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Abstract: 
This study optimized the polyphenol extraction conditions for Cassia fistula L., commonly known as the Osaka tree. Its fruit 
contains a complex of valuable natural compounds, which remain underexploited in Vietnam and other countries where Osaka 
trees grow in abundance. 
Methods employed included phytochemical screening, determination of total phenolic and moisture content, preliminary factor 
screening, and optimization using Response Surface Methodology (RSM) with a Box-Behnken design, followed by statistical 
analysis using t-tests, ANOVA, and Tukey’s HSD post-hoc test.
Most previous studies focused on testing and evaluating individual extraction parameters, such as temperature, solid-to-solvent 
ratio, and time. This study comprehensively integrated these factors into a unified optimization model. Based on the design 
of preliminary diagnostic experiments, the solid-to-solvent ratios ranged from 1:10 to 1:50 (w/v), the extraction temperature 
was 30–70°C, and the extraction time ranged from 5 to 30 min. The Box-Behnken model combined with response surface 
methodology made it possible to optimize multiple factors simultaneously. The total polyphenol content reached its highest 
value of 10.64 mg GAE/g DW under the following optimal conditions: 50°C; 21.15 min extraction time; 1:31.69 (w/v) solid-to-
solvent ratio. The model demonstrated high reliability (R2 = 0.94), confirming its industrial potential. 
The results obtained open up new prospects for sustainable exploitation of natural polyphenols from C. fistula in functional 
foods and pharmaceuticals.

Keywords: Cassia fistula L., Osaka tree, bioactive compounds, extraction, optimization, response surface methodology, Box-
Behnken model
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INTRODUCTION
Bioactive compounds derived from plants have been 

of interest in recent years because they are not only a 
source of food but also a valuable source of pharmaceu-
ticals. In this context, indigenous plant species often be-
come the focus of research due to their biodiversity and 
medicinal applications [1–4]. Cassia fistula L. is com-
monly known as the Osaka tree, Indian laburnum, or 
golden shower tree (Fabaceae). This plant stands out for 
its bright yellow inflorescences and is highly valued for 
its medicinal properties. It contains a cluster of bioactive 
compounds with antibacterial, insecticidal, and antioxi-
dant properties [5, 6].

Cassia fistula L. fruit has a unique elongated cylin-
drical shape and turns dark brown when ripe. Beside its 
aesthetic value, the pod-like fruit has long been appre-
ciated for its powerful laxative properties, as well as for 

its antibacterial, anti-inflammatory, neuroprotective, and 
cardioprotective effects [7]. However, its industrial use 
requires more scientific studies to verify its medicinal 
profile. Recent phytochemical studies demonstrated that 
Osaka fruits are rich in polyphenols, flavonoids, anthra-
quinones, and anthraquinone glycoside derivatives [8, 9].  
These compounds exhibit strong antioxidant activity, 
which can protect cells from free radical damage, thus 
preventing such serious chronic diseases as diabetes, 
cancer, and neurodegenerative disorders. These findings 
open up many new application prospects for the func-
tional food industry, pharmaceuticals, and cosmetics [10].

In Vietnam, Osaka trees are widely distributed in 
humid and tropical environments, but their medicinal 
potential has not been fully exploited [11]. Most appli-
cations are still limited to folk remedies. This shows a 
huge gap between the abundance of resources and their 
effective application. To maximize the exploitation pro-
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cess and enhance the economic value of this promising 
plant, scientists and affiliated companies must conduct 
more in-depth investigations [12]. One of the most 
promising directions is to optimize the extraction of 
bioactive compounds, especially total phenolics, which 
are known for their anti-inflammatory and cardiopro-
tective effects [13]. 

The extraction of natural compounds from plants is 
a complex process because the yield depends on many 
factors. In this research, we combined the response sur-
face methodology with the Box-Behnken experimental 
design to reduce the number of experiments, thereby 
reducing time and cost compared to the traditional tri-
al and error method. In addition, this method also helps 
understand the multidimensional correlation between 
different factors in the extraction process [14]. Further-
more, advanced techniques, such as microwave-assisted 
extraction or ultrasound-assisted extraction can further 
improve the phenolic recovery [15].

This study had two main objectives: 
	– to evaluate the effects of such technological factors 

as ethanol solvent concentration, temperature, and extraction 
time on the total phenolic yield;
	– to use the response surface methodology to develop 
an accurate mathematical model that would make it possi- 
ble to optimize the polyphenol extraction process while 
minimizing time and cost. 

Although extraction time is not an absolutely import-
ant factor, it was included in this study as an indepen-
dent variable based on previous studies. For instance, 
Wei et al. [16] demonstrated a significant correlation be-
tween time and bioactive compound yields (triterpenes). 

This study stems from the significant potential and 
challenges associated with maximizing the industrial 
value of the Osaka tree. The results not only provide im-
portant and comprehensive scientific information on the 
bioactive profile of Cassia fistula L. fruit, but also pro-
vide support for the future development of high-value 
application products, e.g., safe and effective natural cos-
metics and functional foods. Furthermore, the sustain-
able use of C. fistula fruit is consistent with the general 
goals of green and sustainable production.

STUDY OBJECTS AND METHODS
Materials. The pulp of Cassia fistula L. fruit was 

obtained from trees cultivated in Ho Chi Minh City, 
Vietnam. After harvesting fresh fruits, the seeds and 
husks were manually removed to isolate the fleshy pulp 
for extraction and analysis (Fig. 1). 

Chemicals and equipment. The Folin-Ciocalteu 
reagent (Merck) was used to determine total phenolic 
content. The key equipment comprised a UV-Vis spec-
trophotometer (Shimadzu UV-1800), an infrared mois-
ture analyzer (Ohaus MB45), and a blender (Fuki).

Phytochemical screening. Exactly 5 g of C. fistula 
fruit pulp was macerated in ethanol at a 1:30 (w/v) sol-
vent-to-sample ratio for 8 h to obtain the primary extract. 
The extraction process was repeated twice under identi-
cal conditions. The three extracts were then combined, 
concentrated under reduced pressure, and subjected to 
a qualitative phytochemical analysis for bioactive com-
pounds (Table 1) [17].

Determining the total phenolic content. The total 
phenolic content was determined according to the meth-
od developed by Sirichan et al. [19], with minor modifi-
cations to adapt to the experimental conditions. Briefly, 
5 g of C. fistula fruit pulp was macerated in 30 mL of 
98% ethanol in a 250-mL Erlenmeyer flask for 24 h at 
room temperature, followed by filtration to obtain crude 
extract. The extraction process (soaking and washing) 
was triplicated, and the combined extracts were pooled 
and adjusted to a final volume of 100 mL with ethanol.

For total phenolic content quantification, the extract 
was diluted 10-fold and analyzed using ultraviolet-visible  
spectroscopy at 765 nm, with gallic acid as the standard 

Table 1 Phytochemical screening of bioactive compounds [18]

Qualitative compound Methodology Reaction result
Polyphenols and tannin 2 mL extract + 2 mL H2O + 2–3 drops 5% FeCl3 Dark blue, brown, blue
Alkaloids 2 mL extract + 3–4 drops Wagner’s reagent Red-brown precipitate
Flavonoids 2 mL extract + 2 mL 10% lead acetate Yellow precipitate 
Saponins 2 mL extract + 10 mL distilled water (boiled 2 min) Persistent foam formation
Terpenoids and steroid 5 mL extract + 2 mL CHCl3 + 3 mL concentrated H2SO4 Red-brown interface ring
Coumarins 2 mL extract + 3 mL 10% NaOH Yellow coloration

Figure 1 Cassia fistula L. tree (a) and Cassia fistula L. 
fruit (b)

                                 a                                             b
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reference compound. The total phenolic content, mg 
GAE/g DW, was calculated using the following formula:
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where Cx is the measured gallic acid concentration, ppm, 
obtained from the standard curve; Vdm is the final vol-
ume of the standardized extract, mL; 103 served as the 
conversion factor from μg to mg; W is the sample mois-
ture content, %; a is the initial sample mass, g; and K is 
the dilution factor applied when necessary.

Determining the moisture content. The moisture 
content was determined by the constant-weight drying 
method at 105°C [20].

Preliminary factor screening. Three key extraction 
parameters to be investigated included:
	– extraction time: 5, 10, 15, 20, 25, and 30 min (fixed 
at 50°C and 1:30 g/mL solid-to-water ratio);
	– temperature: 30, 40, 50, 60, and 70°C (fixed at 20 min 
and 1:30 g/mL ratio); and
	– solid-to-water ratio: 1:10, 1:20, 1:30, 1:40, and 1:50 g/mL  

(fixed at 20 min and 50°C).
All experiments were triplicated, with the total phe-

nolic content determined as previously described.
Optimizing the response surface methodology. 

Based on the preliminary screening results, we selected  
the optimal ranges for key extraction parameters for fur-
ther optimization using the Box-Behnken experimen-
tal design: extraction time (15–25 min), temperature 
(40–60°C), and solid-to-water ratio (1:20–1:40 g/mL).  
A 15-run experimental matrix relied on the JMP 10 soft-
ware (SAS Institute) to evaluate the effects of these pa-
rameters and their interactions on total phenolic content:
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where Y is the total phenolic content; Xi is the indepen-
dent variables (time, temperature, ratio); β0, βi, βii, βij de-
noted regression coefficients. The model adequacy was 
evaluated using R2 and p-values.

Experimental validation. The optimal conditions pre- 
dicted by the response surface methodology were exper-
imentally validated in triplicate. To compare the predict-
ed and the actual values, we used t-tests (Statgraphics).

Statistical analysis. After developing a multivari-
ate regression model, we designed further experiments 

using the Box-Behnken approach implemented in the 
JMP 10 software (SAS Institute, USA). This statistical 
tool enabled optimization of extraction conditions for  
C. fistula fruit polyphenols while excluding variables 
that were not statistically significant (p > 0.05) based on 
experimental results.

To validate the model and assess the medicinal ef-
fects, we applied ANOVA followed by Tukey’s honestly 
significant difference post-hoc test using the Statgraph-
ics Centurion XI software (Statgraphics Technologies, 
Inc., USA). This analysis confirmed the model’s reli-
ability and revealed statistically significant differences  
(p < 0.05) between experimental treatments, ensuring 
the robustness of the research findings.

RESULTS AND DISCUSSION
Qualitative analysis of bioactive compounds in 

Cassia fistula L. fruit. Table 2 illustrates the prelimi-
nary qualitative results for secondary metabolite groups 
in C. fistula fruit. This analysis demonstrated a potential 
diversity in the chemical composition of the plant, with 
marked differences in the levels of presence of each me-
tabolite group.

Three dominant groups of compounds were phenolic 
compounds, tannins, and flavonoids, which exhibited 
high contents (+++). C. fistula indeed proved to be a rich 
source of bioactive components with therapeutic poten-
tial. For phenolic compounds, their presence at highest 
levels correlated with antioxidant, anti-inflammatory, 
and antibacterial properties [21]. Tannins are complex 
polyphenols with properties similar to the phenolic group,  
which is prominent for its strong antioxidant and an-
tibacterial profile [22]. Flavonoids also belong to the 
polyphenol group, known for its cardioprotective, anti- 
inflammatory, and antioxidant effects [23].

The list of compounds with moderate content (++) in-
cluded coumarins, terpenoids, and steroids. Coumarins 
and their derivatives have clinically significant antico-
agulant and anti-inflammatory effects [24]. Terpenoids 
possess reliable antibacterial and anticancer properties. 
Steroids include both hormonal compounds and phytos-
terols, which may contribute to the overall biological ac-
tivity of the plant [25].

The compounds with low content (+) included alka-
loids and saponins. Alkaloids possess potent pharmaco-
logical effects, but their presence is quite low, indicating 

Table 2 Qualitative identification of secondary metabolites in Cassia fistula L. fruit

Compound class Test method Detection result Relative abundance
Polyphenols Folin-Ciocalteu +++ High
Tannins Ferric chloride +++ High
Flavonoids Aluminum chloride +++ High
Coumarins NaOH test ++ Moderate
Alkaloids Mayer’s reagent + Low
Terpenoids Salkowski test ++ Moderate
Steroid Liebermann-Burchard ++ Moderate
Saponins Foam test + Low
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that the therapeutic effect in C. fistula fruit is not high. Sa-
ponins were detected in trace form. They have character- 
istic foaming properties and biological activity, but their  
presence does not indicate any therapeutic efficiency [26].

Overall, C. fistula fruit pulp demonstrated a remark-
able chemical composition with phenolics, tannins, and 
flavonoids. We conducted a detailed quantitative analy-
sis to measure the concentration of each bioactive com-
pound, thus creating a solid basis for the exploitation 
and application of the Osaka tree in medicine, cosmet-
ics, and many other fields.

Effect of extraction time on total phenolic yield. 
According to Zainal et al. [27] and Zhang et al. [28], 
extraction time is an important factor affecting total 
phenolic content. Longer time often facilitates better 
solubilization and diffusion of phenolic compounds. 
Figure 2 shows that the total phenolic yield increased 
together with extraction time. Specifically, starting 
from the lowest value of 9.939 mg GAE/g DW recorded 
after 5 min, the total phenolic content showed a signifi-
cant increase at subsequent times. After 10 min, the val-
ue rose to 10.273 mg GAE/g DW, followed by a sharp 
increase to 11.193 mg GAE/g DW after 15 min, reach-
ing 11.587 mg GAE/g DW after 20 min.

However, after 20 min, the increase rate slowed down  
significantly, indicating a tendency towards saturation 
or equilibrium during the extraction process. When the 
extraction time reached 25 min, the total phenolic con-
tent only increased slightly to 11.598 mg GAE/g DW, 
showing an insignificant difference compared to the  
20-min value. At the peak of the survey (30 min), the to-
tal phenolic content peaked at 11.699 mg GAE/g DW but 
showed no significant difference compared to the sam-
ples obtained at 20 and 25 min. 

The total phenolic content tended to increase over 
time, but the pattern was not linear. Most of the rapidly  
soluble and diffusible phenolic compounds entered the 
solvent during the initial extraction stage [29]. As extrac- 
tion time increased, the remaining phenolics were locat-
ed deep within the cell structure or became more tightly 
bound. This phenomenon required either increasing the 

extraction kinetics or extending the time. In addition, 
the equilibrium established between the solid and liquid 
phases further slowed down the extraction process [30].

Thus, the extraction time had a significant effect on 
the phenolic recovery, especially in the early stages of 
the process. Extending the extraction time can help in-
crease the total phenolic content, but not significantly. 
Therefore, determining the optimal extraction time is 
very important to balance the extraction efficiency and 
cost. In this study, 20 min was the best choice to recover 
most phenolics.

Effect of temperature on total phenolic yield. Fig- 
ure 3 shows a complex correlation between the extraction  
temperature and the total phenolic content. In the range 
of 30–50°C, the phenolic extraction efficiency increased 
significantly, going from 9.27 to 11.02 mg GAE/g DW. 
This phenomenon could be explained by an increase in 
molecular kinetic energy and a decrease in solvent vis-
cosity, which improved the diffusion and solubility of 
polyphenols into the extract. However, when the tem-
perature exceeded 50°C (≤ 70°C), the total phenolic con-
tent dropped to 9.62 mg GAE/g DW, possibly due to the 
degradation of some thermosensitive polyphenols with 
increasing temperature. In addition, high temperatures 
might destroy their chemical structures or cause unde-
sirable reactions [31].

Our results were similar to those reported by  
Vuong et al. [32], who examined the changes in the to-
tal phenolic content for Carica papaya L. In their case, 
the initial total phenolic content increased together with 
temperature, but as the temperature continued to in-
crease, the total phenolic content decreased due to ther-
mal decomposition.

Based on experimental data, 50°C proved to be the 
optimal temperature to maximize the total phenolic 
yield from C. fistula This temperature balanced the en-
hancing mass transfer and the minimizing polyphenol 
degradation. For systematic optimization in further 
studies, the temperature range should be 40–60°C. 

Effect of C. fistula fruit pulp/water ratio on total 
phenolic content. The raw material/solvent ratio is as 

Different lowercase letters (a, b, c) indicate statistically significant 
differences at (ρ < 0.05)

Figure 2 Effect of time on total phenolic content
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important for phenolic extraction as time or temperature. 
In [16], the optimal raw material/solvent ratio ranged 
from 1:10 to 1:50 (w/v), and the extraction process re-
quired heating.

In this research, the raw material/solvent ratio be-
tween 1:10 and 1:30 (w/v) increased the total phenolic 
content significantly, from 10.72 mg GAE/g DW to a peak  
value of 12.38 mg GAE/g DW (Fig. 4). This phenomenon 
could be explained by the enhanced solubility and diffu- 
sion of phenolic compounds in larger solvent volumes [33].  
A larger solvent ratio increased the contact surface area 
between the raw material and the solvent, thereby im-
proving the mass transfer and maximizing the phenolic 
release into the extract [34].

If the ratio continued to increase beyond 1:30, the to-
tal phenolic content decreased significantly, dropping to 
9.62 mg GAE/g DW at the ratio of 1:50. This decrease 
might be due to either the dilution effect of phenolic 
concentration [34] or the decreased solvent selectivity, 
meaning that when the solvent ratio went up, the viscos-
ity of the solution went down, thereby reducing the sol-
ubility of phenolic compounds [35].

Sulaiman et al. [36] obtained similar results for phe-
nolic extraction and reported the suitable solvent ratio 
as 1:40. Similarly, Myo & Khat-Udomkiri [37] observed 
that the solid/solvent ratio below 1:10 was not effective in 
extracting phenolic compounds, possibly because the sol- 
vent volume was not enough to dissolve the compounds.

The raw material/solvent ratio proved to be an im-
portant factor in achieving the highest phenolic yield. 
Based on the experimental data, we chose the ratio of 
1:30 as the basis for the solvent ratio optimization ex-
periment. The raw material/solvent ratio between 1:20 
(lower limit) and 1:40 (upper limit) was selected to es-
tablish the optimal range.

Optimizing the extraction conditions. Optimal ex- 
imental modeling. In this study, we selected three opti-
mization parameters, i.e., time, temperature, and solvent 
ratio. Table 3 presents the variation range for these factors.

Optimal extraction conditions. Table 4 shows the re-
sults of applying the JMP 17 pro-optimization software 
and the Box-Behnken model to the experimental matrix. 
The total polyphenol content fluctuated quite strongly, 
ranging from 6.30 to 11.37 mg GAE/g DW. This fluctua- 
tion shows the significant impact of various extrac- 
tion parameters on the phenolic yield. The lowest total 
phenolic content (6.30 mg GAE/g DW) occurred under 
suboptimal conditions: short time (15 min), low tempera-
ture (40°C), and low solvent ratio (1:20 w/v). The high-
est total phenolic content (11.37 mg GAE/g DW) was 
achieved under a more favorable combination of time 
and solvent ratio.

We used a quadratic regression model to determine 
the correlation between the independent variables (X1 – 
time; X2 – temperature; X3 – solvent ratio) and the total 
phenolic content objective function (Y):

Y = 10.56 + 0.53X1 – 0.03X2 – 0.42X3 – 0.38X1X2 +
+ 0.85X1X3 + 0.56X2X3 – 1.50
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adjR  Table 5 shows the optimal results, corresponding to 

the experimental data (Table 4) and combined with the 
Box-Behnken prediction model. The correlation coef-
ficient of R2 = 0.9429 was quite high, meaning that the 
regression equation explained > 94% of the actual data 
collected. In addition, the p-value of > 0.05 showed that 
the initial selection model was consistent with the exper-
imental data. This result was also consistent with some 
previous studies. For instance, Szpisják-Gulyás et al. [14]  
reported an R2-value of 0.94, which confirmed the accu-
racy and reliability of our approach.

The p-value of the regression equation was ≤ 0.05, 
indicating that the initially selected model was signifi-
cant at 5%, i.e., the independent variables of time, tem-
perature, and solvent ratio all had an effect on the final 
phenolic yield. 

The correction coefficient 
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the regression model explained > 84%, demonstrating a 
high accuracy of agreement between the experimental 
values and the predicted model values. In addition, Q2 
was a parameter to evaluate the model’s ability to pre-
dict the accuracy. If Q2 > 0.5 and R2-Q2 < 0.3, the model  
had a fairly high accuracy [38]. The Q2 value in this 
case (0.8115) was considered satisfactory. Therefore, 
the initially selected model was able to predict the data 
generated by such factors as solvent ratio, extraction 
temperature, and extraction time.

Table 3 Levels of experimental factors to optimize  
the extraction process

Independent variable Symbol Coded level
–1 0 1

Time X1 15 20 25
Temperature X2 40 50 60
Fruit/water ratio X3 20 30 40
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The model yielded the following optimal extraction 
conditions: 21.15 min extraction time, 50°C extraction 
temperature, and 1:31.69 (w/v) solvent ratio. The optimal 
parameters given predicted the highest total phenolic 
content of 10.67 mg GAE/g DW (Fig. 5).

Experimental validation. The validation experi-
ments were conducted with the predicted optimal condi-

tions to evaluate the reliability and predictability of the 
optimization model. Table 6 compares the modeled total 
phenolic contents with those obtained by experimental 
extraction at the optimal conditions.

The difference between the predicted model and the 
experimental survey was very small (0.28%). The re-
sults demonstrated that the initially selected model was 

Table 4 Experimental design matrix and anticipated outcomes

Formula Independent factor Total phenolic content, mg GAE/g DW
X1 X2 X3 Time, min Temperature, °C Fruit/water ratio, g/mL Experimental value Predicted value

1 0 + + 20 60 40 9.63 9.54
2 – 0 – 15 50 30 7.67 7.35
3 0 0 0 20 50 30 10.04 10.24
4 + 0 – 25 50 30 7.11 7.25
5 0 0 0 20 50 30 10.28 10.24
6 – + 0 15 60 40 8.17 8.14
7 + + 0 25 60 40 8.39 8.27
8 0 – + 20 40 20 8.45 8.48
9 – – 0 15 40 20 7.58 7.46
10 0 + – 20 60 40 7.21 7.25
11 0 – – 20 40 20 8.26 8.38
12 0 0 0 20 50 30 10.37 10.24
13 – 0 + 15 50 30 6.30 6.35
14 + 0 + 25 50 30 9.20 9.26
15 + – 0 25 50 20 9.32 9.38

“–” – low level encoding; “0” – center of variables; “+” – high level encoding

Table 5 Variance analysis and regression equation coefficients

Y Coefficient Standard error p-value 

Constant 10.563333 0.315916 < 0.001*
X1 0.5375 0.193458 0.0390*
X2 –0.02625 0.193458 0.8974
X3 0.41625 0.193458 0.0841
X1X1 –0.38 0.273591 0.2235
X2X2 0.865 0.273591 0.0250*
X3X3 0.5575 0.273591 0.0972
X1X2 –1.507917 0.284763 0.0032*
X1X3 –0.690417 0.284763 0.0598
X2X3 –1.485417 0.284763 0.0034*
N = 20 R2 = 0.9429 R2

adj = 0.8402 Q2 = 0.8115
Regression equation model: p-value = 0.0125*
Lack of fit: p-value = 0.9617

Figure 5 Effects of solvent-to-material ratio, extraction temperature, and extraction time on total polyphenol content:  
(a) Response surface plots, (b) prediction profiler

                                   a                                                                                                                b
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consistent with the experiment and demonstrated the 
high accuracy and predictive ability of the response 
surface methodology in determining the most effective 
extraction conditions for total phenolic yield from C. fis-
tula fruit.

CONCLUSION
This study successfully optimized the extraction 

conditions for total phenolic yield from Cassia fistu- 
la L. (Osaka) fruit using the response surface meth-
odology and the Box-Behnken model. The optimal re-
sults obtained from the initial selection model were 
as follows: the highest total phenolic content reached  
10.64 mg GAE/g DW at 21.15 min extraction time, 50°C 
extraction temperature, and 31.69 (w/v) solvent ratio.

The optimized model was consistent with the ex-
perimental studies, providing reliable practical data for 
industrial scale-up of polyphenol extraction. These find-
ings highlight the potential of C. fistula as an abundant 

natural source of such bioactive compounds as polyphe-
nols, which can be used to develop new functional foods 
and pharmaceutical products.

CONTRIBUTION
D.V. Phuong and N.N. Thuan developed the research 

concept, designed the study, performed the experi-
ments, collected the data, and drafted the manuscript.  
N.N. Thuan wrote the abstract and approved the final 
version. 

CONFLICT OF INTEREST
The authors declared no conflict of interest regard-

ing the publication of this article.

ACKNOWLEDGEMENTS
The authors would like to thank the Institute of Bio-

technology and Food Technology, Industrial University 
of Ho Chi Minh City, Vietnam, and their colleagues for 
technical support.

AI DECLARATION
AI tools (ChatGPT (GPT-5), Grammarly (2025 ver-

sion), Google Translate (2025 version), and QuillBot 
(2025 version)) were used to improve translation and in-
crease readability, not to create content or change data. 
All manuscript content was carefully reviewed and edit-
ed by the authors after processing using AI tools.

REFERENCES
1.	 Alam S, Sarker MMR, Afrin S, Richi FT, Zhao C, et al. Traditional herbal medicines, bioactive metabolites, and 

plant products against COVID-19: Update on clinical trials and mechanism of actions. Frontiers in Pharmacology. 
2021;12:671498. https://doi.org/10.3389/fphar.2021.671498

2.	 Pushpakaran AMK, Singh J, Rasane P, Kaur S, Kaur J, Kaur J, et al. Immunomodulatory effect of ashwagandha 
(Withania somnifera L. Dunal) and its impact on COVID-19. Foods and Raw Materials. 2025;13(1):46–57. https:// 
doi.org/10.21603/2308-4057-2025-1-622

3.	 Velichkovich NS, Dunchenko NI., Stepanova AA, Kozlova OV, Faskhutdinova ER, Yustratov VP., et al. The phyto- 
chemical composition of Kuzbass medicinal plants. Foods and Raw Materials. 2025;13(2):219–232. https://doi.org/ 
10.21603/2308-4057-2025-2-649 

4.	 Vesnina AD, Milentyeva IS, Le VM, Fedorova AM, Altshuler OG, Prosekov AYu. Quercetin isolated from Hedysarum 
neglectum Ledeb. as a preventer of metabolic diseases. Foods and Raw Materials. 2025;13(1):192–201. https://doi.org/ 
10.21603/2308-4057-2025-1-633

5.	 Eldemerdash MM, El-Sayed SAS, Hussein HA, Teleb SS, Shehata RS. Molecular and metabolic traits of some 
Egyptian species of Cassia L. and Senna Mill (Fabaceae-Caesalpinioideae). BMC Plant Biology. 2022;22:205. https://
doi.org/10.1186/s12870-022-03543-7

6.	 Mwangi RW, Macharia JM, Wagara IN, Bence RL. The medicinal properties of Cassia fistula L: A review. Biomedicine &  
Pharmacotherapy. 2021;144:112240. https://doi.org/10.1016/j.biopha.2021.112240

7.	 Saeed M, Naseer S, Hussain S, Iqbal M. Phytochemical composition and pharmacological effects of Cassia fistula. 
Scientific Inquiry and Review. 2019;4(1):59–69. https://doi.org/10.32350/sir.41.05

8.	 Konar A, Ghosh P, Chatterjee S, Lake S, Sector V, et al. Cassia fistula is a miraculous medicinal plant: A brief Review. 
Journal of Plant and Agronomy. 2023;1(1):25–31. https://doi.org/10.5281/zenodo.8079450

9.	 Tabrez S, Rahman F, Ali R, Alouffi AS, Alshehri BM, et al. Assessment of the antileishmanial potential of Cassia 
fistula leaf extract. ACS omega. 2021;6(3):2318–2327. https://doi.org/10.1021/acsomega.0c05629

Table 6 Total phenolic content obtained at optimal conditions

Factor X1, min X2, °C X3,  
g/mL

Total phenolic 
content,  
mg GAE/g DW

Predicted 
result

21.15 50 31.69 10.67a ± 0.34

Experimental 
result

10.64a ± 0.03



331

Phuong D.V. et al. Foods and Raw Materials. 2027;15(2):324–332

10. Nortjie E, Basitere M, Moyo D, Nyamukamba P. Extraction methods, quantitative and qualitative phytochemical 
screening of medicinal plants for antimicrobial textiles: A review. Plants. 2022;11(15):2011. https://doi.org/10.3390/
plants11152011

11. Le Tra TT, Phuong TT, Truong PX, Khai TQ, Chi NM. Insect pests damaging Cassia fistula trees (Fabaceae) in 
Vietnam. Ecologica Montenegrina. 2025;81:108–118. https://doi.org/10.37828/em.2025.81.15

12. Singh R, Khanam H, Pandey J. The biological properties and medical importance of Cassia fistula: A mini review. 
Chemistry Proceedings. 2023;14(1):95. https://doi.org/10.3390/ecsoc-27-16149

13. Bucciantini M, Leri M, Nardiello P, Casamenti F, Stefani M. Olive polyphenols: Antioxidant and anti-inflammatory 
properties. Antioxidants. 2021;10(7):1044. https://doi.org/10.3390/antiox10071044

14. Szpisják-Gulyás N, Al-Tayawi AN, Horváth ZH, László ZS, Kertész SZ, et al. Methods for experimental design, central 
composite design and the Box–Behnken design, to optimise operational parameters: A review. Acta Alimentaria. 
2023;52(4):521–537. https://doi.org/10.1556/066.2023.00235

15. Castañeda-Valbuena D, Ayora-Talavera T, Luján-Hidalgo C, Álvarez-Gutiérrez P, Martínez-Galero N, et al. Ultrasound 
extraction conditions effect on antioxidant capacity of mango by-product extracts. Food and Bioproducts Processing. 
2021;127:212–224. https://doi.org/10.1016/j.fbp.2021.03.002

16. Wei L, Zhang W, Yin L, Yan F, Xu Y, et al. Extraction optimization of total triterpenoids from Jatropha curcas leaves 
using response surface methodology and evaluations of their antimicrobial and antioxidant capacities. Electronic 
Journal of Biotechnology. 2015;18(2):88–95. https://doi.org/10.1016/j.ejbt.2014.12.005

17. Van HT, Phan-thi DT, Nguyen NT, Lam BBP, Luu HT, et al. Morpho-anatomical traits, DNA barcode and phytochemical 
screening of Aglaonema cochinchinense. Historia naturalis bulgarica. 2024;46(12):325–337. https://doi.org/10.48027/
hnb.46.122 

18. Shaikh JR, Patil MK. Qualitative tests for preliminary phytochemical screening: An overview. International Journal of 
Chemical Studies. 2020;8(2):603–608. https://doi.org/10.22271/chemi.2020.v8.i2i.8834

19. Sirichan T, Kijpatanasilp I, Asadatorn N, Assatarakul K. Optimization of ultrasound extraction of functional compound 
from makiang seed by response surface methodology and antimicrobial activity of optimized extract with its applica- 
tion in orange juice. Ultrasonics Sonochemistry. 2022;83:105916. https://doi.org/10.1016/j.ultsonch.2022.105916

20. Zambrano MV, Dutta B, Mercer DG, MacLean HL, Touchie MF. Assessment of moisture content measurement 
methods of dried food products in small-scale operations in developing countries: A review. Trends in Food Science 
& Technology. 2019;88:484–496. https://doi.org/10.1016/j.tifs.2019.04.006

21. Zeb A. Concept, mechanism, and applications of phenolic antioxidants in foods. Journal of Food Biochemistry. 
2020;44:e13394. https://doi.org/10.1111/jfbc.13394

22. Do YV, Le QNT, Nghia NH, Vu ND, Tran NTY, et al. Assessment of the changes in product characteristics, total 
ascorbic acid, total flavonoid content, total polyphenol content and antioxidant activity of dried soursop fruit tea 
(Annona muricata L.) during product storage. Food Science & Nutrition. 2024;12(4):2679–2691. https://doi.org/ 
10.1002/fsn3.3949

23. Hazafa A, Rehman KU, Jahan N, Jabeen Z. The role of polyphenol (flavonoids) compounds in the treatment of cancer 
cells. Nutrition and Cancer. 2020;72(3):386–397. https://doi.org/10.1080/01635581.2019.1637006

24. Kumar A, Kumar P, Shravya H, Pai A. Coumarins as potential anticoagulant agents. Research Journal of Pharmacy 
and Technology. 2022;15(4):1659–1663.

25. Happi GM, Teufel R. Steroids from the Meliaceae family and their biological activities. Phytochemistry. 
2024;121:114039. https://doi.org/10.1016/j.phytochem.2024.114039

26. Andersa KN, Tamiru M, Teka TA, Ali IM, Chane KT, et al. Proximate composition, some phytochemical constituents, 
potential uses, and safety of neem leaf flour: A review. Food Science & Nutrition. 2024;12(10):6929–6937. https://
doi.org/10.1002/fsn3.4336

27. Zainal WNHW, Azian NAAM, Albar SS, Rusli AS. Effects of extraction method, solvent and time on the bioactive 
compounds and antioxidant activity of Tetrigona apicalis Malaysian propolis. Journal of Apicultural Research. 
2022;61(2):264–270. https://doi.org/10.1080/00218839.2021.1930958

28. Zhang Y, Truzzi F, D’Amen E, Dinelli G. Effect of storage conditions and time on the polyphenol content of wheat 
flours. Processes. 2021;9(2):248. https://doi.org/10.3390/pr9020248

29. Zhou Y, Liu H, Zhang Y, Zhu W, Meng F, et al. Strong interaction between the hydrophobic deep eutectic solvent 
and phenol enables efficient separation of aqueous and phenol system. Process Safety and Environmental Protection. 
2025;199:107247. https://doi.org/10.1016/j.psep.2025.107247

30. Sadeghi A, Rajabiyan A, Nabizade N, Nezhad NM, Zarei-Ahmady A. Seaweed-derived phenolic compounds as diverse 
bioactive molecules: A review on identification, application, extraction and purification strategies. International 
Journal of Biological Macromolecules. 2024;266(Part 1):131147. https://doi.org/10.1016/j.ijbiomac.2024.131147



332

Phuong D.V. et al. Foods and Raw Materials. 2027;15(2):324–332

31.	Antony A, Farid M. Effect of temperatures on polyphenols during extraction. Applied Sciences. 2022;12(4):2107. 
https://doi.org/10.3390/app12042107

32.	Vuong QV, Hirun S, Roach PD, Bowyer MC, Phillips PA, et al. Effect of extraction conditions on total phenolic 
compounds and antioxidant activities of Carica papaya leaf aqueous extracts. Journal of Herbal Medicine. 
2013;3(3):104–111. https://doi.org/10.1016/j.hermed.2013.04.004

33.	de Oliveira IL, Domínguez-Rodríguez G, Montero L, Viganó J, Cifuentes A, et al. Advanced extraction techniques 
combined with natural deep eutectic solvents for extracting phenolic compounds from pomegranate (Punica grana- 
tum L.) peels. International Journal of Molecular Sciences. 2024;25(18):9992. https://doi.org/10.3390/ijms25189992

34.	Ozdemir M, Gungor V, Melikoglu M, Aydiner C. Solvent selection and effect of extraction conditions on ultrasound-
assisted extraction of phenolic compounds from galangal (Alpinia officinarum). Journal of Applied Research on 
Medicinal and Aromatic Plants. 2024;38:100525. https://doi.org/10.1016/j.jarmap.2023.100525

35.	Sadrmousavi-Dizaj A, Xu D, Zhang L, Gao J, Ma Y, et al. Removal of phenolic compounds from aqueous solution 
using Hydrophobic deep eutectic Solvent: Liquid-Liquid phase behavior and intermolecular interactions. Journal of 
Molecular Liquids. 2024;408:125385. https://doi.org/10.1016/j.molliq.2024.125385

36.	Sulaiman ISC, Basri M, Masoumi HRF, Chee WJ, Ashari SE, et al. Effects of temperature, time, and solvent ratio on 
the extraction of phenolic compounds and the anti-radical activity of Clinacanthus nutans Lindau leaves by response 
surface methodology. Chemistry Central Journal. 2017;11:54. https://doi.org/10.1186/s13065-017-0285-1

37.	Myo H, Khat-Udomkiri N. Optimization of ultrasound-assisted extraction of bioactive compounds from coffee pulp 
using propylene glycol as a solvent and their antioxidant activities. Ultrasonics Sonochemistry. 2022;89:106127. 
https://doi.org/10.1016/j.ultsonch.2022.106127

38.	Balekundri A, Ahire ED, Shelke RU, Rishipathak DD, Kshirsagar SJ. Eco-friendly HPTLC method for Trifluridine 
and Tipiracil determination: Quality-by-design meets green analytical chemistry. Green Analytical Chemistry. 
2025;13:100234. https://doi.org/10.1016/j.greeac.2025.100234

Additional information about the author
Do Viet Phuong ORCID 0000-0002-0081-0930
Nguyen Ngoc Thuan ORCID 0000-0002-1644-236X

https://orcid.org/
https://orcid.org/

	Nora Gabriela Herrera1,*￼, Nelson Adrián Villacrés2￼, 
Lizbeth Aymara1￼, Viviana Román1￼, Mayra Ramírez1￼
	Olga N. Bugaets2,*￼, Ivan A. Bugaets1￼, Elena A. Kaigorodova2￼, Sergey V. Zelentsov3￼, Natalia A. Bugaets1￼, Evgeny O. Gerasimenko1￼, Elena A. Butina1￼
	Maria A. Perevozchikova*￼, Igor A. Domsky￼, Alexey A. Sergeyev￼
	Mariia V. Romanova￼, Anastasiia N. Dolbunova￼, Yulia M. Epishkina￼, 
Svetlana A. Evdokimova￼, Mikhail R. Kozlovskiy￼, Alexander Ye. Kuznetsov￼, 
Natalya Yu. Khromova￼, Andrey V. Beloded*￼
	Coffee pulp pretreatment methods: A comparative analysis
of hydrolysis efficiency
	Do Viet Phuong*￼, Luu Thao Nguyen￼
	The effect of post-packaging pasteurization 
on physicochemical and microbial properties of beef ham

	Nasim Azizpour1,*￼, Seyed Hadi Razavi2￼, Mehran Azizpour3￼, Esmail Khazaei Poul1￼
	Ahmed M. S. Hussein1￼, Hala A. Abd El-Aal2, 
Nahla M. Morsy2, Mohamed M. Hassona2,3,*
	Edicson Mauricio Rincón Soledad, Mónica Alejandra Arredondo Nontién, 
Jose Wilson Castro￼, Dursun Barrios￼, Sandra Milena Vásquez Mejía*￼
	Major food-borne zoonotic bacterial pathogens 
of livestock origin: Review

	Fuad Zenu, Tesfaye Bekele*￼
	Wild passion fruit flour quality: 
Effect of cultivation system and harvest time
	Optimizing irrigation for Dutch roses in Beni Mellal, Morocco: 
Predictive modeling based on reference evapotranspiration
	Artemisia absinthium L. flower extract 
as an antioxidant in sesame oil
	Heterotrophic microbiota of intestinal mucosa in 
Parasalmo mykiss (Walbaum, 1792): Age-related differences
	High-resolution accurate mass-spectrometry assay of bioactive metabolites in functional dairy dessert fortified with mahua flowers (Madhuca longifolia (L.) J.F. Macbr.)
	Hibiscus sabdariffa L. antimicrobial compounds 
for food applications: A bibliometric analysis
	Phage therapy of colibacillosis in chickens
	Physicochemical, functional, rheological, and thermal properties 
of underutilized kodo and little millet flours
	Hydrolyzed collagen and cranberry powder in cooked sausages: Optimization using RSM
	Edible collagen coatings from chicken skin for longer shelf life 
of meat and dairy food systems
	Deep-fried French fries in Slovak catering: A comprehensive evaluation of nutritional benefits, health risks, 
and sensory-textural properties
	By-products of Pinus pumila (Pall.) Regel in adaptogenic 
functional foods
	Redefining iced tea enriched with linden extract 
as a natural preservative
	Hydraulic lobe-pump inter-operational transportation 
of cheese spreads
	Aqueous extract of Atriplex hortensis L. 
and Betulae folia as actoprotector in rats
	_Hlk215232855
	_Hlk215251899
	_Hlk214525596
	_Hlk214525724
	_GoBack
	_Hlk230699681
	_Hlk230688345
	_Hlk230692748
	_Hlk230692771
	_Hlk230090565
	_Hlk230099459
	_Hlk230686435
	_Hlk230767230
	_Hlk230870647
	_Hlk230870703
	_Hlk230870674
	_Hlk230870926
	_Hlk230870933
	_Hlk231203319
	_Hlk230866720
	_Hlk231200270
	_Hlk231203581
	_GoBack
	_Hlk231288490
	_Hlk231289092
	_Hlk231291149
	_Hlk231292752
	_Hlk231468640
	_Hlk209763452
	_Hlk209763039
	_Hlk209763126
	_Hlk209763003
	_Hlk213967762
	_Hlk209901313
	_Hlk231390787
	_Hlk231390307
	_Hlk231825398
	_Hlk231896173
	_Hlk198577914
	_Hlk196528035
	_Hlk231897151
	_Hlk196164916
	_Hlk196164626
	_Hlk203698417
	_Hlk203919461
	_Hlk195779471
	_Hlk204330992
	_Hlk196457994
	_Hlk196108846
	_Hlk231897312
	_Hlk196397096
	_Hlk231819621
	_Hlk231820237
	_Hlk231891105
	_Hlk232425340
	_Hlk232498302
	_Hlk232428472
	_Hlk232430948
	_Hlk232431009
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_Hlk189935569
	_Hlk232408139
	_Hlk232408011
	_Hlk232407689
	_Hlk232406966
	_Hlk232407036
	_Hlk232069100
	_Hlk232684686
	_Hlk232584742
	_Hlk232587290
	_Hlk232587854
	_Hlk232686468
	_Hlk232672061
	_Hlk232687967
	_Hlk201840457
	_Hlk201840546
	_Hlk201840611
	_Hlk201840776
	_Hlk201841008
	_Hlk201840921
	_Hlk201841091
	_Hlk201841203
	_Hlk201841432
	_Hlk201841329
	_Hlk233046866
	_Hlk201841909
	_Hlk201842078
	_Hlk201842470
	_Hlk201842532
	_Hlk201842603
	_Hlk201842825
	_Hlk201842908
	_Hlk201842999
	_Hlk233928193
	_Hlk201843756
	_Hlk201843898
	_Hlk201843927
	_Hlk233958532
	_Hlk232752240
	_Hlk233915007
	_Hlk201219721
	_Hlk233888115
	_Hlk233052675
	_Hlk201834528
	_Hlk233052592
	_Hlk233925709
	_Hlk233908309
	_Hlk233926453
	_Hlk233928113
	_Hlk201843951
	_Hlk232761310
	_Hlk237334286
	_Hlk237334521
	_Hlk237268405
	_Hlk237268254
	_Hlk237268412
	_Hlk237268884
	_Hlk237268914
	_Hlk191910426
	_Hlk236058416
	_Hlk236059562
	_Hlk236058981
	_Hlk236060459
	_Hlk236060485
	_Hlk236060563

