Physical, Sensory Properties and Shelf life study of Bread Analogues Produced from Cardaba Banana Flour Blends. 

ABSTRACT
Background: Cardaba banana is an underutilized cooking banana in Nigeria with high resistant starch and dietary fiber content. The production of flour from the matured specie of the banana, is a form of value addition, which would help reduce the postharvest losses. One of the common forms of its preservation, is by converting it into flour
Aim: This study aimed to expand its utility by producing functional bread analogues through the substitution of wheat flour with Cardaba banana flour at varying ratios (0% to 50%).
Methodology: Cardaba banana flour was processed and blended with wheat flour in ratios of 100:0 (control), 90:10, 80:20, 70:30, 60:40, 50:50, and 0:100. Bread samples were produced using the straight dough method. Analyses performed included physical characteristics (loaf weight, volume, and texture profile), sensory evaluation, and a 10-day shelf-life study.
Results: Physical analysis revealed that increasing the substitution of Cardaba banana flour generally led to an increase in loaf weight (ranging from 196g to 302g) due to lower air entrapment. Conversely, loaf volume significantly decreased as banana flour inclusion increased. Specific volume was highest in the 70:30 blend (2.71 cm³/g). Textural profiling showed that 100% wheat bread had the highest springiness (0.64 mm), while increasing banana flour led to harder and more compact crumbs. Sensory observation noted that crumb and crust colors darkened significantly from light brown to deep brown as substitution levels reached 50%. The shelf-life study indicated that visible spoilage (mold growth and sticky crumbs) across all samples began on the sixth day of storage. While the addition of Cardaba banana flour enhanced dietary fiber and mineral content (particularly potassium), higher substitution levels negatively impacted leavening and volume.
Conclusion:  The study concludes that Cardaba banana flour can be successfully incorporated into bread production to create functional staples, provided substitution levels are optimized to maintain consumer acceptability.
Keywords: Cardaba banana, Bread analogues, Functional food, Shelf-life, Sensory properties, Physical characteristics.
1. INTRODUCTION
[bookmark: _Hlk203975350][bookmark: _Hlk124113910]Cardaba banana (Musa cardaba), a cooking banana species belonging to the Saba subgroup, remains significantly underutilized in Southern Nigeria despite its year-round availability (Dela et al., 2008). The rapid ripening process and subsequent spoilage necessitate value-addition strategies, with flour production representing a viable preservation approach (Agro Forestry Tree Database, 2012).  Cardaba banana is high in carotenoids and antioxidants. The vitamin content in cardaba banana is so high. They include Vitamin A (for effective functioning of the eyes); Vitamin C (boosting of the immune system), Vitamin B6 (reduction of menstrual pains and other pre-menstrual syndrome); folic acid (development of foetus in the womb), Vitamin B2, Vitamin B3, etc. (Juarez et al., 2006). It also helps to ensure the blood sugar level is stabilized, because it is made up of natural sugar and is low in glycemic index. It could also help to stimulate insulin sensitivity, thus, making it healthy for diabetics (Oboh and Erema, 2010). Cardaba banana has 75% moisture content, 89 calories of energy, 1.1g of protein, 0.3g of fat, 22.8g of carbohydrate and 2.6g of fibre.  The moisture content level stresses the need for proper drying processing techniques, in order to increase its shelf life. Also, its proximate content showed that it helped to prevent irritable bowel syndrome, and it gives energy, repairs worn out tissue and regulates body temperature (Healthline, 2023).
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[bookmark: _Hlk124113826]Figure 1 : Cardaba Banana bunch (Trivedi et al., 2010)
To boost the nutritional benefits in the consumption of this functional flour, it could be blended with other flours, in most food products that are of starch origin, such as: pasta, bread, cake and for the manufacture of gluten – free products (Vernaza et al., 2011). 
Bread is an important commonly eaten bakery product (Abdelghafor et al., 2011). There is a steady increase in the sensitization of consumers, on the need to consume functional foods, rich in nutritional and health benefits (Ndife and Abbo, 2009). Due to health challenges, some individuals are unable to consume bread. However, a large number of the populace desire to boost the nutrient status of their bread. This has therefore created a quest for the production of functional breads sourced from whole grain flour and other ingredients (Dewettinck et al., 2008). Jideani and Onwubali, (2009) reported that the production and consumption of such functional foods would help to enhance positive health outcomes in an entire populace, and also assist in no small measure for individuals suffering from deadly diseases connected with unhealthy habits and surroundings.
Cardaba banana is very cheap, readily available and could be used to produce functional food due to its nutritional properties. It contains high percentage of resistant starch, and fibre content which could help to lower the risk of diabetes. The utilization of this functional flour in the production of bread, would expand its utilization base through value addition, thereby increasing access to a more affordable staple with additional nutritional benefits.  
[bookmark: _Hlk124113536]Various studies have been carried on the isolation of yeast from sugar rich plant sources, showing the feasibility of this study in which yeast is to be isolated from palm wine, kunu and over ripe plantain. Ezenroye and Okerentugba (2001), isolated genetically and physiologically different yeasts strains from palm wine. Acceptable bread from wheat-plantain composite flour was formulated using up to 80:20 w/w ratios of wheat: mature green plantain flour by Mepba et al. (2007). Eddy et al. (2007) produced bread from 20% plantain and 80% wheat; Ade-Omowaye et al. (2008) produced bread from 10% tiger nutflour and 90% wheat. While Shittu et al. (2007) produced bread from 10% cassava and 90% wheat. The cost of importation of wheat which is very critical in the visco-elastic tendency of bread is on the high side. Also, the cost of yeast importation which is also pertinent in the leavening of the dough, is highly essential. However, limited research exists on cardaba banana flour as a wheat substitute, particularly regarding the biochemical, physical, and sensory characteristics of resultant bread products.
 Thus, the gap this research is bridging was to substitute cardaba banana flour with wheat flour, so as to reduce the net quantity of wheat that will be used in the bread making process and to ensure there is production of affordable functional bread.  This study aimed to evaluate the Physical, Sensory Properties and Shelf-life of Bread Analogues Produced from Cardaba Banana (Musa cardaba) and Wheat Flour Blends.

2. MATERIALS AND METHODS
2.1 Materials
Fresh and wholesome cardaba banana bunches at stage one of ripeness were sourced from Akinola market, Ile-Ife, Nigeria, and authenticated at the Department of Crop Production and Protection, Obafemi Awolowo University. Wheat grains were obtained from the National Centre for Genetic Resources and Biotechnology (NAGCRAB), Ibadan, Nigeria. Other ingredients (margarine, salt, sugar, and baker's yeast) were purchased at Sabo market, Ile-Ife. All chemicals used were of analytical grade and obtained from Sigma-Aldrich Biotechnology Company, MO, U.S.A.
2.2 Production of Cardaba Banana Flour
The cardaba banana flour was produced following the method of Helen and Regina (2013). Fruits were carefully separated from bunches, thoroughly washed, thinly peeled, and sliced to 1.0-1.2 mm thickness. Slices were briefly immersed in water treated with 0.05% (w/v) sodium metabisulphite, then spread in drying trays and dried at 50°C ±5°C for 24 hours in a cabinet dryer. The dried slices were finely milled to 250 µm particle size, cooled to prevent moisture entrapment, and packaged in polyethylene bags for storage.
2.3 Production of Wheat Flour
Wheat grains were subjected to further drying at 45-50°C in a cabinet drier until properly dried to reduce moisture content. Thereafter, grains were finely milled to 250 µm and sifted. The flour was cooled before packaging in clean cellophane bags and stored in a desiccator until required.
2.4 Production of Composite Flour
Composite flours were prepared by mixing wholemeal wheat flour proportionally with cardaba banana flour in ratios of 90:10, 80:20, 70:30, 60:40, and 50:50 (w/w) using a food blender, following the method of Phongthai et al. (2016) with slight modifications.
2.5 Bread Production
The straight dough method (which has to do with the dough stability, strength of the flour and the control of fermentation speed) was used in producing the bread as described by Cauvian (2015). The dough for a sample was prepared by weighing – sugar (50 g), wheat flour (500 g), salt (7.5 g), isolated yeast (6.25 g) and margarine (12.5 g) into the mixer and kneaded to a dough at varying speed of 1, 2 and 3, to ensure adequate homogenization of the mixture. Water of (280-300 mL) was incorporated into the dough to give it the intended consistency and textural outlook required. After thorough kneading of the mixture, the dough was removed, and with the use of the hands, it was rounded in a baking pan with some wheat flour, to prevent sticking, and it was placed in the proofer at 30°C, 85% relative humidity for 65 to 75 min. Then, it was baked in the oven (SL-9 Infrared Food Oven, Linkrich Machinery Group, China) at about 180 - 250oC, 25 min. Subsequently, cooling and packaging was done in polyethylene bags that are less dense and stored at 4oC before instrumental and sensory analyses was carried out. Samples AAB, ABA, BAB, BAA, BBA, BBC and BCB, were likewise produced following the same procedure (Table 1). 
2.6 Physical Properties of Bread

2.61  Loaf weight and volume measurement 
The weighing balance was used in determining the loaf weight. The modified rapeseed method of displacement was used in determining the loaf volume. The ratio of the loaf’s volume to the loaf weight, was used in determining the specific volume of the bread. The height of the loaf was determined using a ruler calibrated in cm. The difference in the dough’s height before and after baking, gave the oven spring. All determinations were replicated five times (Feili et al., 2013).




Table 1: Recipes for the Production of Cardaba banana Flour-based Bread Analogues


Ingredients(g)/                100:0    0:100  90:10  80:20  70:30  60:40  50:50 
Wheat:cardaba 
banana flour
mixing ratio
Wheat flour                         400         0       360     320      280      240      200
Cardaba banana flour            0         400     40        80       120      160      200
Sugar                                    40        40       40        40        40        40        40
Salt                                        6          6         6          6          6          6          6
Margarine                             10        10       10        10        10       10         10
Yeast                                     5          5         5          5           5         5          5

[bookmark: _Hlk203978084]*ABA – wheat:cardaba banana flour mixing ratio (60:40); BAB– wheat:cardaba banana flour mixing ratio (70:30); AAB – wheat:cardaba banana flour mixing ratio (80:20); BCB - wheat:cardaba banana flour mixing ratio (90:10);  BBC – cardaba banana flour (100 %), BBA – wheat flour (100 %), BAA - wheat:cardaba banana flour mixing ratio (50:50).
Slightly modified straight dough method by Cauvian (2015)

2.62  Crumb and crust colour measurement
Crumb and crust color were measured using image analysis software following the method of Shittu et al. (2009). The crumb images was scanned, captured and bent. The crumb images and crust images were carefully cut out, processed and analyzed. L* (lightness), a* (redness), and b* (yellowness) values were determined from scanned images by using the following equations stated below:
(100 × (127 + L)  )/256 since L (lightness) 0                                                           3.21
(120 ×a)/128  since a  (red)                                                                                   3.22
(120 ×b )/128 since b                                                                               3.23
The underlined L, a and b values are the means of the respective color pathways.
2.63 Texture profile analysis 
This was measured objectively using a texture analyzer (CTX Texture, AMETEK Brookfield, Middleboro, MA, United States). All samples were prepared and baked. A cube sample of uniform dimension was cut from the middle of the bread sample and subjected to compression tests.  Parameters measured included springiness, resilience, cohesiveness, adhesiveness, hardness, chewiness, and gumminess. The reported values were the mean of the triplicate readings (Feili et al., 2013). 
2.7 Sensory Evaluation
Sensory evaluation was conducted by 20 semi-trained panelists (15 males, 5 females, aged 24-27 years) familiar with bread products. A 9-point hedonic scale (1 = dislike extremely to 9 = like extremely) was used to evaluate crust appearance, crust taste, crumb appearance, crumb taste, crumb color, texture, and overall acceptability. To determine crust appearance, crust taste, crumb appearance, crumb taste, crumb color, texture, and overall acceptability of bread samples(AACC, 2012),
Sample codes were given to all the baked samples:
Sample AAB - wheat:cardaba banana bread (80:20) 
Sample BAB - wheat:cardaba banana bread (70:30) 
Sample ABA - wheat:cardaba banana bread (60:40) 
Sample BAA - wheat:cardaba banana bread (50:50) 
Sample BBA - Wheat Bread (100 %)
Sample BBC - Cardaba Banana Bread (100 %)
[bookmark: _Hlk124118319]Sample BCB - wheat:cardaba banana bread (50:50) 

In this experiment, the total Mold Count (TMC) and Total Viable Count were also determined in the course of the 10 days storage study. 

2.8 Shelf-life Study
Bread samples were stored at ambient temperature (26°C ± 2°C) for 10 days. Total viable count (TVC) was determined after 24 hours and total mold count (TMC) after 48 hours at regular intervals. Visual observations for mold growth and other spoilage indicators were recorded daily.
2.9 Statistical Analysis
All analyses were performed in triplicate. Data were expressed as means ± standard deviation and subjected to analysis of variance (ANOVA) using SPSS version 18. Duncan's multiple range test was used to separate means at P < 0.05 significance level  (Chim et al., 2015). 
3. RESULTS AND DISCUSSION
3.1 Physical characteristics of the bread from Wheat-Cardaba Banana Flour and Flour Blends

The results of the qualities of the bread and characteristics of the bread samples are shown in  Table 2 and Table 3. 

3.11 Specific volume

The specific volume of wheat:cardaba banana flour bread (50:50) and 60:40 showed no significant difference, and that of wheat:cardaba banana flour bread (80:20) and 90:10 also did not show any significant difference in their specific volume. Cardaba banana flour bread (100%), 70:30 and wheat flour (100 %) showed a significant difference in their specific volume. Wheat:cardaba banana flour bread (70:30) had the highest specific volume of 2.71 cm3/g, while wheat:cardaba banana flour bread (80:20), had the lowest specific volume of 1.77 cm3/g.

3.12 Loaf density

The loaf density of wheat:cardaba banana flour bread (50:50), 60:40 and 70:30 did not show any significant difference, while the loaf density of wheat:cardaba banana flour bread (80:20) and 70:30 did not show any significant difference. But, the loaf density of Cardaba banana flour bread (100 %) and wheat flour bread (100 %) showed a significant difference. Wheat flour bread (100 %) had the highest loaf density of 0.7 g/cm3, while cardaba banana flour bread (100 %) had the lowest loaf density of 0.3 g/cm3. 








[bookmark: _Hlk196151451]Table  2 : Characteristics of the Bread from Wheat-cardaba Banana Flour and Flour Blends


 Wheat:cardaba banana flour                                                                                 Characteristics   
  bread mixing ratio


100:0                                                         The crumb is light brown in colour. It is compact together, soft and tender. It is sensitive to touch. The crust is light brown, does not shred, and it firmly adhered together.
0:100                                                         The crumb is thick and light brown in colour. Slightly higher pressure than in B3W, is needed to  break open the crumb. The crust is light brown in colour.
90:10                                                         The crumb shreds on trying to cut or tear, does not adhere as such to each other. Not sensitive to touch as 100%.  It is light brown in colour, compared to BSB.  The crust is light brown
80:20                                                         The crumb does not adhere as such to each other. and not too sensitive to touch as 100%.  It is light-brown in colour. The crust is light brown
70:30                                                         Internal structure not compact, does not adhere as such to each other, light brown (crust). Crumb:is light-brown and slightly deep brown.
60:40                                                         The crumb shreds off with slight pressure. It is compact but does not adhere to each other. The crumb   is deep brown in colour. The crust is brown. 
50:50                                                         The crumb is hard to an extent, slight pressure is needed to cut open through the crust region.  The crumb is brown in colour. The crust is light brown in colour.

Table 3: Quality Attributes of Bread from Wheat-cardaba Banana Flour and Flour Blend

Wheat:cardaba            Loaf  weight (g)           Loaf volume (cm3)             Loaf density (g/cm3)           Specific volume (cm3/g)
banana bread
mixing ratio

0:100                              196.34±3.00e                   650.00±30.00b                         0.30±0.09c                               3.31±0.04a
50:50                              271.20±3.97c                   693.33±40.41ab                        0.38±0.03bc                              2.58±0.04bc
60:40                              290.57±2.56b                   750.00±20.00a                         0.39±0.05bc                              2.58±0.03bc
70:30                              276.27±2.90c                   750.00±40.00a                         0.37±0.04bc                              2.71±0.10b
80:20                              301.82±8.35a                   500.00±30.00c                         0.57±0.04ab                              1.77±0.04d
90:10                              285.58±6.16b                   500.00±20.00c                         0.55±0.04ab                              1.83±0.03d
100:0                              211.48±4.01d                   530.00±30.00c                         0.70±0.30a                               2.50±0.25c
*Values are expressed as means of triplicate samples ± standard deviation (n=3). Values with the same superscripts in a column are statistically similar while values with different superscripts are significantly different (P ≤ 0.05)	

3.13  Loaf weight
In terms of loaf weight, wheat:cardaba banana flour bread (50:50), 70:30 showed no significant difference. Also, samples of wheat:cardaba banana flour bread (60:40) and 90:10 showed no significant difference. But samples cardaba banana flour bread (100 %), wheat:cardaba banana flour bread (80:20) and Wheat flour (100 %), showed a significant difference. Wheat:cardaba banana flour bread (80:20), had the highest loaf weight value of about 302g while cardaba banana flour bread (100 %), had the lowest loaf weight value of 196g. The substitution of the cardaba banana flour accounts for an increase in the loaf weight. This is due to low air entrapment (Ameh et al., 2013). This inference is also traceable to the research study of (Nasir et al., 2020) in the bread quality analysis of Amaranth-Based Wheat flour bread.




3.14  Loaf volume

Wheat:cardaba banana flour bread (60:40) and 70:30, had the highest loaf volume of 750 cm3, while wheat:cardaba banana flour bread (90:10) and 80:20, had the lowest loaf volume of 500cm3. Cardaba banana flour bread (100 %) and 50:50, showed a significant difference in their loaf volume. The volume of bread reduces greatly with increasing substitution of cardaba banana flour, thus lowers the bread volume (Sharoba et al., 2009). This is also in tandem with the research finding of (Nasir et al., 2020), in the quality of bread analysis of Amaranth-bread Wheat flour bread. 

[bookmark: _Hlk208991621]3.2  Texture Profile of Bread from Wheat-Cardaba Banana Flour and Flour Blends

The results on the texture analysis capturing springiness, resilience, cohesiveness, adhesiveness, hardness, chewiness and gumminess, are described in table 4. 

Table 4 : Texture Profile of Bread from Wheat-cardaba Banana Flour and Flour Blends


Wheat:cardaba      Springiness     Resilence     Cohesivess    Adhesiveness(g.mm)        Hardness                Chewiness               Gumminess
banana bread          
mixing ratio                (mm)               (mm)            (g.s)                                                         (g)  

100:0                     0.64±0.04a      0.19±0.03a     0.45±0.04a      -76.50±30.47ab          2425.80±495.39d        696.46±138.77c       1090.25±178.57c  
0:100                     0.48±0.02b      0.05±0.07c     0.10±0.03e      -43.00±60.81a           5152.50±949.64b        251.09±119.64d       519.08±225.62d     
90:10                     0.60±0.06a      0.11±0.04b     0.38±0.02b     -105.57±35.80b          4265.43±785.16bc       993.63±241.68ab     1638.87±340.17b     
80:20                     0.61±0.04a     0.13±0.05b      0.35±0.04bc   -32.13±23.75a            4583.38±1045.57bc     970.08±249.47abc    1584.94±316.54b  
70:30                     0.58±0.04a       0.12±0.04b     0.39±0.04b       93.10±37.39b          3639.70±392.10c         813.88±119.25bc      1401.21±153.07bc 
60:40                     0.58±0.05a     0.10±0.00b     0.29±0.02d      -36.80±14.31a          4630.00±1024.63bc     793.82±266.91bc      1351.92±341.36bc  
50:50                    0.57±0.06a       0.11±0.04b      0.31±0.04cd     -58.75±56.50ab         6636.50±1146.87a      1203.59±304.12a   2064.46±337.48a    

*Values are expressed as means of triplicate samples ± standard deviation (n=3). Values with the same superscripts in a column are statistically similar while values with different superscripts are significantly different (P ≤ 0.05)	
Texture profile analysis (Table 4) revealed significant differences among bread samples. Springiness decreased from 0.64 mm in wheat bread to 0.48 mm in cardaba banana bread, with composite breads showing intermediate values (0.57-0.61 mm). According to the research finding of (Nasir et al., 2020), on the quality of bread analysis of Amaranth-bread Wheat flour bread, the springiness increased from 0.60mm to 0.65mm at 5 to 15% substitution of amaranth flour.
 Resilience was highest in wheat bread (0.19 mm) and lowest in cardaba banana bread (0.05 mm). Cohesiveness followed a similar pattern, ranging from 0.45 g·s in wheat bread to 0.10 g·s in cardaba banana bread. Hardness increased substantially with cardaba banana substitution, from 2425.80 g in wheat bread to 6636.50 g in the 50:50 composite bread. The 70:30 blend exhibited the lowest hardness (3639.70 g) among composite formulations. Chewiness and gumminess showed similar trends, with the 50:50 blend having the highest values (1203.59 and 2064.46, respectively). These textural changes reflect reduced gluten network formation and altered starch gelatinization patterns in composite breads.
[bookmark: _Hlk208994770]3.3 Crumb Colour and Crust Colour of the Bread from Wheat-cardaba Banana Flour and Flour Blends

Table 5: Crumb Colour of the Bread from Wheat-cardaba Banana Flour and Flour Blends
wheat:cardaba                             L*                                  a*                                        b*          
banana flour
 mixing ratio
100:0                                   32.41±0.05g                     6.50±0.04f                         12.36±0.07e        
0:100                                   42.39±0.06a                    10.55±0.04a                        16.87±0.10a       
90:10                                   32.85±0.03f                     6.84±0.02e                         12.49±0.03e
80:20                                   33.27±0.02e                    6.93±0.02e                         13.24±0.04d    
70:30                                   36.48±0.08d                   7.13±0.02d                          15.42±0.03c
60:40                                   36.86±0.03c                    7.61±0.11c                          16.65±0.10b
50:50                                   38.54±0.02b                   8.63±0.08b                          16.71±0.15b

*Values are expressed as means of triplicate samples ± standard deviation (n=3). Values with the same superscripts in a column are statistically similar while values with different superscripts are significantly different (P ≤ 0.05). L* = (lightness) values, a* = (redness) values and b* = (yellowness) values.

[bookmark: _Hlk196152077]Crumb color analysis (Table 5) showed progressive darkening with increased cardaba banana substitution. Lightness (L*) values increased from 32.41 in wheat bread to 42.39 in cardaba banana bread, with the 50:50 blend showing 38.54. Redness (a*) and yellowness (b*) values also increased with cardaba banana content, ranging from 6.50 to 10.55 and 12.36 to 16.87, respectively. These color changes result from the natural pigments in cardaba banana flour and Maillard reaction products during baking.


Table 6: Crust Colour of the Bread from Wheat-cardaba Banana Flour and Flour Blends 
Wheat:cardaba banana             L*                                   a*                               b*
flour mixing ratio
                              
100:0                                        39.59±0.07f                    9.55±0.02f               17.43±0.02e        
0:100                                        54.61±0.30a                  13.68±0.22a              21.38±0.05a       
90:10                                        41.47±0.08e                    9.83±0.02e              17.58±0.12cd
80:20                                        45.65±0.21d                    9.93±0.02e              17.86±0.03c 
70:30                                        45.85±0.03d                  10.13±0.02d              19.42±0.03b
60:40                                        46.71±0.11c                  10.56±0.03c              19.70±0.03b
50:50                                        49.65±0.02b                  12.28±0.08b              19.70±0.41b


*Values are expressed as means of triplicate samples ± standard deviation (n=3). Values with the same superscripts in a column are statistically similar while values with different superscripts are significantly different (P ≤ 0.05). L* = (lightness) values, a* = (redness) values and b* = (yellowness) values.

Crust color followed similar trends (Table 6), with lightness values ranging from 39.59 in wheat bread to 54.61 in cardaba banana bread. The 50:50 composite showed the highest redness and yellowness values (12.28 and 19.70, respectively) among wheat-containing formulations. The darker crumb and crust colors in composite breads may affect consumer perception, as color is a primary quality indicator in bread products.
Table 7: Sensory Properties of Bread from Wheat-cardaba Banana Flour and Flour Blends 

Wheat:cardaba            Crust                Crust                  Crumb                   Crumb               Crumb                 Texture                   Overall  
banana flour       appearance               taste                  appearance               taste                   colour                                            acceptability 
mixing ratio
60:40                          6.53±1.59ab          6.18±1.70ab           6.12±1.45ab           6.24±1.56ab          6.06±1.25ab         6.06±1.60ab           6.35±1.66ab
70:30                         6.18±2.27ab           5.82±1.88b            5.65±1.69b            5.65±2.21bc          5.65±1.50b          5.82±2.07b             5.59±1.73bc
80:20                         6.12±1.27ab           6.06±1.39ab           6.00±1.41ab          6.06±1.48ab           5.82±1.55ab         6.18±1.55ab           6.06±1.09bc
100:0                         6.12±1.05ab           5.06±1.56b            5.41±1.42b           4.82±1.67c             5.41±1.37b          5.59±1.73b            5.35±1.58bc
0:100                         3.82±1.47c            3.35±1.58c            3.41±1.42c           3.35±1.37d             3.24±1.20c           3.35±1.46c            3.71±1.05d
90:10                         7.12±1.27a            7.06±1.39a            7.00±1.41a           7.06±1.48a             6.76±1.44a           7.18±1.55a            7.24±1.03a
50:50                         5.65±1.62b            5.18±1.70b            5.24±1.52b           5.18±1.51bc           5.06±1.25b           5.24±1.56b            5.29±1.16c

*Values are expressed as means of triplicate samples ± standard deviation (n=3). Values with the same superscripts in a column are statistically similar while values with different superscripts are significantly different (p ≤ 0.05). L* = (lightness) values, a* = (redness) values and b* = (yellowness) values.

3.4 Sensory Properties of Bread from Wheat-cardaba Banana Flour and Flour Blends
Sensory evaluation results (Table 7) indicated that the 90:10 wheat:cardaba banana bread received the highest scores across all attributes. Overall acceptability scores ranged from 3.71 for cardaba banana bread (100%) to 7.24 for the 90:10 blend. The 90:10 formulation scored 7.12 for crust appearance, 7.06 for crust taste, 7.00 for crumb appearance, 7.06 for crumb taste, 6.76 for crumb color, and 7.18 for texture. This is in constract with what was reported by Ayo-Omogie and Ogunsakin(2013)  where the 50:50 formulated blend was most preferred in sensory properties in Maize-Cardaba Banana Mixes.
The 60:40 and 80:20 blends also received acceptable scores (6.35 and 6.06 for overall acceptability, respectively), though significantly lower than the 90:10 formulation. Wheat bread (100%) scored 5.35 for overall acceptability, indicating that moderate cardaba banana substitution can enhance consumer acceptance. These findings align with Milkesa et al. (2025), who reported acceptable sensory properties in wheat-cooking banana composite bread at 15% substitution.
The significant decline in sensory scores at higher substitution levels (50:50 scoring 5.29) can be attributed to texture changes, darker color, and modified flavor profiles resulting from reduced gluten content and increased fiber. The 90:10 formulation achieved an optimal balance between nutritional enhancement and sensory acceptability.
3.5 Shelf life study: Storage Life Study of the Wheat-cardaba Banana Bread and Composite Bread 

[bookmark: _Hlk208995676]This was carried out for 10 days for bread samples during storage at ambient temperature, in which the total viable count (log CFU/g) was determined after 24hr, while the total mould count (log CFU/g) was determined after 48hr. The results were captured in table 8 and table 9 respectively. Captured in table 4., is the length of time the bread produced remained whole. The bread samples from 100 % wheat, 100 % cardaba banana and the wheat:cardaba composite were stored under ambient temperature (26°C±2°C) and observed for 10 days. Visual observations for yeast and mold growth were carried out on the samples stored. 
[bookmark: _Hlk208995706]The log count for the total mold count of the bread samples ranged from 4.00 cfu/g to 7.93 cfu/g. The log count for the total mold count was highest for wheat:cardaba banana composite bread (50:50) on day 9, while the log count for the total mold count was lowest for wheat bread (100 %) on day 1. The log count for the total viable counts ranged from 4.36 cfu/g to 7.70 cfu/g. The log count for the total viable count was highest for wheat:cardaba banana composite bread (80:20) on day 5, while the log count for the total viable count was lowest for cardaba banana bread (100 %) in day 1. 
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 Figure 2: Pictures of the Internal Structure of the Bread from Wheat-cardaba Banana Flour and Flour Blends(2a – 60:40,2b – 70:30, 2c – wheat bread (100%) 2d – 80:20)
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Figure 3: Pictures of the Internal Structure of the Bread from Wheat-cardaba Banana Flour and Flour Blends(3a – 90:10,3b – 50:50,3c – cardaba bread (100%))

The permissible limit for total viable count (TVC) in bread, according to the World Health Organization (WHO, 1995), is 2.0 x 105 colony-forming units (cfu) per gram (cfu/g). This limit also applies to other baked products like cakes and biscuits. Additionally, the acceptable limit for coliform bacteria is less than 200 MPN/g (Most Probable Number). Absence of E. coli and a yeast/mold count less than 1.0 x 104 cfu/g are also part of the WHO standards (WHO, 1995). The maximum permissible limit for total mold count in bread is generally set at less than 104 CFU/g (10,000 colony forming units per gram). Some guidelines also specify a total plate count (TPC) limit of less than 105 CFU/g and a coliform count of less than 200 MPN/g (most probable number per gram).  The shelf-life study for the bread produced was for 10days, spoilage parameters like sliminess, prominent change of colour, repulsive pungent smell were noticed from day 6. In this study on day 6, wheat:cardaba banana composite bread (50:50) had lots of white patches, few black patches on the entire crust and was very sticky, wheat:cardaba banana composite bread (60:40), had light green patches on the crumb and crust, which increases with the storage days) and cardaba banana bread (100 %) had white silky covering on the crust and crumb which increases with the storage days. This was similar to the research findings of Ijah et al., 2014, where bread was produced from wheat and potato flour blends, where the shelf-life study was carried out for 6-8days, before obvious spoilage was noticed.

Table 8: Total Viable Count (log CFU/g) of Bread in Storage

	Wheat:cardaba
Banana flour
Mixing ratio
	Day1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7
	Day 8
	Day 9
	Day 10





	100:0
	6.78
	6.38
	6.49
	6.48
	6.52
	6.60
	5.95
	5.95
	6.48
	6.00

	0:100
	4.36
	4.68
	5.00
	6.92
	6.90
	6.88
	7.46
	7.46
	7.00
	6.85

	90:10
	4.95
	5.26
	6.11
	6.91
	7.30
	6.08
	6.47
	6.48
	6.60
	6.18

	80:20
	5.69
	5.90
	6.08
	7.12
	7.70
	6.11
	6.95
	6.95
	7.11
	7.26

	70:30
	5.76
	6.01
	6.22
	6.85
	6.94
	6.98
	7.23
	7.23
	7.20
	6.30

	60:40
	6.04
	6.32
	6.95
	6.48
	6.30
	6.30
	6.70
	6.70
	6.65
	6.30

	50:50
	6.08
	6.30
	6.80
	7.04
	7.38
	7.53
	6.85
	6.85
	6.78
	6.72



Table 9: Total Mold Count (log CFU/g) of Bread in Storage
	wheat:cardaba
banana flour
mixing ratio

	Day1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7
	Day 8
	Day 9
	Day 10

	100:0
	4.00
	4.35
	5.45
	5.48
	5.90
	6.11
	6.18
	6.70
	6.05
	7.25

	0:100
	4.11
	5.17
	6.26
	6.70
	6.60
	6.70
	6.69
	6.79
	6.80
	6.89

	90:10
	5.08
	6.19
	6.61
	6.73
	6.64
	6.79
	6.69
	6.81
	6.74
	6.81

	80:20
	6.00
	6.28
	6.70
	6.60
	6.47
	6.15
	6.60
	6.81
	6.36
	6.24

	70:30
	5.26
	5.41
	6.00
	6.08
	6.30
	6.20
	7.64
	7.08
	7.89
	7.30

	60:40
	4.95
	5.29
	5.89
	5.88
	5.99
	6.05
	6.27
	6.82
	6.35
	7.33

	50:50
	4.06
	6.33
	5.60
	6.41
	6.94
	6.98
	7.26
	6.48
	7.93
	6.22





Table 10: Showing the Length of Time Bread Produced Remained Whole

wheat:cardaba banana flour mixing ratio                               Spoilage of bread started after (days)

100:0                                                                                                                      6
0:100                                                                                                                      6
90:10                                                                                                                      6
80:20                                                                                                                      6
70:30                                                                                                                      6
60:40                                                                                                                      6
50:50                                                                                                                      6

Microbiological analysis during 10-day storage at ambient temperature (26°C ± 2°C) revealed that visible spoilage commenced on day 6 for all bread samples (Table 12 and 13). Total viable count (TVC) ranged from 4.36 to 7.70 log CFU/g, with the 80:20 blend showing the highest count on day 5. Total mold count (TMC) ranged from 4.00 to 7.93 log CFU/g, with the 50:50 blend exhibiting the highest count on day 9.
Spoilage manifestations included white patches, black patches, light green patches, sticky crumbs, and silky coverings on crust and crumb surfaces. The 50:50 blend showed extensive white patches and few black patches by day 6, while the 60:40 blend developed light green patches. These observations are consistent with findings of Ijah et al. (2014), who reported similar spoilage patterns in wheat-potato flour bread within 6-8 days.
While all bread samples exceeded WHO-recommended limits (TVC < 2.0 × 10⁵ CFU/g; TMC < 1.0 × 10⁴ CFU/g) by day 6, the shelf-life of 6 days at ambient temperature is comparable to commercial bread products. The higher moisture content and nutrient density in composite breads may have contributed to faster microbial growth. Implementing preservatives or modified packaging could potentially extend shelf-life.

4. 0 CONCLUSION
This study successfully demonstrated that cardaba banana flour can partially replace wheat flour in bread production with acceptable physical, and sensory properties. The 90:10 wheat:cardaba banana formulation emerged as optimal, receiving the highest sensory acceptability scores (7.24 overall) while maintaining desirable physical characteristics including appropriate loaf volume (500 cm³), specific volume (1.83 cm³/g), and texture properties. This formulation successfully balanced nutritional enhancement with consumer acceptability. Physical properties were significantly affected by cardaba banana substitution, with progressive increases in loaf weight, density, and hardness, alongside decreases in springiness, cohesiveness, and resilience at higher substitution levels. Color characteristics showed systematic darkening of both crumb and crust with increased cardaba banana content, which may influence consumer perception but provides visual distinctiveness. The shelf-life of 6 days at ambient temperature for all formulations is comparable to commercial bread products, though microbiological counts exceeded WHO guidelines by day 6. In conclusion, cardaba banana flour represents a viable and nutritionally beneficial wheat substitute for bread production at substitution levels up to 10-20%. This research contributes to value addition of underutilized cardaba banana, reduces dependence on wheat imports, and provides consumers with nutritionally enhanced bread products. Future research should investigate the effects of processing modifications (fermentation, enzymatic treatment) on anti-nutritional factors and explore the use of natural preservatives or modified packaging to extend shelf-life.
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