance its commercial value, this fruit
can be used as a raw material for creating a variety of beverage
products that will help increase not only the value and diversify
productsfrom Cana, butalsoraiseincomefor growers. Meanwhile,
the process of making fruit beverages from Ca na, especially wine
processing, is facing some unqualified criteria due to the turbidity
caused by juice solid matters, cloudifiers from polysaccharides or
combinations of these. Clarity is one of the important features that
affect the evaluation and decision making of almost all customers
in the market. Hydrolysis process with the addition of pectinase
enzyme can enhance the speed of process and improve clarifica-
tion andfiltration [2]. Therefore, this paper aimed to determine the
optimal condition for the hydrolysis process and proper amount
of pectinase enzyme addition in making good quality Ca na wine.

2  Materials and methods
2.1 Materials
Ca na (Elaeocarpus hygrophilus) fruits was collected at Thoai Son

district, An Giang province, Vietnam with the required maturity,
weight and without damage. They were transported to The Experi-
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mental Practical Area- An Giang University (Vietnam)within 1 hour.
Ca na was washed and its flesh was separated for the research.

Saccharomyces cerevisiae (3x10' cfu.g') was provided by Angel
Yeast Co. Ltd (China). Before entering to the main fermentation
S. cerevisiae passed the activation twice. In the first activation, 2 g of
yeast was added into 10 mL of sterilized Hansen liquid medium (is
a type of culture medium used to grow microorganisms for faster
growth as their energy source) in the test tube, incubated in the
room temperature for 24 hours. After that, 10 mL of yeast medium
that had been activated in the first time was put into the 250 mL
erlen, which contained 45 mL Hansen medium and 45 mL of Ca na
juice. Saccharose was added to the mixture for the fermentation to
get 18 °Brix and the pH was modified to get 4.5 by using Na,CO,.
The mixture was ready for the incubation and it was carried out
at room temperature (28 - 30 °C) on the shaking machine in 24
hours to perform the 2" activation of S. cerevisiae. In this state, the
density of yeast cell was 108 cfu.mL" [7, 11].

Pectinase enzyme was synthesized by Aspergillus niger with activity
of 300 U. mL". Pectinase was provided by Nanjing Duly Biotech
Co., Ltd (China).

2.2 Experimental Design

The research was designed with 3 factors including pectinase
concentration (1 - 4 %), hydrolysis temperature (30 - 60 °C) and
time (3 - 7 hours) using Response Surface Methodology (RSM)
with Box-Behnken Design (BBD), a mid-level between the original
low- and high-level of the factors. In order to collect and analyze
data, the STAGRAPHICS centurion software, version 16.1 was used,
including 5 replications of central points and 17 numbers of treat-
ments. Each factor was surveyed with 3 levels, coded from -1 to
+1. The level of encrypted was shown in table 1.

2.3 Experimental Methods

Each 500 g of flesh was crushed with water at ratio of 1:2 (w.v") for
5 minutes and adjusted to 23 °Bx and pH 4.2 (with saccharose and
Na,CO,, respectively); heated at 85 °C for 15 minutes and cooled
to 40 °C. Saccharomyces cerevisiae after 2nd activation was added
with the optimum condition with the yeast content at 0.24 % (w/w,
compared to raw materials) to the solution and fermented at room
temperature (28 - 30 °C) for 11.5 days [7]. After the fermentation,
the mixture was filtered through PE filter bag (10 pm filter hole
diameter), and the fruit fluid (supernatant) was used for the hy-
drolysis process. Each sample was 400 mL of fruit fluid, the amount
of pectinase addition and hydrolysis temperature and time were
as designed in table 2.

2.4 Analytical Method
2.4.1 Determination of the clarity

The clarity of the solution after pectinase enzyme treated was
presented through the transmittance (T (%)) of the solution based
on the theory of Lambert-Beer. Briefly, this assay was measured
using a UV-visible spectrophotometer (V730, Jasco, Japan) with
absorption of 435 nm.

Table 1 Variable coding and survey levels of pectinase content,
hydrolysis temperature and time
Variables Codes Levels
-1 0 +1
5)2(3}\[;?)56 concentration A 1 25 4
Hydrolysis temperature (°C) B 30 45 60
Hydrolysis time (hours) C 3 5 7
Table 2 Experiment layout according to Box-Behnken Design
Pectinase Hydrolysis Hydrolysis
Runs concentration temperature time
(% v.v') (°C) (hours)
1 2,5(0) 45 (0) 5(0)
2 4,0 (+1) 60 (+ 1) 5 (0)
3 2,5(0) 30(-1) 7(+1)
4 1,0(-1) 45 (0) 3(-1)
5 2,5(0) 45 (0) 5(0)
6 1,0(-1) 60 (+1) 5 (0)
7 4,0(+1) 45 (0) 3(-1)
8 2,5(0) 45 (0) 5 (0)
9 40(+1) 30(-1) 5(0)
10 2,5(0) 45 (0) 5(0)
1M 2,5(0) 60 (+1) 7(+1)
12 2,5(0) 45 (0) 5(0)
13 2,5(0) 30(-1) 3(-1)
14 1,0(-1) 45 (0) 7(+1)
15 2,5(0) 60 (+1) 3(-1)
16 1,0(-1) 30(-1) 5(0)
17 40(+1) 45 (0) 7(+1)

2.4.2 Determination of colour

Color analysis was measured through L, a, b values using a color-
imeter (Konica Minolta CR400) of the solution after the hydrolysis
process.

2.4.3 Determination of phenolic content

Phenolic content (g TAE.100 g of dry matter) was indicated by the
Folin-Ciocalteu reagent [12] with some modifications. Briefly, 0.15
mL of the sample was mixed with 1.2 mL of distilled water and 0.45
mL of 5 % (w/v) Na,CO, in a test tube. The mixture was added to
0.1 mL of Folin-Ciocalteu reagent and left at room temperature
for 90 minutes for the reaction. Phenolic in the extract reacts with
Folin-Ciocalteu toformaphosphomolybdenum complexwith ablue
color in the alkaline medium. The concentration of total phenolics
was calculated equally to the standard tannic acid graph (TAE),
y =0.0021x + 0.0064 (R? = 0.9999), where y is the absorbance and
x is the concentration of the solution in the tube.

2.4.4 Determination of flavonoid content

Flavonoid content can be observed through the colorimetric
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reaction using the aluminum chloride, a stable acid complex is
formed by AICI, with the C-4 keto groups and the hydroxyl C-3 or
C-5 group of the flavone and flavonol. According to the assay of
[12] with some modifications, 0.1 mL of the sample mixed with 1.2
mL of distilled water and 30 pL of 5 % (w/v) NaNO,. After 5 mins,
the mixture was added with 10 % (w/v) AICI,.H,0 (60 pL), 0.2 mL of
1 M NaOH and 0.11 mL of distilled water. The absorbance of the
samples was measured at 510 nm. The total flavonoid concentra-
tion was calculated based on the standard quercetin graph (QE),
y=8.2634x + 0.0182 (R? = 0.9999), where y is the absorbance, and
x is the concentration of the solution.

2.4.5 Determination of tannin content

This assay was carried out based on the Folin-Denis method [13].
Briefly, a sample (0.5 mL) with the addition of distilled water (0.5
mL) and Folin-Denis (0.5 mL) and 2 mL of 20 % Na,CO,. The mixture
was vortexed well and kept in boiling water for 1 min and cooled
at room temperature. The absorbance of the samples was meas-
ured at 700 nm. The concentration of tannin was calculated using
standard tannicacid graph (TAE), y=0.0098x + 0.0478 (R?= 0.9999),
where y is the absorbance and x is the concentration of solution.

2.4.6 Determination of saccharose content

Determination of saccharose content (g/100 g dry matter) was
conducted using the DNS method [14] with certain adaptations.
This technique relies on the oxidation of the C=0 group facilitated
by 3,5-Dinitrosalicylic acid, causing a color change from yellow to
orange-redinanalkaline environment. Inthe procedure, an aliquot
(1 mL) of the sample was placed in a test tube, followed by the ad-
dition of 2 mL of DNS reagent. Subsequently, the tubes containing
the blank, standard glucose solution, and samples were subjected
to boiling water for 10 minutes. Afterward, 7 mL of distilled water
was introduced, and the resulting solution was analyzed at an ab-
sorbance of 575 nm. The concentration of sucrose was determined
based on a standard curve of glucose, expressed by the equationy
=23885x +0.126 (R2=0.9999), where y represents the absorbance,
and x corresponds to the concentration of the solution in the tube.

2.4.7 Determination of total acid content

This method is based on a quantitative analytical method using an
acid-base titration [15]. Astandard base solution (0.1 N NaOH) was
prepared to precisely neutralize the total acid of the samples. The
total acids content is calculated using equation (1):

nxV;
x: —
Vo x V3 (Eg. 1)

Where, n is the volume of 0.1 N NaOH to titrate (mL); V, is the
capacity of used volumetric flask (mL); V, is the volume of raw
sample (mL), and V, is the volume of diluted sample to titrate (mL).

2.4.8 Ethanol content
Ethanol content (%) was measured using spectrophotometric

method [16]. The assay based on the reaction by solvent extrac-
tion and dichromate oxidation with some modifications. the liquid

ethanol in the sample was extracted using Tri-n-butyl phosphate
(TBP, Sigma Aldrich, USA). A mixture of 1 mL of wine and 1 mL of
distilled water was vigorously vortexed for 1 minute. The mixture
was centrifuged to obtain 0.5 mL of the clear and transparent
upper layer. This was then combined with 0.5 mL of dichromate
reagent (containing 10 % w/v of K,.Cr,0,in 5 M H,SO,) and vortexed
vigorously for 1 minute. The mixture was left undisturbed for 10
minutes atroom temperature to allow oxidationin the lower phase,
resulting in a blue-green color. The oxidation product (1 mL) was
diluted with 9 mL of deionized water. The optical density at 595 nm
of the tested sample was measured using a spectrophotometer
(T80+ UV/Vis Spectrometer, PG Instrument Ltd., USA). The ethanol
concentration in the sample was determined from the ethanol
standard curve, expressed by the equationy =0.0164x + 0.013 (R?
=0.9999), where y represents the absorbance, and x corresponds
to the concentration of the solution in the tube.

2.4.9 Sensory evaluation

The sensory attributes of Ca na wine were assessed based on
parameters such as color, flavor, taste, clarity, and preferred
preference. The evaluation employed the Quantitative Descriptive
Analysis method (QDA). In this approach, sensory panelists were
provided with instructions to assess the Ca na wine's sensory at-
tributes concerningcolor, taste, flavor and clarity. Each attribute was
represented on a descriptive scale spanning from 1 to 5, indicating
sensory values from poor to excellent [17]. The level of preference
was determined using the Hedonic scale from 1 to 9.

2.5 Data analysis methods

Datawere collected and processed by STAGRAPHICS Centurion 16.1
software for analysis variance (ANOVA), LSD test to conclude the
difference between the average of experiments at 5 % confidence
(P=0.05)and Microsoft Excel software for calculatingand graphing.

The appropriateness of the predicted model was assessed through
the correlation coefficient R% Equation optimize the response sur-
face of general form experiments according to equation 2.

k . k ) k K
Y = BO +Z Ble"rZ BHXL +Z Z BI,]XLX]
i=1 i=1 i=1 j=1
(Eq. 2)

Where, Y is object function, 8, is constant, B, is linear coefficient,
B, is square coefficient, B, is interaction coefficient and X, X are
survey variables.

3 Results and discussions

3.1 Effect of added pectinase enzyme concentration,
hydrolysis temperature and time on clarity and
color of the wine product

Pectin, polyphenols, tannins, and yeast residues coexisting in fruit
winesforalongtime, which produce turbid colloids and precipitates,
making wines cloudy and possibly damaging during the storage
[18]. The application of pectinase enzyme in making fruit wine is an
effective treatment in terms of cost and quality aspects [19]. The
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Y,=125,295 - 1,569, - 26,344X, - 0,612X,+ 0,001X,2+ 0,357X,X, - 0,222X, X, + 1,254X,> -
0,363X,X;+ 2,847X%, R2=0.998, Pyuyue acteori=0-118

Hydrolysis temperature(°C)

a. Hydrolysis temperature and time

Fig. 1

Hydrolysis temperature (°C)

a. Lvalue
Fig. 2
(a factor fixed in a central position)

Y,=6,794 + 0,076X, + 0.457X, - 0,004X, - 0,001 X,2 - 0,004X,X, + 0,002X,X; - 0,026X -
0,023X:X, + 0,004X,2, R*=0.976, Pyine (ackeoti=0-093

Ethanol (% v/v)
o
=]

45
Hydrolysis temperature (°C)

a. Ethanol

Fig. 3
(a factor identified in the central position)

effects of additional pectinase enzymes on the temperature and
time of the hydrolysis process including the clarity and the color
of Ca na wine are shown in figure 1 and figure 2.

The results showed that the clarity of the product (expressed in
transparency, T (%)) decreased with the increase in hydrolysis
temperature. In contrast, the transparency T increased while in-
creasing pectinase concentration and hydrolysis time (Fig. 1). The
results also presented that the color parameters (including Land a

Y ,=125,295 - 1,569X, - 26,344X, - 0,612X;+ 0,001X,2+ 0,357X,X, - 0,222X,X;+ 1,254X,2-
0,363X,X;+ 2,847X:%, R?=0.998, P,1uc (ackeoti=0-118

T (%)

Hydrolysis temperature (°C) ReP

b. Hydrolysis temperature and pectinase

Correlation of added pectinase enzyme concentration, temperature and hydrolysis time to the clarity (expressed in transparency,
T (%)) of the wine (a factor fixed in a central position)

a value

Hydrolysis temperature (°C)

b. a value

Correlation of added pectinase enzyme concentration, temperature and hydrolysis time to (a) L-value and (b) a-value of the wine

Y,=-49,618 + 0,966, + 26,508X, - 5,818X, + 0,004X,2_0,279X,X, + 0,124X X, - 1,257X,>-
0,761X,X5 , 0,112X:%, R?=0.962, Pyqyue ackcopin=0-057

IR

Saccharose (g/100 g of dry matter)

Hydrolysis temperature (°C)

b. Saccharose

Correlation of added pectinase enzyme, hydrolysis temperature and time to the content of (a) ethanol and (b) sucrose of the product

values)increased toan optimalvalue and then gradually decreased
with the increase in pectinase concentration, hydrolysis time and
temperature (Fig. 2). The wine product color was brighter when
hydrolyzing with pectinase enzyme at 45 °C.

Among polysaccharides, pectin is a soluble heteropolysaccha-
ride. Pectinase enzyme reacts with the pectin molecule, the de-
esterifying (pectinesterase) or degrading (polygalacturonases,
polymethyl galacturonase, pectin and pectate lyases) of specific
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Table 3 Experimental and the optimization models results [22]. An increase in the amount of ad-
Tareet functions Unit Values of Values of optimi- ditional pectinase affects the rate of the
8 experiment * zation models hydrolysis, which was up to an optimal
T % 25,84 + 0,01 25.85 point and then gradually decreased
Ethanol % vy 9,3+025 908 due tq the presence of several factors
that directly affect the hydrolysis. The

Saccharose g.100 g of dry matter 38,23+0,25 38.24 S .
reaction is illustrated by pectinase en-
Phenolic g TAE.100 g of dry matter 10,33+ 0,25 10.34 zyme through its characteristics and its
Flavonoid g QE.100 g of dry matter 4,06 + 0,05 4.06 hydrolysis including the presence of the
Tannin g TAE.100 g of dry matter 3,50+ 0,01 3.50 substrateandinhibitors, the conditions of

*Values are expressed as means of triplicate testing with the Standard Deviation (SD)

pectin substrates. The benefit of the pectinase treatment is that
the particles settle more quickly. This improves the overall color
intensity, as well as the color fastness of the wine [3, 20, 21]. In
addition, pectinase enzyme activity was optimal at 45 - 50 °C and
decreased rapidly at 60 °C [18].

3.2 Effect of added pectinase enzyme concentration,
hydrolysis temperature and time on the quality
of Ca na wine

A response surface model shows the effects of added pectinase
concentration, hydrolysis temperature and time on the ethanol,
sucrose, phenolic, flavonoid and tannin content of wine was il-
lustrated in figure 3 and figure 4. The use of pectinase shows the
potential of the polysaccharide hydrolysis into soluble sugars [20].
Inaddition, enzyme-treated wines showed higher phenoliccontent

Y=-8,144 + 0,178X, + 3,655X, + 2,678X; - 0,002X,2+ 0,003X, X, + 0,001X,X; - 0,306X,2-
0,273X,X; - 0,315X,2, R>=0.965, P 1 secori=0-532

the hydrolysis, etc. [23]. However, an in-
creaseinthe concentration of the added
pectinase enzyme was not synonymous
with a significant increase in the hydrolysis rate [24]. In addition,
the structure of the enzyme is very susceptible to destruct at high
temperatures, so the enzyme activity declined with the increase in
temperature, which was recorded at over 50 °C. This phenomenon
canbeexplained duetothe heatprovides enoughenergytodisrupt
the enzyme structure so the enzyme is slow down its activity or
inactive during the hydrolysis [25].

The results obtained from multiple response surfaces exhibited
the optimum parameters of the winemaking process using pecti-
nase enzyme, which was 1 % pectinase enzyme addition and the
hydrolysis conducted at 39.96 °C for 5.77 hours (Fig. 5). With these
optimal parameters, the clarity (expressed under the transparency
T%), the content of sucrose, ethanol, phenolic, flavonoid and tannin
(per 100 g dry matter) were 25.85 %, 9.28 % v.v', 38.24 g, 10.34 g
TAE, 4.06 g QE and 3.50 g TAE, respectively.

Y =4,877 - 0241X, + 2,762X, - 1,994X, + 0,002X,2+ 0,002X, X, + 0,017X,X; - 0.276X,>+
0,025X,X; + 0,298X;2, R*=0.969, Py ackoniy=0-331

Flavonoid (g QE/100 g of dry matter)

Hydrolysis time (hours) 3¢

b. Flavonoid

Y =-2,600 + 0,030X, + 14,810X, - 2,564X, + 0,005X,2- 0,149X, X, + 0,094X,X; - 0,671X,2-
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of the product (a factor identified in the central position)

Correlation of added pectinase enzyme, hydrolysis temperature and time to the content of (a) phenolic, (b) flavonoid and (c) tannin
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The contour plot shows the simultaneous optimization of multiple response surfaces (T %, ethanol, sucrose, phenolic, flavonoids,

tannins) according to (a) hydrolysis temperature and time, (b) temperature and pectinase content (a factor identified in the central
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The process of making wine was carried
out experimentally with the addition of
1 % pectinase for the hydrolysis at 40 °C
for 5.75 hours (equal to 5 hours 45 min-
utes). Table 3 shows the clarity and the
content of ethanol, sucrose and bioac-
tive compounds were equivalent to the
values from the model, with a difference
of 0.1 - 0.5 %.

clarity

Besides, the regression equation shows
therelationship ofindependentvariables
totheclarity, ethanol, sucrose and bioac-
tive substances contents of Canawine. All
ofthe parametershadthe R?>0.96, value
Lack-of-fit has no statistical significance
(p > 0.05) (Fig. 1, Fig. 3 and Fig. 4) and a
high compatibility between experimental
data and predicted data from the model
(R?> 0.96) (Fig. 6) shows that the ability
of the predictive model to fit the objec-
tives was very high. The results also show that the factors of the
winemaking process with pectinase enzyme independently affect
the Y value (p < 0.05).

Preferred level

Fig7.

Moreover, figure 7 illustrates a sensory assessment of various
hydrolysis conditions involving pectinase, focusing on color, flavor,
taste, clarity, and overall acceptance. Most panelists remarked
that pectinase treated samples had the bright color, due to the
application of pectinase improve the lightness of the Ca na wine,
which was similar with the results of L-value when increased the
concentration of pectinase. This could be explained based on
the decomposing of the structural tissues and releasing colored
components, which are caused by the effect of pectinase [26]. This
enzyme also contributes to enhancing the clarity of the wine, the
more the enzyme concentration, the less the turbidity of the wine,
this was illustrated through the transmittance (T) above.

However, employing high concentrations of pectinase for treatment
resultedinlower sensoryscores, particularly in the aspects of flavor
and taste. Previous studies have similarly indicated substantial
alterations in beverage flavor following pectinase treatment [27,
28]. This change could be attributed to the conversion of volatile
compounds into non-volatile forms during pectinase treatment.
Additionally, the wine treated with pectinase exhibited a notice-
able sour taste, aligning with the observed titratable acidity and pH
values. Consistent with this, Ninga et al. [29] reported a significant
decrease in the pH of pectinase-treated guava juices. there was
no significant difference between samples treated with 1 % and
2.5 % pectinase enzyme addition (p > 0.05). Overall, there was a
noteworthy disparity in the overall acceptance of various enzyme-
treated conditions, and the sample with 1 % pectinase enzyme
addition was deemed to possess the highest level of preference.

4 Conclusion

The quality of Ca na wine including the clarity, ethanol, saccharose
and bioactive contents amongdifferent hydrolysis conditions under

Colour e 1.0%-300C-5h
10 = 1.0%-450C-3h
1.0%-450C-7h
1.0%-600C-5h
6 w1 .5%-300C-3h

a7 5%-300C-7h
Odor — 1 5%-450C-5h
—? 5%-450C-5h
) 50-450C-5h
o 5%-450C-5h
— 1 5%-450C-5h
) 5%-600C-3h
7 5%-600C-7h
4.0%-300C-5h
4.0%-450C-3h
4.0%-450C-7h

Taste e 4, (0%-600C- 51

The sensory evaluation for clarity, color, aroma, taste, and preference of Ca na wine at
different hydrolysis conditions related to pectinase

the application of pectinase enzyme. A mathematical equation
was introduced to design the preferential processing conditions
for temperature and time of the hydrolysis during the winemaking
process using pectinase enzyme. The optimum parameters were
1 % pectinase enzyme addition and the hydrolysis conducted at
40 °C during 5 hours 45 minutes. Therefore, the approach of this
researchis useful for optimizing the processing design for the food
industry, especially in the wine or alcoholic beverage industry.

Conflict of interest

The authors declare no conflict of interest.

5 References

1. Pedrolli, D.B.; Monteiro, A.C.; Gomes, E. and Carmona, E.C.: Pectin
and pectinases: production, characterization and industrial appli-
cation of microbial pectinolytic enzymes, The Open Biotechnology
Journal, 3 (2009), no. 1, pp. 9-18.

2. Cosme,F.;Inés,A.andVilela, A.: Microbialand Commercial Enzymes
Applied in the Beverage Production Process, Journal of Fermenta-
tion, 9 (2023), no. 4, pp. 385-404.

3. Tape, A. and Jain, R.K.: Pectnases: Enzymes for fruit processing
industry, International Food Research Journal, 21 (2014), no. 2, pp.
447-453

4. Haile, S. and Ayele, A.: Pectinase from microorganisms and its
industrial applications, Scientific World Journal, 2022 (2022), pp.
1-15.

5. Cheirsilp, B. and Umsakul, K.: Processing of banana-based wine
product using pectinase and a-amylase, Journal of Food Process
Engineering, 31 (2008), no. 1, pp. 78-90.

6. Jiang, H.;Livingston, M.; Room, R.; Callinan, S.; Marzan, M.; Brennan,
A. and Doran, C.: Modelling the effects of alcohol pricing policies
on alcohol consumption in subpopulations in Australia, Addiction,
115 (2020), no. 6, pp. 1038-1049.

7. Giang, N.T.N. and Khai, T.V.: Effect of fermentation conditions
(yeast content and fermentation time) on the ethanol and bioactive




17

January / February 2024 (Vol. 77)

BrewingScience

10.

11

12.

13.

14.

15.

16.

17.

18.

compounds of Ca na (Elaeocarpus hygrophilus Kurz) wine by using
response surface methodology, BrewingScience, 76 (2023), no. 3/4,
30-37.

Xiang, Z.; Chen, H. and Chen, W.: Phenolic constituents of Canarium
album, Chemistry of Natural Compounds, 46 (2010), pp. 119-120.
Kuo, C.T,; Liu, T.H.; Hsu, T.H.; Lin, F.Y. and Chen, H.Y.: Antioxidant
and antiglycation properties of different solvent extracts from
Chinese olive (Canarium album L.) fruit, Asian Pacific Journal of
Tropical Medicine, 8 (2015), no. 12, pp. 1013-1021.

Yang, L.P.; Gu, X.L;; Chen, J.X.; Yang, J.; Tan, S.Y. and Duan, W.J.:
Chemical constituents from Canarium album Raeusch and their
anti infuenza Avirus activities, Journal of Natural Medicines, 72
(2018), no. 3, pp. 808-815.

. Thuy, N.M.; Tuyen, N.T.M; Cuong, N.P.; Thanh, D.K.; Boi, L.V.; Chinh,

H.T.and Nhan, P.T.: Effect of isolated yeast cellnumber, total solube
solid and pH valuve to palm wine quality, Can Tho University Journal
of Science, 19b (2011), pp. 209-218.

Sumaiyah, L; Masfria and Dalimunthe, A.: Determination of total
phenolic content, total flavonoid content, and antimutagenic ac-
tivity of ethanol extract nanoparticles of Raphidophora pinnata
(L.F) schott. Leaves, Rasayan Journal of Chemistry, 11 (2015), no.
2,505-510.

Laitonjam, W.S; Yumnam, R.; Asem, S.D.and Wangkheirakpam, S.D.:
Evaluative and comparative study of biochemical, trace elements and
antioxidant activity of Phlogacanthus pubinervius T. Anderson and
Phlocanthus jenkincii C.B. Clarke leaves, Indian Journal of Natural
Products and Resources, 4 (2013), no. 1, 67-72.

Miller, G.L.: Use of dinitrosalicylic acid reagent for determination of
reducing sugar. Analytical Chemistry, 31 (1959), no. 3, pp. 426-428.
Erinc, H.; Tekin, A. and Ozcan, M.M.: Determination of fatty, to-
copherol and phytosterol contents of the oils of various poppy
(Papaver somniferum L.) seeds, Grasas Y Aceites, 60 (2009), no. 4,
pp. 375-381.

Sriariyanun, M.; Mutrakulcharoen, P.; Tepaamorndech, S.; Cheenka-
chorn, K.,and Rattanaporn, K.: Arapid spectrophotometric method
for quantitative determination of ethanolinfermentation products,
Oriental Journal of Chemistry, 35 (2019), no. 2, pp. 744-750.

Thuy, N.M.; Cuong, N.P.; Tuyen, N.T.M.; Quan, T.H.; Hong, N.T.T.
and Toan, T.H.: Changes in physical, chemical and sensory charac-
teristics during maturation and storage of rambutans cv. “Nhan”
(Nephelium lappaceum L.), Can Tho University Journal of Science,
23s(2012), pp. 118-128.

Zhong,Y.; Zhang, X.; Yang, R.; Tao, F.; Li,Y.; Xu, C,; Nan, L.and Huang,
J.: Clarifying effect of different clarifying agents on Chaenomeles

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

juice and wine, AIP Conference Proceedings of the 2079 AIP Confer-
ence, 2019,

Sharma, H. P.; Patel, H. and Sugandha: Enzymatic added extraction
and clarification of fruit juices - A review, Critical Reviews in Food
Science and Nutrition, 57 (2017), no. 6, pp. 1215-1227.

Abdullah, A.G.L.; Sulaiman, N.M.; Aroua, M.K. and Megat, M.N.M.J.:
Response surface optimization of conditions for clarification of
carambola fruit juice using a commercial enzyme, Journal of Food
Engineering, 81 (2007), pp. 65-71.

Kiro, D.M.; Darko, A.; Aco, J.; Sonja J. and Silvana, Z.: Enzyme and
wine - The enhanced quality and yield, Advances Technologies, 4
(2015), no. 1, pp. 94-100.

Kelebek, H.; Selli, S.; Canba, A. and Cabaroglu, T.: HPLC determina-
tionof organicacids, sugars, phenoliccompositions and antioxidant
capacity of orange juice and orange wine made from a Turkish cv.
Kozan, Microchemistry Journal, 91 (2007), no. 2, pp. 187-192.
Locatelli, G.; DaSilva, G.D.; Finkler, L.and Finkler, C.L.L.: Acid hydroly-
sis of pectin for cell growth of cupriavidus necator, Biotechnology,
11(2012), no. 1, 29-36.

Haagensen, F. D.: Enzyme performance and hydrolysis cost, Novo-
zymes, Rethink Tomorrow, 2009.

Santos,R.T.D.S,; Torres, L.H.P.S,; Biasoto, A.C.T,; Freitas, S.T.D.; Melo,
N.F.D. and Silva, F.L.H.D.: Optimization of pectinolytic hydrolysis in
Caatinga passionfruitwine mustwith commercial pectinase, accord-
ing to the central composite rotatable design approach, Research,
Society and Development, 11 (2022), no. 5, e14511528088.
Bashir, O.; Hussain, S.Z.; Gani, G.;Jan, N.; Rather, A.H.; Reshi, M. and
Amin, T.: Evaluating the physicochemical and antioxidant character-
istics of apricot juice prepared through pectinase enzyme-assisted
extraction from Halman variety, Journal of Food Measurementand
Characterization, 15 (2021), pp. 2645-2658.

Zhang, W.; Chi, L.; Wu,Y.; Zhang, L.and Xu, C.: Quality comparison of
hawthorn wines fermented by saccharomyces cerevisiae with and
without pulp contactand pectinase treatment, Journal of Chemistry,
4(2017), pp.1-7.

Chen, X.; Xu, Y.; Wu, J.; Yu, Y.; Zou, B.; Li, L.: Effects of pectinase pre-
treatmentonthe physicochemical properties, bioactive compounds
and volatile components of juices from different cultivars of Guava,
Foods, 12 (2023), pp. 330-346.

Ninga, K.A.; Desobgo, Z.S.C.; De, S.and Nso, E.J.: Pectinase hydrolysis
of guava pulp: Effect on the physicochemical characteristics of its
juice, Heliyon, 7 (2021), pp. e08141.

Received 15 December 2023, accepted 22 January 2024




