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A B S T R A C T   

An ultrasound-assisted extraction (UAE) was optimized for the extraction of bioactive compound (total phenolic 
compound and total flavonoid content) with antioxidant activity (DPPH and FRAP assays) using response surface 
methodology based on Box-Behnken design (BBD). The effect of extraction temperature (X1: 30–70 ◦C), 
extraction time (X2: 25–45 min) and amplitude (X3: 30–50%) were determined. In addition, antimicrobial ac
tivity and application of optimized makiang seed extract (MSE) were also evaluated. Results showed that the 
optimum condition of UAE were X1: 51.82 ◦C, X2: 31.87 min and X3: 40.51%. It was also found that gallic acid 
was the major phenolic compound of optimized MSE and its minimum inhibitiory concentration (MIC) and 
minimum bactericidal concentration (MBC) was between 1.56 - 6.25 and 25–100 mg/mL respectively. The 
addition of MSE could enhance the stability of orange juice and shelf life extension was also obtained. This 
research finding suggests the beneficial opportunities for ultrasound-assisted extraction for the production of 
bioactive compound from makiang seed with antioxidant activity leading to an application in medicinal and 
functional food industry.   

1. Introduction 

Over the years, it is widely known that health benefit and nutrition 
are interrelated and consumer’s trend for choosing foods has been 
focusing on raw material enriched with bioactive compounds which 
pose a positive effect on human health [31]. In this regard, plant ma
terials have been captured with extended attention because they contain 
large amounts of bioactive compounds [13]. In general, most of bioac
tive compounds are located in the cell and required to release to the 
extracting solvent through the extraction process. Conventional 
extraction method including maceration, distillation and soxhlet 
extraction are common extraction methods used to extract bioactive 
compounds from plant materials; however, these methods provide dis
advantages such as low extraction rate, large amount of extracting sol
vent, high energy consumption and long-time process [30]. Therefore, 
green extraction has become a topic of interest and has been proposed by 
many researchers [14,11]. Green extraction is defined as an extraction 
method that presents reducing extracting solvent, lowering energy 
consumption and decreasing process time with an increase in extraction 

yield. Driven by the green extraction conceptual objective, green 
extraction methods have been developed as a result of industrial chal
lenges to be ecological, environmental and economical impacts [48]. 

Ultrasound-assisted extraction is one of green extraction method 
because it meets all requirements of green extraction method. Ultra
sound or ultrasonic wave has been defined as the frequency higher than 
20 kHz, which is the threshold for human auditory detection usually 
between 20 and 10,000 kHz [41]. The source of ultrasound is commonly 
from vibrating probe which cause vibration of the surrounding solution 
which initiate energy transfer to adjacent molecules. The application of 
ultrasound in extraction has been reported mainly in the range of 
20–1,000 kHz which cavitation bubbles are produced and collapse are 
occurred leading to an extreme shear force. This shear force contributes 
to disruptive effect on cell wall or cell membrane of matrices by cavi
tation consequently a liberation of bioactive compounds [32]. Nowa
days, ultrasound-assisted extraction has gained extensive interest for the 
extraction of valuable bioactive compound from various plant materials 
[49] 

Cleistocalyx nervosum var. paniala (C. nervosum), also called makiang, 
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is commonly found in Southeast Asia country such as Laos, Vietnam and 
Thailand; especially in the northern part of Thailand [44]. It is indige
nous plant belonging to the Myrtaceae family and its ripe fruit, with a 
reddish to purple color, is typically used to process beverage and 
marmalade due to its unique taste and flavour [39]. Makiang fruit are 
rich in phenolic compound and anthocyanins with relatively high ac
tivity against oxidative damage and antimicrobial activity has been 
documented [43]. Makiang seeds are generally regarded as waste from 
fruit processing. However, they accumulate high amount of health 
benefit compounds; thus, they are considered as a promising source of 
bioactive compounds with antimicrobial activity and can be applied in 
pharmaceutical and food industries [21]. 

Food industry has been facing difficulty to enhance process effi
ciency without an increasing investment and resource utilization. 
Investigation a best condition for the system or “optimization” of food 
process is the key element to resolve this dilemma [6]. In the past, 
optimization process was usually carried out by studying the effect of 
one-parameter variations on an output while other parameters are set at 
a constant value; however, interactive effect between specific parame
ters has not been taken into account and it has raised the absence of 
interpretation of entire effect of all factors on a response. Furthermore, 
this technique needs more experiments required to perform and leads to 
an increasing cost and time [8]. Therefore, multivariate statistic 
methods have been conducted to optimize the process parameter in food 
application. Response surface methodology (RSM) is the most popular 
technique for multivariate statistic methods. RSM is a combination of 
statistical and mathematical system based on the compatibility of data to 
polynomial model and this should unveil the behavior of all data with 
the goal of establishment of mathematic model for predictions [20]. 

To date, no studies have been performed regarding to the extraction 
of bioactive compounds from makiang seed by UAE using RSM to 
determine optimum extraction condition with independent variables 
including temperature, time and amplitude. Antioxidant properties 
including total phenolic compound, total flavonoid content and anti
oxidant activity by DPPH and FRAP assays were determined to inves
tigate the effect of different parameters on UAE efficacy. In addition, 
antimicrobial activity against spoilage and pathogenic microorganisms 
of optimized makiang seed extract (MSE) and its application in orange 
juice were also investigated. 

2. Materials and methods 

2.1. Sample preparation 

Makiang (Cleistocalyx nervosum var. paniala) fruits with uniform size 
were collected from Lampang province in Northern part of Thailand and 
seed was separated and was rinsed by clean running water before 
blanching at 80 ◦C for 1 min. Blanched seed was dried by tray dryer 
(Thermotec 2000, Contherm™, Sweden) at 45 ◦C for 48 h and then 
grounded by laboratory miller to obtain seed power by using a 60-mesh 
sieve. Makiang seed powder was kept in aluminium foil laminated bag at 
4 ◦C until being analyzed. 

2.2. Ultrasound-assisted extraction (UAE) experiment 

UAE experiments were performed with ultrasound processor 
(UP400S Ultrasonic processor, Hielsher, Germany) with a 400 W power, 
0.7 s cycle, 24 kHz and a titanium probe (H22D, 22 mm). In each 
experiment run, 40 g of makiang seed powder was mixed with 200 mL 
ethanol solvent (70% v/v). After extraction, sample was cooled down 
with ice bath for 5 min and then centrifuged at 565 g for 15 min. Su
pernatant was filtered through Whatman filter paper No. 1 and solvent 
was removed at 40 ◦C by rotary evaporator (Buchi Rotavapor R-200, 
USA). Refined extract of making seed was obtained and placed in amber 
glass bottle at 4 ◦C for further experiment. Refined makiang seed extract 
was analyzed for its antioxidant properties (total phenolic compound, 

total flavonoid content antioxidant activity by DPPH and FRAP assays) 

2.3. Experimental design and model validation 

Extraction factors including, extraction temperature, extraction time 
and amplitude could significantly influence on antioxidant properties of 
Makiang seed extract. Therefore, response surface methodology (RSM) 
with Box-Behnken design (BBD was applied to obtain optimal condition 
and identify correlation between extraction variables. The coded values 
of extraction parameters and the experimental run from BBD were 
detailed in Table 1 and Table 2, respectively. The experiment was car
ried out according to optimal condition to obtain experimental data 
compared with the model’s predicted values. According to two-decimal 
places from RSM, the rounding was done to obtain practical numbers 
(rounding down for value < 0.50 and rounding up for value ≥ 0.50). To 
determine model validity, %Difference was calculated as 

%Difference = (predicted value − experimental value)/predicted value*100  

2.4. Determination of phenolic compound profile of makiang seed extract 
from optimized condition 

High performance liquid chromatography (HPLC) was employed to 
analyze and quantify phenolic compound of MSE from optimized con
dition (UAE) and maceration extraction (optimized condition from UAE 
without ultrasound treatment). Briefly, making seed extract was filtered 
through 0.45-µm filter paper prior to injection. The chromatographic 
separation was carried out on a reverse phase uBondapak C18 (300 mm 
× 4.9 mm, Prostar, Varian, Darmstadt, Germany) and thermostated at 
25 ◦C. The mobile phase was 100% H2O (pH 3) and 100% methanol with 
a flow rate of 1.0 mL/min and injection volume of 50 μL. UV array 
detection was performed at 254 nm. Gallic acid, quercetin, caffeic acid 
and ferulic acid were used as standard and results were expressed as mg/ 
100 g dry wt. 

Table 1 
Coded and actual values for Box–Behnken design (BBD).  

Independent variables Code symbols Level 

− 1 0 1 

Temperature (◦C) X1 30 50 70 
Time (min) X2 25 35 45 
Amplitude (%) X3 30 40 50  

Table 2 
The experimental run from Box-Behnken design (BBD).  

Run Extraction conditions 

X1-Temperature (◦C) X2- Time (min) X3- Amplitude (%) 

1 30 25 40 
2 70 25 40 
3 30 45 40 
4 70 45 40 
5 30 35 30 
6 70 35 30 
7 30 35 50 
8 70 35 50 
9 50 25 30 
10 50 45 30 
11 50 25 50 
12 50 45 50 
13 50 35 40 
14 50 35 40 
15 50 35 40 
16 50 35 40 
17 50 35 40  
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2.5. Antimicrobial activity experiment 

Microbial cultures including Staphylococcus aureus ATCC 25923, 
Lactobacillus plantarum TISTR 2081, Salmonella Typhimurium ATCC 
13311, Escherichia coli ATCC 25922 and Saccharomyces cerevisiae TISTR 
5191 were obtained from Thailand Institute of Scientific and Techno
logical Research, TISTR (Pathum thani, Thailand). Inoculum of each 
microorganisms was prepared by inoculating with 10 mL sterile growth 
medium (Muller Hinton Broth and Potato Dextrose Broth for bacterial 
and yeast cultures, respectively). The test tubes were incubated for 
18–24 h at 35 ◦C and 48 h at 30 ◦C for bacteria and yeast, respectively. 
The initial concentration of test microorganisms was approximately 106 

CFU/mL. 
MSE with optimized condition from previous experiment was used 

for an analysis of antimicrobial activity by minimum inhibitory con
centration (MIC) and minimum bactericidal concentration (MBC) which 
were conducted by the methods of [36,37]. The MIC of samples was 
determined by two-fold serial dilution method. In brief, 200 mg/mL of 
makiang seed extract sample was added into a test tube containing 1 mL 
of liquid culture medium and serially diluted separately to achieve 100, 
50, 25, 12.50, 6.25, 3.125, 1.56, and 0.78 mg/mL, respectively. The test 
tubes were incubated for 18–24 h at 35 ◦C and 48 h at 30 ◦C for bacteria 
and yeast, respectively. Controls (a test tube containing 1 mL of extract 
sample and 1 mL of culture as a negative control and a test tube con
taining 1 mL of culture medium and 1 mL of culture as a positive control) 
were used with the test microorganisms. The MIC value was considered 
as the lowest concentration of the test extract inhibiting the growth of 
the test microorganisms (no visible growth). 

For MBC determination, all the test tubes from the MIC without 
turbidity were streaked plated on a medium suitable for each culture as 
follows; Baird–Parker agar for S. aureus, MacConkey agar for E coli, 
Potato Dextrose agar for S. cerevisiae, Salmonella Shigella agar for S. 
Typhimurium, Lactobacillus MRS agar for L. plantarum. Then, plates 
were incubated for 18–28 h at 35 ◦C for S. aureus, L. plantarum, S. 
Typhimurium, and E. coli, while S. cerevisiae plates were incubated for 
48 h at 30 ◦C. The concentration was considered MBC if no visible 
growth on the culture medium was observed. 

2.6. Application of optimized makiang seed extract (MSE) in orange juice 

Orange fruit (Citrus reticulata Blanco) was purchased from local 
market in Bangkok (Thailand). After being washed with 200 ppm so
dium hypochlorite and peeled, orange fruit was processed using a juice 
extractor (Philips HR1863, Netherland). Freshly-squeezed orange juice 
was immediately used after juice extraction. The MSE (1.56 and 3.125 
mg/mL of orange juice) was added to orange juice and compared with 
pasteurized orange juice (80 ◦C 15 sec) and freshly-squeezed orange 
juice (control) during storage for 30 days at 4 ◦C. The physiochemical 
properties including total phenolic compound, total flavonoid content, 
antioxidant activity (DPPH and FRAP assay), pH, total soluble solid, 
color values, total plate count, yeast and mold count and lactic acid 
bacteria were analyzed every 3 days. The pH meter was used to deter
mine the pH level (Mettler Toledo, S220). Total soluble solid was 
measured in the range of 0–30 ◦Brix with a digital hand refractometer 
(Hanna Instrument, 96801). The color values were obtained by a 
chroma meter (Minolta, Model CR-300 series, Japan) and CIELAB sys
tem; where, L* represents the brightness (0 and 100 represent black and 
white, respectively), a* represents the red (+a*) or green (-a*) and b* 
represents the yellow (+b*) and blue. The color difference (ΔE*) was 
also calculated as follows: 

ΔE* = [
(
L*

1 − L*
2

)2
+
(
a*

1 − a*
2

)2
+
(
b*

1 − b*
2

)
2]

1/2  

where, subscript “1” as the default color value of the sample and 
subscript “2” as the color value measured at each time. 

2.7. Determination of total phenolic compound 

Total phenolic compound was determined by Folin Ciocalteu method 
previously described by Waterhouse [47] with some modifications. 
Briefly, 20 µL of sample was mixed with 1.58 mL of distilled waster. 100 
µL of Folin Ciocalteu reagent was then added to the mixture. After 5 min 
incubation, 300 µL of sodium carbonate was added to the mixture and 
stand for 2 h at room temperature. The absorbance of mixture was 
measured at 765 nm using spectrophotometer (Thermo Spectronic, 
Genesys 10 uv, USA). Total phenolic compound was expressed as mg 
gallic acid equivalent (GAE) / 100 g dry weight (mg GAE/100 g dry wt) 
or mg GAE/ 100 mL. 

2.8. Determination of total flavonoid content 

Total flavonoid content was analyzed by aluminium chloride color
imetric method [33]. 0.5 mL of sample was mixed with 2 mL of distilled 
water, 0.15 mL of 5% (w/v) sodium nitrite and 0.15 mL of 10% (w/v) 
aluminium chloride. After incubation at ambient temperature for 5 min, 
mixture was added with 2.2 mL of distilled water and absorbance was 
measured at 510 nm. The results were expressed as mg quercetin 
equivalent (QE) / 100 g dry weight (mg QE/100 g dry wt.) or mg QE/ 
100 mL. 

2.9. Antioxidant activity by ferric reducing antioxidant power (FRAP) 
assay 

Antioxidant activity by FRAP assay was determined by the method 
described by Benzie and Strain [9] with slight modification. 50 mL of 
sample was mixed with 950 µL of warmed (37 ◦C) FRAP solution. After 
incubation at ambient temperature for 4 min, absorbance was measured 
at 593 nm. The reaction was followed up to 30 min and the difference 
between the final absorbance and blank absorbance was calculated for 
each sample. Antioxidant activity by FRAP assay was expressed as mM 
trolox / 100 g dry weight (mM trolox/100 g dry wt.) or mM trolox / 100 
mL. 

2.10. Antioxidant activity by DPPH assay 

The antioxidant activity by DPPH assay was performed according to 
the previous method described by Brand-Williams and others [10] with 
modifications. 20 µL of sample or DPPH solution was mixed with 950 µL 
of DPPH solution and mixture was left in dark and ambient temperature 
for 15 min. Absorbance was measured at 515 nm and methanol was used 
as reference sample. Adifference was calculated as a change in absorbance 
between absorbance of DPPH solution (Aintial) and absorbance of sample 
(Afinal) as follows; 

Adifference = Aintial − Afinal 

The results were calculated based on standard curve prepared with 
different trolox solution (82–5000 µM) and was expressed as mM trolox/ 
100 g dry weight (mM trolox/100 g dry wt.) or mM trolox/100 mL. 

2.11. Microbial properties of orange juice [4] 

Total plate count was analyzed using pour plate technique by placing 
a sample of orange juice diluted with 0.85% w/v saline at an appropriate 
level and a 1 mL pipetted into sterile plate. The plate count agar melted 
for 15 min at 121 ◦C and left until the temperature dropped to 45 ◦C was 
poured over the sample. Then, plates were incubated for 48 h at 35 ◦C. 
The number of colonies formed within the range of 25–250 colonies was 
counted and reported as colony-forming units/mL (CFU/mL). Yeast and 
mold count were analyzed using spread plate technique and plates were 
incubated for 48 h at 30 ◦C and the number of colonies were reported as 
CFU/mL. Lactic bacteria were counted by pour plate method by Lacto
bacillus MRS agar and plates were then incubated in an anaerobic jar for 
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48 h at 35 ◦C. The count was reported as CFU/mL. 
The shelf life of the treatments was also determined based on the 

number of total bacteria and yeast and mold as well as physical 
appearance during the storage. 

2.12. Statistical analysis 

All experiments were performed in three replicates and data were 
analyzed by one-way analysis of variance (one-way ANOVA) using SPSS 
version 20.0 statistic software. Mean values were separated using 
Duncan’s multiple range test and significant differences were considered 
at p ≤ 0.05. Data are presented as mean ± standard deviation (SD). The 
Minitab 16 Statistical Expert software (Stat-Ease, Inc., U.S.A) was used 
to establish the regression model, composing Box-Behnken design and 
predicting the optimal conditions for antioxidant properties from UAE 
experiment. 

3. Results and discussion 

3.1. Optimization of ultrasound-assisted extraction (UAE) of makiang 
seed 

Several experimental variables including ethanol concentration, 
amplitude, temperature and time play an essential role on effectiveness 
of UAE [23]. In this study, ethanol concentration at 70% was set as a 
fixed factor to determine optimization condition of antioxidant prop
erties from UAE because this condition provided the highest values of 
antioxidant properties including total phenolic compound, total flavo
noid content and antioxidant activity by DPPH and FRAP assays ac
cording to preliminary study (data not shown). This is also conformed 
with previous study that reported 70% ethanol concentration was the 
appropriate condition to obtain highest total phenolic content, total 
flavonoid content and antioxidant activity [54]. Therefore, 3 indepen
dent variables were established in response surface methodology 
namely temperature time and amplitude. In addition, the extraction 
yield of all UAE treatments ranged from 14.19–17.94% (data not 
shown). 

Response surface methodology with Box–Behnken experimental 
design was performed to determine optimum extraction condition for 
total phenolic compound, total flavonoid content and antioxidant ac
tivity by DPPH and FRAP assays (Table 3). It showed that total phenolic 
compound, total flavonoid content and antioxidant activity by DPPH 
and FRAP assays of MSE ranged from 345.33 ± 14.89–585.56 ± 3.67 mg 

GAE/100 g dry wt., 9.88 ± 0.747–18.59 ± 1.62 mg QE/100 g dry wt., 
965.14 ± 47.24–1771.04 ± 13.54 mM trolox/100 g dry wt. and 1106.81 
± 12.50–2233.19 ± 11.27 mM trolox/100 g dry wt., respectively. 
Table 4 shows analysis of variance (ANOVA) for determination of 
optimization model fit and it was found that significant (p ≤ 0.05) model 
F-value with non-significant lack of fit for all responses was observed. In 
addition, the coefficient of determination (R2) showed a good fit with 
the experimental data for all responses with R2 higher than 0.9600. The 

Table 3 
Total phenolic compound, total flavonoid content, antioxidant activity by DPPH and FRAP assay of makiang seed extract (MSE) under different conditions of 
ultrasound-assisted extraction based on a Box–Behnken design (BBD) for response surface analysis.  

Run Extraction conditions Analytical results 

X1-Temperature 
(◦C) 

X2- Time 
(min) 

X3- 
Amplitude 
(%) 

Total phenolic 
compound (mg GAE/ 
100 g dry wt.) 

Total flavonoid content 
(mg QE/100 g dry wt.) 

Antioxidant Activity by DPPH 
Assay (mM trolox/100 g dry 
wt.) 

Antioxidant Activity by FRAP 
Assay (mM trolox/100 g dry 
wt.) 

1 30 25 40 438.67 ± 7.05 16.63 ± 3.36 1551.25 ± 14.47 2162.01 ± 14.14 
2 70 25 40 469.56 ± 15.41 16.33 ± 2.05 1479.03 ± 14.44 2233.19 ± 11.27 
3 30 45 40 404.44 ± 12.69 15.07 ± 0.81 1261.15 ± 66.39 1791.88 ± 44.72 
4 70 45 40 510.00 ± 19.00 12.22 ± 0.50 1448.47 ± 31.82 1701.25 ± 71.08 
5 30 35 30 570.44 ± 15.00 17.56 ± 0.06 1247.08 ± 9.55 1892.92 ± 71.01 
6 70 35 30 345.33 ± 14.89 15.77 ± 0.19 1270.00 ± 22.53 1902.71 ± 11.27 
7 30 35 50 354.67 ± 15.93 17.33 ± 0.62 1385.63 ± 9.26 1844.31 ± 40.13 
8 70 35 50 502.67 ± 7.86 15.57 ± 0.06 1413.40 ± 13.43 1930.42 ± 44.72 
9 50 25 30 402.11 ± 13.00 14.66 ± 0.06 1672.43 ± 9.39 2233.19 ± 61.70 
10 50 45 30 452.67 ± 15.14 9.88 ± 0.747 965.14 ± 47.24 1106.81 ± 12.50 
11 50 25 50 554.00 ± 1.33 12.37 ± 0.06 1271.04 ± 19.79 1691.88 ± 18.25 
12 50 45 50 473.78 ± 15.78 12.17 ± 0.87 1625.56 ± 6.70 1820.56 ± 117.92 
13 50 35 40 585.56 ± 3.67 17.62 ± 1.62 1771.04 ± 13.54 2095.35 ± 39.60 
14 50 35 40 532.89 ± 14.67 18.59 ± 1.62 1741.88 ± 13.05 2078.68 ± 70.68 
15 50 35 40 505.56 ± 10.84 18.33 ± 0.62 1761.32 ± 10.43 2104.38 ± 71.41 
16 50 35 40 551.56 ± 14.91 17.95 ± 2.12 1758.89 ± 14.89 2149.86 ± 69.66 
17 50 35 40 562.67 ± 8.08 17.48 ± 0.81 1738.75 ± 15.42 2128.68 ± 101.50  

Table 4 
Analysis of variance for determination of optimization model fit.  

Parameter Total 
phenolic 
compound 

Total 
flavonoid 
content 

Antioxidant 
activity by 
DPPH assay 

Antioxidant 
activity by 
FRAP assay 

R2  0.9610  0.9907  0.9984  0.9916 
Adjusted R2  0.9108  0.9788  0.9963  0.9808 
Lack of fit 

(F-value)  
0.09  0.16  1.27  3.04 

F value  19.16  83.22  482.69  92.03 
P value  0.000  0.000  0.000  0.000  

Table 5 
Regression coefficient of the predicted second order polynomial models (BBD) 
for antioxidant properties.  

Regression 
coefficient 

Total 
phenolic 
compound 

Total 
flavonoid 
content 

Antioxidant 
activity by 
DPPH assay 

Antioxidant 
activity by 
FRAP assay 

Intercept 
X0  574.6*  17.994*  1754.38*  2111.4*  

Linear 
X1  35.40*  − 0.837*  20.72*  12.1 
X2  − 4.78  − 1.331*  − 84.18*  − 237.5* 
X3  44.15*  − 0.054  67.62*  21.4  

Quadratic 
X1

2  − 0.91*  0.00678*  − 1.8696*  0.176 
X2

2  − 0.043  − 0.03610*  − 1.3244*  − 1.569* 
X3

2  − 0.727*  − 0.02115*  − 2.3839*  − 2.414*  

Cross product 
X1X2  0.15  − 0.00637*  0.6489*  − 0.405 
X1X3  0.336*  0.0008  0.0121  0.141 
X2X3  − 0.327*  0.01145*  2.6545*  3.138* 

*Level of significance p ≤ 0.05. 
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regression coefficients values of the experimental variables are shown in 
Table 5. 

To evaluate the effects of independent variables on the antioxidant 
properties (total phenolic compound, total flavonoid and antioxidant 
activity by DPPH and FRAP assays), 3-dimensional response surface 
plots of the model were graphed for determination of the optimal values 
to obtain the optimum antioxidant properties of MSE and were used to 
observe the effect of temperature, time and amplitude on total phenolic 
compound, total flavonoid and antioxidant activity by DPPH and FRAP 
assays (Figs. 1–4, respectively). The response surface plots were formed 
by fixing two independent variables and changing the remaining one for 
each response. 

Effect of extraction parameters on total phenolic compound is 
depicted in response surface plots as shown in Fig. 1. A temperature 
increase had a positive effect on yield of total phenolic compound and 
this result is in accordance with previous study on optimization of 
phenolic compounds extraction [40]. In addition, this result was also in 
good agreement with previous study that reported the increased yield of 
phenolic compounds was observed by heating the extracting solvent 
using ethanol solvent [19]. The amplitude term was the most positively 
significant term in the model equation for total phenolic compound 

whereas quadratic term of temperature (X1
2) had the greatest negative 

impact. In addition, extraction variables of total phenolic compound 
were well correlated with quadratic regression model due to a high 
regression coefficient (R2 = 0.9610). The findings obtained from our 
study are in good agreement with previous report from [3] who 
observed an increased yield of total phenolic compound from lyophi
lized fig fruit resulted from a rise in extraction temperature. The 
extraction yield of total phenolic compound could be expressed by the 
following polynomial equation: 

Total phenolic compound (mg GAE/100 g dry wt.)

= − 1478 + 15.27X1 + 11.89X2 + 65.6X3 − 0.2284X2
1 − 0.043X2

2

− 0.727X2
3 + 0.0748X1X2 + 0.1681X1X3 − 0.327X2X3 

The performance of UAE primarily depends on cavitation phenom
enon in the media promoting compression and expansion of solvent and 
micro-jet formation of solvent is activated. This initiates the formation 
of micropores in matrix cell expediting the passage of solvent to target 
compound located in intracellular component [45]. 

An increase in amplitude promoted the yields of total phenolic 
compound, total flavonoid content and antioxidant activity by DPPH 
and FRAP assays. However, above a specific level of amplitude can 

Fig. 1. Response surface plots showing the effects of variables on the total 
phenolic compound (mg GAE/100 g dry wt.) (a) time was constant at 35 min 
(b) temperature was constant at 50 ◦C and (c) amplitude was constant at 40% 

Fig. 2. Response surface plots showing the effects of variables on total flavo
noid content (mg QE/100 g dry wt.) (a) temperature was constant at 50 ◦C (b) 
amplitude was constant at 40% and (c) time was constant at 35 min. 
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decrease extraction efficiency due to the small bubble formation is 
initiated and this consequent a reduced ultrasound energy transmission 
through solvent [5]. Time is also an important factor that has a direct 
impact on phenolic compound and flavonoids extracted from makiang 
seed. Therefore, higher extraction time could lead to a greater yield of 
extracted compounds; however, excessive extraction time can nega
tively impact on extracted compound as its degradation [17]. 

The linear effect of temperature, time, amplitude as well as quadratic 
effects of temperature (X1

2), time (X2
2) and amplitude (X3

2) and inter
action of temperature × time (X1X2) and time × amplitude (X2X3) 
demonstrated significant effects on total flavonoid content (Table 5). 
Total flavonoid content was mainly dependent on X2 followed by X3 and 
X1 according to their regression coefficient. The relationship between 
extraction yield of total flavonoid content and variable are illustrated as 
the following second order polynomial equation. 

Total flavonoid content (mg QCE/100 g dry wt.)

= − 38.32 − − 0.1013X1 + 2.095X2 + 1.284X3 + 0.001695X2
1

− 0.03610 X2
2 − 0.02115 X2

3 − 0.003187X1X2 + 0.000038X1X3

+ 0.01145 X2X3 

The lack of fit value (F) of 0.16 showed non significance and the 
model was fit with good prediction (R2 = 0.9907 and adjusted R2 =

0.9788). 
The ultrasound-assisted extraction possessed a significant impact on 

extraction of total phenolic compound and total flavonoid content. 
When extraction temperature increased to certain value, the extracted 
amount was enhanced. This result may be to an increase in temperature 
lead to a greater mass transfer resulting in higher extraction yield, but 
excessive temperature may cause a damage on bioactive compounds 
[14]. In addition, several studies have revealed that total phenolic 
compound and total flavonoid content tend to increase as an increasing 
amplitude in UAE of plant materials; however, excessive exposure to 
ultrasound can subsequently cause a degradation of biologically active 
compounds, Therefore, a suitable amplitude in UAE is critical to achieve 
high level of bioactive compound with regard to quality and quantity 
[46]. 

Different methods for antioxidant activity determination have been 
well-documented and the most commonly selected methods are DPPH 
assay (activity to scavenge DPPH radicals or ability to donate H atom) 
and FRAP assay (activity to reduce metal ions or ability to donate H 
atom) [28]. In this present study, the influence of the UAE variables on 
the antioxidant activity of MSE was evaluated by DPPH and FRAP as
says. In overall, variations among the antioxidant activity of MSE were 

Fig. 3. Response surface plots showing the effects of variables on antioxidant 
activity by DPPH assay (mM trolox/100 g dry wt.) (a) temperature was constant 
at 50 ◦C (b) amplitude was constant at 40% and (c) time was constant at 
35 min. 

Fig. 4. Response surface plots showing the effects of variables on antioxidant 
activity by FRAP assay (mM trolox/100 g dry wt.) (a) amplitude was constant at 
40% (b) time was constant at 35 min and (c) temperature was constant at 50 ◦C. 
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significantly (p ≤ 0.05) dependent on the UAE conditions. 
Antioxidant activity by DPPH assay under ultrasound-assisted 

extraction was not significantly affected by quadratic effect of temper
ature and amplitude (X1X3). Remaining factors showed significant effect 
on antioxidant activity by DPPH assay (p ≤ 0.05). In addition, linear 
term of temperature and amplitude contributed to positive impact on 
antioxidant activity by DPPH assay. The polynomial equation for 
extraction yield of antioxidant activity by DPPH assay was described as 
follows; 

Antioxidant activity by DPPH assay = − 582 + 36.18X1 − 38.11X2

+ 104.26X3 − 0.4674 X2
1 − 1.3244X2

2

− 2.3839X2
3 + 0.3244 X1X2

+ 0.0061X1X3(%) + 2.6545X2X3 

The ANOVA results (Table 5) exhibit that the polynomial model is 
greatly significant (p ≤ 0.05) for antioxidant activity by FRAP assays 
which was mainly influenced by amplitude (X3). The quadratic effect of 
time (X2

2) and amplitude (X3
2) as well as the interaction between time 

and amplitude (X2X3) revealed a significant effect on antioxidant ac
tivity by FRAP assays. 

The model for antioxidant activity by FRAP assay is represented in 
following equation; 

Antioxidant activity by FRAP assay = 1332 + 0.47X1 − 29.3X2 + 81.9X3

+ 0.0440 X2
1 − 1.569X2

2 − 2.414 X2
3

− 0.2023X1X2 + 0.0704X1X3

+ 3.138 X2X3 

The main effect of ultrasound-assisted extraction on antioxidant ac
tivity by DPPH and FRAP assays is the increased permeability of cell wall 
leading to a greater extraction of phenolic compounds and flavonoids 
[24]. 

Chemical structures and number of functional groups of phenolic 
compounds including (1) number and position of alcohol groups on the 
aromatic ring; (2) molecular size; (3) flexibility/bulkiness; and (4) water 
solubility are considerably involved in antioxidant activity [2]. Besides, 
the ability of aromatic hydroxylated rings to donate hydrogen atoms 
accounted for antioxidant activity of phenolic acids [1]. Relationship 
between antioxidant activity and total phenolic compound has been well 
documented and it has been reported that secondary metabolites espe
cially phenolic compounds are key active compound responsible for 
antioxidant activity [22]. 

3.2. Optimal UAE condition and its validation 

After running several numerical optimizations, predicted optimized 
conditions were temperature 51.82 ◦C, time 31.87 min and amplitude 
40.51. However, makiang seed was practically extracted under these 

following conditions; temperature 52 ◦C, time 32 min and amplitude 
41% after rounding to experimentally verify model validity. Then, the 
yield of total phenolic compound, total flavonoid content and antioxi
dant activity by DPPH and FRAP assays were determined to verify the 
reliability of the predicted optimum condition. The predicted values and 
experimental values of all responses obtained from optimal extraction 
condition are shown in Table 6. According to the validation results, it 
revealed that slightly variation or %Difference between the experi
mental response and predicted values from optimum condition 
confirmed the validity of the proposed optimum UAE condition. 
Therefore, predicted model can be applied to optimize the extraction 
conditions for total phenolic compound, total flavonoid content and 
antioxidant activity by DPPH and FRAP assays. 

3.3. Phenolic compound profile of optimized makiang seed extract 

The phenolic compound profile obtained from maceration extraction 
(ME) was used to compare with ultrasound-assisted extraction (UAE) in 
this study. All phenolic compounds of MSE from UAE were significantly 
higher than those from ME (p ≤ 0.05) as shown in Table 7. In the other 
word, concentration of the phenolic compound identified in the MSE 
were enhanced by UAE and the most abundant phenolic compound in 
MSE was characterized as gallic acid (2033.34 ± 30.73 and 1479.96 ±
107.62 mg/100 g dry wt. for UAE and ME, respectively). 

Gallic acid is one of the most important phenolic compound in plant 
material due to its antioxidant activity. It has been documented that the 
antioxidant activity of gallic acid is stronger than BHT, BHA and alpha- 
tocopherol while the long-term use has not shown any adverse effect 
[27]. Furthermore, gallic acid is heat stable compound that is not 
decomposed at temperatures up to 100 ◦C; therefore, thermal degrada
tion should be disregarded and can be used instead of some synthetic 
antioxidants in food industry [38]. Ferulic acid is also widely known as 
antioxidant and it is abundant in fruit and vegetable including seed and 
leaf; therefore, by product from plant can be used as a rich source of 
ferulic acid [12]. In addition, the caffeic acid commonly found in plant 
and propolis has been reported that it provides excellent free radical 
scavenging ability and can be commercially used to protect poly
unsaturated oils [51]. Besides, quercetin, a member of flavonoids, is 
considered as one of the most promising natural antioxidant. It is 
naturally found in various foods such as fruit, vegetable, tea and wine. 
Importantly, quercetin has been claimed to provide beneficial health 
effect including lowering a risk of cancer and cardiovascular disease [9]. 

3.4. Antimicrobial activity by minimum inhibitory concentration (MIC) 
and minimum bactericidal concentration (MBC) 

Results showed that MSE was able to inhibit the growth of all types of 
tested microorganisms, namely Staphylococcus aureus, Escherichia coli, 
Saccharomyces cerevisiae, Lactobacillus plantarum and Salmonella 

Table 6 
Experimental values (data) of the validation of predicted values  

Parameters Experimental 
values 

Predicted 
values 

% 
Difference 

Unit 

Total phenolic 
compound 

518.00 ± 15.87  548.08  5.49 mg GAE/ 
100 g dry 
wt. 

Total flavonoid 
content 

18.62 ± 0.92  18.00  3.44 mg QE/ 
100 g dry 
wt. 

Antioxidant 
activity by 
DPPH assay 

1731.46 ±
14.77  

1754.62  1.28 mM trolox/ 
100 g dry 
wt. 

Antioxidant 
activity by FRAP 
assay 

2122.08 ±
12.63  

2111.55  0.50 mM trolox/ 
100 g dry 
wt.  

Table 7 
Phenolic compound profile of makiang seed from maceration extraction (ME) 
and ultrasound-assisted extraction (UAE)  

Phenolic 
compound 

UAE ME Unit 

Gallic acid 2033.34 ± 30.73a 1479.96 ±
107.62b 

mg/100 g dry 
wt. 

Ferulic acid 1908.53 ±
232.52a 

380.75 ± 33.32b mg/100 g dry 
wt. 

Caffeic acid 156.29 ± 17.77 nd mg/100 g dry 
wt. 

Quercetin 241.97 ± 43.65a 161.52 ± 31.30b mg/100 g dry 
wt. 

a, b: Different superscript letters on the same low show the significant difference 
between the mean values (p ≤ 0.05). 
nd: not detected. 
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Typhimurium. MIC values were in the range of 1.56–6.25 mg/mL and it 
exhibited that S. aureus and L. plantarum were the most sensitive mi
croorganisms to MSE according to the lowest MIC values (Table 8). Our 
results were consistent with the study of Leelapornpisit, Khansuwan, 
Kittipongpattana, and Rojanakul [29] which showed that the MSE was 
effective against Propionibacterium acenes and S. aureus. The MBC values 
showed the best activity against S. aureus, L. plantarum and S. cerevisiae 
(25 mg/mL), followed by S. Typhimurium (50 mg/mL) and E. coli (100 
mg/mL), respectively (Table 8). Due to the differences in microbial 
structures, phenolic compounds with different antimicrobial activity can 
penetrate differently, which can affect the MIC and MBC values of each 
species. It was found that MSE had the best inhibitory effect to the 
growth of S. aureus, L. plantarum, and S. cerevisiae followed by 
S. Typhimurium and E. coli, respectively, since S. aureus and L. plantarum 
were Gram positive bacteria which cell wall structure is less complex 
than Gram-negative bacteria (S. Typhimurium and E. coli were more 
resistant to the MSE). Consistently, a study demonstrated that the leaf 
extract from Limnophila rugosa showed the higher antibacterial activity 
against S. aureus than E. coli. Gram-negative bacteria have an outer 

membrane and periplasmic space which are not found in Gram-positive 
bacteria, and act as barrier to penetration of substances [42]. 

3.5. Physiochemical properties of orange juice samples added with 
makiang seed extract during storage at 4 ◦C 

The pH value and total soluble solid decreased as storage increased 
(Fig. 5). The pH and total soluble solid were in the range of 4.21–4.77 
and 10.25–12.50 ◦Brix, respectively. These results were consistent with 
Ibrahim [26] examining the changes in pH during storage of pineapple, 
papaya and watermelon juices for 4 weeks at 4 ◦C and room tempera
ture. Their results showed that pH values of all fruit juices tended to 
decrease as the storage increased. They attributed their findings to the 
growth of microorganisms. Both extract added samples (1.56 and 3.125 
mg/mL) resulted in a higher total soluble solid than freshly squeezed 
orange juice (control) and pasteurized samples at the end of storage 
(11.25 and 11.25 VS 10.33 and 10.25 ◦Brix, respectively). The decrease 
in total soluble solid during the storage was a result of microorganisms 
using sugar in orange juice to convert into energy and use for growth 

Table 8 
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of makiang seed extract from optimized ultrasound-assisted extraction.  

Microorganisms Staphylococcus aureus Lactobacillus plantarum Saccharomyces cerevisiae Salmonella Typhimurium Escherichia coli 

MIC (mg/mL) 1.56 1.56 1.56 3.125 6.25 
MBC (mg/mL) 25 25 25 50 100  

Fig. 5. pH and total soluble solid of orange juice sample during the storage at 4 ◦C.  
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which resulted in the decreased total soluble solid. Moreover, [25] 
showed that total soluble solid content in orange juice decreased after 4 
weeks at 7 ◦C. They related their results to the growth of 
microorganisms. 

Color is a visible physical property of food and plays an important 
role in consumer satisfaction [50]. The initial L* and a* values for 
freshly squeezed orange juice (control), extract added (1.56 and 3.125 
mg/mL) and pasteurized orange juice were 47.18, 40.15, 43.82, 45.07 
and 4.42, 3.87, 4.40 and 5.86, respectively (Fig. 6). The a* values of all 
samples tended to decrease as the storage increased . Conversely, the b* 
and ΔE* values of the samples tended to increase as the storage period 
increased. It should be noted that both extract added (1.56 and 3.125 
mg/mL) samples had lower b* and ΔE* values than control and 
pasteurized samples. As mentioned earlier, L* value is the brightness of 
sample (if L* is a large value, the sample is very bright.), a* value is 
green and red (− a* indicates green and +a* indicates red color), b* 
value representing yellow and blue (− b* representing blue and +b* 
representing yellow), and ΔE* value represents the color difference 
between the pre-storage and after storage of orange juice samples (if the 
ΔE* value was high, the sample had a very different color from the 
initial value). As a result, the orange juice samples in our study showed a 
decrease in brightness and the color were more red than green. Addi
tionally, an increasing b* value indicated the orange juice samples were 
more yellow than blue. The increased ΔE* value during the storage 
could be due to the changes in carotenoid content, the main pigment of 
orange juice, the oxidation of total phenolic compound as well as the 
non-enzymatic browning reaction resulting from ascorbic acid decom
position [50]. Choi, Kim, and Lee [15] reported an increase in the ΔE* 
value which was associated with a decrease in the carotenoid contents 
after 7 weeks at 4.5 ◦C. The greater difference in ΔE* value of extract 
added (1.56 and 3.125 mg/mL) samples as compared with that of freshly 

squeezed orange juice (control) and pasteurized orange juice samples 
could also be due to the color of the extract which affected the color of 
the orange juice. 

3.6. Antioxidant and antioxidant activity (DPPH and FRAP assays) of 
orange juice samples added with makiang seed extract during storage at 
4 ◦C 

The initial total phenolic compound of control, extract added (1.56 
and 3.125 mg/mL) and pasteurized orange juices were; 461.67, 535.50, 
627.50 and 446.00 (mg GAE/100 mL), respectively which decreased 
during the storage (Fig. 7). The lower total phenolic compound and total 
flavonoid content in pasteurized samples was because the heat from the 
pasteurization process could damage and decompose phenolic com
pounds [49]. The reduction in total phenolic compound at the 30 days of 
storage comparing with the 1st day was 37.50, 29.69, 27.00, and 30.49 
(%) for control, extract added (1.56 and 3.125 mg/mL) and pasteurized 
samples, respectively. This was consistent with a study by Maragò, et al. 
[34] who reported decreased total phenolic compound during the 
storage of apple and pomegranate juices at − 20 ◦C, 4 ◦C and room 
temperature after 2 weeks. Furthermore, up to 50% reduction of total 
phenolic compound was observed after storing roselle-mango, okra- 
papaya and okra-guava juices at 4 ◦C and 28 ◦C for 180 days [35] The 
initial total flavonoid content of control, extract added (1.56 and 3.125 
mg/mL) and pasteurized orange juice samples were 10.14, 12.3, 12.50 
and 10.12 (mg QE/100 mL), respectively, which decreased during the 
storage (Fig. 7). The flavonoid contents among the samples showed 
almost the same trend as total phenolic compound. The control, extract 
added (1.56 and 3.125 mg/mL) and pasteurized samples in the last 
storage day (30 day) showed respectively a reduction of 21.40, 40.65, 
31.36 and 41.69% compared with the initial day. The flavonoid 

Fig. 6. Color values (L*, a*, b*) and color difference (ΔE) of orange juice samples during the storage at 4 ◦C.  
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degradation during storage was consistent with [16] who examined the 
total flavonoid content of orange juices from various citrus species 
(Palazzelli, Minneola, Salustiana and Shamouti) and red grape juice. 
According to that study, the flavonoid contents significantly decreased 
after 15 days of storage at 4 ◦C. 

The initial values of antioxidant activity by DPPH and FRAP assays 
for control, extract added (1.56 and 3.125 mg/mL) and pasteurized 
samples were 468.42, 618.83, 929.46, 398.00 (mM trolox/100 mL) and 
1439.46, 1809.88, 2252.58 and 1399.04 (mM trolox/100 mL), respec
tively, which moderately decreased during the storage (Fig. 7). Not 
surprisingly, extract added samples (3.125 mg/mL and 1.56 mg/mL) 
had higher antioxidant activity (DPPH and FRAP assay) than control and 
pasteurized orange juice, respectively which could be due to the high 
content of phenolic compounds as well as flavonoid content in makiang 
seed extract (MSE). 

3.7. Microbiological properties of orange juice samples added with 
makiang seed extract (MSE) during storage at 4 ◦C 

The total microbial count, yeast and mold count and lactic acid 
bacteria tended to increase as the storage period increased (Fig. 8). The 
total microbial count (total plate count) in beverages must not exceed 
1.0 × 105 CFU/mL [52]. The initial microbial counts of control, extract 
added (1.56 and 3.125 mg/mL) and pasteurized orange juices were 1.44 
× 103, 7.80 × 103, 7.50 × 103 and <10 CFU/mL, respectively and all 
samples except pasteurization had more than 1.0 × 105 CFU/mL after 3, 
15, and 21 days of storage, respectively. Since orange juice contains a 
relatively low pH (3.0–4.0), it limits the type and number of microor
ganisms that can survive. At the same time, orange juice had a relatively 
high content of total soluble solid. Therefore, yeast is often the main 
cause of the deterioration of orange juice. Yeast and mold found in 

orange juice must not exceed 5.0x103 CFU/mL [55]. The initial yeast 
and mold content of control, extract added (1.56 and 3.125 mg/mL) and 
pasteurized orange juice samples were 1.32 × 102, 1.35 × 102, 8.60 × 10 
and <10 CFU/mL, respectively which recorded greater than standard on 
days 3, 9, and 21, respectively. However, the pasteurization showed the 
onset of yeast growth only at day 30. Because orange juice has a high 
sugar content, it is frequently spoiled by bacteria creating lactic acid 
normally found in orange juice and they are generally approximately 
1.0 × 104 CFU/mL [18], and must not exceed 1.0 × 105 CFU/mL to be 
within the acceptable limits. The initial lactic acid bacteria content of 
the control, extract added (1.56 and 3.125 mg/mL) and pasteurized 
orange juice samples were 1.08 × 10, 1.66 × 10, 4.2 × 102 and <1 CFU/ 
mL, respectively and the population exceeded the limit on days 9, 12 and 
21, respectively. 

Total microorganism, yeast and mold and lactic acid bacteria were 
used together with the changes in physical characteristics of the orange 
juice as criteria in the determination of shelf life in orange juice. When 
considering the amount of yeast, which is the main microorganism that 
causes deterioration in orange juice, together with changes in color, 
smell and appearance we concluded that control, extract added (1.56 
and 3.125 mg/mL) and pasteurized orange juice samples had a shelf life 
of approximately 3, 9, 21 and 30 days, respectively as preserved at 4 ◦C. 
Since freshly squeezed orange juice is unprocessed, we expected the less 
shelf life as compared with other samples. Our results in terms of shelf 
life were consistent with [53] who examined the application of apple 
peel extracts in tomato juice stored for 10 days at 4 ◦C. Their results 
proved a longer shelf life in extract added to tomato juice VS control. It 
was also suggested that plant extracts could be applied in fruit juices to 
increase the shelf life of juices. 

Fig. 7. Antioxidant property (total phenolic compound, total flavonoid content and antioxidant activity by DPPH and FRAP assays) of orange juice samples during 
the storage at 4 ◦C. 
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4. Conclusion 

In this present study, BBD with RSM was successfully employed to 
determine optimal experimental parameters of UAE for antioxidant 
properties (total phenolic compound, total flavonoid content and anti
oxidant activity by DPPH and FRAP assays) from makiang seed. Three 
extraction parameters including temperature, time and amplitude were 
optimized to obtain the highest antioxidant properties. The optimal 
condition for three parameters was analyzed as temperature 51.82 ◦C, 

time 31.87 min and amplitude 40.51%. The results showed that there 
were no significant differences between predicted and experimental 
values of antioxidant properties obtained from makiang seed extract 
(MSE). In addition, HPLC analysis indicated that gallic acid was the most 
abundant phenolic compound found in optimized MSE. Based on anti
microbial activity against pathogenic and spoilage microorganisms, 
MSE showed a promising antimicrobial property. The addition of MSE in 
orange juice significantly preserved antioxidant property and extended 
the shelf life of orange juice samples during cold storage. Therefore, this 

Fig. 8. Microbial stability (total plate count, yeast and mold count and lactic acid bacteria) of orange juice samples during the storage at 4 ◦C.  
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study confirmed the application of emerging extraction technology of 
ultrasound for bioactive compound extraction with antioxidant activity 
from plant by-products according to industrial demand and sustainable 
development. Consequently, the application of makiang seed extract 
may be considered to improve antioxidant property and stability of or
ange juice during cold storage. In addition, this extract may be recom
mended as potentially functional food ingredient for health-conscious 
consumer and up-scaling of this advanced extraction technology needs 
to be performed for mass production as an industrial operation. 
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