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ABSTRACT

Hong Quan fruit has high content of bioactive compounds known as antioxidants, antimicrobial, and anticarcinogenic 
substance. The aim of the study was to optimize the temperature and pasteurization time of ready-to-drink beverage to 
yield a functional product. The response surface methodology with central composite design (22 + star) was exploited 
to optimize the pasteurization process for residual bioactive compounds (phenolic, flavonoid, tannin, and Vitamin C) 
as well as antioxidant activity of Hong Quan beverage. The bioactive compound content was determined using 
spectrophotometer; 2,2-Diphenyl-1-picrylhydrazyl (DPPH), and ferric reducing antioxidant power (FRAP) assays 
were used to evaluate antioxidant ability of product. The results showed that optimal processing at the temperature 
of 90.32oC for 25.05 min. Under this condition, the predict values of the phenolic, flavonoid, tannin, and Vitamin C 
contents were 28.90 mg GAE/100 g, 7.08 mg QE/100 g, 102.08 mgTAE/100 g, and 15.73 mg/100 g, respectively; 
and DPPH assay was 85.77% and FRAP assay was 8.05 µM FeSO4/g. These predicted data were close to real tested 
data and the different percentage was around 0.8% to 4.7%.

1. INTRODUCTION

Nowadays, the ready-to-drink products were very popular in the 
world [1]. Consuming too much ready-to-drink product, however, 
could increase obesity and chronic diseases and become a serious 
issue in many countries [2]. Consumers are finding healthier food and 
beverages [3]. Natural fruit juice drink, therefore, is getting a lot of 
attentions in beverage market and becomes a new trend among young 
consumers all over the world.

Fruits are vital sources of dietary supplement research as therapeutic 
agents. The demand for functional and health support products has 
grown considerably in recent years. Fruits are rich in antioxidant 
properties and play important roles for human health [4]. Fruits can 
reduce cholesterol and hormonal metabolism, improve immune 
system, affect on modulation of steroid hormone concentration 
and detoxifying enzymes, reducing blood pressure, antibacterial 
stimulation, antioxidant activity, anti-carcinogenic properties, and 
cardiovascular diseases retardation [5].
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Flacourtia jangomas is a rainforest fruit and widespread in Asia 
countries such as China, India, Bangladesh, Myanmar, Malaysia, 
Indonesia, Taiwan, Thailand, and Vietnam [6]. In Vietnam, this plant 
generally only grows in mountainous or middle-earth regions, bearing 
fruit once a year in August and September from the solar calendar. The 
Hong Quan fruit has sweet and sour taste. It contains carbohydrates, 
proteins, fats, ascorbic acids, tartaric acid, beta-carotene, B3 
vitamin, and minerals such as Ca, K, P, Fe, and Mg. Moreover, this 
fruit also contains alkaloids, phenolics, flavonoids, and tannins 
that have antioxidant, anti-inflammatory, analgesic, antibacterial, 
antidiarrheal, antiviral, and inhibiting amylase enzymatic activities; 
thus it contributes to the treatment of diabetes [7-12]. Hong Quan fruit 
has been used as fresh fruit by local residents. In Tinh Bien which 
is mountainous district of An Giang province, F. janomas plant is 
cultivated extensively. It can be considered as an abundant source for 
processing high nutritious and organic valued beverages. This work 
aims to increase diversity of beverage market and creates new locally 
specific drinks.

Pasteurization was known as a thermal process that is often applied in 
food industry to guarantee food safety. Temperature and heating time 
of pasteurization are important factors in processing. High temperature 
damage heat-sensitive nutrients, biochemical and biological reactions 
also can occur and reduce product quality [2]. Therefore, this research 
was conducted to determine the most optimal pasteurized parameters 
for the Hong Quan beverage to retain its bioactive ingredients.
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2. MATERIALS AND METHODS

2.1. Materials
Hong Quan fruits were collected in Tinh Bien district, An Giang 
province, Vietnam (0° 36’ 0” North, 104° 57’ 0” East) on April 
2022. The fruits were delivered to the laboratory within 3 h. Then 
good quality fruits were washed, drained, divided into plastic bags 
(Polyethylene – PE). Each bag contained 1 kg, then the bags were 
stored in the freezer (Inverter Sanaky 761 Liter VH 8699HY3) at 
temperature ≤ −18oC.

When the experiment was carried out, the fruits were defrosted 
by soaking in tap water for 5 min. Hong Quan fruits were finely 
ground (model: Philips HR2223/00) for 5 min with the ratio of 
water/fruit was 8/1 (v/w) and roasted peanuts were added at 14% 
(w/w) compared to the fruits. Fruit puree was filtered through a sieve 
(θ 0.6 mm) to remove residue, then treated with pectinase enzyme 
at concentration of 0.1% (v/v) at 60oC for 45 min. The puree then 
was mixed with CMC (0.3%) and xanthan gum (0.25%), adjust Brix 
to 14o and pH 3.8. The mixture was heated at 80oC for 10 min to 
dissolve the substances, filling in glass bottles (250 mL) with lids. 
Hong Quan juice bottles were pasteurized at design temperature 
and time [Table 1]. The product then cooled down and analyzed the 
criteria.

2.2. Experimental Design
The effects of the pasteurization temperature (83, 85, 90, 95, and 97oC) 
and treating time (18, 20, 25, 30, and 32 min) on bioactive compounds 
(phenolic, flavonoid, tannin, and Vitamin C), and antioxidant 
activity (2,2-Diphenyl-1-picrylhydrazyl [DPPH], and ferric reducing 
antioxidant power [FRAP] assay) of product, a full factorial design 
(22+ star) was applied with three replicates at the center point with 
three blocks. These points fit with the surface plot for the responses 
and could estimate the pure errors of the multiple regression 
models [13], there were 11 samples were prepared [Table 1]. The 
ranges of temperature and pasteurization time in this work were based 
on preliminary studies.

Experimental designs and data were statistically analyzed using 
Statgraphics plus XVI. A quadratic equation was used to fit the results 
(Equation 1):
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Where Y is the predicted response parameter, βo is a constant, βi, βii, 
and βij are the regression coefficients and Xi and Xj are the levels of the 
independent variables (pasteurization temperature and time).

2.3. Analysis Methods
2.3.1. Determination of phenolic content
The phenolics were determined by Folin–Ciocalteu method and 
the results were showed as milligrams of gallic acid equivalents 
per 100 g of product (mgGAE/100 g) based on the standard curve 
(y = 0.0082x + 0.0595, r2 = 0.9996) [14]. Each ethanol extracted sample 
(0.2 mL) was taken in a test tube and added 10% Folin–Ciocalteu 
reagent (1.5 mL). Then, all test tubes were kept in a dark place for 5 min. 
Finally, 5% Na2CO3 (1.5 mL) was added to solution and mixed well 
in a vortex. Again, all the test tubes were kept in the dark for 2 h. The 
absorbance was measured for all solution using UV-spectrophotometer 
at constant wavelength 750 nm.

2.3.2. Determination of flavonoid content
The aluminum chloride colorimetric method was exploited to 
determine flavonoids as quercetin equivalent per 100 g (mgQE/100 g) 
based on the standard equation y = 0.0054x + 0.0026, r2 = 0.9995 [15]. 
About 1 mL of the ethanol extracted sample/standard of different 
concentration solution was mixed with 3 mL ethanol, 0.2 mL of 10% 
aluminum chloride, 0.2 mL of 1 M sodium acetate, and 5.8 mL of 
distilled water. It remained at room temperature for 30 min. The 
absorbance of the reaction mixture was measured at 415 nm with 
spectrophotometer against blank.

2.3.3. Determination of tannin content
Tannin was determined by Folin-Denis method and the results 
were shown as milligrams of tannic acid equivalents per 100 g 
(mgTAE/100 g) based on standard curve (y = 0.0098x + 0.0478, 
r2 = 0.9996) [16]. Each ethanol extracted sample (0.5 mL) and distilled 
water (0.5 mL) were taken in a test tube. Finally, the samples were 
treated with 0.5 mL of freshly prepared Folin-Denis reagent and 20% of 
sodium carbonate (2 mL) was added, shaken well, warmed on boiling 
water-bath for 1 min and cooled to room temperature. Absorbance of 
the colored complex was measured at 700 nm.

2.3.4. Determination of vitamin C content
Vitamin C content was estimated according to the method described 
by Talreja [17], and result was presented as milligrams per 100 g of 
product. Take 0.1 g of sample in a test tube, add 2 mL of 2% MPA 
and leave for 1 h. Then centrifuge at 2500 rpm for 15 min. Take 1 mL 
of the clear solution from the top of the test tube and add 2 mL of 
5% MPA, 5 mL of n-amyl alcohol, and 3.2 mL of 2–4-dichlorophenol 
indophenol reagent. Shake the sample well and measure the color at 
546 nm. For the blank sample, 1 mL of distilled water, 2 mL of 5% 
MPA, 5 mL of n-amyl alcohol, and 3.2 mL of distilled water will be 
used. The ascorbic acid content in 1 mL will be calculated as follows: 
Y = 0.1103 – (0.14*OD). Where: Y is the concentration of ascorbic 
acid (mg/mL); OD is the absorbance of the sample at 546 nm.

2.3.5. Determination of FRAP assay
The iron reduction capacity was determined by FRAP assay [18]. 
The results were calculated against the FeSO4.7H2O standard curve 
(y = 0.5177x + 0.0855, r2 = 0.9981), and expressed as micromol ferric 
sulfate (µM FeSO4) per gram of product. The stock solutions included 
300 mM acetate buffer (pH 3.6), 10 mM TPTZ (2, 4, 6-tripyridyl-s-
triazine) solution in 40 mM HCl, and 20 mM FeCl3·6H2O solution. The 
fresh working solution was prepared by mixing 25 ml acetate buffer, 
2.5 ml TPTZ, and 2.5 ml FeCl3·6H2O. The temperature of the solution 

Table 1: Coded and real values of pasteurization temperature and time.

Number runs Factors

Temperature (oC) Time (min)

1 90(0) 18(-α)

2 90(0) 25(0)

3 83(-α) 25(0)

4 95(+1) 20(-1)

5 95(+1) 30(+1)

6 90(0) 25(0)

7 85(-1) 20(-1)

8 90(0) 32(+α)

9 85(-1) 30(+1)

10 97(+α) 25(0)

11 90(0) 25(0)
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was raised to 37°C before use. Test samples (150 µL) were allowed 
to react with 2850 µl of the FRAP solution for 30 min in the dark 
condition. Readings of the colored product (ferrous tripyridyltriazine 
complex) were taken at 593 nm.

2.3.6. Determination of DPPH assay
The free radical scavenging capacity was determined using DPPH as 
described by Aluko et al. [19]. One milliliter of 0.135 mM of DPPH in 
ethanol was mixed with 1 mL of test solution. The mixture was kept in 
a dark cupboard for 30 min. The absorbance of the resulting solution 
was measured spectrophotometrically at 517 nm and the scavenging 
ability of the extract was calculated as: DPPH (%) = ([Abs control – 
Abs sample]/Abs control) × 100. Where, Abs control is the absorbance 
of DPPH solution mixed in ethanol; Abs sample is the absorbance of 
extracts + DPPH solution.

2.4. Statistical Analysis
The optimum levels of the factors in pasteurization process of Hong 
Quan beverage were determinated with response surface methodology 
(RSM). The samples were pasteurized as experimental design to achieve 
high bioactive compounds and antioxidant activity using Statgraphics 
software. The data were statistically analyzed using analysis of variance 
(ANOVA) and means that were statistically different separated using 
least significant difference at P ≤ 0.05. The experimental data were 
established by quadratic model. A simultaneous optimization using 
the desirability function was performed to maximize the bioactive 
compounds content and antioxidant activity.

3. RESULTS AND DISCUSSIONS

3.1. Effect of Temperature and Pasteurization Time on the 
Bioactive Compounds of the Ready-to-drink Beverage from 
Hong Quan (F. jangomas) Fruit
Pasteurization that is an important process in beverage processing, 
affects not only microbial safety but also product quality, particularly 
bioactive compounds. To limit the reduction in product quality, 
it is necessary to find the optimum combination of both factors 
“temperature – time”. The effect of temperature and pasteurization 
time on the bioactive compounds is shown in Figure 1.

Plots in Figure 1 showed that temperature and pasteurization time 
clearly affected the bioactive compounds content of the ready-to-
drink beverage from Hong Quan fruit. The bioactive compounds such 
as phenolic, flavonoid, tannin, and Vitamin C tended to increase and 
reached to the highest level at 90oC, then slightly decreased at 95oC. 
Similar results were obtained with increasing the pasteurization time. 
These bioactive compounds were also an increase and reached a high 
value during 25 min, then slightly decreased at 30 min. The separated 
optimal values of phenolic, flavonoid, tannin, and Vitamin C were 
28.98 mgGAE/100 g at 90.51oC and 24.12 min; 7.11 mgQE/100 g 
at 90.28oC and 26.48 min; 102.11 mgTAE/100 g at 90.45oC and 
24.56 min, and 15.91 mg/100 g at 89.00°C and 23.26 min, respectively.

During the pasteurizing, by increasing the temperature, the bioactive 
compounds increase a first; however, if temperature keeps increasing, 
the amount of bioactive compounds then decreased. This may be due 
to phenolic properties of being sensitive to temperature and easily 
degraded by light and high temperatures [20]. The stability of phenolic 
and flavonoid depend on the temperature and pasteurization time 
and their molecular structure [21]. In addition, increased temperature 
increases the permeability and transferring of bioactive compounds 
from the fruit cell wall [22]. Moreover, as the pasteurization temperature 
increased, the flavonoid content increased due to the increased diffusion 
rate [20]. However, if the pasteurization keeps to increase up to 95oC, 
the amount of bioactive compound decreased, because phenolic 
compounds have been degraded by high temperatures. Besides, Laslo 
et al. [23] reported that there was a significant increase in the level of 
bioactive compounds with an extension of pasteurization time from 
0 to 25 min at 80oC. Similar result was obtained in the study of Saini 
et al. [24], phenolic content increased from 15 to 45 min and decreased 
to 60 min.

3.2. Effects of Temperature and Pasteurization Time on the 
Antioxidant Activities of the Ready-to-drink Beverage from 
Hong Quan (F. jangomas) Fruit
There were many methods to measure the total antioxidant capacity in 
plant extracts and biological fluids [25]. In this study, the FRAP and 
radical scavenging (DPPH) were selected to evaluate the antioxidant 
activity of Hong Quan beverage. Because FRAP is a highly sensitive 

Figure 1: Response surface and contour plots for phenolic (a), flavonoid (b), tannin (c), vitamin C (d) at different temperatures, and pasteurization times.
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method to measure the total antioxidant capacity of pharmacological 
plant products [26]. In Addition, DPPH is a stable and popular in 
studies of natural antioxidants [27]. The effect of temperature and 
pasteurization time on the antioxidant activities is shown in Figure 2.

Plots in Figure 2 showed that when the pasteurization temperature 
changed from 85oC to 95oC, FRAP of the ready-to-drink beverage 
made from Hong Quan fruit tended to increase and reached to the 
highest value at 90oC [Figure 2b], while DPPH reached the highest 
value at 95oC. In case of the pasteurization time, when it was extended 
from 20 to 30 min, FRAP and DPPH also tended to increase and 
reached the highest value which was at 25 min; after that, it was 
reduced as the time was increased to 30 min. The optimal DPPH and 
FRAP results were 85.88% at 91.19oC and 25.41 min; and 8.06 µM 
FeSO4/g at 90.19oC and 25.57 min, respectively.

Results of Farahmand et al. [28] and Benjamin et al. [29] reported 
that there was increase in antioxidant capacity of pomegranate juice 
was due to an increase in bioactive compounds such as phenolic, 
flavonoid, and anthocyanin. Figure 2 showed that when increasing 
the temperature and pasteurization time from 85oC to 90oC and 
20–25 min, the content of bioactive compounds (phenolic, flavonoid, 
tannin, and Vitamin C) was positively correlated and causes the 
increases of antioxidant capacity of Hong Quan drink. In addition, the 
study by Zhang et al. [30] showed that the formation of the Maillard 
reaction during heat treatment also increased the antioxidant capacity. 
However, with the increases of temperature and pasteurization time, 
the antioxidant capacity of the product has been reduced due to 
bioactive compounds loss [21].

The regression coefficient of linear, second-order polynominal and in 
interaction effects, and regression models for bioactive compounds 
and antioxidant activity are described in Table 2.

The previous researches [31,32] concluded that the goodness-of-fit of 
the regression model were fitted and its coefficient of determination 
R2 was over 0.8 and value of lack-of-fit that means non-significant 
at P > 0.05. The results of ANOVA analysis showed that the linear, 
quadratic and interaction factors of pasteurization temperature and time 
had effect on the content of phenolic, flavonoid, tannin, Vitamin C, 
and antioxidant activities (DPPH and FRAP assay) of obtained product 
with reliability 95%. The R values showed the coefficient of predicted 
models in the response was R2 > 0.91 and lack of fit had P-value > 0.51 
[Table 2]. These values were fairly well aligned with the mathematical 
model. Besides, the correlation between experimental and predictable 
data is also shown in Figure 3.

3.3. Multiple Response Optimizations
Optimization is popular used method to find the best one among all 
the available alternatives. A lot of optimal techniques are utilized 
these days to easily understand and find the most suitable outcome. 
RSM is one of most frequently used experimental designs for 
optimization [33]. Moreover, RSM explores the relationships 
between several explanatory variables and one or more response 
variables [31]. The simultaneous optimization of multiple 
responses might be a main concern for industrial applications, 
especially that the energy cost of the process significantly 
diminished when extraction parameters are optimized [34,35]. 

Table 2: ANOVA analysis and regression coefficients of the linear, second-order polynomial and interaction effects and regression models for bioactive 
compounds and antioxidant activity.

Coefficient Estimate

Phenolic P-value Flavonoid P-value Tannin P-value Vitamin C P-value DPPH P-value FRAP P-value

Constant −1607.88 −361.61 −2250.74 −581.37 −987.93 −379.93

X1 32.8161 0.0425 7.7347 0.0135 48.8546 0.0064 13.8183 0.0172 20.4933 0.0156 7.6727 0.0488

X2 12.5789 0.0237 1.4769 0.0082 11.6676 0.0442 −1.5179 0.0178 10.9686 0.0492 3.2844 0.0247

X1X1 −0.1701 0.0009 −0.0417 0.0006 −0.2615 0.0002 −0.0825 0.0015 −0.0996 0.0069 −0.0398 0.0013

X1X2 −0.0842 0.0052 −0.0078 0.0218 −0.063 0.0057 0.0374 0.0099 −0.0917 0.0114 −0.0196 0.0074

X2X2 −0.1028 0.0025 −0.0146 0.0045 −0.1215 0.0011 −0.0389 0.0065 −0.0513 0.0253 −0.0297 0.0023

Lack-of-fit 0.1645 0.0506 0.3375 0.8152 0.1046 0.8095

R-squared (%) 98.8171 97.1876 99.8246 99.6795 91.888 99.7371

R-squared (%) 
(adjusted for d.f.)

97.6342 94.3752 99.6493 99.359 83.776 99.4743

X1: Pasteurization temperature (oC); X2: Pasteurization time (min), R2
adj: R-square adjusted determination coefficient

Figure 2: Response surface and contour plots for DPPH radical scavenging (a), Ferrous reducing antioxidant power (FRAP) (b) at different temperatures and 
pasteurization times.
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Many scientists have used RSM to optimize research factors as 
Mundhe and Taralkar [36], Petrotos et al. [37], and Hong et al. [38]. 
The overplay plot showed the outlines superposition of all the 
studied responses and the simultaneous optimum for all responses 
was shown by the black spot [Figure 4]. The result showed that 
Hong Quan drink remained with high bioactive compounds and 
antioxidant capacity was 90.32oC and 25.05 min. At these optimal 
parameters, the content of phenolic, flavonoid, tannin, Vitamin C, 
DPPH, and FRAP were 28.903 mg GAE/100 g, 7.082 mg QE/100 g, 

102.075 mg TAE/100 g, 15.728 mg/100 g, 85.771%, and 8.052 µM 
FeSO4/g, respectively.

Furthermore, to validate the predicted values from the optimal models, 
the real test experiments have been conducted in same conditions of 
prediction model. In detail, the Hong Quan fruit drink was prepared and 
pasteurized at temperature of 90oC (90.32oC in the optimal model) in 
25 min (25.05 min in the optimal model). The pasteurized fruit drink then 
was analyzed bioactive compounds such as phenolic, flavonoid, tannin, 
and Vitamin C, as well as the antioxidant activity through the assay of 
DPPH and FRAP. The results of real test sample were showed in Table 3 
with three replications. In general, the behaviors of bioactive compounds 

Table 3: Comparison of the predict values from the optimal model and 
test values.

No. Bioactive compounds Test values* Predict 
values

Difference 
percent

1. Phenolic (mgGAE/100 g) 28.56±0.45 28.90 1.18

2. Flavonoid (mgQE/100 g) 7.15±0.27 7.08 0.98

3. Tannin (mgTAE/100 g) 103.18±1.21 102.08 1.07

4. Vitamin C (mg/100 g) 14.98±0.62 15.73 4.76

5. DPPH (%) 85.09±1.34 85.77 0.79

6. FRAP (µMFeSO4/g) 8.12±0.11 8.05 0.86
(*) Mean value (n=3) and SD (standard deviation)

Figure 3: Correlation between the experimentally and predict values for phenolics, tannin, flavonoid, vitamin C, 2,2-Diphenyl-1-picrylhydrazyl and FRAP.

Figure 4: Superposition plots showing the best experimental parameters that 
maximize bioactive compounds content and antioxidant capacity of product, 

the black spot shows the optimum for all the responses.
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in pasteurized drink were very similar with the predicted values of 
optimal models and were only differing from 0.79÷4.76%. In particular, 
phenolic and Vitamin C content was lower than predicted by 1.18% 
and 4.76%, while the flavonoid and tannin content were higher than 
predicted by 0.98% and 1.07%, respectively. The antioxidant activity of 
DPPH and FRAP were low difference percent of 0.79% and 0.86%. The 
content of Vitamin C has a high difference because optimal temperature 
and pasteurization time of this response factor was lower test condition. 
However, this difference is still within the allowable limit (±5%).

4. CONCLUSION

The study found that the optimal pasteurization temperature and time 
of the ready-to-drink beverage from Hong Quan fruit was 90oC during 
25 min. At these optimal pasteurization conditions, the fruit beverage 
maintained high levels of bioactive compounds including phenolic, 
flavonoid, tannin, and vitamin C content) and antioxidant activities 
(DPPH and FRAP assay). The product can be used as one of the 
beverages that have health benefit. In future, the product could become 
a potential functional beverage for customers.
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