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Abstract: 
This study aimed to investigate Triumpheta cordifolia A. Rich. gum extract as a clarifying agent in sorghum wort brewing. 
The biological materials used in this study included the Safrari sorghum cultivar and the bark of T. cordifolia. We determined 
the key physicochemical characteristics, such as turbidity, pH, Brix (soluble solids), as well as color and polyphenol content of 
Safrari sorghum wort.
The response surface methodology employing a Box-Behnken experimental design with three factors was used to investigate 
the impact of adding T. cordifolia gum extract to Safrari sorghum wort during its clarification. The physicochemical properties 
of Safrari sorghum demonstrated satisfactory results for malting. The sorghum was malted and subsequently brewed, and the 
resulting wort was clarified according to the experimental design. The design factors included the volume of the gum extract 
(from 1.5 to 3.5 mL) for a fixed wort volume of 200 mL, the stirring speed (from 30 to 160 rpm), and the settling time (from 10 
to 60 min). The responses were analyzed during 15 trials and included turbidity, pH, Brix, color, and polyphenol content. These 
responses were subjected to mathematical and statistical modeling. All obtained models were validated against several criteria, 
including the correlation coefficient (R2 > 0.90), the absolute average deviation (absolute average deviation < 0.3), as well as the 
bias and accuracy factors (Af and Bf between 0.75 and 1.25). 
The optimal results suggested that the gum extracted from T. cordifolia could be effectively used as a clarifying agent in the 
brewing industry.
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INTRODUCTION
Sorghum (Sorghum bicolor (L.) Moench) is a cereal 

of great importance for food security and socio-economic  
resilience across many African countries [1]. It grows 
particularly well in semi-arid tropical regions where other  
staple crops often fail due to insufficient rainfall, poor 
soils, or high temperatures. Its drought resistance, adapt-
ability to marginal environments, and low input require-
ments make it a reliable source of calories and nutrients 
for millions of people. In addition to its value as a sub-
sistence crop, sorghum plays a central role in traditional 
food systems and local economies.

Among the diverse uses of sorghum, one of the most 
culturally significant is its transformation into tradi-

tional fermented beverages. In numerous regions of 
sub-Saharan Africa, especially in northern Cameroon, 
sorghum-based beers are not only popular refreshments 
but also integral components of social rituals, festivals, 
and communal gatherings. These beverages are valued 
not only for their nutritional and caloric contributions 
but also for their deep-rooted role in heritage and iden-
tity [2–4]. Furthermore, sorghum is increasingly seen 
as a viable alternative to malted barley in brewing pro-
cesses due to its cost-effectiveness and comparable en-
zymatic potential [5, 6]. 

Globally, sorghum ranks as the fifth most produced 
cereal after maize, rice, wheat, and barley, while in sub- 
Saharan Africa, it ranks second [7]. In Cameroon, espe-
cially the Far North Region, it serves as a cornerstone 
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of human nutrition and animal feed. Beyond its use as 
a raw material in daily diets, sorghum is processed into 
a wide range of food products and fermented drinks, in-
cluding various types of local beer that vary in compo-
sition and preparation methods from one community to 
another [4, 8].

Nevertheless, traditional sorghum beers often ex-
hibit high turbidity and a cloudy appearance, which 
can significantly undermine their sensory appeal, sta-
bility, and commercial value. While some cloudiness is 
accepted in local markets, particularly in artisanal con-
texts where consumers are familiar with these beverag-
es, efforts to improve clarity are becoming increasingly 
important. This is especially true as producers seek to 
scale up and formalize production or enter broader mar-
kets where visual clarity is associated with product 
quality. Thus, enhancing the physicochemical proper-
ties of sorghum beer has become a key focus for both 
researchers and producers [9–12]. In this respect, clar-
ification represents a vital stage in the brewing process. 
It aims to remove suspended solids and colloidal sub-
stances responsible for turbidity, while preserving or 
even enhancing the beverage’s sensory and nutritional 
qualities. Achieving a clear, shelf-stable sorghum-based 
beverage is a complex challenge, particularly in tradi-
tional production systems that lack access to industri-
al-grade clarifying agents and filtration equipment.

In recent years, the exploration of natural clarifying 
agents has gained momentum, driven by growing inter-
est in clean-label products, sustainability, and the val-
orization of local plant resources [10, 13, 14]. Natural 
agents are increasingly favored due to their availability, 
safety profile, environmental compatibility, and poten-
tial to align with artisanal brewing traditions. Among 
these, plant-based gums have emerged as particularly 
promising candidates. These polysaccharide-rich sub-
stances have demonstrated a considerable capacity to 
interact with suspended particles, facilitating their floc-
culation and sedimentation through mechanisms that are 
both physicochemical and colloidal in nature [15, 16]. 
Several recent studies have demonstrated the effective-
ness of plant-derived gums and hydrocolloids in bever- 
age clarification. For instance, Venkatesh et al. [17] high- 
lighted their utility in sugarcane juice processing, while 
Man-Ikri & Desobgo Zangué [10] successfully applied 
Grewia mollis Juss. powder to clarify sorghum Mbay-
eri wort. These findings underscore the use of natural, 
plant-based solutions in the beverage industry to ensure 
affordability and sustainability. 

Triumpheta cordifolia A. Rich. gum has great poten-
tial in this context. Widely available in Cameroon, it has 
traditionally been underutilized despite its promising 
functional properties. The gum extracted from T. cor-
difolia bark could serve as a low-cost, locally sourced 
alternative to synthetic clarifiers. Its potential lies not 
only in its physicochemical properties, which may en-
hance clarification efficiency, but also in its role within 
a broader strategy for sustainable development. By us-
ing a readily available natural resource, producers could 

reduce production costs, stimulate local economies, and 
minimize dependency on imported or chemically syn-
thesized inputs.

Evaluating the suitability of T. cordifolia gum as a 
clarifying agent requires a rigorous scientific approach 
that considers multiple variables. In this regard, the Re-
sponse Surface Methodology stands out as a robust and 
versatile statistical tool. It can be used to model complex 
interactions among experimental variables, enabling 
researchers to identify optimal conditions for process 
performance [18–21]. This method can explore how key 
parameters, such as gum concentration, stirring speed, 
and settling time, affect clarification outcomes, partic-
ularly with respect to reducing turbidity and preserving 
the nutritional content.

In this study, we aimed to investigate the operational 
conditions associated with the use of T. cordifolia gum 
extract as a clarifying agent in sorghum wort brewing. 
Specifically, we sought to determine the influence of 
this natural gum on the key physicochemical character-
istics of Safrari sorghum wort, including its turbidity, 
pH, Brix (soluble solids), color, and polyphenol content. 
Thus, our research contributes not only to the scientific 
understanding of natural clarifiers in traditional brew-
ing systems, but also to the practical advancement of 
sustainable, locally rooted food processing technologies.

STUDY OBJECTS AND METHODS
The biological materials used in this study included 

the Safrari sorghum cultivar and the bark of Triumpheta 
cordifolia A. Rich., both sourced in Cameroon to ensure 
relevance to local agro-ecological and socio-economic 
conditions. 

The Safrari sorghum was obtained from the Institute 
of Agricultural Research for Development located in  
the city of Maroua (the Far North Region of Cameroon). 
This specific cultivar was selected due to its favorable 
agronomic characteristics, such as high germination po-
tential, a relatively large grain size, and good brewing 
suitability, all of which are essential for traditional beer 
production. In addition, the widespread cultivation and 
accessibility of this variety make it a logical choice for 
local-scale and experimental brewing systems.

The stems of T. cordifolia were procured from a re-
gional market in Ngaoundéré, in the Adamawa Region. 
This particular plant material was selected due to its lo-
cal abundance and traditional use in folk medicine and 
artisanal preparations. Its availability and affordability 
make it an attractive candidate for sustainable valoriza-
tion in food and beverage applications. Both biological 
materials were handled under hygienic conditions to 
avoid contamination and preserve their biochemical in-
tegrity prior to processing.

Characterization of Safrari sorghum. The physico- 
chemical characterization of the Safrari sorghum vari-
ety was carried out to establish baseline quality param-
eters relevant to brewing processes. In particular, we 
determined the moisture content, germination capacity, 
and the weight of 1,000 grains, all of which are crucial  
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indicators of the grain’s suitability for malting and sub-
sequent transformation into fermented beverages.

Determination of moisture and dry matter. Dry 
matter, also known as total solid residue, encompasses 
all non-volatile substances remaining after water remov-
al from a sample. This is a critical parameter in brewing 
that reflects the concentration of fermentable substrates 
and structural components present in the grain. Dry 
matter was determined according to the procedure de- 
scribed in [22]. In this method, a mass of sorghum grains  
is dried in a controlled oven at a standardized tempera-
ture until a constant weight is achieved. The moisture 
content is then calculated by subtracting the final dry 
weight from the initial mass, and the dry matter percent-
age is obtained accordingly.

Maintaining an optimal moisture content is crucial 
for ensuring the stability of stored grains. Excess mois-
ture can promote microbial growth, enzymatic degrada-
tion, and oxidative changes, while overly dry grains may 
become brittle and lose viability. The ideal range for 
storage is generally considered to be below 13%, with 
lower values indicating good preservation conditions 
and a low risk of spoilage [10]. For malting purposes, 
moisture levels must also be monitored to guarantee uni-
form germination.

Determination of germination capacity. Germina-
tion capacity, or viability, was assessed following the 
standardized method detailed in [22]. This parameter is 
essential for evaluating the enzymatic potential of the 
grain, which is activated during the malting process. 
Two random batches of 200 grains each were soaked in 
a hydrogen peroxide (H2O2) solution at a concentration 
of 7.5 g/L. Hydrogen peroxide was used to sterilize the 
grain surface and promote the germination process by 
facilitating oxygen diffusion.

The grains were initially soaked for 48 h at a con-
trolled ambient temperature of 22–25°C, after which the 
solution was renewed to maintain chemical activity and 
remove metabolic by-products. Then, the grains were 
soaked for another 48 h (totaling four days), drained, 
and observed under hygienic laboratory conditions. The 
number of germinated grains was carefully counted,  
and the germination percentage was calculated for each 
batch. This assessment provides a clear picture of the 
grain’s physiological readiness for malting and its re-
sponsiveness to hydration stimuli.

Determination of the weight of 1,000 grains. The 
1,000-grain weight is a key indicator of the grain’s size, 
density, and uniformity, which collectively affect the 
milling behavior and malt quality. The method was 
adapted from the reference procedure in [22]. To mea-
sure the 1,000-grain weight, we selected two represen-
tative 40-g batches of clean Safrari sorghum grains and 
removed any impurities, dust, or foreign materials prior 
to measurement to ensure accuracy.

Each grain in the batch was counted manually to 
determine the number of individual units in the sample, 
after which the entire batch was weighed using a preci-
sion analytical balance. The 1,000-grain weight was then 

calculated by extrapolating the weight of 1,000 grains 
based on the average mass per grain derived from the 
counted sample. This metric is particularly relevant in 
brewing since larger grains may yield higher extract val-
ues, while a uniform grain size promotes even hydration 
and enzymatic activation during malting.

Characterization of bark and gum extraction. Ash 
content. The ash content of the samples was determined 
using standardized analytical methods. First, the sam-
ple was dried at 105°C until it reached a constant mass, 
ensuring complete removal of residual moisture. Once 
dried, the sample was transferred to a porcelain cruci-
ble and placed in a muffle furnace (Heraeus Kendro No. 
20.001.046, Germany) preheated to 550°C. The incin-
eration process continued until white ash was obtained, 
indicating that all carbon had been fully combusted. Af- 
ter incineration, the crucibles were removed from the 
furnace and allowed to cool in a desiccator to prevent 
moisture absorption. They were then weighed with high 
precision. The ash content was calculated based on the 
mass of the ash relative to the initial dry mass of the 
sample, expressed as a percentage [22].

Determination of polyphenol content. Total pheno-
lic compounds were quantified using the Folin-Ciocal-
teu colorimetric method, a well-established technique 
known for its sensitivity and reproducibility in polyphe-
nol analysis. A 0.5-g sample of finely ground stems was 
added to an Erlenmeyer flask containing 70% (v/v) etha-
nol as an extraction solvent. The mixture was thorough-
ly stirred for 20 min at room temperature to maximize 
the extraction of phenolic compounds. Following this, 
the solution was filtered through Whatman No. 1 filter pa- 
per to remove any solid residues. Next, 0.5 mL of the 
filtrate was combined with 2 mL of a sodium carbonate 
solution (75 mg/mL) and 2.5 mL of a tenfold-diluted Fo-
lin-Ciocalteu reagent (1/10, v/v). The reaction mixture 
was then kept in the dark for 1 h at room temperature 
to allow the development of the characteristic blue color,  
which indicates the reduction of the reagent by poly-
phenols. Absorbance was measured at 760 nm using a 
spectrophotometer (Raleigh VIS-723N). The total poly-
phenol concentration was calculated using the regres-
sion equation derived from a calibration curve prepared 
with gallic acid solutions ranging from 0 to 200 mg/L. 
The results were expressed as milligrams of gallic acid 
equivalent per 100 g dry matter [23].

Determination of total sugar content. The total 
sugar content was assessed using the 3,5-dinitrosalic-
ylate method, a well-established colorimetric approach 
for quantifying reducing sugars. For the acid hydrolysis 
step, 0.2 g of the sample was placed in a test tube with 
5 mL of sulfuric acid (1.5 N). The mixture was heated 
in a water bath at 100°C for 45 min and then allowed 
to cool to room temperature. To neutralize and clarify 
the extract, we added 10 mL of 70% ethanol, 1 mL of 
zinc acetate (2 g/100 mL), and 1 mL of potassium ferro- 
cyanide (10.6 g/100 mL). The solution was then filtered  
into a 50-mL volumetric flask, and the volume was 
brought up to 50 mL using distilled water. For the colo-



225

Bassa Z.C. et al. Foods and Raw Materials. 2027;15(1):222–237

rimetric reaction, 0.5 mL of the extract was mixed with 
1.8 mL of distilled water and 0.4 mL of the 3,5-dinitro-
salicylate reagent in a test tube. A calibration curve was 
constructed using a 2 mg/mL glucose solution, with con- 
centrations ranging from 0.25 to 1.5 mg/mL. The tubes 
were incubated in a water bath at 100°C for 5 min and 
then quickly cooled under running water. The absor-
bance of the solutions was measured at 540 nm using 
a UV-Visible spectrophotometer (7305-JENWAY). The 
total sugar concentration was calculated by interpola-
tion based on the regression equation obtained from the 
calibration curve.

Extraction of gum from T. cordifolia bark. The 
preparation of T. cordifolia samples followed a strict pro-
tocol designed to maximize gum extraction efficiency. 
The stems were meticulously cleaned to eliminate any 
impurities and then manually stripped of their bark. The 
collected bark was dried in a Memmert ventilated oven 
(Germany) at a carefully regulated temperature of 45°C 
for 48 h to ensure complete removal of residual mois-
ture and maintain the integrity of bioactive compounds. 
Once dried, the bark was finely ground using a labora-
tory mill and weighed using a high-sensitivity electronic 
balance (SCIENTECH ZSP 250; precision 1/1000). Gum 
was extracted in an aqueous medium under continuous 
stirring, following the procedure outlined [24, 25]. The 
resulting mixture was centrifuged to separate and re-
move any suspended solid particles. The crude extract 
obtained was promptly stored at 4°C under refrigeration 
to minimize any risk of physicochemical degradation 
before subsequent use.

Wort characterization. The physicochemical prop-
erties of the wort were evaluated using a range of analy- 
tical parameters. Turbidity is a critical measure of wort 
clarity, directly impacting its stability and overall ac-
ceptability. Color, which is influenced by natural pig-
ments and chemical reactions during processing, has a 
significant effect on visual appeal. The pH level, a fun-
damental indicator of acidity, is crucial for maintain- 
ing microbiological and enzymatic stability. The Brix de- 
gree, which reflects the concentration of soluble solids  
(primarily sugars), provides valuable insights into the 
wort’s fermentative potential. Additionally, the poly-
phenol content is a key factor since these bioactive com- 
pounds not only affect sensory properties such as bit-
terness and astringency but also contribute to the prod-
uct’s antioxidant capacity. Collectively, these parameters 
offer a comprehensive evaluation of the wort, enabling 
effective monitoring throughout the transformation pro-
cess and optimization of clarification conditions.

Turbidity. The turbidity of the wort was assessed 
using a HACH 2100AN benchtop turbidimeter, a high- 
precision device known for its reliability in measuring 
suspended particles. For each test, an appropriate sam-
ple volume was carefully collected and transferred into 
a clean quartz cell, ensuring it was free of air bubbles 
to avoid any potential interference with the results. The 
sample was then placed in the instrument, and measure-
ments were taken once the displayed reading stabilized. 

Turbidity values were recorded in European Brewery 
Convention units, the standard scale used to evaluate the 
clarity of wort and brewing products. This approach of-
fers a precise way to quantify haze, a critical factor affect- 
ing both the visual appeal and stability of the final pro- 
duct. All analyses were performed under controlled condi- 
tions to ensure reproducibility and minimize variability.

Color. The beer’s color was assessed using a standard- 
ized spectrophotometric method, following the guidelines 
set by the American Society of Brewing Chemists [25].  
The analysis focused on measuring the sample’s absor-
bance at 430 nm, which corresponds to the characteristic 
hue of color compounds found in beer, including mela-
noidins and pigments produced through Maillard reac-
tions and sugar caramelization. To convert the measured 
absorbance into European Brewery Convention units, it 
was multiplied by a factor of 25 and adjusted based on 
the sample’s dilution coefficient. This method provided 
an accurate and reproducible assessment of color in-
tensity, a critical parameter that influences the sensory 
perception of the final product. All measurements were 
carried out using a calibrated spectrophotometer to en-
sure the reliability and comparability of the results.

pH, Brix, and polyphenol content. The physico-
chemical analysis of the wort involved measuring its 
pH, Brix degree, and polyphenol content using vali-
dated analytical techniques. A high-precision Consort 
C863 pH meter was used to determine the pH, with pri-
or calibration using reference buffer solutions to ensure 
accurate readings. The Brix degree, which indicates 
the concentration of soluble solids (mainly sugars), was 
assessed using a Hanna HI 96.801 optical refractome-
ter, known for its quick and dependable measurements. 
The polyphenol content, a critical factor affecting the 
wort’s sensory and antioxidant properties, was quanti-
fied following the method outlined earlier, utilizing the 
Folin-Ciocalteu reagent.

Malting and brewing of sorghum. The brewing  
process is centered on the enzymatic breakdown of macro- 
molecules, particularly starch and proteins, transforming  
them into fermentable sugars and soluble peptides. The 
experimental protocol adopted in this mm using a man-
ual grain mill (Victoria Grain Mill, ref. 530025) to en-
hance enzymatic extraction efficiency. The milled malt 
was then brewed in a Speidel Braumeister (20 L, Art-Nr: 
47,070, Bj 2016, Prod-Nr: 471107822, 230V/50Hz/2100W/
IP 42) with a malt-to-water ratio of 1:5 (1 kg of malt to  
5 L of water). A total of 4 kg of ground malt was added 
to the Braumeister containing 20 L of water preheated 
to 45°C to initiate the proteolytic phase, which activates 
protease enzymes. This step lasted 30 min and was con-
ducted under continuous stirring to prevent floccula-
tion. The supernatant (16 L) was then separated, while 
the residual starch underwent gelatinization at 95–98°C 
for 40 min on a gas heating plate. After cooling to 60–
65°C, amylolytic hydrolysis was carried out to convert 
the starch into fermentable sugars. The supernatant and 
gelatinized starch were reintroduced into the Braumeis-
ter at 65°C and stirred continuously for 1 h and 30 min. 



226

Bassa Z.C. et al. Foods and Raw Materials. 2027;15(1):222–237

The temperature was then raised to 72°C to facilitate 
enzymatic saccharification, which proceeded for 1 h. 
Once brewing was complete, the resulting wort (15 L) 
was separated from the spent grains and allowed to cool 
to room temperature. The wort clarification process was 
modeled mathematically and statistically to optimize 
the operational parameters.

Experimental design. The investigation into wort 
clarification employed a Box-Behnken experimental de-
sign, which incorporated three factors known to signifi-
cantly influence the clarification process, as highlighted 
in [10, 26, 27]. The parameters included the volume of 
gum extract (X1), stirring speed (X2), and settling time 
(X3). The ranges for these factors were established 
through preliminary laboratory experiments (Table 1).

For each experimental run, 200 mL of wort was di-
vided into three separate containers. Varying amounts 
of T. cordifolia gum extract were added to each contain-
er, followed by agitation at controlled speeds using a 
mechanical stirrer. After this initial optimization phase, 
the same experimental setup was applied to the 15 tri-
als generated by the experimental design, adhering to 
the factor levels specified in Table 1. Finally, the coded 
variables were converted into real variables using the 
methodology outlined in [28, 29], enabling easier inter-
pretation and application of the results (Table 2).

Choice of experimental responses. The physico-
chemical analyses carried out in this study centered on 
several critical parameters, including the refractive in-
dex (expressed in Brix), pH, color, turbidity, and total 
polyphenol content. These measurements were taken to 
assess the effectiveness of the clarification process and 
to quantify the impact of the experimental variables ex-
amined. Specifically, we analyzed the effects of three 
key factors: the volume of gum extract (X1), stirring 
speed (X2), and settling time (X3).

The statistical analysis of the data allowed for the 
modeling and interpretation of how these parameters 
influence the clarification of Safrari sorghum wort, re-
vealing potential interactions among them. This method-
ological approach is part of an optimization effort aimed 
at enhancing the stability and clarity of the wort under 
the experimentally determined operational conditions.

Modeling and validation of mathematical models. 
In the optimization of the wort clarification process, a 
response surface methodology was applied to model 
the influence of the experimental factors under investi-
gation. This approach utilizes a second-degree polyno-
mial mathematical model, which captures interactions 
between independent variables and their effects on the 
measured responses.

The model had the following general form:
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where y is the answer, xi and xj are the variables, β0 is 
the constant term, βi is the coefficient of linear terms, βjj 
is the terms of the quadratic coefficient, and βij is the co-
efficient of the interaction terms.

This model was employed to evaluate and predict 
the impact of the volume of gum extract (X1), stirring 
speed (X2), and settling time (X3) on the physicochem-
ical properties of the clarified wort, while considering 
potential interactions among these factors.

The models were evaluated and validated using sev-
eral statistical criteria to ensure their robustness and 
reliability. The coefficient of determination (R2) was cal-
culated to determine how well the model fit the experi-
mental data. Additionally, the absolute average deviation 
(AAD) was computed using Eq. (2) to estimate the extent 
of deviations between experimental and predicted val- 
ues. Furthermore, the bias factor (Bf) and accuracy factor 
(Af) were determined using Eq. (3) and (4), respectively. 
These parameters help assess the correctness and preci-
sion of the predictions generated by the statistical model. 

All analyses were carried out using Microsoft Excel 
2016, ensuring meticulous data handling and depend-
able interpretation of the results. This methodological 
approach confirmed the suitability of the models for de-
scribing and predicting the effects of the studied factors 
on Safrari sorghum wort clarification.
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Table 1 Areas of variation in factors

Factors Actual range  
of variation

Coded variation 
domain

Volume of gum extract 
(X1), mL

1.5–3.5 –1; +1

Stirring speed (X2), rpm 30–160 –1; +1
Settling time (X3), min 10–60 –1; +1

Table 2 Three-factor Box-Behnken experiment matrix

Real variables Coded variables
X1 X2 X3 X1 X2 X3

–1 –1 0 1.5 10 35
1 –1 0 3.5 10 35
–1 1 0 1.5 150 35
1 1 0 3.5 150 35
–1 0 –1 1.5 80 10
1 0 –1 3.5 80 10
–1 0 1 1.5 80 60
1 0 1 3.5 80 60
0 –1 –1 2.5 10 10
0 1 –1 2.5 150 10
0 –1 1 2.5 10 60
0 1 1 2.5 150 60
0 0 0 2.5 80 35
0 0 0 2.5 80 35
0 0 0 2.5 80 35
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where Yi,exp is the experimental response, Yi,cal is the 
computed response, and N is the number of experiments 
used in the calculation.

The coefficients for the different models were calcu-
lated using Minitab software, version 18 (Minitab, Ltd., 
Brandon Court, Unit E1-E2 Progress Way, Coventry, 
CV3 2TE, UK). This tool facilitated a comprehensive 
statistical analysis of the models, evaluating the influ-
ence of the studied factors on sorghum wort clarifica-
tion. A factor was deemed statistically significant when 
P ≤ 0.05, indicating a meaningful relationship between 
the factor and the response being analyzed.

Graphical representations were created using Sigma-
Plot software, version 12.5 (Systat Software, Inc., San 
Jose, USA), offering a clear and accurate visualization 
of the results. Additionally, Microsoft Excel 2016 was 
employed to convert the coded variables into real vari-
ables, making it easier to interpret the coefficients and 
observed trends. This approach ensured a meticulous 
analysis and dependable interpretation of the experi-
mental findings.

Multi-response optimization. The main objective of 
a multi-response optimization was to find the best pos-
sible balance between different responses to enhance 
the quality of sorghum wort. To achieve this, specific 
optimal conditions were determined for each parameter 
analyzed. Our approach aimed to reduce turbidity, color, 
and polyphenol content while increasing soluble solids 
(Brix) to ensure a clarified wort that supports fast and 
efficient fermentation.

This optimization was performed using Minitab soft-
ware, version 18 (Minitab, Ltd., Coventry, UK), which 
allowed for the application of response surface math-
ematical models to pinpoint the most favorable experi-
mental conditions. The key challenge was to balance the 
reduction of turbidity with the preservation of bioactive 
compounds, particularly polyphenols, which are known 
for their antioxidant properties. By implementing this me- 
thodology, the clarification process was optimized, produc- 
ing high-quality sorghum wort ready for fermentation.

RESULTS AND DISCUSSION
Characteristics of Safrari sorghum and Triumphe-

ta cordifolia A. Rich. bark. The physicochemical prop-
erties of Safrari sorghum before malting are presented 
in Table 3. The moisture content (9.320 ± 0.091%) falls 
well within the recommended range for grain storage, 
which should not exceed 13% [10]. This low moisture 
level indicates that the grains were properly dried and 
stored to minimize the risk of microbial degradation and 
preserve their quality for malting and brewing. 

The germination energy, a critical parameter for as-
sessing malt quality, was evaluated at two different vol-
umes (4 and 8 mL) of the hydrogen peroxide solution, 
yielding values of 99.50 ± 0.71 and 98 ± 1%, respectively.  
These results comply with the stringent standards set 

by [22], confirming high viability and uniformity of the 
grains. Such high germination rates are essential to en-
sure consistent enzymatic activity during malting, which 
directly impacts the efficiency of starch conversion and 
sugar extraction during brewing.

The weight of 1,000 grains, a key indicator of the 
grain size and density, was measured at 21.78 ± 0.69 g.  
This value aligns with the typical range reported in the 
literature for sorghum varieties, which spans from 7 to 
61 g depending on genetic and environmental factors [30].  
The consistency in grain weight suggests uniformity in 
size, which is advantageous for milling and subsequent 
processing. These findings are corroborated by other 
studies [10, 31], which have demonstrated that Safrari 
sorghum exhibits favorable malting characteristics, in-
cluding high extract yields and robust enzymatic profiles. 
The combination of low moisture, high germination en-
ergy, and uniform grain size underscores the suitability 
of Safrari sorghum for brewing applications, particularly 
in the production of traditional African beers where sor-
ghum serves as the primary raw material.

The physicochemical properties of T. cordifolia bark 
reveal a total sugar content of 77.00 ± 2.00 g/100 g of 
dry matter, a polyphenol content of 12.25 g/100 g dry 
matter, and an ash content of 11.00 g/100 g of dry matter  
(Table 3). These values are consistent with those gener-
ally reported for mucilaginous plant materials, although 
variations may occur depending on sampling periods 
and environmental conditions [32]. The high sugar con-
tent is attributed to the presence of polysaccharides, 
which are the primary functional components of the 
gum. These polysaccharides exhibit unique rheological 
properties, such as high viscosity and water-binding ca-
pacity, making them effective as flocculating or stabiliz-
ing agents in clarification processes [33, 34].

The polyphenol content of T. cordifolia bark is partic-
ularly noteworthy, as phenolic compounds are known for 
their antioxidant properties and ability to interact with 
proteins and other macromolecules. This interaction can 
influence the clarity and stability of beverages by forming  
complexes that either precipitate or remain suspended, 
depending on the processing conditions. The ash content, 
representing inorganic residue after combustion, pro-
vides insights into the mineral composition of the bark. 

Table 3 Physicochemical characteristics of Safrari sorghum 
and Triumpheta cordifolia bark

Characteristics Safrari 
sorghum

Triumpheta 
cordifolia  
bark

Total sugars, g/100 dry matter – 77.00 ± 2.00
Polyphenols, g/100 dry matter – 12.25 ± 2.00
Ash, g/100 g dry matter – 11.00 ± 0.50
Moisture, % 9.32 ± 0.09 10.00 ± 0.09
Germination energy (8 mL), % 98.00 ± 1.00 –
1,000 grains weight, g 21.78 ± 0.69 –
Germination energy (4 mL), % 99.50 ± 0.71 –
Germination capacity, % 95.00 ±1.41 –
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The relatively high ash content (11.00 g/100 g dry matter)  
suggests the presence of significant amounts of minerals,  
which could contribute to the nutritional profile of the 
gum and its potential health benefits. The moisture con-
tent of the bark was measured at 10.00 ± 0.09%, indicat- 
ing proper drying and storage conditions, which are crit-
ical for preserving the functional properties of the gum. 

The combination of these physicochemical charac-
teristics highlights the potential of T. cordifolia gum as 
a natural clarifying agent and a sustainable alternative 
to synthetic additives in the brewing industry.

Impact of various factors on some physicochem- 
ical properties of Safrari sorghum wort. The responses  
were analyzed using statistical mathematical modeling. 
Each response was represented by a model, with its co-
efficients indicating the influence of different factors and 
their interactions on the response. Table 4 displays the 
average raw results from the physicochemical analyses 
of clarified Safrari sorghum wort, alongside the predict-
ed results generated by Minitab. The responses included 
turbidity, European Brewery Convention units (EBC); 
color, EBC; Brix, pH; and polyphenol content, mg/mL. 
Their coded variables can be seen in Table 5. These 
models were multivariate polynomial equations, specifi 
cally second-order models with interaction terms. The 
factors in the models included linear or quadratic terms 
(X1, X2, and X3), quadratic terms (X1X1, X2X2, and X3X3), 
and interaction terms (X1X2, X1X3, and X2X3). All the 
models were validated following established litera- 
ture [35–38].

Table 6 presents the coefficients and probabilities of 
different factors for the responses. The coefficient val-
ues represent the strength of the effect, while their sign 
indicates whether the effect on the corresponding re-
sponse is positive or negative. The associated probabil-
ity test helped determine whether a factor or interaction 

had a significant impact on the response. Factors with a 
probability of P ≤ 0.05 were considered statistically sig-
nificant for the studied responses.

Impact of T. cordifolia gum extract volume on tur-
bidity, polyphenol content, pH, Brix, and color. The 
gum extract volume (X1) had a significant influence 
on turbidity, pH, Brix degree, and polyphenol content  
(p < 0.05), whereas its effect on color was not statistical-
ly significant (p > 0.05, Table 6). These responses were 
analyzed under fixed conditions, including an agita- 
tion speed of 120 rpm and a settling time of 35 min. 
Figure 1 illustrates variations in the parameters depend-
ing on the gum extract volume.

Effect of T. cordifolia gum extract volume on turbid-
ity. The volume of the gum extract (X1) demonstrated a 
significant impact on turbidity (p = 0.005, Table 6), ini-
tially contributing to a decrease in this parameter, as 
shown in Fig. 1. Specifically, turbidity decreased from 
2.95 EBC at a gum extract volume of 1.5 mL to 7 EBC 
at 2.5 mL, followed by an increase to 9.5 EBC at 3.5 mL. 
This increase is attributed to the quadratic effect of the 
factor (X1X1), which is statistically significant for tur- 
bidity (p = 0.000, Table 6).

The decrease in turbidity observed at lower gum ex-
tract volumes was due to its role as a flocculating and 
settling agent. This organic polymer helps particles 
come together through two main mechanisms: reducing 
their surface electrical charges [39] and creating molec-
ular bridges between suspended particles [40]. The way 
in which the polymer interacts with colloids depends on 
electrostatic forces, especially when their charges are 
opposite. Alternatively, it may depend on the secondary 
forces such as hydrogen bonding, ion exchange, and Van 
der Waals interactions when their charges are similar [41].  
As a result, flocs form and settle under gravity [42]. How- 
ever, if the polymer folds onto itself instead of binding  

Table 4 Experimental design

Factors Responses
X1 X2 X3 Turbidity, EBC Color, EBC pH Brix Polyphenol content, 

mg/mL
Exp. Pred. Exp. Pred. Exp. Pred. Exp. Pred. Exp. Pred.

–1 –1 0 14.39 14.15 24.00 24.40 5.20 5.23 4.0 4.31 20.00 20.03
1 –1 0 7.48 7.20 19.13 17.49 4.97 5.01 7.0 6.94 25.13 24.81
–1 1 0 18.04 18.32 26.40 28.04 5.25 5.21 4.0 4.06 22.40 22.72
1 1 0 19.40 19.64 29.40 29.00 4.97 4.94 7.0 6.69 25.40 25.37
–1 0 –1 10.85 11.43 20.85 20.97 5.20 5.21 4.0 3.88 16.85 16.34
1 0 –1 10.19 10.81 18.04 20.20 4.97 4.96 6.5 6.75 20.42 20.26
–1 0 1 10.20 9.58 22.36 20.20 5.15 5.16 4.0 3.75 21.99 22.16
1 0 1 5.15 4.57 15.15 15.03 4.92 4.91 6.0 6.13 25.15 25.67
0 –1 –1 7.26 6.92 17.26 16.74 5.14 5.10 6.5 6.31 16.11 16.60
0 1 –1 14.62 13.76 24.62 22.86 5.00 5.04 5.5 5.56 20.62 20.82
0 –1 1 0.55 1.41 10.55 12.31 5.07 5.03 5.5 5.44 25.00 24.81
0 1 1 10.84 11.18 20.84 21.36 4.97 5.01 5.5 5.69 24.32 23.84
0 0 0 7.00 7.11 18.00 17.78 5.04 5.04 5.5 5.50 23.00 23.33
0 0 0 7.33 7.11 17.33 17.78 5.05 5.04 5.5 5.50 24.00 23.33
0 0 0 7.00 7.11 18.00 17.78 5.04 5.04 5.5 5.50 23.00 23.33

Exp. – experimental; Pred. – predicted.
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with other particles, it can actually stabilize them  
and prevent flocculation [43].

The increase in turbidity at the extract volumes 
above 2.5 mL could be due to a phenomenon called resta- 
bilization. Several studies suggest that when too much 
polymer is added to the system, it can reverse the sur-
face charges of the particles, making coagulation less 
effective [44, 45]. This is a common issue in colloidal 
systems, highlighting the importance of finding the 
right balance in flocculant concentration to get the best 
clarification results. These observations show why it 
is crucial to carefully control the clarification process,  
especially the gum extract concentration, to minimize 
turbidity. Optimizing this step is key to ensuring the fi-
nal product’s quality and stability in industrial applica-
tions.

Effect of T. cordifolia gum extract volume on poly-
phenol content. The polyphenol content increased sig-
nificantly (p = 0.00, Table 6) in direct correlation with 
the rise in the gum extract volume (X1), as illustrated 
in Fig. 1. This content rose from 21 mg/L at an extract 
volume of 1.5 mL to 25 mg/L at a volume of 3.5 mL. 
This increase can be attributed to the natural presence 
of polyphenols in T. cordifolia bark, as evidenced by the 
physicochemical analyses (Table 3) and supported by 
a recent study [46]. These phenolic compounds, which 

are soluble in aqueous media [47], are extracted during 
the gum extraction process from T. cordifolia. There-
fore, increasing the volume of the gum extract added 
to the wort leads to a greater release of these molecules, 
resulting in a proportional rise in polyphenols in the 
medium. These findings suggest that T. cordifolia gum 
extract is a potential source of polyphenols, and its in-
corporation into the wort could enhance its antioxidant 
and nutritional properties.

Effect of T. cordifolia gum extract volume on pH. The 
influence of the gum extract volume on pH is illustrated 
in Fig. 1. As can be seen, the pH significantly decreased 
(p = 0.001, Table 6) as the extract volume increased. Spe- 
cifically, the pH dropped from 5.15 at an extract volume 
of 1.3 mL to 4.85 at a volume of 3.5 mL. This gradual 
acidification of the medium can be attributed to the pres-
ence of organic acids in the gum’s composition, as noted 
in [48]. Increasing the volume of the extract introduced 
into the medium leads to a greater release of these acidic  
compounds, which could explain the observed drop in 
pH. These results highlight the role of the gum as a natu-
ral source of acidifying compounds, whose effect on the 
acid-base balance of the medium is directly proportional 
to the concentration used.

Effect of T. cordifolia gum extract volume on Brix. 
The influence of the gum extract volume on Brix is illus-

Table 6 Probability and coefficients of factors for different responses

Terms Turbidity Color pH Brix Polyphenol content
Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value

Constant 7.110 0.000 17.780 0.000 5.0433 0.000 5.500 0.000 23,333 0.000
X1 –1,407 0.005 –1,486 0.102 –0.1213 0.001 1,313 0.000 1,858 0.000
X2 4,152 0.000 3.790 0.004 –0.0238 0.210 –0.125 0.286 0.813 0.017
X3 –2,023 0.001 –1,484 0.102 –0.025 0.190 –0.188 0.133 2,807 0.000
X1 × X1 4,249 0.000 3.870 0.017 –0.0346 0.214 –0.313 0.098 –0.300 0.473
X2 × X2 3,469 0.001 3.090 0.037 0.0196 0.457 0.313 0.098 0.155 0.659
X3 × X3 –2,261 0.003 –2.550 0.067 –0.0179 0.494 –0.062 0.702 –1,975 0.002
X1 × X2 2,067 0.004 1.970 0.120 –0.0125 0.615 0.000 1.000 –0.532 0.153
X1 × X3 –1,097 0.047 –1.100 0.343 0.0000 1.000 –0.125 0.437 –0.103 0.759
X2 × X3 0.732 0.140 0.730 0.517 0.0100 0.686 0.250 0.152 –1,298 0.001

Table 5 Validation criteria for different mathematical models

Validation 
criteria

Mathematical models R2 AAD Af Bf Decision

Turbidity Y = 7,110 – 1,407 X1 + 4,152 X2 – 2,023 X3 + 4,249 X1 × X1 + 3,469 X2 ×  
× X2 – 2,261 X3 × X3 + 2,067 X1 × X2 – 1,097 X1 × X3 + 0.732 X2 × X3

98.99 0.142 1,052 1,107 Validated

Color Y = 17.78 – 1,486 X1 + 3,790 X2 – 1,484 X3 + 3.87 X1 × X1 + 3.09 X2 × X2 – 
– 2.55 X3 × X3 + 1.97 X1 × X2 – 1.10 X1 × X3 + 0.73 X2 × X3

92.96 0.050 1,004 1,051 Validated

pH Y = 5.0433 – 0,1213 X1 – 0.0238 X2 – 0,0250 X3 – 0.0346 X1 × X1 + 0.0196 
X2 × X2 – 0,0179 X3 × X3 – 0.0125 X1 × X2 + 0 X1 × X3 + 0.0100 X2 × X3

92.55 0.004 1,000 1,004 Validated

Brix Y = 5,500 + 1,313 X1 – 0.125 X2 – 0.188 X3 – 0.313 X1 × X1 + 0.313 X2 × X2 –  
– 0.062 X3 × X3 + 0 X1 × X2 – 0.125 X1 × X3 + 0.250 X2 × X3

97.22 0.026 1,000 1,026 Validated

Polyphenol 
content

Y = 23,333 + 1,858 X1 + 0.813 X2 – 2,807 X3 – 0.255 X1 × X1 + 0.155 X2 ×  
× X2 – 1,975 X3 × X3 – 0.532 X1 × X2 – 0.103 X1 × X3 – 1,298 X2 × X3

98.34 0.049 1,034 1,045 Validated

Standard 
values

100% 0 1 1
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trated in Fig. 1. The results show a significant increase 
in Brix, rising from 3.8 at an extract volume of 1.5 mL 
to 6 at a volume of 3.5 mL. This rise can be attributed 
to the presence of soluble compounds such as polysac-
charides, proteins, and polyphenols in T. cordifolia bark, 
as demonstrated in [49] and the analyses reported in  
Table 3. These molecules, extracted in an aqueous me-
dium during gum preparation, are present in the extract 
and contribute to the increase in soluble solids when 
introduced into the wort. Specifically, polysaccharides 
are known for their ability to increase viscosity and dis-
solved solids concentration, while proteins and polyphe-
nols also add to the total soluble mass. Thus, the gradual 
addition of the gum extract to the wort leads to a propor-
tional increase in Brix, reflecting a higher concentration 
of soluble compounds. These results highlight the poten-
tial of T. cordifolia gum extract as an enriching agent for 
soluble solids, which could have significant implications 
during the wort fermentation process.

Effect of T. cordifolia gum extract volume on the 
wort color. The gum extract volume did not show a sig-
nificant impact on color (p = 0.102, Table 6), although 
its quadratic effect contributed to a slight increase in 
color (p = 0.017, Table 6). This increase can be ex-
plained by the presence of polyphenols in the gum’s com- 
position (Table 3). Polyphenols, known for their chro-
mogenic properties, are partially responsible for the col-
oration of the media in which they are solubilized [50].  
Thus, introducing a higher quantity of the gum extract 
into the wort leads to a greater release of these phenolic 
compounds. However, the absence of a significant linear 
effect suggests that other factors, such as interactions 
between polyphenols and other compounds in the me-
dium (e. g., proteins or sugars), might be responsible for 
this effect [51, 52].

Effect of the stirring speed on the responses. The 
gum extract volume had a significant impact on turbidity,  
color, and polyphenol content, with probability values 

of 0, 0.004, and 0.017, respectively. However, its influ-
ence on Brix, pH, and viscosity was not statistically 
significant (p > 0.05, Table 6). Figure 2 illustrates the 
effect of the extract volume on these responses after fix-
ing the ratio at 2.5 and the stabilization time at 35 min. 
Figure 2 allows for an analysis of parameter variations 
under the experimental conditions.

Effect of the stirring speed on turbidity. The influ-
ence of the stirring speed on turbidity is shown in Fig. 2.  
As can be observed, turbidity increased significantly 
with higher stirring speeds. Specifically, turbidity rose 
from 6.5 EBC at 30 rpm to 16 EBC at 160 rpm. This in- 
crease can be explained by the fact that mechanical ag-
itation promotes homogenization of the medium, pre- 
venting the sedimentation of suspended particles. In-
deed, more intense agitation keeps colloidal particles in 
suspension and can even resuspend those that have set-
tled due to gravity, leading to an increase in measured 
turbidity. This phenomenon aligns with the physico-
chemical principles governing colloidal systems, where 
the mechanical energy provided by agitation counter-
acts sedimentation forces [53]. These results highlight 
the importance of controlling the stirring speed in clar-
ification processes, as excessive agitation can compro-
mise sedimentation efficiency and increase the turbidity 
of the medium.

Effect of the stirring speed on the wort color. The 
influence of the stirring speed on the wort color is il-
lustrated in Fig. 2. As can be seen, the color decreased 
(from 24.5 to 21.5 EBC) at low stirring speeds (10 to 
70 rpm), but increased at significantly higher stirring 
speeds. The reduction could be explained by the fact 
that low stirring speeds promote the bridging of color- 
causing particles, such as polyphenols [50], with the 
polysaccharides present in the T. cordifolia gum extract 
already in the wort [51, 52]. These aggregates, due to 
their size and mass, may precipitate under the influence 
of gravity [42]. This precipitation reduces the concentra- 

Figure 1 Impact of Triumpheta cordifolia gum extract volume on Brix, soluble protein content, turbidity, viscosity, pH,  
and polyphenol content
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tion of coloring compounds in the solution, leading to  
a decrease in measured color.

On the other hand, the increase in color at higher 
stirring speeds is likely due to the shear effect induced 
by agitation, which promotes the redispersion and dis-
solution of deposited particles [53], thereby increasing 
the concentration of coloring compounds in the solution.

Effect of the stirring speed on polyphenol content. 
The influence of the stirring speed on the polyphenol 
content is illustrated in Fig. 2. Figure 2 reveals a signif-
icant increase in polyphenols from 22.4 to 24.4 mg/L as 
the stirring speed increased from 10 to 160 rpm. This 
gradual rise suggests that this parameter plays a key role 
in the extraction and release of phenolic compounds into 
the wort. Indeed, a recent study has shown that T. cor-
difolia bark contains a substantial amount of phenolic 
compounds [46]. Naturally present in the bark, they are 
released more effectively into the wort under mechanical 
agitation. Specifically, agitation enhances the interac-
tion between solid gum particles and the liquid medium, 

optimizing the transfer of phenolic compounds into the 
solution. This observation aligns perfectly with the work 
of [54], who demonstrated that stirring the medium at 
around 150 rpm achieves optimal extraction of phenolic 
compounds. In this study, agitation at 160 rpm promoted 
a greater release of these compounds.

Effect of the settling time on turbidity and polyphe-
nol content. The settling time had a significant influ-
ence on certain wort parameters, particularly turbidity 
and polyphenol content, as evidenced by the statistical 
results (p < 0.05, Table 6). However, its impact on other 
properties, such as pH, Brix, and color, was not signifi-
cant (p > 0.05). 

Figure 3 illustrates the effect of the settling time on 
turbidity after adjusting the extract volume to 2.5 mL 
and the stirring speed to 135 rpm. The results revealed 
a non-linear evolution of turbidity with the settling 
time. Initially, turbidity increased from 7 to 8 EBC at 
the settling times between 10 and 25 min, followed by 
a marked decrease to 3 EBC units at a settling time of 
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Figure 3 Impact of settling time on soluble protein content, turbidity, and polyphenol content

Figure 2 Impact of stirring speed on turbidity, color, and polyphenol content
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60 min. At the same time, the polyphenol content grad-
ually reduced as the settling time increased.

This trend in turbidity and polyphenol content can be 
explained by complex interactions between polyphenols 
and proteins in the wort. Indeed, studies [55, 56] have 
demonstrated that polyphenols can react with proteins 
to form polyphenol-protein complexes. These complexes, 
due to their large size and high molecular weight, initial-
ly contribute to an increase in wort turbidity. However, 
with prolonged settling time, these insoluble complexes 
can gradually sediment under the influence of gravity, 
leading to a decrease in their concentration in the wort 
and, consequently, a reduction in measured turbidity. 
At the same time, the sedimentation of these polyphe-
nol-protein complexes can explain the observed decrease 
in the polyphenol content. By binding to proteins to form  
insoluble complexes, polyphenols are progressively re-
moved from the liquid phase, resulting in their reduced 
concentration in the wort after extended settling. Thus, 
these results highlight the crucial role of the settling 
time in modulating turbidity.

Effect of interactions X1X2, X2X3, and X1X3 on differ- 
ent responses. The interactions between the gum extract 
volume and the stirring speed (X1X2), as well as between 
the stirring speed and the settling time (X2X3), had a 
statistically significant influence on turbidity (p < 0.05). 
However, the same interactions did not show a signifi-
cant effect on the other responses (color, pH, Brix, and 
polyphenol content, p > 0.05). Figures 4 and 5 provide a 
clear visualization of complex relationships between the 
experimental variables and the measured responses.

Impact of the gum extract volume and stirring speed 
(X1X2) on turbidity. Figure 4 shows the influence of the 
interaction between the gum extract volume and the 
stirring speed (X1X2) on turbidity at a settling time (X3) 
of 35 min. Figure 4 reveals a gradual decrease in turbid-
ity (from 12 to 4 EBC) at low stirring speeds and low 
gum extract volumes (10 rpm and 1.5 mL, respectively).  

However, beyond a certain threshold, turbidity in-
creased (from 8 to 18 EBC) at a gum extract volume of 
3.5 mL and a stirring speed of 160 rpm.

This reduction in turbidity can be explained by the 
fact that low stirring speeds promote the formation of 
chemical bridges between polysaccharides in the gum 
extract and suspended particles in the solution. These 
chemical bridges contribute to particle aggregation, fa-
cilitating their sedimentation under the influence of 
gravity [42], which results in lower measured turbidity. 
On the other hand, the increase in turbidity observed 
beyond a certain threshold was due to an overdose of 
the gum. When added in excess, polysaccharide chains 
saturate the surfaces of colloidal particles preventing 
the formation of new polymer bridges. This saturation 
of available sites on the particles restabilizes colloids, 
resulting in higher turbidity.

Additionally, excessive or prolonged stirring could 
also play a role in this dynamic. Indeed, excessive agita-
tion can break the polymer bridges already formed and 
restabilize the particles increasing turbidity. This phe-
nomenon has been documented in [41], who highlighted  
the impact of mixing conditions and dosage on the sta-
bility of colloidal suspensions. Thus, optimizing the op- 
erational parameters, such as the stirring speed, gum 
extract volume, and settling time, is key to effectively 
controlling turbidity in this system.

Impact of the stirring speed and settling time on the 
polyphenol content. Figure 5 shows the effect of the 
interaction between the stirring speed and the settling 
time (X2X3) on the polyphenol content at a gum extract 
volume (X1) of 1.5 mL. A decrease in the polyphenol 
content was observed as both the stirring speed and the 
settling time increased. This reduction can be attributed  
to the formation of high-molecular-weight polyphenol- 
protein complexes, which tend to precipitate over time, 
particularly under the combined effect of mechanical 
agitation and prolonged settling. The precipitation of 

Figure 4 Effect of gum extract volume and settling time  
on turbidity
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these complexes lowers the concentration of free poly-
phenols in the solution, explaining the observed de- 
cline [51, 57, 58].

Thus, increasing the stirring speed and the settling 
time promotes the formation and precipitation of polyphe- 
nol-protein complexes, thereby reducing the content of 
polyphenols available in the medium. This mechanism 
highlights the importance of controlling the operational 
parameters, such as the stirring speed and the settling time,  
to optimize the polyphenol content in the systems where 
these compounds play a critical role, whether from a nu-
tritional, functional, or technological perspective.

Impact of the gum extract volume and the settling 
time on turbidity. Figure 4 illustrates the influence of the 
interaction between the gum extract volume and the stir-
ring speed at a settling time of 35 min. Figure 5 shows 
a significant reduction in turbidity (p = 0.047, Table 7) 
as both the gum extract volume and the settling time in-
creased. Specifically, turbidity decreased from an initial 
value of 12 EBC, corresponding to a gum extract vol-
ume of 1.5 mL and a settling time of 10 min, to a final 
value of 4 EBC at a gum extract volume of 3.5 mL and a 
settling time of 60 min.

This reduction in turbidity can be attributed to the 
coagulating and flocculating properties of the gum ex-
tract [39, 59]. The gum extract acts by destabilizing sus-
pended particles in the solution, initiating a process of 
trapping and sedimentation. This mechanism involves 
the formation of a precipitate that encapsulates colloidal 
particles, promoting their agglomeration and sedimen-
tation. As a result, the particles are removed from the 
liquid phase, leading to a significant reduction in tur-
bidity. This phenomenon aligns with the observations  
in [41], who highlighted the role of coagulating and floc-
culating agents in destabilizing colloidal suspensions.

Optimization results. The optimization of operating 
conditions was undertaken to identify a combination of 
parameters capable of producing a clarified wort that 
meets the predefined physicochemical criteria. The ap-
plication of Minitab 18 software led to the determination 
of the following optimal conditions: a gum extract vol-
ume (X1) of 2.4 mL, a stirring speed (X2) of 85.15 rpm, 
and a settling time (X3) of 60 min.

The validity of the predictive model was assessed 
by conducting an experimental clarification test under 
the optimized conditions, followed by physicochemi-
cal analyses of the resulting wort. The results (Table 7) 
show a good agreement between predicted and experi-
mental values, particularly for turbidity (6.70 ± 0.20 EBC  
compared to the theoretical value of 6.67 EBC), suggest-
ing an overall adequacy of the model. The discrepan-
cies observed for certain secondary parameters may be 

attributed to the intrinsic limitations of statistical mod-
eling, especially in accounting for complex interactions 
and unmodeled experimental variability.

In this study, turbidity was selected as the primary 
indicator of clarification performance. In this regard, 
the work of Man-Ikri & Desobgo Zangué [10], which 
focused on the clarification of Mbayeri sorghum wort 
using Grewia mollis bark powder, provides a relevant 
comparative framework. Using a Box–Behnken experi-
mental design, these authors demonstrated the effective-
ness of plant-based biocoagulants by optimizing similar 
variables, including the wort-to-coagulant ratio, stirring 
speed, and treatment duration.

In light of these findings, the performance achieved 
with Triumfetta cordifolia gum, yielding a final turbid-
ity of 6.70 EBC (≈ 16.7 NTU), highlights its potential 
as a highly efficient bio-clarifying agent. These results 
support the relevance of plant-derived biomaterials as 
sustainable alternatives to conventional clarification 
processes and open perspectives for their application in 
environmentally friendly brewing process optimization.

CONCLUSION
In this study, we successfully optimized the clarifi-

cation of Safrari sorghum wort using Triumpheta cor-
difolia A. Rich. gum extract. For this, we employed 
the response surface methodology to systematically 
evaluate the effects of the gum volume, stirring speed, 
and settling time. The physicochemical properties of 
Safrari sorghum (low moisture content, high germina-
tion energy, and uniform grain size) confirmed its suit-
ability for brewing applications. In addition, the gum 
extract, which is rich in polysaccharides and polyphe-
nols, proved highly effective in reducing turbidity while 
enhancing the overall wort quality. The Box-Behnken 
experimental design revealed significant interactions 
among the studied factors, thereby enabling us to iden-
tify optimal clarification conditions: a gum extract 
volume of 2.4 mL, stirring speed of 85.15 rpm, and set-
tling time of 60 min. These conditions produced a wort 
with low turbidity (6.70 European Brewery Convention 
units), balanced pH (4.98), and moderate polyphenol 
content (21.24 mg/L), which closely aligned with the 
theoretical predictions, thus validating the robustness of 
the model. 

These findings underscore the potential of T. cordi-
folia gum as a sustainable alternative to synthetic clar-
ifiers in the brewing industry. Future research could 
explore the scalability of this process and assess the 
long-term stability of clarified wort under industrial 
conditions. In addition, the nutritional and antioxidant 
benefits of polyphenols in the gum could be further  

Table 7 Optimal values of physicochemical parameters

Turbidity, EBC pH Color, EBC Brix Polyphenols, Mg/L
Theoretical values (provided by software) 6.67 5.04 16.43 6.88 18.19
Experimental values 6.70 ± 0.20 4.98 ± 0.21 17.02 ± 1 7.20 ± 0.3 21.24 ± 0.97
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investigated to enhance the health-promoting properties 
of sorghum-based beverages. 

In conclusion, our study provides a robust and sci-
entifically grounded framework for optimizing wort 
clarification using natural gums. It therefore contributes 
significantly to the valorization of local resources and 
the advancement of sustainable brewing practices in 
sub-Saharan Africa.
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