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ABSTRACT Article Information 

Background: Green banana flour (GBF) is a nutrient-dense ingredient, rich in resistant starch, 
fiber, and bioactive compounds, making it particularly suitable for gluten-free products. However, 
its distinct raw and earthy flavor limits its broader application in foods. While pre-treatments with 
citric acid and brine have been proposed for deodorization, their efficacy and their impact on the 
flour's functional and nutritional properties remain insufficiently characterized.  
Aims: This study aimed to evaluate the efficacy of citric acid and brine pre-treatments for 
deodorizing green banana flour and to analyze their effects on its key functional and nutritional 
properties.  
Methods: Peeled and sliced green bananas were subjected to one of three pre-treatments:  
immersion in a 5% citric acid solution, 5% brine solution, or no treatment (control). The resulting 
flours were analyzed for their sensory attributes, functional, and nutritional properties.  Data were 
analyzed using ANOVA, and means were compared with the Least Significant Difference (LSD) 
test at a significance level of p < 0.05.  
Results: Sensory evaluation revealed a significant reduction in undesirable flavors in the treated 
flours compared to the control (p < 0.05), confirming the deodorizing efficacy of both pre-
treatments. Functionally, both treatments significantly reduced the water holding capacity (p < 
0.05) but had no significant effect on swelling power or solubility (p > 0.05). Nutritionally, the 
protein content was significantly reduced from 4.87% in the control to 3.92 % and 2.83% in the 
citric acid- and brine-treated flours, respectively (p < 0.05). 
Conclusions: Pre-treatment with citric acid or brine effectively deodorizes green banana flour. 
However, these treatments also adversely affect certain functional and nutritional properties, 
particularly water holding capacity and protein content. These trade-offs must be considered for 
its application in food product development.  
Keywords: Green Banana Flour; Deodorization; Pre-Treatment; Swelling Power; Solubility; 
Value Addition; Food Security. 
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1  INTRODUCTION 

Banana (Musa species.) is a globally significant plant 
species, widely consumed as fruit and, in various regions, 
serving as a critical staple food commodity (Bakare et al., 
2017). Globally, bananas rank as the fourth most important 
food crop, providing indispensable food, nutrition, and 
income security for over 70 million individuals across Africa 
(Castillo & Fuller, 2016; Olufemi, 2024). In this continent, 
bananas are widely consumed fresh and processed into chips, 
beer and flour, but value addition remains limited 
(Mudyazvivi & Maunze, 2010).  

The annual worldwide production of bananas is 
approximately 60 million tonnes, a volume comparable to 
that of grapes and citrus fruit production (FAOSTAT, 2019). 
Production is highly favored by its relatively by low labor 

requirement, minimal need for soil preparation, and limited 
weeding (FAOSTAT, 2019).  

Green banana flour is derived from unripe Musa species 
fruit through a sequential process involving peeling, slicing, 
drying, grinding and sieving, which may be executed 
manually or mechanically (Cândido et al., 2023). Typically, 
the process exhibits a low yield, with an input of 8–10 kg of 
fresh banana required to produce 1 kg of final flour (Jiang et 
al., 2004).  

Interest in GBF production has increased due to its 
notable content of resistant starch, dietary fiber, and bioactive 
phenolic compounds. These components have demonstrated 
potential to improve glycemic response and confer 
antioxidant benefits for enhanced public health (Juarez-
Garcia et al., 2006; Tribess et al., 2009). This functional 
composition has positioned GBF as a popular ingredient 
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among consumers seeking gluten-free alternatives and those 
with celiac disease. Furthermore, GBF exhibits superior 
thickening efficacy compared to conventional wheat flour, 
requiring a lower quantity during baking or pasting 
applications (Sarawong et al., 2014). However, a significant 
limitation to its wider adoption is the undesirable, mild raw 
banana and earthy off-flavor that can be imparted to final 
food products upon cooking (Cândido et al., 2023).  

Green bananas are particularly susceptible to enzymatic 
browning during both processing and storage (Alam et al., 
2023). This reaction is catalyzed by polyphenol oxidase 
(PPO), which oxidizes phenolic compounds into quinones, 
that subsequently polymerize to form dark pigments (Luo & 
Tao, 2003). This chemical change detrimentally affects 
sensory attributes, including appearance, taste, odor, and 
texture (Dotto et al., 2019). The rate depends of browning is 
dependent on factors such as PPO and phenolic content, pH, 
oxygen availability, and temperature (Komthong et al., 2006).  

Control strategies for enzymatic browning in fresh 
produce and derived products involve targeting these 
influencing factors (Jiang et al., 2004). Control methods are 
broadly categorized as physical (e.g., blanching, or oxygen 
reduction) and chemical (e.g., the use of chelating agents, 
acidifiers and antioxidants that inhibit PPO activity) (Grimm 
et al., 2012). Implementing value addition processes for GBF, 
such as deodorization, is therefore crucial for promoting its 
utilization, preventing deterioration, and mitigating 
significant post-harvest losses (Afzal et al., 2022; Choudhury 
et al., 2019; Zou et al., 2022). 

Prior investigations into GBF have primarily focused on 
characterizing its basic product attributes (Alkarkhi et al., 
2011; Menezes et al., 2011; Rodríguez-Ambriz et al., 2008) 
and assessing its direct application in food systems, such as ice 
cream production (Yangilar, 2015). Comparative studies on 
drying methods have shown that freeze-drying preserves 
higher levels of protein, fat, ash, and fiber, whereas hot air 
drying tend to increase GBF moisture content and water-
holding capacity (Taskin, 2025).  

An Indian evaluating three banana varieties noted that 
chemical treatments with calcium chloride and ascorbic acid 
resulted in the highest flour recovery (31.95%), while 
inherent varietal differences significantly influenced moisture, 
sugar composition, and titratable acidity (Gadhave et al., 
2023). Conversely, a related study reported that high steam-
blanching temperatures reduced GBF yield, although 
blanching for 10–20 minutes with 0.25% potassium 
metabisulphite enhanced water-holding capacity and 
improved the content of protein, fat, and minerals (Deng et 
al., 2019). Further analysis of modified GBF indicated that 
pre-gelatinization diminished color quality, pasting ability, 
and solubility, yet significantly improved the flour's oil 

absorption and swelling capacity when compared to native 
and annealed samples (Kunyanee et al., 2024). 

Despite the demonstrated potential of GBF as a 
functional ingredient, its widespread industrial adoption 
remains constrained by undesirable off-odors that negatively 
impact consumer acceptance. While various deodorization 
techniques have been explored for other plant-based flours 
(Bakare et al., 2017; Plunkett, 1913), limited research exists 
on the use of citric acid and brine treatments specifically for 
odor reduction in GBF. Furthermore, the implications of 
these treatments on the flour’s functional and nutritional 
properties remain inadequately explored, highlighting a 
research gap in optimizing deodorization to improve both 
sensory quality and nutrition for wider food applications.  

Therefore, the current study was designed to rigorously 
examine the effectiveness of citric acid and brine in 
deodorizing GBF and assessed their impact on its functional 
and nutritional properties. This research is crucial for 
optimizing a simple deodorization method, thereby 
promoting the broader utilization of GBF in the food 
industry, adding value to banana products, reducing post-
harvest losses, and ultimately supporting food and nutrition 
security initiatives.  

2  MATERIAL AND METHODS  

2.1 Study Area and Description 

The study utilized green bananas sourced from Samanga 
and Makandi farms, both situated within the Honde Valley 
in Zimbabwe (18°29′48.40″S and 32°51′11.52″E). This 
location is approximately 130 km from the city of Mutare. 
The Honde Valley falls within Agro-ecological Region 1, 
which is characterized by the highest precipitation levels in 
Zimbabwe. These favorable climatic conditions support the 
area's substantial bananas production, which is estimated to 
range between 27000 – 30000 tonnes annually (FAOSTAT, 
2019). The specific cultivar used for all experiments was the 
Cavendish variety. All subsequent processing of the GBF 
treatments and the required laboratory analysis were 
conducted at the University of Zimbabwe, specifically within 
the Department of Nutrition Dietetics and Food Sciences 
laboratory in Harare.  

2.2 Experimental Design 

A total of three GBF treatments were evaluated: (1) 
Control GBF: Flour produced without any additive 
treatment; (2) 5% Citric Acid GBF: Flour produced 
following immersion in a 5% citric acid solution; (3) 5% 
Brine GBF: Flour produced following immersion in a 5% 
brine solution.  

https://geohack.toolforge.org/geohack.php?pagename=Honde_Valley&params=18_29_48.40_S_32_51_11.52_E_type:mountain_region:ZW_scale:100000
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For each treatment condition, three independent 
production units were generated. Samples were collected from 
each of these treatment units in triplicate for analysis. The 
collected samples were then subjected to analyses to determine 
their organoleptic properties, water-holding capacity, swelling 
power, solubility, and protein content. The specific 
preparation method for all samples is delineated in Section 2.3  

2.3 Preparation of Green Banana Flour 

Raw green bananas were first de-fingered to separate 
individual fruits and were then manually washed in cold 
water. The fruits were hand-peeled and immediately soaked 
in clean, cold water for approximately five minutes, ensuring 
complete immersion to minimize enzymatic browning. The 
peeled bananas were immediately and manually sliced into 
cylindrical pieces, approximately 2 mm thickness, using a 
stainless-steel knife (Saw Power Blades, Zimbabwe). These 
slices were then re-immersed in the same cold water. 
Following the soaking period, the sliced bananas were 
drained, spread onto perforated trays, and air-dried for five 
minutes to remove surface moisture. The banana slices were 
subsequently dried in a convection oven (Lab design 
Engineering, South Africa) at a controlled temperature of 

55oC for 24 hours. The resulting dried pieces were milled in a 
high-speed blender, sieved through a 250 µm mesh, and the 
resulting flour was sealed in labelled, airtight polythene bags 
before being stored in a cool, dry environment (Figure 1). 

2.4 Procedure for Deodorization of Green 
Banana Flour using 5% Citric Acid and 
5% Brine 

The deodorization procedure involved two chemical pre-
treatment methods.  

Citric Acid Treatment: De-fingered, washed raw green 
bananas were manually peeled and immediately immersed in 
a 5% citric acid solution (Associated Chemicals Enterprise, 
Roo deport, South Africa) for five mins (Figure 1). The peeled 
bananas were then manually sliced using a stainless-steel knife 
(Saw Power Blades, Zimbabwe) into cylindrical pieces of 
approximately 2 mm thickness and re-immersed in the same 
5% citric acid for an additional 30 mins (Figure 1). The citric 
acid solution was then drained, and the banana slices were 
thoroughly washed with distilled water to remove residual 
reagents from the surface. The slices were spread onto 

 

Figure 1. Production of Green banana flour treatments 
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perforated drying trays, air dried, milled, sieved, and 
packaged following the same specifications outlined for the 
control sample (Figure 1).  

Brine Treatment: The entire procedure detailed for the 
citric acid treatment was precisely replicated using a 5% brine 
solution in place of the citric acid to produce the brine-treated 
GBF samples. 

2.5 Sample Collection and Analysis 

Approximately 500 g aliquots were collected from each of 
the treatment units and analyzed for organoleptic properties, 
water holding capacity, swelling power, solubility, in addition 
to nutritional analysis for protein content. 

2.6 Sensory Evaluation 

2.6.1 Triangle Test 

A triangle test was performed to assess sensory differences 
between the control and treated GBF products, following the 
procedures outlined in ISO 4120 (2021). A total of 62 
panelists, comprising students, lecturers, and staff from the 
University of Zimbabwe were recruited.  

Panelists were simultaneously presented with three 
samples, each identified by a unique three-digit random code. 
The serving scheme employed a randomized block design 
ensuring that each set contained two samples from one 
treatment and one from the alternative (e.g., two 5% citric 
acid-treated GBF samples and one control, or two control 
samples and one 5% brine-treated sample).  

Each panelist tasted all three GBF samples and was 
required to identify the odd sample. A mouth with plain water 
was mandated before the evaluation of each consecutive 
sample. Upon correct identification of the odd sample, 
panelists assessed the degree of difference between the 
duplicate and the odd sample based on a five-point scale: 
“None”, “Slight”, “Moderate”, “Much”, or “Extreme” in 
accordance with ISO 6685 (2017). These qualitative data 
were converted into quantitative scores (None=0, Slight=1, 
Moderate=2, Much=3, and Extreme=4, and subjected to 
descriptive statistics analysis to summarize the responses. The 
statistical significance of difference in the Triangle Test was 
determined by consulting the binomial table to establish the 
minimum number of correct judgments required at the 5% 
probability level. 

2.6.2 Flavor Profile Descriptive Analysis   

A flavor profile descriptive analysis was carried out 
utilizing nine semi-trained volunteer panelists recruited from 
students, lecturers, and staff population. The panelists were 
tasked with evaluating the intensity of a set of pre-determined 

aroma and flavor attributes across both the deodorized GBF 
samples and the control. 

2.7 Functional Properties Analysis 

2.7.1 Water Holding Capacity (WHC) 

Water holding capacity (WHC) was determined using a 
modified procedure based on the methodology of Yangilar 
(2015). Approximately 1g of GBF was weighed into a pre-
weighed centrifuge tube (Lastmark Laboratory, Zimbabwe) 
and mixed with 25 mL of distilled water at room temperature. 
The test tubes were stirred and incubated at 85°C for one 
hour. Following incubation, the suspension was cooled in an 
ice bath and centrifuged at 3000 rpm for 20 minutes at room 
temperature using a centrifuge (Gemmy Industrial 
Corporation, Taiwan). The supernatant was decanted, and 
drained for 10 min at a 45° angle before the residue was 
weighed using a Mettler Toledo balance (Switzerland). Each 
sample from respective treatments was analyzed in triplicate.  

The water holding capacity was calculated as grams of 
water per gram of green banana flour using Equation 1: 

𝑊𝑊𝑊𝑊𝑊𝑊 = [(𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 − 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 )]/

(𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) ………. (1) 

2.7.2 Swelling Power 

Swelling power was measured following the method 
derived from De La Torre-Gutiérrez et al. (2008). A 1% GBF 
suspension was prepared using distilled water at room 
temperature in centrifuge tubes (Lastmark Laboratory, 
Zimbabwe). This suspension was then heated to 85°C for 30 
minutes in a hot water bath, with manual agitation performed 
intermittently every five minutes. The suspensions were 
cooled in an ice bath and centrifuged for 15 minutes at 3000 
rpm at room temperature using a centrifuge (Gemmy 
Industrial Corporation, Taiwan). The supernatant was 
decanted, and the mass of the remaining precipitated residue 
was measured using a Mettler Toledo balance (Switzerland). 
Each sample from respective treatments was analyzed in 
triplicate.  

Swelling power was calculated as the mass of the swollen 
residue per unit mass of the dry sample (g/g) using the 
Equation 2: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = (𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 +
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟) − 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  ………(2) 

2.7.3 Solubility 

Solubility was determined according to the method 
described by De La Torre-Gutiérrez et al. (2008). The 
supernatant as described in the swelling procedure was 
decanted into a pre-weighed evaporator dish (Lastmark 
Laboratory, Zimbabwe). This solution was subsequently 
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dried in a Lab Design Engineering dryer at 110 °C for 
approximately two hours until a constant weight was 
achieved. Each sample was analyzed in triplicate.  

Solubility was calculated as the percentage of soluble 
solids relative to the initial dry sample mass using Equation 3: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = � (𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)
(𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)� 𝑥𝑥100  ………… (3) 

Where: 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

 

2.8 Nutritional Analysis 

Protein Determination - Kjeldahl Method 

The protein content was determined via the standard 
Kjeldahl method using a Kjeldahl distiller, following the 
procedure specified by the AOAC (2023). Approximately 1 g 
of GBF was accurately weighed into a 1 L Kjeldahl digestion 
flask (Lastmark Laboratory, Zimbabwe). This was followed 
by the addition of 8 g copper catalyst tablets (Skylabs, South 
Africa) and 25 mL of concentrated sulphuric acid (Associated 
Chemical Enterprise, South Africa). The flask was gently 
heated on a unit heater in a fume hood until the initial 
frothing stopped and the sample color turned to a clear pale 
turquoise color (greenish yellow). Following this clearing 
phase, the mixture was boiled for an additional 60 minutes to 
ensure complete digestion.  

The flask was allowed to cool to room temperature, and 
the contents were diluted by the addition of 300 mL of 
distilled water. For distillation, a 500 mL Erlenmeyer flask 
containing 50 mL of boric acid with indicator (Fisher 
Chemicals, UK) was placed on a distillation unit (Japson 
Selector, India). A 100 mL volume of 40% sodium hydroxide 
(Associated Chemical Enterprise, South Africa) was 
introduced down the side of the flask neck and a few pieces 
of zinc pellets (Skylabs, South Africa) were added. Distillation 
was initiated with the Kjeldahl tubes positioned on the lower 
shelf of the unit, and was continued until 150 mL of distillate 
was collected in the Erlenmeyer flask containing the boric 
acid solution. 

The collected distillate was titrated against 0.098 M 
sulphuric acid (Associated Chemical Enterprise, South 
Africa) to a brown endpoint. A reagent blank was used to 
adjust the sample titer values.  

The percentage of nitrogen (N) and the final protein 
percentage were calculated using the following standard 
equations: 

% 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = �(𝑉𝑉𝑉𝑉−𝑉𝑉𝑉𝑉) 𝑥𝑥 14.007𝑔𝑔 𝑥𝑥 0.098𝑀𝑀
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑥𝑥 1000

� 𝑥𝑥100    ….. (4) 

 
Where: Vs = Volume of acid used in titration for the sample (mL) 

             Vb = Volume of acid used in titration for the blank (mL) 
 

%𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = %𝑁𝑁 𝑥𝑥 6.25 …………. (5) 

2.9 Data Analysis 

All quantitative data were managed and preliminarily 
processed using Microsoft Excel software. Further statistical 
analysis was performed utilizing GenStat statistical software, 
Version 18. For the triangle test, ANOVA and a two-tailed 
binomial test for paired preference were applied to determine 
whether significant differences existed in overall liking and 
product preference. Data pertaining to the flavor profile, 
water-holding capacity (WHC), swelling power, solubility, 
and protein content were analyzed using a one-way Analysis 
of Variance (ANOVA). Following the determination of 
significant treatment effects, Tukey’s HSD (Honestly 
Significant Difference) post-hoc test was applied to facilitate 
the separation of treatment means at the 95% confidence 
level (α=0.05). 

3 RESULTS  

3.1 Sensory Differentiation of GBF Treated 
with Citric Acid and Brine 

The Triangle Test results indicated a statistically 
significant difference between the native (control) and treated 
GBF samples (p < 0.05) (Table 1).  

Panelists who correctly identified the odd sample 
proceeded to rate the magnitude of the difference among the 
GBF treatments (Figure 2). For the GBF treated with 5% 
citric acid, the majority of panelists (34%) reported a 'much' 
difference compared to the control. A similarly high 
proportion of panelists (38%) reported a 'much' difference for 
the GBF treated with 5% brine when contrasted with the 
control (Figure 2). 

 

Table 1. Difference Between Native and Treated GBF 
product (Triangle test) 

Treatment 
Test  5% Citric Acid 5% Brine 
Number of panellists  29 33 
Correct responses 29 30 
Spoiled responses 0 3 
Critical number 21 23 
p-value < 0.05 < 0.05 

Note: The figures represented are the number of responses from a 
sensory session. A significance difference will exist if the correct 
response is equal or greater than the critical number. 
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3.2 Flavor Profile of the Native, Citric Acid 
and Brine Treated Cooked green banana 
product 

The Flavor Profile Descriptive Analysis revealed marked 
differences among the treatments (Figure 3). The native 
(untreated) green banana flour exhibited a prominent 
astringency flavor, coupled with discernible notes of rawness 
and bluntness, when compared to the chemically treated 
samples. 

Conversely, the scores for desirable banana flavor and 
undesirable rawness were lowest in the control treatment. The 
astringency attribute was clearly the dominant sensory 
characteristic of the native flour. Comparing the treated 
samples, the citric acid-treated flour displayed a higher 
intensity of bluntness than the brine-treated flour. 
Furthermore, banana flavor notes were more distinctly 
pronounced in the brine-treated product than in the citric 
acid-treated product. Statistical analysis confirmed that the 
perceived intensity of the rawness flavor did not differ 
significantly between the citric acid and brine pre-treatments 
(Figure 3). 

3.3 Functional Properties of the Native, 
Citric Acid and Brine Treated Cooked 
Green Banana Flour 

Significant differences in the Water Holding Capacity 
(WHC) were observed across the three treatments (p < 0.05). 
The untreated control sample exhibited the highest WHC at 
2.16 g/g dry sample. However, no statistical difference in 
WHC was recorded between the citric acid and brine-treated 
green banana flour samples (p > 0.05) (Table 2).  

In contrast to the WHC findings, the analysis showed no 
significant difference in the swelling power or solubility 
between the native control GBF and either of the chemically 
treated samples (p > 0.05) (Table 2). 

 

 

 

 

66.67

22.22

11.11

0

0

55.56

33.33

11.11

0

44.44

33.33

22.22 0

20

40

60

80
Astrigency

Blunt

raw

Banana

Native
Citric acid
Brine

 

Figure 2. Selection of degree of difference “None”, 
“Slight”, “Moderate”,” Much”, and “Extreme” from the 

correct responses 

0

5

10

15

20

25

30

35

40

None Slight Moderate Much Extreme

Pe
rc

en
ta

ge
 (%

)

Degree of difference

5% Citric acid 5% Brine

Table 2. Functional properties of native, citric acid treated, 
and brine treated GBF treatments  

Parameter 

Treatment 
Water holding 

capacity (g/g) 

Swelling 

power (g/g) 
Solubility (%) 

Native 

(Control) 
2.16 ± 0.03 a 17.70 ± 0.50 a 5.95 ± 0.13 a 

5% Citric 

Acid  
2.09 ± 0.01 b 17.79 ± 0.25 a 5.79 ± 0.54 a 

5% Brine 2.09 ± 0.01 b 17.71 ± 0.36 a 5.63 ± 0.44 a 

p-value  < 0.05 0.67 0.30 

Note: The figures presented are the average values for each treatment. 
Means within a column were compared using Tukey’s test at p < 0.05 
and different superscript letters indicate statistically significant 
differences. 

Figure 3. Flavour Profiles of the Native, Citric Acid and 
Brine Treated Cooked Green Banana Product 
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3.4 Protein Content of Native, Citric Acid 
Treated and Brine Treated Green Banana 
Flour   

A statistically significant difference in protein content was 
recorded among the three GBF treatments (p < 0.05) (Table 
3). The control treatment had significantly higher protein 
content than the treated GBF treatments (p < 0.05). Protein 
content was significantly reduced in the treated GBF (p < 
0.05), with brine treated flour having greater decrease than 
the citric acid treated flour (Table 3).  

3.5 Protein Content of Native, Citric Acid 
Treated and Brine Treated Green Banana 
Flour   

A statistically significant difference in protein content was 
recorded among the three GBF treatments (p < 0.05) (Table 
3). The control treatment had significantly higher protein 
content than the treated GBF treatments (p < 0.05). Protein 
content was significantly reduced in the treated GBF (p < 
0.05), with brine treated flour having greater decrease than 
the citric acid treated flour (Table 3).  

4 DISCUSSION   

4.1 Effect of GBF Treatment on Sensorial 
Properties 

This investigation confirms that the chemical pre-
treatment of green bananas with citric acid and brine during 
flour production significantly alters the final taste and flavor 
profile. The untreated control exhibited a strong undesirable 
astringency accompanied by subtle notes of rawness and 
bluntness. Conversely, the treated samples demonstrated an 
improved flavor profile, indicating effective deodorization of 
the flour. The lower perceived intensity of the inherent 
banana flavor and rawness in the control may be attributable 
to the dominance of the astringency flavor. This observation 

aligns with previous findings by Wang et al. (2014), which 
reported a sour astringency, slight bitterness, and a beer-like 
taste in similar untreated products.   

The citric acid treated flour displayed a higher bluntness 
flavor than brine-treated flour, while the brine-treated 
product exhibited more pronounced banana flavor notes. This 
flavor enhancement effect in the brine-treated sample 
highlights the well-documented role of salt in accentuating 
flavor perception (Oba et al., 2002). Crucially, the rawness 
flavor notes did not differ between the two chemical pre-
treatments. This outcome suggests that both citric acid and 
brine treatment effectively influenced the phenolic 
compounds involved in flavor-contributing reactions that 
occurs in the green banana such as reduction of enzymatic 
browning of the bananas which imparts an undesirable flavor 
to the dried product (Anyasi et al., 2017). Brine, in particular, 
has been demonstrated to non-competitively inhibit PPOs 
activity non-competitively in fresh produce, thereby 
preventing the development of off-flavors (Oba et al., 2002). 

Similar results were reported in an Indonesian study by 
Sondak et al. (2018), where the use of calcium hydroxide and 
citric acid as GBF improvers was explored. The native 
treatment exhibited an undesired taste and aroma, rejected by 
60% of panelists, while the citric acid-treated GBF achieved 
the highest acceptance for taste and aroma.  

4.2 Influence of GBF Treatment on 
Functional Properties 

The chemical pre-treatment of GBF with citric acid and 
brine consistently led to a reduction in the WHC. Both the 
citric acid and brine pre-treatment exerted an equivalent 
effect, reducing the WHC of the —a characteristic that is 
generally considered undesirable in various food processing 
applications. WHC constitutes a crucial functional property 
in baking and food processing, reflecting its ability to absorb 
and retain water, directly influencing the final texture, 
volume, and quality of baked products.  

The observed WHC for the native banana flour in the 
present study is comparable to the higher WHC values (2.5 
g/g) reported by Rodríguez-Ambriz et al. (2008). However, 
the WHC recorded by Yangilar (2015) for citric acid–treated 
green banana flour (1.08 g/g dry sample) was lower than the 
current findings, yet higher than the 0.19 g/g dry sample 
reported by Singh et al. (2017). These variations are likely 
attributable to differences in the banana cultivar used, among 
other processing factors (Wibowo et al., 2021). Banana flour 
yield depends on cultivar type, with higher yields obtained 
from low-moisture varieties typically preferred for frying 
(Cândido et al., 2023).  

The addition of citric acid in GBF production can lead to 
a reduction in WHC due to a combination of factors, 

Table 3. Protein content of native, citric acid treated, and 
brine treated GBF 

Parameter 

Treatment Protein (%) 

Native 4.87 ± 0.12 a 
5% Citric Acid  3.92 ± 0.51 b 

5% Brine 2.83 ± 0.07 c 
p-value  < 0.05 

Note: The figures presented are the average values for each treatment. 
Means within a column were compared using Tukey’s test at p < 0.05 
and different superscript letters indicate statistically significant 
differences. 



Ngwenyama & Goto                                                                                                                                                                                 Deodorization of Green Banana Flour 

 

 
 165  Nor. Afr. J. Food Nutr. Res. • Volume 9 • Issue 20 • 2025 

 
 
 
 

including pH alteration, starch modification, potential 
hydrolysis or Maillard reactions, and interactions with other 
components such as minerals and antioxidants (Alkarkhi et 
al., 2011). Acid treatment can impair the hydrophobic and 
hydrophilic capacities of the native GBF (Cândido et al., 
2023). Specifically, the reduction in water absorption capacity 
is reduced due to increased crystalline regions and a decrease 
in the amorphous region in the starch granules of the GBF 
(Lawal, 2004). Despite this reduction, the resulting WHC 
values remain within the effective range for utilizing GBF as a 
thickener in various liquid and semi liquid food systems 
(Aurore et al., 2009; Juarez-Garcia et al., 2006; 
Suntharalingam & Ravindran, 1993). The decrease in WHC 
following brine treatment is primarily due to the disruption 
of molecular interactions, osmotic effects, and modifications 
to protein and mineral properties (Bezerra et al., 2013). 

In contrast, the swelling power and solubility of the GBF 
were not significantly affected by either the citric acid or brine 
treatments, averaging 17.73 g/g (dry basis) and 5.79%, 
respectively. An identical study conducted in India recorded 
lower swelling power of unripe banana flour in the range of 
8.30–12.76 g/g dry sample at 80oC (Singh et al., 2017). Post-
harvest, the metabolism of the banana continues, some 
modifications will occur on physicochemical characteristics of 
the bananas and, consequently, on the corresponding GBF 
(Martín Lorenzo et al., 2024). 

Generally, swelling power increases with temperature, and 
when heated above the gelatinization range, hydrogen bonds 
which stabilizes the double helices are disrupted thereby 
affecting the gel network (Tester & Karkalas, 1996). The 
swelling power and solubility of flour are attributed to the 
amylopectin structure and amylose content; respectively 
therefore the indifference of the swelling power and solubility 
could be the inability of the treatments to alter the 
amylopectin structures and the amylose content of the flour 
starch (Tribess et al., 2009). 

Previous studies on enhancement of GBF through 
physical modification reported that pre-gelatinization (PBF) 
increases the swelling power, while annealing leads to a 
reduction (Kunyanee et al., 2024), highlighting that the 
differences in swelling power are largely attributed to distinct 
interactions between the amorphous and crystalline starch 
chains (Ma et al., 2022). The formation of weak hydrogen 
bonds during the pre-gelatinization process, coupled with the 
decrease in intermolecular forces, contributes to this variation 
(Tester & Karkalas, 1996). 

4.3 Effect of Citric Acid and Brine on Protein 
Content 

The application of both citric acid and brine pre-
treatments resulted in a measurable decline in the protein 
content. This reduction was more pronounced in the brine 

treated flour than the citric acid treated flour. The protein 
content observed in the current study was lower than values 
reported for chemically treated unripe banana flour samples 
from Nigeria (ranging from 4.64 ± 0.06 to 5.46 ± 0.00 %) 
Bakare et al. (2017). In all instances, the protein content of 
the banana flour remains significantly lower than that of 
conventional wheat flour which ranges from 11% to 12% 
(Bezerra et al., 2013).   

Protein content is a key factor for flour selection in baking, 
as higher levels improve bread-making by increasing water 
absorption, extending mixing time, and yielding more robust 
dough (Bakare et al., 2017). Given the low protein content of 
GBF, its primary application is often optimized as a 
thickening agent in liquid and semi-liquid food such as ice 
cream fruit juices and smoothies. Consequently, existing 
literature advocates for strategies such as optimizing the GBF 
application in different product formulations (Martín 
Lorenzo et al., 2024; Paucean et al., 2016; Vernaza et al., 
2011) or blending the flour with other raw materials such as 
legumes or banana peels, to achieve a higher and more 
complete protein profile (Dotto et al., 2019; Kumar et al., 
2019). While banana peels have been shown to contain higher 
protein content than banana pulp (Castelo-Branco et al., 
2017; Sardá et al., 2016), the incorporation of the peel alone 
may not significantly alter the total protein content of the final 
whole flour compared to pulp flour (Bezerra et al., 2013). In 
comparison to wheat flour, GBF has lower protein content 
and presents low biological value (Bakare et al., 2017; Bezerra 
et al., 2013). However, GBF is valued for its high content of 
other key nutrients and functional components, including 
ash, fiber, and resistant starch (Kumar et al., 2019; Vernaza et 
al., 2011). The slight decline in protein content following 
treatment can influence the rate of hydration and surface 
charge of the flour, which therefore affects gelatinization and 
the swelling power (Nwokocha & Williams, 2011). However, 
protein content of GBF has been reported to be of low 
biological value. Given the amino acid profile and the limiting 
amino acids (lysine), this can be resolved by blending the flour 
with other vegetable protein sources such as legumes and 
cereals during processing (Rezende et al., 2017). 

5 CONCLUSIONS    

This study demonstrates that pre-treatment of green 
banana with a 5% citric acid or a 5% brine solution is an 
effective strategy in deodorizing GBF, with the citric acid 
treatment showing superior sensory profile. Both treatments 
were found to alter key functional properties such as 
significantly reducing the water absorption capacity, swelling 
power, bulk density and pasting characteristics, which could 
impact the flour’s suitability for various food applications. 
Both treatments decreased the water-holding capacity but 
had no effect on the swelling power or solubility of the flour. 
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The concomitant decline in protein content represents a 
compromise on the flour's nutritional quality.  

Despite the marginal reduction in protein, the use of 
citric acid and brine as pre-treatments is highly 
recommended for flour processors, as it enhances product 
acceptability and promotes the wider utilization of GBF. 
The adoption of these practices could contribute to reducing 
postharvest losses, while supporting food and nutrition 
security. Future studies should focus on optimizing the 
concentration and immersion time to maximize 
deodorization effectiveness while preserving functional 
properties and assess the use of deodorized flours in diverse 
food products to evaluate performance and market potential. 
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	1 Introduction
	Banana (Musa species.) is a globally significant plant species, widely consumed as fruit and, in various regions, serving as a critical staple food commodity (Bakare et al., 2017). Globally, bananas rank as the fourth most important food crop, providing indispensable food, nutrition, and income security for over 70 million individuals across Africa (Castillo & Fuller, 2016; Olufemi, 2024). In this continent, bananas are widely consumed fresh and processed into chips, beer and flour, but value addition remains limited (Mudyazvivi & Maunze, 2010). 
	The annual worldwide production of bananas is approximately 60 million tonnes, a volume comparable to that of grapes and citrus fruit production (FAOSTAT, 2019). Production is highly favored by its relatively by low labor requirement, minimal need for soil preparation, and limited weeding (FAOSTAT, 2019). 
	Green banana flour is derived from unripe Musa species fruit through a sequential process involving peeling, slicing, drying, grinding and sieving, which may be executed manually or mechanically (Cândido et al., 2023). Typically, the process exhibits a low yield, with an input of 8–10 kg of fresh banana required to produce 1 kg of final flour (Jiang et al., 2004). 
	Interest in GBF production has increased due to its notable content of resistant starch, dietary fiber, and bioactive phenolic compounds. These components have demonstrated potential to improve glycemic response and confer antioxidant benefits for enhanced public health (Juarez-Garcia et al., 2006; Tribess et al., 2009). This functional composition has positioned GBF as a popular ingredient among consumers seeking gluten-free alternatives and those with celiac disease. Furthermore, GBF exhibits superior thickening efficacy compared to conventional wheat flour, requiring a lower quantity during baking or pasting applications (Sarawong et al., 2014). However, a significant limitation to its wider adoption is the undesirable, mild raw banana and earthy off-flavor that can be imparted to final food products upon cooking (Cândido et al., 2023). 
	Green bananas are particularly susceptible to enzymatic browning during both processing and storage (Alam et al., 2023). This reaction is catalyzed by polyphenol oxidase (PPO), which oxidizes phenolic compounds into quinones, that subsequently polymerize to form dark pigments (Luo & Tao, 2003). This chemical change detrimentally affects sensory attributes, including appearance, taste, odor, and texture (Dotto et al., 2019). The rate depends of browning is dependent on factors such as PPO and phenolic content, pH, oxygen availability, and temperature (Komthong et al., 2006). 
	Control strategies for enzymatic browning in fresh produce and derived products involve targeting these influencing factors (Jiang et al., 2004). Control methods are broadly categorized as physical (e.g., blanching, or oxygen reduction) and chemical (e.g., the use of chelating agents, acidifiers and antioxidants that inhibit PPO activity) (Grimm et al., 2012). Implementing value addition processes for GBF, such as deodorization, is therefore crucial for promoting its utilization, preventing deterioration, and mitigating significant post-harvest losses (Afzal et al., 2022; Choudhury et al., 2019; Zou et al., 2022).
	Prior investigations into GBF have primarily focused on characterizing its basic product attributes (Alkarkhi et al., 2011; Menezes et al., 2011; Rodríguez-Ambriz et al., 2008) and assessing its direct application in food systems, such as ice cream production (Yangilar, 2015). Comparative studies on drying methods have shown that freeze-drying preserves higher levels of protein, fat, ash, and fiber, whereas hot air drying tend to increase GBF moisture content and water-holding capacity (Taskin, 2025). 
	An Indian evaluating three banana varieties noted that chemical treatments with calcium chloride and ascorbic acid resulted in the highest flour recovery (31.95%), while inherent varietal differences significantly influenced moisture, sugar composition, and titratable acidity (Gadhave et al., 2023). Conversely, a related study reported that high steam-blanching temperatures reduced GBF yield, although blanching for 10–20 minutes with 0.25% potassium metabisulphite enhanced water-holding capacity and improved the content of protein, fat, and minerals (Deng et al., 2019). Further analysis of modified GBF indicated that pre-gelatinization diminished color quality, pasting ability, and solubility, yet significantly improved the flour's oil absorption and swelling capacity when compared to native and annealed samples (Kunyanee et al., 2024).
	Despite the demonstrated potential of GBF as a functional ingredient, its widespread industrial adoption remains constrained by undesirable off-odors that negatively impact consumer acceptance. While various deodorization techniques have been explored for other plant-based flours (Bakare et al., 2017; Plunkett, 1913), limited research exists on the use of citric acid and brine treatments specifically for odor reduction in GBF. Furthermore, the implications of these treatments on the flour’s functional and nutritional properties remain inadequately explored, highlighting a research gap in optimizing deodorization to improve both sensory quality and nutrition for wider food applications. 
	Therefore, the current study was designed to rigorously examine the effectiveness of citric acid and brine in deodorizing GBF and assessed their impact on its functional and nutritional properties. This research is crucial for optimizing a simple deodorization method, thereby promoting the broader utilization of GBF in the food industry, adding value to banana products, reducing post-harvest losses, and ultimately supporting food and nutrition security initiatives. 
	2 Material and Methods 
	2.1 Study Area and Description
	The study utilized green bananas sourced from Samanga and Makandi farms, both situated within the Honde Valley in Zimbabwe (18°29′48.40″S and 32°51′11.52″E). This location is approximately 130 km from the city of Mutare. The Honde Valley falls within Agro-ecological Region 1, which is characterized by the highest precipitation levels in Zimbabwe. These favorable climatic conditions support the area's substantial bananas production, which is estimated to range between 27000 – 30000 tonnes annually (FAOSTAT, 2019). The specific cultivar used for all experiments was the Cavendish variety. All subsequent processing of the GBF treatments and the required laboratory analysis were conducted at the University of Zimbabwe, specifically within the Department of Nutrition Dietetics and Food Sciences laboratory in Harare. 
	2.2 Experimental Design
	A total of three GBF treatments were evaluated: (1) Control GBF: Flour produced without any additive treatment; (2) 5% Citric Acid GBF: Flour produced following immersion in a 5% citric acid solution; (3) 5% Brine GBF: Flour produced following immersion in a 5% brine solution. 
	For each treatment condition, three independent production units were generated. Samples were collected from each of these treatment units in triplicate for analysis. The collected samples were then subjected to analyses to determine their organoleptic properties, water-holding capacity, swelling power, solubility, and protein content. The specific preparation method for all samples is delineated in Section 2.3 
	2.3 Preparation of Green Banana Flour
	Raw green bananas were first de-fingered to separate individual fruits and were then manually washed in cold water. The fruits were hand-peeled and immediately soaked in clean, cold water for approximately five minutes, ensuring complete immersion to minimize enzymatic browning. The peeled bananas were immediately and manually sliced into cylindrical pieces, approximately 2 mm thickness, using a stainless-steel knife (Saw Power Blades, Zimbabwe). These slices were then re-immersed in the same cold water. Following the soaking period, the sliced bananas were drained, spread onto perforated trays, and air-dried for five minutes to remove surface moisture. The banana slices were subsequently dried in a convection oven (Lab design Engineering, South Africa) at a controlled temperature of 55oC for 24 hours. The resulting dried pieces were milled in a high-speed blender, sieved through a 250 µm mesh, and the resulting flour was sealed in labelled, airtight polythene bags before being stored in a cool, dry environment (Figure 1).
	2.4 Procedure for Deodorization of Green Banana Flour using 5% Citric Acid and 5% Brine
	The deodorization procedure involved two chemical pre-treatment methods. 
	Citric Acid Treatment: De-fingered, washed raw green bananas were manually peeled and immediately immersed in a 5% citric acid solution (Associated Chemicals Enterprise, Roo deport, South Africa) for five mins (Figure 1). The peeled bananas were then manually sliced using a stainless-steel knife (Saw Power Blades, Zimbabwe) into cylindrical pieces of approximately 2 mm thickness and re-immersed in the same 5% citric acid for an additional 30 mins (Figure 1). The citric acid solution was then drained, and the banana slices were thoroughly washed with distilled water to remove residual reagents from the surface. The slices were spread onto perforated drying trays, air dried, milled, sieved, and packaged following the same specifications outlined for the control sample (Figure 1). 
	Brine Treatment: The entire procedure detailed for the citric acid treatment was precisely replicated using a 5% brine solution in place of the citric acid to produce the brine-treated GBF samples.
	2.5 Sample Collection and Analysis
	Approximately 500 g aliquots were collected from each of the treatment units and analyzed for organoleptic properties, water holding capacity, swelling power, solubility, in addition to nutritional analysis for protein content.
	2.6 Sensory Evaluation
	2.6.1 Triangle Test

	A triangle test was performed to assess sensory differences between the control and treated GBF products, following the procedures outlined in ISO 4120 (2021). A total of 62 panelists, comprising students, lecturers, and staff from the University of Zimbabwe were recruited. 
	Panelists were simultaneously presented with three samples, each identified by a unique three-digit random code. The serving scheme employed a randomized block design ensuring that each set contained two samples from one treatment and one from the alternative (e.g., two 5% citric acid-treated GBF samples and one control, or two control samples and one 5% brine-treated sample). 
	Each panelist tasted all three GBF samples and was required to identify the odd sample. A mouth with plain water was mandated before the evaluation of each consecutive sample. Upon correct identification of the odd sample, panelists assessed the degree of difference between the duplicate and the odd sample based on a five-point scale: “None”, “Slight”, “Moderate”, “Much”, or “Extreme” in accordance with ISO 6685 (2017). These qualitative data were converted into quantitative scores (None=0, Slight=1, Moderate=2, Much=3, and Extreme=4, and subjected to descriptive statistics analysis to summarize the responses. The statistical significance of difference in the Triangle Test was determined by consulting the binomial table to establish the minimum number of correct judgments required at the 5% probability level.
	2.6.2 Flavor Profile Descriptive Analysis  

	A flavor profile descriptive analysis was carried out utilizing nine semi-trained volunteer panelists recruited from students, lecturers, and staff population. The panelists were tasked with evaluating the intensity of a set of pre-determined aroma and flavor attributes across both the deodorized GBF samples and the control.
	2.7 Functional Properties Analysis
	2.7.1 Water Holding Capacity (WHC)
	Water holding capacity (WHC) was determined using a modified procedure based on the methodology of Yangilar (2015). Approximately 1g of GBF was weighed into a pre-weighed centrifuge tube (Lastmark Laboratory, Zimbabwe) and mixed with 25 mL of distilled water at room temperature. The test tubes were stirred and incubated at 85°C for one hour. Following incubation, the suspension was cooled in an ice bath and centrifuged at 3000 rpm for 20 minutes at room temperature using a centrifuge (Gemmy Industrial Corporation, Taiwan). The supernatant was decanted, and drained for 10 min at a 45° angle before the residue was weighed using a Mettler Toledo balance (Switzerland). Each sample from respective treatments was analyzed in triplicate. 
	The water holding capacity was calculated as grams of water per gram of green banana flour using Equation 1:
	𝑊𝐻𝐶=[(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒 𝑡𝑢𝑏𝑒 𝑤𝑖𝑡ℎ 𝑠𝑎𝑚𝑝𝑙𝑒+𝑤𝑎𝑡𝑒𝑟 𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑒 𝑡𝑢𝑏𝑒+𝑑𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒 )]/(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒) ………. (1)
	2.7.2 Swelling Power
	Swelling power was measured following the method derived from De La Torre-Gutiérrez et al. (2008). A 1% GBF suspension was prepared using distilled water at room temperature in centrifuge tubes (Lastmark Laboratory, Zimbabwe). This suspension was then heated to 85°C for 30 minutes in a hot water bath, with manual agitation performed intermittently every five minutes. The suspensions were cooled in an ice bath and centrifuged for 15 minutes at 3000 rpm at room temperature using a centrifuge (Gemmy Industrial Corporation, Taiwan). The supernatant was decanted, and the mass of the remaining precipitated residue was measured using a Mettler Toledo balance (Switzerland). Each sample from respective treatments was analyzed in triplicate. 
	Swelling power was calculated as the mass of the swollen residue per unit mass of the dry sample (g/g) using the Equation 2:
	𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟=(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟+𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑒𝑑 𝑟𝑒𝑠𝑖𝑑𝑢𝑒)−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟  ………(2)
	2.7.3 Solubility
	Solubility was determined according to the method described by De La Torre-Gutiérrez et al. (2008). The supernatant as described in the swelling procedure was decanted into a pre-weighed evaporator dish (Lastmark Laboratory, Zimbabwe). This solution was subsequently dried in a Lab Design Engineering dryer at 110 °C for approximately two hours until a constant weight was achieved. Each sample was analyzed in triplicate. 
	Solubility was calculated as the percentage of soluble solids relative to the initial dry sample mass using Equation 3:
	𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦=𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑥100  ………… (3)
	Where: 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛=𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒+𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
	2.8 Nutritional Analysis
	Protein Determination - Kjeldahl Method
	The protein content was determined via the standard Kjeldahl method using a Kjeldahl distiller, following the procedure specified by the AOAC (2023). Approximately 1 g of GBF was accurately weighed into a 1 L Kjeldahl digestion flask (Lastmark Laboratory, Zimbabwe). This was followed by the addition of 8 g copper catalyst tablets (Skylabs, South Africa) and 25 mL of concentrated sulphuric acid (Associated Chemical Enterprise, South Africa). The flask was gently heated on a unit heater in a fume hood until the initial frothing stopped and the sample color turned to a clear pale turquoise color (greenish yellow). Following this clearing phase, the mixture was boiled for an additional 60 minutes to ensure complete digestion. 
	The flask was allowed to cool to room temperature, and the contents were diluted by the addition of 300 mL of distilled water. For distillation, a 500 mL Erlenmeyer flask containing 50 mL of boric acid with indicator (Fisher Chemicals, UK) was placed on a distillation unit (Japson Selector, India). A 100 mL volume of 40% sodium hydroxide (Associated Chemical Enterprise, South Africa) was introduced down the side of the flask neck and a few pieces of zinc pellets (Skylabs, South Africa) were added. Distillation was initiated with the Kjeldahl tubes positioned on the lower shelf of the unit, and was continued until 150 mL of distillate was collected in the Erlenmeyer flask containing the boric acid solution.
	The collected distillate was titrated against 0.098 M sulphuric acid (Associated Chemical Enterprise, South Africa) to a brown endpoint. A reagent blank was used to adjust the sample titer values. 
	The percentage of nitrogen (N) and the final protein percentage were calculated using the following standard equations:
	% 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛=𝑉𝑠−𝑉𝑏 𝑥 14.007𝑔 𝑥 0.098𝑀𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑥 1000𝑥100    ….. (4)
	Where: Vs​ = Volume of acid used in titration for the sample (mL)
	             Vb​ = Volume of acid used in titration for the blank (mL)
	%𝑃𝑟𝑜𝑡𝑒𝑖𝑛=%𝑁 𝑥 6.25 …………. (5)
	2.9 Data Analysis
	All quantitative data were managed and preliminarily processed using Microsoft Excel software. Further statistical analysis was performed utilizing GenStat statistical software, Version 18. For the triangle test, ANOVA and a two-tailed binomial test for paired preference were applied to determine whether significant differences existed in overall liking and product preference. Data pertaining to the flavor profile, water-holding capacity (WHC), swelling power, solubility, and protein content were analyzed using a one-way Analysis of Variance (ANOVA). Following the determination of significant treatment effects, Tukey’s HSD (Honestly Significant Difference) post-hoc test was applied to facilitate the separation of treatment means at the 95% confidence level (α=0.05).
	3 Results
	3.1 Sensory Differentiation of GBF Treated with Citric Acid and Brine
	The Triangle Test results indicated a statistically significant difference between the native (control) and treated GBF samples (p < 0.05) (Table 1). 
	Panelists who correctly identified the odd sample proceeded to rate the magnitude of the difference among the GBF treatments (Figure 2). For the GBF treated with 5% citric acid, the majority of panelists (34%) reported a 'much' difference compared to the control. A similarly high proportion of panelists (38%) reported a 'much' difference for the GBF treated with 5% brine when contrasted with the control (Figure 2).
	3.2 Flavor Profile of the Native, Citric Acid and Brine Treated Cooked green banana product
	The Flavor Profile Descriptive Analysis revealed marked differences among the treatments (Figure 3). The native (untreated) green banana flour exhibited a prominent astringency flavor, coupled with discernible notes of rawness and bluntness, when compared to the chemically treated samples.
	Conversely, the scores for desirable banana flavor and undesirable rawness were lowest in the control treatment. The astringency attribute was clearly the dominant sensory characteristic of the native flour. Comparing the treated samples, the citric acid-treated flour displayed a higher intensity of bluntness than the brine-treated flour. Furthermore, banana flavor notes were more distinctly pronounced in the brine-treated product than in the citric acid-treated product. Statistical analysis confirmed that the perceived intensity of the rawness flavor did not differ significantly between the citric acid and brine pre-treatments (Figure 3).
	3.3 Functional Properties of the Native, Citric Acid and Brine Treated Cooked Green Banana Flour
	Significant differences in the Water Holding Capacity (WHC) were observed across the three treatments (p < 0.05). The untreated control sample exhibited the highest WHC at 2.16 g/g dry sample. However, no statistical difference in WHC was recorded between the citric acid and brine-treated green banana flour samples (p > 0.05) (Table 2). 
	In contrast to the WHC findings, the analysis showed no significant difference in the swelling power or solubility between the native control GBF and either of the chemically treated samples (p > 0.05) (Table 2).
	3.4 Protein Content of Native, Citric Acid Treated and Brine Treated Green Banana Flour  
	A statistically significant difference in protein content was recorded among the three GBF treatments (p < 0.05) (Table 3). The control treatment had significantly higher protein content than the treated GBF treatments (p < 0.05). Protein content was significantly reduced in the treated GBF (p < 0.05), with brine treated flour having greater decrease than the citric acid treated flour (Table 3). 
	3.5 Protein Content of Native, Citric Acid Treated and Brine Treated Green Banana Flour  
	A statistically significant difference in protein content was recorded among the three GBF treatments (p < 0.05) (Table 3). The control treatment had significantly higher protein content than the treated GBF treatments (p < 0.05). Protein content was significantly reduced in the treated GBF (p < 0.05), with brine treated flour having greater decrease than the citric acid treated flour (Table 3). 
	4 Discussion  
	4.1 Effect of GBF Treatment on Sensorial Properties

	This investigation confirms that the chemical pre-treatment of green bananas with citric acid and brine during flour production significantly alters the final taste and flavor profile. The untreated control exhibited a strong undesirable astringency accompanied by subtle notes of rawness and bluntness. Conversely, the treated samples demonstrated an improved flavor profile, indicating effective deodorization of the flour. The lower perceived intensity of the inherent banana flavor and rawness in the control may be attributable to the dominance of the astringency flavor. This observation aligns with previous findings by Wang et al. (2014), which reported a sour astringency, slight bitterness, and a beer-like taste in similar untreated products.  
	The citric acid treated flour displayed a higher bluntness flavor than brine-treated flour, while the brine-treated product exhibited more pronounced banana flavor notes. This flavor enhancement effect in the brine-treated sample highlights the well-documented role of salt in accentuating flavor perception (Oba et al., 2002). Crucially, the rawness flavor notes did not differ between the two chemical pre-treatments. This outcome suggests that both citric acid and brine treatment effectively influenced the phenolic compounds involved in flavor-contributing reactions that occurs in the green banana such as reduction of enzymatic browning of the bananas which imparts an undesirable flavor to the dried product (Anyasi et al., 2017). Brine, in particular, has been demonstrated to non-competitively inhibit PPOs activity non-competitively in fresh produce, thereby preventing the development of off-flavors (Oba et al., 2002).
	Similar results were reported in an Indonesian study by Sondak et al. (2018), where the use of calcium hydroxide and citric acid as GBF improvers was explored. The native treatment exhibited an undesired taste and aroma, rejected by 60% of panelists, while the citric acid-treated GBF achieved the highest acceptance for taste and aroma. 
	4.2 Influence of GBF Treatment on Functional Properties

	The chemical pre-treatment of GBF with citric acid and brine consistently led to a reduction in the WHC. Both the citric acid and brine pre-treatment exerted an equivalent effect, reducing the WHC of the —a characteristic that is generally considered undesirable in various food processing applications. WHC constitutes a crucial functional property in baking and food processing, reflecting its ability to absorb and retain water, directly influencing the final texture, volume, and quality of baked products. 
	The observed WHC for the native banana flour in the present study is comparable to the higher WHC values (2.5 g/g) reported by Rodríguez-Ambriz et al. (2008). However, the WHC recorded by Yangilar (2015) for citric acid–treated green banana flour (1.08 g/g dry sample) was lower than the current findings, yet higher than the 0.19 g/g dry sample reported by Singh et al. (2017). These variations are likely attributable to differences in the banana cultivar used, among other processing factors (Wibowo et al., 2021). Banana flour yield depends on cultivar type, with higher yields obtained from low-moisture varieties typically preferred for frying (Cândido et al., 2023). 
	The addition of citric acid in GBF production can lead to a reduction in WHC due to a combination of factors, including pH alteration, starch modification, potential hydrolysis or Maillard reactions, and interactions with other components such as minerals and antioxidants (Alkarkhi et al., 2011). Acid treatment can impair the hydrophobic and hydrophilic capacities of the native GBF (Cândido et al., 2023). Specifically, the reduction in water absorption capacity is reduced due to increased crystalline regions and a decrease in the amorphous region in the starch granules of the GBF (Lawal, 2004). Despite this reduction, the resulting WHC values remain within the effective range for utilizing GBF as a thickener in various liquid and semi liquid food systems (Aurore et al., 2009; Juarez-Garcia et al., 2006; Suntharalingam & Ravindran, 1993). The decrease in WHC following brine treatment is primarily due to the disruption of molecular interactions, osmotic effects, and modifications to protein and mineral properties (Bezerra et al., 2013).
	In contrast, the swelling power and solubility of the GBF were not significantly affected by either the citric acid or brine treatments, averaging 17.73 g/g (dry basis) and 5.79%, respectively. An identical study conducted in India recorded lower swelling power of unripe banana flour in the range of 8.30–12.76 g/g dry sample at 80oC (Singh et al., 2017). Post-harvest, the metabolism of the banana continues, some modifications will occur on physicochemical characteristics of the bananas and, consequently, on the corresponding GBF (Martín Lorenzo et al., 2024).
	Generally, swelling power increases with temperature, and when heated above the gelatinization range, hydrogen bonds which stabilizes the double helices are disrupted thereby affecting the gel network (Tester & Karkalas, 1996). The swelling power and solubility of flour are attributed to the amylopectin structure and amylose content; respectively therefore the indifference of the swelling power and solubility could be the inability of the treatments to alter the amylopectin structures and the amylose content of the flour starch (Tribess et al., 2009).
	Previous studies on enhancement of GBF through physical modification reported that pre-gelatinization (PBF) increases the swelling power, while annealing leads to a reduction (Kunyanee et al., 2024), highlighting that the differences in swelling power are largely attributed to distinct interactions between the amorphous and crystalline starch chains (Ma et al., 2022). The formation of weak hydrogen bonds during the pre-gelatinization process, coupled with the decrease in intermolecular forces, contributes to this variation (Tester & Karkalas, 1996).
	4.3 Effect of Citric Acid and Brine on Protein Content

	The application of both citric acid and brine pre-treatments resulted in a measurable decline in the protein content. This reduction was more pronounced in the brine treated flour than the citric acid treated flour. The protein content observed in the current study was lower than values reported for chemically treated unripe banana flour samples from Nigeria (ranging from 4.64 ± 0.06 to 5.46 ± 0.00 %) Bakare et al. (2017). In all instances, the protein content of the banana flour remains significantly lower than that of conventional wheat flour which ranges from 11% to 12% (Bezerra et al., 2013).  
	Protein content is a key factor for flour selection in baking, as higher levels improve bread-making by increasing water absorption, extending mixing time, and yielding more robust dough (Bakare et al., 2017). Given the low protein content of GBF, its primary application is often optimized as a thickening agent in liquid and semi-liquid food such as ice cream fruit juices and smoothies. Consequently, existing literature advocates for strategies such as optimizing the GBF application in different product formulations (Martín Lorenzo et al., 2024; Paucean et al., 2016; Vernaza et al., 2011) or blending the flour with other raw materials such as legumes or banana peels, to achieve a higher and more complete protein profile (Dotto et al., 2019; Kumar et al., 2019). While banana peels have been shown to contain higher protein content than banana pulp (Castelo-Branco et al., 2017; Sardá et al., 2016), the incorporation of the peel alone may not significantly alter the total protein content of the final whole flour compared to pulp flour (Bezerra et al., 2013). In comparison to wheat flour, GBF has lower protein content and presents low biological value (Bakare et al., 2017; Bezerra et al., 2013). However, GBF is valued for its high content of other key nutrients and functional components, including ash, fiber, and resistant starch (Kumar et al., 2019; Vernaza et al., 2011). The slight decline in protein content following treatment can influence the rate of hydration and surface charge of the flour, which therefore affects gelatinization and the swelling power (Nwokocha & Williams, 2011). However, protein content of GBF has been reported to be of low biological value. Given the amino acid profile and the limiting amino acids (lysine), this can be resolved by blending the flour with other vegetable protein sources such as legumes and cereals during processing (Rezende et al., 2017).
	5 Conclusions   
	This study demonstrates that pre-treatment of green banana with a 5% citric acid or a 5% brine solution is an effective strategy in deodorizing GBF, with the citric acid treatment showing superior sensory profile. Both treatments were found to alter key functional properties such as significantly reducing the water absorption capacity, swelling power, bulk density and pasting characteristics, which could impact the flour’s suitability for various food applications. Both treatments decreased the water-holding capacity but had no effect on the swelling power or solubility of the flour. The concomitant decline in protein content represents a compromise on the flour's nutritional quality. 
	Despite the marginal reduction in protein, the use of citric acid and brine as pre-treatments is highly recommended for flour processors, as it enhances product acceptability and promotes the wider utilization of GBF. The adoption of these practices could contribute to reducing postharvest losses, while supporting food and nutrition security. Future studies should focus on optimizing the concentration and immersion time to maximize deodorization effectiveness while preserving functional properties and assess the use of deodorized flours in diverse food products to evaluate performance and market potential.
	Source of funding: This research was self-funded. Authors did not receive any financial support from any institution.
	Acknowledgment: The authors are grateful to the Department of Nutrition, Dietetics and Food Sciences University of Zimbabwe for the facilities and support in conducting the research. Farmers in Honde Valley are also greatly appreciated for their contributions and engagement in the project. Gratitude is extended to the University of Zimbabwe Food Science Laboratory team (Power Gombiro, Evans Nyatanga and Hebert Mtopamuchemwa) for the technical support.  
	Authors' Contribution: Patrick Ngwenyama: Conceptualization, data curation, investigation, methodology, writing - original draft, writing - review and editing. Shallon Goto: Data curation, methodology, formal analysis, software, validation, validation, writing - review and editing.
	Conflicts of Interest: The authors declare that they have no conflict of interest.
	References
	Afzal, M. F., Khalid, W., Akram, S., Khalid, M. A., Zubair, M., Kauser, S., Abdelsamea Mohamedahmed, K., Aziz, A., & Anusha Siddiqui, S. (2022). Bioactive profile and functional food applications of banana in food sectors and health: A review. International Journal of Food Properties, 25(1), 2286–2300. https://doi.org/10.1080/10942912.2022.2130940 [Crossref] [Google Scholar] [Publisher]
	Alam, M., Biswas, M., Hasan, M. M., Hossain, M. F., Zahid, M. A., Al-Reza, M. S., & Islam, T. (2023). Quality attributes of the developed banana flour: Effects of drying methods. Heliyon, 9(7), e18312. https://doi.org/10.1016/j.heliyon.2023.e18312 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Alkarkhi, A. F. M., Ramli, S. B., Yong, Y. S., & Easa, A. M. (2011). Comparing physicochemical properties of banana pulp and peel flours prepared from green and ripe fruits. Food Chemistry, 129(2), 312–318. https://doi.org/10.1016/j.foodchem.2011.04.060 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Anyasi, T. A., Jideani, A. I. O., & Mchau, G. R. A. (2017). Effects of organic acid pretreatment on microstructure, functional and thermal properties of unripe banana flour. Journal of Food Measurement and Characterization, 11(1), 99–110. https://doi.org/10.1007/s11694-016-9376-2 [Crossref] [Google Scholar] [Publisher]
	Association of Analytical Communities (AOAC). (2023). Official methods of analysis (22nd ed.).                                          
	Aurore, G., Parfait, B., & Fahrasmane, L. (2009). Bananas, raw materials for making processed food products. Trends in Food Science & Technology, 20(2), 78–91. https://doi.org/10.1016/j.tifs.2008.10.003       [Crossref] [Google Scholar] [Publisher]
	Bakare, A. H., Ogunbowale, O. D., Adegunwa, M. O., & Olusanya, J. O. (2017). Effects of pretreatments of banana (Musa AAA, Omni) on the composition, rheological properties, and baking quality of its flour and composite blends with wheat flour. Food Science & Nutrition, 5(2), 182–196. https://doi.org/10.1002/fsn3.378                          [Crossref] [PubMed] [Google Scholar] [Publisher]
	Bezerra, C. V., Rodrigues, A. M. D. C., Amante, E. R., & Silva, L. H. M. D. (2013). Nutritional potential of green banana flour obtained by drying in spouted bed. Revista Brasileira de Fruticultura, 35(4), 1140–1146. https://doi.org/10.1590/S0100-29452013000400025 [Crossref] [Google Scholar] [Publisher]
	Cândido, H. T., Marzullo, Y. O. T., & Leonel, M. (2023). Green Banana Flour Technology: From Raw Material to Sensory Acceptance of Products Made with Green Banana Flour in the Brazilian Scenario. Brazilian Archives of Biology and Technology, 66, e23210543. https://doi.org/10.1590/1678-4324-2023210543 [Crossref] [Google Scholar] [Publisher]
	Castelo-Branco, V. N., Guimarães, J. N., Souza, L., Guedes, M. R., Silva, P. M., Ferrão, L. L., Miyahira, R. F., Guimarães, R. R., Freitas, S. M. L., Reis, M. C. D., & Zago, L. (2017). The use of green banana (Musa balbisiana) pulp and peel flour as an ingredient for tagliatelle pasta. Brazilian Journal of Food Technology, 20(0). https://doi.org/10.1590/1981-6723.11916 [Crossref] [Google Scholar] [Publisher]
	Castillo, C., & Fuller, D. Q. (2016). Bananas: The Spread of a Tropical Forest Fruit as an Agricultural Staple. In J. Lee-Thorp & M. A. Katzenberg (Eds.), The Oxford Handbook of the Archaeology of Diet (1st ed., pp. 518–538). Oxford University Press. https://doi.org/10.1093/oxfordhb/9780199694013.013.7                                                                                        [Crossref] [Google Scholar] [Publisher]
	Choudhury, N., Nickhil, C., & Deka, S. C. (2023). Comprehensive review on the nutritional and therapeutic value of banana by-products and their applications in food and non-food sectors. Food Bioscience, 56, 103416. https://doi.org/10.1016/j.fbio.2023.103416 [Crossref] [Google Scholar] [Publisher]
	De La Torre-Gutiérrez, L., Chel-Guerrero, L. A., & Betancur-Ancona, D. (2008). Functional properties of square banana (Musa balbisiana) starch. Food Chemistry, 106(3), 1138–1144. https://doi.org/10.1016/j.foodchem.2007.07.044 [Crossref] [Google Scholar] [Publisher]
	Deng, L.-Z., Mujumdar, A. S., Zhang, Q., Yang, X.-H., Wang, J., Zheng, Z.-A., Gao, Z.-J., & Xiao, H.-W. (2019). Chemical and physical pretreatments of fruits and vegetables: Effects on drying characteristics and quality attributes – a comprehensive review. Critical Reviews in Food Science and Nutrition, 59(9), 1408–1432. https://doi.org/10.1080/10408398.2017.1409192 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Dotto, J., Matemu, A. O., & Ndakidemi, P. A. (2019). Nutrient composition and selected physicochemical properties of fifteen Mchare cooking bananas: A study conducted in northern Tanzania. Scientific African, 6, e00150. https://doi.org/10.1016/j.sciaf.2019.e00150 [Crossref] [Google Scholar] [Publisher]
	Food and Agriculture Organization of the United Nations. (2014). Crop primary: Provisional 2014 production and production indices data [Data set]. FAOSTAT. from http://www.fao.org/faostat/en/#data/QI.                                                                
	Food and Agriculture Organization of the United Nations. (2019). Banana and plantain production in 2016 [Data set]. FAOSTAT. from https://www.fao.org/faostat/en/#data/QCL
	Gadhave, R. K., Kaur, R., & Prasad, K. (2023). Effect of acid pretreatment on physicochemical, optical, functional, thermal, and morphological characteristics of unripe plantain and banana flour. Journal of Food Chemistry & Nanotechnology, 09(01). https://doi.org/10.17756/jfcn.2023-147 [Crossref] [Google Scholar] [Publisher]
	Grimm, E., Khanal, B. P., Winkler, A., Knoche, M., & Köpcke, D. (2012). Structural and physiological changes associated with the skin spot disorder in apple. Postharvest Biology and Technology, 64(1), 111–118. https://doi.org/10.1016/j.postharvbio.2011.10.004 [Crossref] [Google Scholar] [Publisher]
	International Organization for Standardization. (2004). Sensory analysis—Methodology—Triangle test (ISO Standard No. 4120). from https://www.iso.org/standard/33494.html                                                         
	International Organization for Standardization. (2017). Sensory analysis—Methodology—General guidance (ISO Standard No. 6685). 
	Jiang, Y., Duan, X., Joyce, D., Zhang, Z., & Li, J. (2004). Advances in understanding of enzymatic browning in harvested litchi fruit. Food Chemistry, 88(3), 443–446. https://doi.org/10.1016/j.foodchem.2004.02.004 [Crossref] [Google Scholar] [Publisher]
	Juarez-Garcia, E., Agama-Acevedo, E., Sáyago-Ayerdi, S. G., Rodríguez-Ambriz, S. L., & Bello-Pérez, L. A. (2006). Composition, Digestibility and Application in Breadmaking of Banana Flour. Plant Foods for Human Nutrition, 61(3), 131–137. https://doi.org/10.1007/s11130-006-0020-x  [Crossref] [PubMed] [Google Scholar] [Publisher] 
	Kader, A. A. (2013). Postharvest technology of horticultural crops—An overview from farm to fork. Ethiopian Journal of Applied Science and Technology, 8(1), 1–8. [Google Scholar] 
	Kitinoja, L., & AlHassan, H. Y. (2012). Identification of appropriate postharvest technologies for small scale horticultural farmers and marketers in sub-Saharan Africa and South Asia—Part 1. Postharvest losses and quality assessments. Acta Horticulturae, 934, 31–40. https://doi.org/10.17660/ActaHortic.2012.934.1 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Komthong, P., Katoh, T., Igura, N., & Shimoda, M. (2006). Changes in the odours of apple juice during enzymatic browning. Food Quality and Preference, 17(6), 497–504. https://doi.org/10.1016/j.foodqual.2005.06.003 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Kumar, P. S., Saravanan, A., Sheeba, N., & Uma, S. (2019). Structural, functional characterization and physicochemical properties of green banana flour from dessert and plantain bananas (Musa spp.). LWT, 116, 108524. https://doi.org/10.1016/j.lwt.2019.108524 [Crossref] [Google Scholar] [Publisher]
	Kunyanee, K., Van Ngo, T., Kusumawardani, S., & Luangsakul, N. (2024). Enhancing Banana Flour Quality through Physical Modifications and Its Application in Gluten-Free Chips Product. Foods, 13(4), 593. https://doi.org/10.3390/foods13040593 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Lawal, O. (2004). Composition, physicochemical properties and retrogradation characteristics of native, oxidised, acetylated and acid-thinned new cocoyam (Xanthosoma sagittifolium) starch. Food Chemistry, 87(2), 205–218. https://doi.org/10.1016/j.foodchem.2003.11.013 [Crossref] [Google Scholar] [Publisher]
	Luo, Y., & Tao, Y. (2003). Determining tissue damage of fresh-cut vegetables using imaging technology. Acta Horticulturae, 628, 97–102. https://doi.org/10.17660/ActaHortic.2003.628.10 [Crossref] [Google Scholar] [Publisher] 
	Ma, H., Liu, M., Liang, Y., Zheng, X., Sun, L., Dang, W., Li, J., Li, L., & Liu, C. (2022). Research progress on properties of pre-gelatinized starch and its application in wheat flour products. Grain & Oil Science and Technology, 5(2), 87–97. https://doi.org/10.1016/j.gaost.2022.01.001  [Crossref] [Google Scholar] [Publisher]
	Martín Lorenzo, M., Piedra-Buena Díaz, A., Díaz Romero, C., Rodríguez-Rodríguez, E. M., & Lobo, M. G. (2024). Physicochemical and Nutritional Characterization of Green Banana Flour from Discarded Cavendish Bananas. Sustainability, 16(15), 6647. https://doi.org/10.3390/su16156647    [Crossref] [Google Scholar] [Publisher]
	Menezes, E. W., Tadini, C. C., Tribess, T. B., Zuleta, A., Binaghi, J., Pak, N., Vera, G., Dan, M. C. T., Bertolini, A. C., Cordenunsi, B. R., & Lajolo, F. M. (2011). Chemical Composition and Nutritional Value of Unripe Banana Flour (Musa acuminata, var. Nanicão). Plant Foods for Human Nutrition, 66(3), 231–237. https://doi.org/10.1007/s11130-011-0238-0 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Mudyazvivi, E., & Maunze, S. (2010). Developing viable business with smallhoders through local service providers—The case of banana (Musa spp.) value chain development in Zimbabwe. Acta Horticulturae, 879, 773–779. https://doi.org/10.17660/ActaHortic.2010.879.84 [Crossref] [Google Scholar] [Publisher]
	Mvumi, B., Matsikira, L. T., & Mutambara, J. (2016). The banana postharvest value chain analysis in Zimbabwe. British Food Journal, 118(2), 272–285. https://doi.org/10.1108/BFJ-08-2014-0293   [Crossref] [Google Scholar] [Publisher]
	Nwokocha, L. M., & Williams, P. A. (2011). Comparative study of physicochemical properties of breadfruit (Artocarpus altilis) and white yam starches. Carbohydrate Polymers, 85(2), 294–302. https://doi.org/10.1016/j.carbpol.2011.01.050 [Crossref] [Google Scholar] [Publisher]
	Ohba K., Yamamoto A., Ito S., Fujie A., & Takeuchi W. (2002). Mechanism of the suppressive effect of NaCl on the Polyphenol Oxidase activity of Vegetables. Journal of the Society of Sea Water Science and Technology of Japan, 56(3), 234–240. https://doi.org/10.11457/swsj1965.56.234 [Google Scholar] [Publisher]
	Olufemi, O. S. (2024). Exploring banana production in Africa for food security and economic growth—A short review. Food Nutrition Chemistry, 2(1), 125. https://doi.org/10.18686/fnc.v2i1.125 [Crossref] [Google Scholar] [Publisher]
	Paucean, A., Man, S., Muste, S., & Pop, A. (2016). Development of Gluten Free Cookies From Rice And Coconut Flour Blends. Bulletin of University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Food Science and Technology, 73(2), 163. https://doi.org/10.15835/buasvmcn-fst:12311    [Crossref] [Google Scholar] [Publisher]
	Plunkett, H. E. (1913). Manufacture of purified banana flour. [Google Scholar] [Publisher]
	Rezende, A. A., Pacheco, M. T. B., Silva, V. S. N. D., & Ferreira, T. A. P. D. C. (2017). Nutritional and protein quality of dry Brazilian beans (Phaseolus vulgaris L.). Food Science and Technology, 38(3), 421–427. https://doi.org/10.1590/1678-457x.05917      [Crossref] [Google Scholar] [Publisher]
	Rodríguez-Ambriz, S. L., Islas-Hernández, J. J., Agama-Acevedo, E., Tovar, J., & Bello-Pérez, L. A. (2008). Characterization of a fibre-rich powder prepared by liquefaction of unripe banana flour. Food Chemistry, 107(4), 1515–1521. https://doi.org/10.1016/j.foodchem.2007.10.007 [Crossref] [Google Scholar] [Publisher]
	Sarawong, C., Schoenlechner, R., Sekiguchi, K., Berghofer, E., & Ng, P. K. W. (2014). Effect of extrusion cooking on the physicochemical properties, resistant starch, phenolic content and antioxidant capacities of green banana flour. Food Chemistry, 143, 33–39. https://doi.org/10.1016/j.foodchem.2013.07.081 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Sardá, F. A., De Lima, F. N. R., Lopes, N. T. T., Santos, A. D. O., Tobaruela, E. D. C., Kato, E. T. M., & Menezes, E. W. (2016). Identification of carbohydrate parameters in commercial unripe banana flour. Food Research International, 81, 203–209. https://doi.org/10.1016/j.foodres.2015.11.016 [Crossref] [Google Scholar] [Publisher] 
	Singh, R., Ranvir, S., & Madan, S. (2017). Comparative Study of the Properties of Ripe Banana Flour, Unripe Banana Flour and Cooked Banana Flour Aiming Towards Effective Utilization of These Flours. International Journal of Current Microbiology and Applied Sciences, 6(8), 2003–2015. https://doi.org/10.20546/ijcmas.2017.608.239 [Crossref] [Google Scholar] [Publisher] 
	Sondak, M. R., Minantyo, H., & Winarno, P. S. (2018). Innovation to Pisang Barlin (Musa Acuminata AA) as the substitute flour. Jurnal Bahan Alam Terbarukan, 7(1), 89–95. https://doi.org/10.15294/jbat.v7i1.11415 [Crossref] [Google Scholar] [Publisher]
	Suntharalingam, S., & Ravindran, G. (1993). Physical and biochemical properties of green banana flour. Plant Foods for Human Nutrition, 43(1), 19–27. https://doi.org/10.1007/BF01088092                [Crossref] [Google Scholar] [Publisher]
	Taskin, O. (2025). Study on the vacuum freeze-drying of banana and impact on powder properties. Case Studies in Thermal Engineering, 67, 105844. https://doi.org/10.1016/j.csite.2025.105844 [Crossref] [Google Scholar] [Publisher] 
	Tester, R. F., & Karkalas, J. (1996). Swelling and Gelatinization of Oat Starches. Cereal Chemistry, 73, 271–277.                                                                             [Google Scholar] [Publisher]
	Tribess, T. B., Hernández-Uribe, J. P., Méndez-Montealvo, M. G. C., Menezes, E. W., Bello-Perez, L. A., & Tadini, C. C. (2009). Thermal properties and resistant starch content of green banana flour (Musa cavendishii) produced at different drying conditions. LWT - Food Science and Technology, 42(5), 1022–1025. https://doi.org/10.1016/j.lwt.2008.12.017       [Crossref] [Google Scholar] [Publisher]
	Vernaza, M. G., Gularte, M. A., & Chang, Y. K. (2011). Addition of green banana flour to instant noodles: Rheological and technological properties. Ciência e Agrotecnologia, 35(6), 1157–1165. https://doi.org/10.1590/S1413-70542011000600016 [Crossref] [Google Scholar] [Publisher]
	Wang, S., Lin, T., Man, G., Li, H., Zhao, L., Wu, J., & Liao, X. (2014). Effects of Anti-browning Combinations of Ascorbic Acid, Citric Acid, Nitrogen and Carbon Dioxide on the Quality of Banana Smoothies. Food and Bioprocess Technology, 7(1), 161–173. https://doi.org/10.1007/s11947-013-1107-7 [Crossref] [Google Scholar] [Publisher]
	Wibowo, C., Naufalin, R., & Nafisah, M. (2021). Characteristic of banana flour produced from the variety of “Raja Lawe” and “Raja Labu.” IOP Conference Series: Earth and Environmental Science, 653(1), 012112. https://doi.org/10.1088/1755-1315/653/1/012112                                                    [Crossref] [Google Scholar] [Publisher]
	Yangilar, F. (2015). Effects of Green Banana Flour on Ice Cream’s Physical, Chemical and Sensory Properties. Food Technology and Biotechnology, 53. https://doi.org/10.17113/ftb.53.03.15.3851  [Crossref] [PubMed] [Google Scholar] [Publisher]
	Zou, F., Tan, C., Zhang, B., Wu, W., & Shang, N. (2022). The Valorization of Banana By-Products: Nutritional Composition, Bioactivities, Applications, and Future Development. Foods, 11(20), 3170. https://doi.org/10.3390/foods11203170 [Crossref] [PubMed] [Google Scholar] [Publisher]
	Word Bookmarks
	Fig1
	Fig1
	Table1
	Fig3
	Fig3
	Fig2
	Fig2
	Afzal
	Alam
	Aladeniyi
	Alkarkhi
	Anyasi
	AOAC
	Aurore
	Bakare
	Bezerra
	Cândido
	Castelo
	Castillo
	Choudhury
	DeLaTorre
	Deng
	Dotto
	Grimm
	Gadhave
	Jiang
	Juarez
	Kitinoja
	Komthong
	Kumar
	Kunyanee
	Lawal
	Luo
	Ma
	Martín
	Menezes
	Mudyazvivi
	Mvumi
	Nwokocha
	Obak
	Olufemi
	Paucean
	Plunkett
	Rezende
	Rodríguez
	Sarawong
	Sardá
	Singh
	Sondak
	Suntharalingam
	Taskin
	Tester
	Tribess
	Vernaza
	Wang
	Wibowo
	Yangilar
	Zou



		[bookmark: _Hlk168409015][bookmark: _Hlk153279296][bookmark: _Hlk153279225][bookmark: _Hlk153279173][bookmark: _Hlk76297676][bookmark: _Hlk153279365][bookmark: _Hlk140922312][bookmark: _Hlk140922341][bookmark: _Hlk57042367]Nor. Afr. J. Food Nutr. Res. 2025; Vol. 9, No. 20, 158-169

		DOI: 10.51745/najfnr.9.20.158-169



		ORIGINAL ARTICLE

		



		Food Chemistry, Engineering, Processing and Packaging  

		Functional and Novel Foods



		[bookmark: _Toc92797085]Effect of Citric Acid and Brine Pre-Treatment on Deodorization of Green Banana Flour 



		[image: ]Patrick Ngwenyama 1, 2 🖂

		 Shallon Goto 1



		

1 University of Zimbabwe, Faculty of Science, Department of Nutrition, Dietetics and Food Sciences, Box MP 167 Harare, Zimbabwe. pngwenyama@science.uz.ac.zw / shallongoto@gmail.com    

2 WorldFish Center, Jalan Batu Maung, Batu Maung, 11960, Bayan Lepas, Penang, Malaysia





		ABSTRACT

		[image: ]Article Information



		[bookmark: _Hlk194790455][bookmark: _Hlk194791168]Background: Green banana flour (GBF) is a nutrient-dense ingredient, rich in resistant starch, fiber, and bioactive compounds, making it particularly suitable for gluten-free products. However, its distinct raw and earthy flavor limits its broader application in foods. While pre-treatments with citric acid and brine have been proposed for deodorization, their efficacy and their impact on the flour's functional and nutritional properties remain insufficiently characterized. 

Aims: This study aimed to evaluate the efficacy of citric acid and brine pre-treatments for deodorizing green banana flour and to analyze their effects on its key functional and nutritional properties. 

Methods: Peeled and sliced green bananas were subjected to one of three pre-treatments:  immersion in a 5% citric acid solution, 5% brine solution, or no treatment (control). The resulting flours were analyzed for their sensory attributes, functional, and nutritional properties.  Data were analyzed using ANOVA, and means were compared with the Least Significant Difference (LSD) test at a significance level of p < 0.05. 

Results: Sensory evaluation revealed a significant reduction in undesirable flavors in the treated flours compared to the control (p < 0.05), confirming the deodorizing efficacy of both pre-treatments. Functionally, both treatments significantly reduced the water holding capacity (p < 0.05) but had no significant effect on swelling power or solubility (p > 0.05). Nutritionally, the protein content was significantly reduced from 4.87% in the control to 3.92 % and 2.83% in the citric acid- and brine-treated flours, respectively (p < 0.05).

Conclusions: Pre-treatment with citric acid or brine effectively deodorizes green banana flour. However, these treatments also adversely affect certain functional and nutritional properties, particularly water holding capacity and protein content. These trade-offs must be considered for its application in food product development. 

Keywords: Green Banana Flour; Deodorization; Pre-Treatment; Swelling Power; Solubility; Value Addition; Food Security.

		🖂 Corresponding author: Patrick Ngwenyama

E-mail: pngwenyama02@gmail.com 

Tel. (+263) 773387513



		

		Received: February 07, 2025

Revised: August 21, 2025

Accepted: September 02, 2025

Published: September 16, 2025



Article edited by: 

Prof. Mustapha Diaf

Article reviewed by: 

Dr. Elijah Nyakudya

Dr. Ali Imessaoudene



		

		Cite this article as: Ngwenyama. P., & Goto, S. (2025). Effect of Citric Acid and Brine Pre-Treatment on Deodorization of Green Banana Flour. The North African Journal of Food and Nutrition Research, 9 (20): 158 – 169. https://doi.org/10.51745/najfnr.9.19.158-169 



		

		© 2025 The Author(s). This is an open-access article. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The images or other third-party material in this article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/





		Ngwenyama & Goto                                                                                                                                                                                 Deodorization of Green Banana Flour







		[bookmark: _Hlk193719042]Ngwenyama & Goto                                                                                                                                                                                 Deodorization of Green Banana Flour







[image: ][image: ][image: ][Grab your reader’s attention with a great quote from the document or use this space to emphasize a key point. To place this text box anywhere on the page, just drag it.]



[bookmark: _Hlk196304941][bookmark: _Hlk196305058][bookmark: _Hlk196305059][image: ]   	 								                

		                                                                                                Nor. Afr. J. Food Nutr. Res. • Volume 9 • Issue 20 • 2025

		

		    158













[image: ]

		                                                                                               Nor. Afr. J. Food Nutr. Res. • Volume 9 • Issue 20 • 2025

		

		    151















		 Nor. Afr. J. Food Nutr. Res. • Volume 8 • Issue 24 • 2024                                                                                                                                         442 













		B. A. Tambe                                                                                                                                                                         Food security, dietary diversity and nutritional status







1 

[image: ]

		 150

		

		Nor. Afr. J. Food Nutr. Res. • Volume 9 • Issue 20 • 2025













2 [bookmark: _Hlk202366091]INTRODUCTION

Banana (Musa species.) is a globally significant plant species, widely consumed as fruit and, in various regions, serving as a critical staple food commodity (Bakare et al., 2017). Globally, bananas rank as the fourth most important food crop, providing indispensable food, nutrition, and income security for over 70 million individuals across Africa (Castillo & Fuller, 2016; Olufemi, 2024). In this continent, bananas are widely consumed fresh and processed into chips, beer and flour, but value addition remains limited (Mudyazvivi & Maunze, 2010). 

The annual worldwide production of bananas is approximately 60 million tonnes, a volume comparable to that of grapes and citrus fruit production (FAOSTAT, 2019). Production is highly favored by its relatively by low labor requirement, minimal need for soil preparation, and limited weeding (FAOSTAT, 2019). 

Green banana flour is derived from unripe Musa species fruit through a sequential process involving peeling, slicing, drying, grinding and sieving, which may be executed manually or mechanically (Cândido et al., 2023). Typically, the process exhibits a low yield, with an input of 8–10 kg of fresh banana required to produce 1 kg of final flour (Jiang et al., 2004). 

Interest in GBF production has increased due to its notable content of resistant starch, dietary fiber, and bioactive phenolic compounds. These components have demonstrated potential to improve glycemic response and confer antioxidant benefits for enhanced public health (Juarez-Garcia et al., 2006; Tribess et al., 2009). This functional composition has positioned GBF as a popular ingredient among consumers seeking gluten-free alternatives and those with celiac disease. Furthermore, GBF exhibits superior thickening efficacy compared to conventional wheat flour, requiring a lower quantity during baking or pasting applications (Sarawong et al., 2014). However, a significant limitation to its wider adoption is the undesirable, mild raw banana and earthy off-flavor that can be imparted to final food products upon cooking (Cândido et al., 2023). 

Green bananas are particularly susceptible to enzymatic browning during both processing and storage (Alam et al., 2023). This reaction is catalyzed by polyphenol oxidase (PPO), which oxidizes phenolic compounds into quinones, that subsequently polymerize to form dark pigments (Luo & Tao, 2003). This chemical change detrimentally affects sensory attributes, including appearance, taste, odor, and texture (Dotto et al., 2019). The rate depends of browning is dependent on factors such as PPO and phenolic content, pH, oxygen availability, and temperature (Komthong et al., 2006). 

Control strategies for enzymatic browning in fresh produce and derived products involve targeting these influencing factors (Jiang et al., 2004). Control methods are broadly categorized as physical (e.g., blanching, or oxygen reduction) and chemical (e.g., the use of chelating agents, acidifiers and antioxidants that inhibit PPO activity) (Grimm et al., 2012). Implementing value addition processes for GBF, such as deodorization, is therefore crucial for promoting its utilization, preventing deterioration, and mitigating significant post-harvest losses (Afzal et al., 2022; Choudhury et al., 2019; Zou et al., 2022).

Prior investigations into GBF have primarily focused on characterizing its basic product attributes (Alkarkhi et al., 2011; Menezes et al., 2011; Rodríguez-Ambriz et al., 2008) and assessing its direct application in food systems, such as ice cream production (Yangilar, 2015). Comparative studies on drying methods have shown that freeze-drying preserves higher levels of protein, fat, ash, and fiber, whereas hot air drying tend to increase GBF moisture content and water-holding capacity (Taskin, 2025). 

An Indian evaluating three banana varieties noted that chemical treatments with calcium chloride and ascorbic acid resulted in the highest flour recovery (31.95%), while inherent varietal differences significantly influenced moisture, sugar composition, and titratable acidity (Gadhave et al., 2023). Conversely, a related study reported that high steam-blanching temperatures reduced GBF yield, although blanching for 10–20 minutes with 0.25% potassium metabisulphite enhanced water-holding capacity and improved the content of protein, fat, and minerals (Deng et al., 2019). Further analysis of modified GBF indicated that pre-gelatinization diminished color quality, pasting ability, and solubility, yet significantly improved the flour's oil absorption and swelling capacity when compared to native and annealed samples (Kunyanee et al., 2024).

Despite the demonstrated potential of GBF as a functional ingredient, its widespread industrial adoption remains constrained by undesirable off-odors that negatively impact consumer acceptance. While various deodorization techniques have been explored for other plant-based flours (Bakare et al., 2017; Plunkett, 1913), limited research exists on the use of citric acid and brine treatments specifically for odor reduction in GBF. Furthermore, the implications of these treatments on the flour’s functional and nutritional properties remain inadequately explored, highlighting a research gap in optimizing deodorization to improve both sensory quality and nutrition for wider food applications. 

Therefore, the current study was designed to rigorously examine the effectiveness of citric acid and brine in deodorizing GBF and assessed their impact on its functional and nutritional properties. This research is crucial for optimizing a simple deodorization method, thereby promoting the broader utilization of GBF in the food industry, adding value to banana products, reducing post-harvest losses, and ultimately supporting food and nutrition security initiatives. 

3 MATERIAL AND METHODS 

3.1 Study Area and Description

The study utilized green bananas sourced from Samanga and Makandi farms, both situated within the Honde Valley in Zimbabwe (18°29′48.40″S and 32°51′11.52″E). This location is approximately 130 km from the city of Mutare. The Honde Valley falls within Agro-ecological Region 1, which is characterized by the highest precipitation levels in Zimbabwe. These favorable climatic conditions support the area's substantial bananas production, which is estimated to range between 27000 – 30000 tonnes annually (FAOSTAT, 2019). The specific cultivar used for all experiments was the Cavendish variety. All subsequent processing of the GBF treatments and the required laboratory analysis were conducted at the University of Zimbabwe, specifically within the Department of Nutrition Dietetics and Food Sciences laboratory in Harare. 

3.2 [bookmark: _Hlk202360557]Experimental Design

A total of three GBF treatments were evaluated: (1) Control GBF: Flour produced without any additive treatment; (2) 5% Citric Acid GBF: Flour produced following immersion in a 5% citric acid solution; (3) 5% Brine GBF: Flour produced following immersion in a 5% brine solution. 

For each treatment condition, three independent production units were generated. Samples were collected from each of these treatment units in triplicate for analysis. The collected samples were then subjected to analyses to determine their organoleptic properties, water-holding capacity, swelling power, solubility, and protein content. The specific preparation method for all samples is delineated in Section 2.3 

3.3 Preparation of Green Banana Flour

Raw green bananas were first de-fingered to separate individual fruits and were then manually washed in cold water. The fruits were hand-peeled and immediately soaked in clean, cold water for approximately five minutes, ensuring complete immersion to minimize enzymatic browning. The peeled bananas were immediately and manually sliced into cylindrical pieces, approximately 2 mm thickness, using a stainless-steel knife (Saw Power Blades, Zimbabwe). These slices were then re-immersed in the same cold water. Following the soaking period, the sliced bananas were drained, spread onto perforated trays, and air-dried for five minutes to remove surface moisture. The banana slices were subsequently dried in a convection oven (Lab design Engineering, South Africa) at a controlled temperature of 55oC for 24 hours. The resulting dried pieces were milled in a high-speed blender, sieved through a 250 µm mesh, and the resulting flour was sealed in labelled, airtight polythene bags before being stored in a cool, dry environment (Figure 1).[bookmark: Fig1][image: ]

Figure 1. Production of Green banana flour treatments



3.4 Procedure for Deodorization of Green Banana Flour using 5% Citric Acid and 5% Brine

The deodorization procedure involved two chemical pre-treatment methods. 

Citric Acid Treatment: De-fingered, washed raw green bananas were manually peeled and immediately immersed in a 5% citric acid solution (Associated Chemicals Enterprise, Roo deport, South Africa) for five mins (Figure 1). The peeled bananas were then manually sliced using a stainless-steel knife (Saw Power Blades, Zimbabwe) into cylindrical pieces of approximately 2 mm thickness and re-immersed in the same 5% citric acid for an additional 30 mins (Figure 1). The citric acid solution was then drained, and the banana slices were thoroughly washed with distilled water to remove residual reagents from the surface. The slices were spread onto perforated drying trays, air dried, milled, sieved, and packaged following the same specifications outlined for the control sample (Figure 1). 

Brine Treatment: The entire procedure detailed for the citric acid treatment was precisely replicated using a 5% brine solution in place of the citric acid to produce the brine-treated GBF samples.

3.5 Sample Collection and Analysis

Approximately 500 g aliquots were collected from each of the treatment units and analyzed for organoleptic properties, water holding capacity, swelling power, solubility, in addition to nutritional analysis for protein content.

3.6 [bookmark: _Hlk202362080]Sensory Evaluation

[bookmark: _Hlk207890651]Triangle Test

A triangle test was performed to assess sensory differences between the control and treated GBF products, following the procedures outlined in ISO 4120 (2021). A total of 62 panelists, comprising students, lecturers, and staff from the University of Zimbabwe were recruited. 

Panelists were simultaneously presented with three samples, each identified by a unique three-digit random code. The serving scheme employed a randomized block design ensuring that each set contained two samples from one treatment and one from the alternative (e.g., two 5% citric acid-treated GBF samples and one control, or two control samples and one 5% brine-treated sample). 

Each panelist tasted all three GBF samples and was required to identify the odd sample. A mouth with plain water was mandated before the evaluation of each consecutive sample. Upon correct identification of the odd sample, panelists assessed the degree of difference between the duplicate and the odd sample based on a five-point scale: “None”, “Slight”, “Moderate”, “Much”, or “Extreme” in accordance with ISO 6685 (2017). These qualitative data were converted into quantitative scores (None=0, Slight=1, Moderate=2, Much=3, and Extreme=4, and subjected to descriptive statistics analysis to summarize the responses. The statistical significance of difference in the Triangle Test was determined by consulting the binomial table to establish the minimum number of correct judgments required at the 5% probability level.

Flavor Profile Descriptive Analysis  

A flavor profile descriptive analysis was carried out utilizing nine semi-trained volunteer panelists recruited from students, lecturers, and staff population. The panelists were tasked with evaluating the intensity of a set of pre-determined aroma and flavor attributes across both the deodorized GBF samples and the control.

3.7 [bookmark: _Hlk207901589]Functional Properties Analysis

2.7.1 [bookmark: _Hlk207891664][bookmark: _Hlk207890708]Water Holding Capacity (WHC)

[bookmark: _Hlk207891783][bookmark: _Hlk207891801]Water holding capacity (WHC) was determined using a modified procedure based on the methodology of Yangilar (2015). Approximately 1g of GBF was weighed into a pre-weighed centrifuge tube (Lastmark Laboratory, Zimbabwe) and mixed with 25 mL of distilled water at room temperature. The test tubes were stirred and incubated at 85°C for one hour. Following incubation, the suspension was cooled in an ice bath and centrifuged at 3000 rpm for 20 minutes at room temperature using a centrifuge (Gemmy Industrial Corporation, Taiwan). The supernatant was decanted, and drained for 10 min at a 45° angle before the residue was weighed using a Mettler Toledo balance (Switzerland). Each sample from respective treatments was analyzed in triplicate. 

The water holding capacity was calculated as grams of water per gram of green banana flour using Equation 1:

 ………. (1)

2.7.2 [bookmark: _Hlk207900893]Swelling Power

Swelling power was measured following the method derived from De La Torre-Gutiérrez et al. (2008). A 1% GBF suspension was prepared using distilled water at room temperature in centrifuge tubes (Lastmark Laboratory, Zimbabwe). This suspension was then heated to 85°C for 30 minutes in a hot water bath, with manual agitation performed intermittently every five minutes. The suspensions were cooled in an ice bath and centrifuged for 15 minutes at 3000 rpm at room temperature using a centrifuge (Gemmy Industrial Corporation, Taiwan). The supernatant was decanted, and the mass of the remaining precipitated residue was measured using a Mettler Toledo balance (Switzerland). Each sample from respective treatments was analyzed in triplicate. 

Swelling power was calculated as the mass of the swollen residue per unit mass of the dry sample (g/g) using the Equation 2:

  ………(2)

2.7.3 Solubility

Solubility was determined according to the method described by De La Torre-Gutiérrez et al. (2008). The supernatant as described in the swelling procedure was decanted into a pre-weighed evaporator dish (Lastmark Laboratory, Zimbabwe). This solution was subsequently dried in a Lab Design Engineering dryer at 110 °C for approximately two hours until a constant weight was achieved. Each sample was analyzed in triplicate. 

Solubility was calculated as the percentage of soluble solids relative to the initial dry sample mass using Equation 3:

  ………… (3)

Where: 



3.8 [bookmark: _Hlk207902643]Nutritional Analysis

Protein Determination - Kjeldahl Method

The protein content was determined via the standard Kjeldahl method using a Kjeldahl distiller, following the procedure specified by the AOAC (2023). Approximately 1 g of GBF was accurately weighed into a 1 L Kjeldahl digestion flask (Lastmark Laboratory, Zimbabwe). This was followed by the addition of 8 g copper catalyst tablets (Skylabs, South Africa) and 25 mL of concentrated sulphuric acid (Associated Chemical Enterprise, South Africa). The flask was gently heated on a unit heater in a fume hood until the initial frothing stopped and the sample color turned to a clear pale turquoise color (greenish yellow). Following this clearing phase, the mixture was boiled for an additional 60 minutes to ensure complete digestion. 

The flask was allowed to cool to room temperature, and the contents were diluted by the addition of 300 mL of distilled water. For distillation, a 500 mL Erlenmeyer flask containing 50 mL of boric acid with indicator (Fisher Chemicals, UK) was placed on a distillation unit (Japson Selector, India). A 100 mL volume of 40% sodium hydroxide (Associated Chemical Enterprise, South Africa) was introduced down the side of the flask neck and a few pieces of zinc pellets (Skylabs, South Africa) were added. Distillation was initiated with the Kjeldahl tubes positioned on the lower shelf of the unit, and was continued until 150 mL of distillate was collected in the Erlenmeyer flask containing the boric acid solution.[bookmark: Table1]Table 1. Difference Between Native and Treated GBF product (Triangle test)

Treatment

Test 

5% Citric Acid

5% Brine

Number of panellists 

29

33

Correct responses

29

30

Spoiled responses

0

3

Critical number

21

23

p-value

< 0.05

< 0.05

[bookmark: _Hlk208062712]Note: The figures represented are the number of responses from a sensory session. A significance difference will exist if the correct response is equal or greater than the critical number.



The collected distillate was titrated against 0.098 M sulphuric acid (Associated Chemical Enterprise, South Africa) to a brown endpoint. A reagent blank was used to adjust the sample titer values. 

The percentage of nitrogen (N) and the final protein percentage were calculated using the following standard equations:

….. (4)



Where: Vs​ = Volume of acid used in titration for the sample (mL)

             Vb​ = Volume of acid used in titration for the blank (mL)



 …………. (5)

3.9 Data Analysis

All quantitative data were managed and preliminarily processed using Microsoft Excel software. Further statistical analysis was performed utilizing GenStat statistical software, Version 18. For the triangle test, ANOVA and a two-tailed binomial test for paired preference were applied to determine whether significant differences existed in overall liking and product preference. Data pertaining to the flavor profile, water-holding capacity (WHC), swelling power, solubility, and protein content were analyzed using a one-way Analysis of Variance (ANOVA). Following the determination of significant treatment effects, Tukey’s HSD (Honestly Significant Difference) post-hoc test was applied to facilitate the separation of treatment means at the 95% confidence level (α=0.05).

3 [bookmark: _Hlk202366357]RESULTS

3.1 [bookmark: _Hlk202365237]Sensory Differentiation of GBF Treated with Citric Acid and Brine

The Triangle Test results indicated a statistically significant difference between the native (control) and treated GBF samples (p < 0.05) (Table 1). 

Panelists who correctly identified the odd sample proceeded to rate the magnitude of the difference among the GBF treatments (Figure 2). For the GBF treated with 5% citric acid, the majority of panelists (34%) reported a 'much' difference compared to the control. A similarly high proportion of panelists (38%) reported a 'much' difference for the GBF treated with 5% brine when contrasted with the control (Figure 2).



[bookmark: _Hlk202365792]

3.2 Flavor Profile of the Native, Citric Acid and Brine Treated Cooked green banana product

The Flavor Profile Descriptive Analysis revealed marked differences among the treatments (Figure 3). The native (untreated) green banana flour exhibited a prominent astringency flavor, coupled with discernible notes of rawness and bluntness, when compared to the chemically treated samples.[bookmark: Fig3]





Conversely, the scores for desirable banana flavor and undesirable rawness were lowest in the control treatment. The astringency attribute was clearly the dominant sensory characteristic of the native flour. Comparing the treated samples, the citric acid-treated flour displayed a higher intensity of bluntness than the brine-treated flour. Furthermore, banana flavor notes were more distinctly pronounced in the brine-treated product than in the citric acid-treated product. Statistical analysis confirmed that the perceived intensity of the rawness flavor did not differ significantly between the citric acid and brine pre-treatments (Figure 3).

3.3 Functional Properties of the Native, Citric Acid and Brine Treated Cooked Green Banana Flour

Significant differences in the Water Holding Capacity (WHC) were observed across the three treatments (p < 0.05). The untreated control sample exhibited the highest WHC at 2.16 g/g dry sample. However, no statistical difference in WHC was recorded between the citric acid and brine-treated green banana flour samples (p > 0.05) (Table 2). 

In contrast to the WHC findings, the analysis showed no significant difference in the swelling power or solubility between the native control GBF and either of the chemically treated samples (p > 0.05) (Table 2).[bookmark: Fig2]

Figure 2. Selection of degree of difference “None”, “Slight”, “Moderate”,” Much”, and “Extreme” from the correct responses



Figure 3. Flavour Profiles of the Native, Citric Acid and Brine Treated Cooked Green Banana Product



Table 2. Functional properties of native, citric acid treated, and brine treated GBF treatments 

Parameter

Treatment

Water holding capacity (g/g)

Swelling power (g/g)

Solubility (%)

Native (Control)

2.16 ± 0.03 a

17.70 ± 0.50 a

5.95 ± 0.13 a

5% Citric Acid 

2.09 ± 0.01 b

17.79 ± 0.25 a

5.79 ± 0.54 a

5% Brine

2.09 ± 0.01 b

17.71 ± 0.36 a

5.63 ± 0.44 a

p-value 

< 0.05

0.67

0.30

Note: The figures presented are the average values for each treatment. Means within a column were compared using Tukey’s test at p < 0.05 and different superscript letters indicate statistically significant differences.





3.4 Protein Content of Native, Citric Acid Treated and Brine Treated Green Banana Flour  

A statistically significant difference in protein content was recorded among the three GBF treatments (p < 0.05) (Table 3). The control treatment had significantly higher protein content than the treated GBF treatments (p < 0.05). Protein content was significantly reduced in the treated GBF (p < 0.05), with brine treated flour having greater decrease than the citric acid treated flour (Table 3). Table 3. Protein content of native, citric acid treated, and brine treated GBF

Parameter

Treatment

Protein (%)

Native

4.87 ± 0.12 a

5% Citric Acid 

3.92 ± 0.51 b

5% Brine

2.83 ± 0.07 c

p-value 

< 0.05

Note: The figures presented are the average values for each treatment. Means within a column were compared using Tukey’s test at p < 0.05 and different superscript letters indicate statistically significant differences.



3.5 Protein Content of Native, Citric Acid Treated and Brine Treated Green Banana Flour  

A statistically significant difference in protein content was recorded among the three GBF treatments (p < 0.05) (Table 3). The control treatment had significantly higher protein content than the treated GBF treatments (p < 0.05). Protein content was significantly reduced in the treated GBF (p < 0.05), with brine treated flour having greater decrease than the citric acid treated flour (Table 3). 

4 [bookmark: _Hlk202370447]DISCUSSION  

4.1 Effect of GBF Treatment on Sensorial Properties

[bookmark: _Hlk208063463]This investigation confirms that the chemical pre-treatment of green bananas with citric acid and brine during flour production significantly alters the final taste and flavor profile. The untreated control exhibited a strong undesirable astringency accompanied by subtle notes of rawness and bluntness. Conversely, the treated samples demonstrated an improved flavor profile, indicating effective deodorization of the flour. The lower perceived intensity of the inherent banana flavor and rawness in the control may be attributable to the dominance of the astringency flavor. This observation aligns with previous findings by Wang et al. (2014), which reported a sour astringency, slight bitterness, and a beer-like taste in similar untreated products.  

The citric acid treated flour displayed a higher bluntness flavor than brine-treated flour, while the brine-treated product exhibited more pronounced banana flavor notes. This flavor enhancement effect in the brine-treated sample highlights the well-documented role of salt in accentuating flavor perception (Oba et al., 2002). Crucially, the rawness flavor notes did not differ between the two chemical pre-treatments. This outcome suggests that both citric acid and brine treatment effectively influenced the phenolic compounds involved in flavor-contributing reactions that occurs in the green banana such as reduction of enzymatic browning of the bananas which imparts an undesirable flavor to the dried product (Anyasi et al., 2017). Brine, in particular, has been demonstrated to non-competitively inhibit PPOs activity non-competitively in fresh produce, thereby preventing the development of off-flavors (Oba et al., 2002).

Similar results were reported in an Indonesian study by Sondak et al. (2018), where the use of calcium hydroxide and citric acid as GBF improvers was explored. The native treatment exhibited an undesired taste and aroma, rejected by 60% of panelists, while the citric acid-treated GBF achieved the highest acceptance for taste and aroma. 

4.2 Influence of GBF Treatment on Functional Properties

The chemical pre-treatment of GBF with citric acid and brine consistently led to a reduction in the WHC. Both the citric acid and brine pre-treatment exerted an equivalent effect, reducing the WHC of the —a characteristic that is generally considered undesirable in various food processing applications. WHC constitutes a crucial functional property in baking and food processing, reflecting its ability to absorb and retain water, directly influencing the final texture, volume, and quality of baked products. 

[bookmark: _Hlk210250814]The observed WHC for the native banana flour in the present study is comparable to the higher WHC values (2.5 g/g) reported by Rodríguez-Ambriz et al. (2008). However, the WHC recorded by Yangilar (2015) for citric acid–treated green banana flour (1.08 g/g dry sample) was lower than the current findings, yet higher than the 0.19 g/g dry sample reported by Singh et al. (2017). These variations are likely attributable to differences in the banana cultivar used, among other processing factors (Wibowo et al., 2021). Banana flour yield depends on cultivar type, with higher yields obtained from low-moisture varieties typically preferred for frying (Cândido et al., 2023). 

The addition of citric acid in GBF production can lead to a reduction in WHC due to a combination of factors, including pH alteration, starch modification, potential hydrolysis or Maillard reactions, and interactions with other components such as minerals and antioxidants (Alkarkhi et al., 2011). Acid treatment can impair the hydrophobic and hydrophilic capacities of the native GBF (Cândido et al., 2023). Specifically, the reduction in water absorption capacity is reduced due to increased crystalline regions and a decrease in the amorphous region in the starch granules of the GBF (Lawal, 2004). Despite this reduction, the resulting WHC values remain within the effective range for utilizing GBF as a thickener in various liquid and semi liquid food systems (Aurore et al., 2009; Juarez-Garcia et al., 2006; Suntharalingam & Ravindran, 1993). The decrease in WHC following brine treatment is primarily due to the disruption of molecular interactions, osmotic effects, and modifications to protein and mineral properties (Bezerra et al., 2013).

In contrast, the swelling power and solubility of the GBF were not significantly affected by either the citric acid or brine treatments, averaging 17.73 g/g (dry basis) and 5.79%, respectively. An identical study conducted in India recorded lower swelling power of unripe banana flour in the range of 8.30–12.76 g/g dry sample at 80oC (Singh et al., 2017). Post-harvest, the metabolism of the banana continues, some modifications will occur on physicochemical characteristics of the bananas and, consequently, on the corresponding GBF (Martín Lorenzo et al., 2024).

Generally, swelling power increases with temperature, and when heated above the gelatinization range, hydrogen bonds which stabilizes the double helices are disrupted thereby affecting the gel network (Tester & Karkalas, 1996). The swelling power and solubility of flour are attributed to the amylopectin structure and amylose content; respectively therefore the indifference of the swelling power and solubility could be the inability of the treatments to alter the amylopectin structures and the amylose content of the flour starch (Tribess et al., 2009).

Previous studies on enhancement of GBF through physical modification reported that pre-gelatinization (PBF) increases the swelling power, while annealing leads to a reduction (Kunyanee et al., 2024), highlighting that the differences in swelling power are largely attributed to distinct interactions between the amorphous and crystalline starch chains (Ma et al., 2022). The formation of weak hydrogen bonds during the pre-gelatinization process, coupled with the decrease in intermolecular forces, contributes to this variation (Tester & Karkalas, 1996).

4.3 Effect of Citric Acid and Brine on Protein Content

The application of both citric acid and brine pre-treatments resulted in a measurable decline in the protein content. This reduction was more pronounced in the brine treated flour than the citric acid treated flour. The protein content observed in the current study was lower than values reported for chemically treated unripe banana flour samples from Nigeria (ranging from 4.64 ± 0.06 to 5.46 ± 0.00 %) Bakare et al. (2017). In all instances, the protein content of the banana flour remains significantly lower than that of conventional wheat flour which ranges from 11% to 12% (Bezerra et al., 2013).  

Protein content is a key factor for flour selection in baking, as higher levels improve bread-making by increasing water absorption, extending mixing time, and yielding more robust dough (Bakare et al., 2017). Given the low protein content of GBF, its primary application is often optimized as a thickening agent in liquid and semi-liquid food such as ice cream fruit juices and smoothies. Consequently, existing literature advocates for strategies such as optimizing the GBF application in different product formulations (Martín Lorenzo et al., 2024; Paucean et al., 2016; Vernaza et al., 2011) or blending the flour with other raw materials such as legumes or banana peels, to achieve a higher and more complete protein profile (Dotto et al., 2019; Kumar et al., 2019). While banana peels have been shown to contain higher protein content than banana pulp (Castelo-Branco et al., 2017; Sardá et al., 2016), the incorporation of the peel alone may not significantly alter the total protein content of the final whole flour compared to pulp flour (Bezerra et al., 2013). In comparison to wheat flour, GBF has lower protein content and presents low biological value (Bakare et al., 2017; Bezerra et al., 2013). However, GBF is valued for its high content of other key nutrients and functional components, including ash, fiber, and resistant starch (Kumar et al., 2019; Vernaza et al., 2011). The slight decline in protein content following treatment can influence the rate of hydration and surface charge of the flour, which therefore affects gelatinization and the swelling power (Nwokocha & Williams, 2011). However, protein content of GBF has been reported to be of low biological value. Given the amino acid profile and the limiting amino acids (lysine), this can be resolved by blending the flour with other vegetable protein sources such as legumes and cereals during processing (Rezende et al., 2017).

5 CONCLUSIONS   

This study demonstrates that pre-treatment of green banana with a 5% citric acid or a 5% brine solution is an effective strategy in deodorizing GBF, with the citric acid treatment showing superior sensory profile. Both treatments were found to alter key functional properties such as significantly reducing the water absorption capacity, swelling power, bulk density and pasting characteristics, which could impact the flour’s suitability for various food applications. Both treatments decreased the water-holding capacity but had no effect on the swelling power or solubility of the flour. The concomitant decline in protein content represents a compromise on the flour's nutritional quality. 

Despite the marginal reduction in protein, the use of citric acid and brine as pre-treatments is highly recommended for flour processors, as it enhances product acceptability and promotes the wider utilization of GBF. The adoption of these practices could contribute to reducing postharvest losses, while supporting food and nutrition security. Future studies should focus on optimizing the concentration and immersion time to maximize deodorization effectiveness while preserving functional properties and assess the use of deodorized flours in diverse food products to evaluate performance and market potential.
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