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Physicochemical, sensory and antioxidant properties of biscuit fortified with papaya, pineapple, and beetroot mix powder
Abstract

Background and aims: Beetroot, papaya and pineapple constitute important natural ingredients in producing functional foods due to the presence of bioactive and antioxidant compounds. Therefore, this study aimed to formulate and evaluate the physicochemical composition and antioxidant properties of biscuits fortified with and papaya, pineapple beetroot powder at the rates of 10%, 15%, 20% and 25% (w/w). Methods: The hardness, pH, water absorption capacity, nutritional content and in vitro antioxidant profile were analysed using standard methods. Sensory analysis was done using the technique of a 9-point hedonic scale. Results: The hardness varied from 92.02 ± 4.29 to 104.66 ± 2.98 N for biscuits with 25% and 10% of fruit powder respectively. pH values decreased significantly with fruit powder addition in biscuits. The use of beetroot, pineapple and papaya powder resulted in a slight increase in water absorption capacity (33.32-160.53%). Moisture, fat, protein, fiber, ash, soluble sugars and carbohydrate content ranged from 4.79-9.92%, 17.02-21.65g/100g, 7.94-9.89g/100g, 2.46-14.86g/100g, 2.39-3.55g/100g, 42.14-56.85g/100g, 5.29-8.69g/100g respectively. The micronutrients Fe, Zn, Mg and Vitamin C  ranged from 4.28-8.39%, 4.82-5.74%, 20.41-62.31% and 41.44-84.68% respectively. The antioxidant profiling showed a similar increase in ferric reducing antioxidant power (FRAP) (0.91-3.36µmol.100g-1) total flavonoids (158.75-861.25 mg. QE 100g-1), total phenolic (203.75-562.65 mg GAE.100g-1), 2,2-Diphenyl-1-PicrylHydrazyl (DPPH) free radical scavenging activities (20.83-69.71 %) and anti-radical activity  (42.59-94.34%). Among the different formulations, the biscuits prepared with 10% of fruit powder (PAB10) had the highest sensory quality with an overall acceptability score of 6.71. While the biscuit with the best nutritional potential was the biscuit fortified with 25% of fruit powder. This study highlights the potential of utilising papaya, pineapple and beetroot in functional biscuits, hence it can serve as relief for malnutrition.
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1 Introduction

Fruits and vegetables are excellent sources of micronutrients and antioxidants (carotenoids, flavonoids, acid gallic) (Amao, 2018) and fibre (Barber et al., 2020). Fruits and legumes are produced in significant quantities and consumed locally but are seldom processed to add value (Thivani et al., 2016). Many authors demonstrated that fruits exhibit relatively high metabolic activity compared with other plant-derived foods such as seeds and tubers. These metabolic activities continue after harvest, thus making most fruits highly perishable commodities (Offia-Olua & Ekwunife, 2015). There is a necessity to diversify the different commercial forms of use of fruits and vegetables. There are numerous ways of utilizing and processing fruits such as processing into juice, jams, concentrates, jellies and dehydrated products (Thivani et al., 2016). The introduction of fruit-based composite flour is novel. Recently, emphasis has been laid on fruits and vegetables as being a source of biologically active substances because of their antioxidant and anticarcinogenic properties which help to improve the human digestive system as well as prevent cardiovascular diseases and diabetes (Tortoe et al., 2014). However, natural fruit juices without additives have a short shelf life of not more than four weeks (Pandey & Negi, 2018).

Biscuits are greatly popular and consumed by almost all types of consumers worldwide preschool and school-age children in particular (Arshad et al., 2007; Thivani et al., 2016). Biscuits are stable foods and have advantages such as ready-to-eat form, wide consumption, long shelf life and eating quality (Siddiqui & Nasreen, 2014; Bello et al. 2018). Biscuits are popular baked goods with low final water content (1–5 g/100 g) and, typically, three main ingredients (flour, sugar, and fat), as they are high in sugar and have low amounts of antioxidants, fibre, and minerals (Elkatry et al. 2024; Heo et al. 2019). In Cameroon, there was a 22.9% increase in biscuit consumption between 2020 and 2021 (Minfi, 2022; Yadav et al. 2023). Therefore, biscuits can constitute an excellent means to increase in rate of micronutrient consumption (Haile et al., 2020). WHO recommends reducing the overall consumption of sugars and foods that promote a high glycemic response (WHO, 2015). Nowadays, it has become essential to produce foods containing functional ingredients to meet the nutritional needs of the population according to their specificity. 

A previous study realised by Mananga et al. (2022), has shown the benefits of natural fruit juice made from papaya, pineapple and beetroot in well-defined proportions. This juice was revealed to be rich in minerals, vitamin C, and carotenoids and had anti-anemic activity. The concentrations of the various fruits used as ingredients in the composition of these natural fruit juices could serve as a basis in a recipe for baked goods to improve the nutritional properties of biscuits allowing them to be considered functional.  

The current study was designed to develop novel papaya pineapple and beetroot functional biscuits by adding different well-defined proportions of fruit legume powder to biscuit dough.
2 Material and methods

2.1 Raw material collection and identification 

The fully completely matured, ripe, freshly harvested beetroot, pineapple and papaya were purchased from a local market of Yaounde and then identified at the National Herbarium by comparison with the material of Daniel Dang 89 using the specimen collection N°18648/SRF/CAM for the pineapple, with the material of Betti Jean de Lagarde 243 using the specimen collection N°66220HNC for the papaya and finally with the material of Daniel Dang N°351 using the specimen collection N°25664/SRF/CAM.

2.2 Fruits powder production

According to the findings of Mananga et al. (2022) and Mananga et al. (2023) with minor modifications, the well-defined proportion of the anti-anemic juice made from beetroot, pineapple and papaya was used to elaborate fruits and legume powder. 

· Fresh and ripe papaya were washed manually to remove any dust or foreign particles

on their surface. After washing, the papaya was peeled and the glitches were removed. The peeled papaya was sliced into pieces of 2 cm of thickness. The slices were dipped into the potassium metabisulphite solution (0.02%) for 5 minutes to prevent discoloration. The slices were drained and oven-dried at 50°C in a conventional air oven for 12 hrs. After, they were dry-milled into powder packed in zip lock bags, and stored in a desiccator prior to use. 
· Pineapple powder was subsequently prepared in the same conditions as papaya. Ripe 
and fresh pineapples were used and washed with potable water. After washing, the pineapple was peeled and the cores and crown were removed. The pineapple was cut into small pieces of 2 cm of thickness and slices were dipped into the potassium metabisulphite solution (0.02%) for 5 minutes to prevent discoloration. The slices were drained and oven-dried at 50°C in a conventional air oven for 12 hrs. After, they were dry-milled into powder, packed in zip-lock bags, and stored in a desiccator prior to use.
· Fresh fully ripe sound beetroot was used for extraction of pulp. After washing properly with potable water, the fruits were peeled with a knife and blanched in the hot water for 10 min. They were then cooled down. The beetroot was drained and oven-dried at 65°C in a conventional air oven for 8 hrs. It was thereafter it was dry-milled into powder, packed in zip-lock bags, and stored in a desiccator prior to use. 
The combinations of different powders were done in well-defined proportions as described by Mananga et al. (2022). The papaya, pineapple and beetroot powder obtained were packed and stored for the subsequent formulation of biscuits.

2.3 Biscuits production process

The biscuits were prepared according to the procedure of Laganà et al. (2022) with slight modifications. The fruit powder ratios in the formulation were decided in the light of preliminary experiments and the fruit powder addition was limited to 25% due to the very dark red colour of the beetroot. The compositions of the biscuit are given in Table 1. 

Table 1: Composition of the different formulated biscuits
	Ingredients
	Control biscuit
	Fruit powder-incorporated biscuits

	
	
	Fruits powder

	
	ETK
	PAB 10
	PAB 15
	PAB 20
	PAB 25

	Wheat flour (g)
	46
	46
	46
	46
	46

	Milk powder (g)
	5
	5
	5
	5
	5

	Fruits powder (g)
	0
	10
	15
	20
	25

	Margarine (g)
	13
	13
	13
	13
	13

	Eggs (g)
	10
	10
	10
	10
	10

	Baking powder (g)
	1
	1
	1
	1
	1

	Sugar (g)
	25
	15
	10
	5
	0

	Salt (g)
	0.25
	0.25
	0.25
	0.25
	0.25

	Water (mL)
	0
	5
	8
	16
	24


ETK: Control biscuit, PAB 10: Biscuit with 10g of fruit powder; PAB 15: Biscuit with 15g of fruit powder;  PAB 20: Biscuit with 20g of fruit powder;  PAB 25: Biscuit with 25g of fruit powder.

Biscuits containing fruit powder were prepared by substituting 10, 15, 20 and 25% of white sugar in the formulation. The margarine, white sugar, salt and whole eggs were weighed, mixed and blended until the sugar was crushed and a milky white mixture was observed. Also, the quantity of soluble sugar provided by the fruit powder added in the different forms of biscuits is provided in Table 2. Wheat flour, baking powder, milk powder and fruit powder were then weighed and added to the milky white mixture and blended with slight additions of water. For each formulation, the quantity of fruit powder used was different (four proportions of 10, 15, 20 and 25 g) while the amounts of wheat flour, powdered milk, margarine, whole eggs, yeast and salt were fixed to obtain the final biscuit dough. The obtained dough was put into the biscuit mould. The desired biscuit dough shape was baked at 180° for 20-25 min in an oven (Panasonic MOV-212). The light brown baked biscuits obtained were removed and cooled at room temperature. After cooling, samples were packed in an airtight container for further analysis. The appearance of the biscuits after baking is shown in Figure 1.

Table 2: Quantity of soluble sugar provided by fruit powder and white sugar
	White sugar (g)
	Soluble sugar (g)
	Fruits powder (g)
	Soluble sugar (g)

	5
	5
	5
	1.10

	10
	10
	10
	2.21

	15
	15
	15
	3.32

	20
	20
	20
	4.43

	25
	25
	25
	5.53
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Figure 1: Appearance of biscuits after baking. (ETK: control biscuit, PAB 10: biscuit with 10g of fruit powder; PAB 15: biscuit with 15g of fruit powder;  PAB 20: biscuit with 20g of fruit powder;  PAB 25: biscuit with 25g of fruit powder).
2.4 Physicochemical analysis of biscuits

2.4.1 Determination of physical parameters

2.4.1.1 Determination of water absorption capacity
The water absorption capacity was determined according to the protocol described by Diomande et al. (2017) with minor modifications. One gram (1g) of biscuit powder (M0) was introduced into 15 mL of centrifuge tubes. Ten millilitres (10 mL) of distilled water were added and mixed thoroughly for 2 min. The whole solution was stirred for 15 minutes and left at room temperature for 30 min, then centrifuged for 30 min at a centrifugal force of 2500 rpm. The pellet was weighed (M2) and oven-dried at 105 ± 2°C for 24 hours. The mass of the dry pellet (M1) was noted. The water absorption capacity for each sample was determined according to the following formula: CAE= (M2-M1) / M0×100. 

2.4.1.2 Determination of density and hardness

The density was determined according to the protocol described by Fustier, (2006). For each sample, fifteen grams (15g) of powder was weighed (M) and introduced into a graduated cylinder. A low density means a light biscuit. The volume of the powder contained in each test tube was read (V) and the bulk density was determined according to the following formula: 

D = M/V (with M = mass of the biscuit (g); V= the volume occupied (cm3) by the powder in the test tube;     D= Density of the biscuit (g/cm3).
The hardness was determined by a penetrometric test (Kumar et al., 2011). A conical probe having a diameter of 3 cm and a height of 3.5 cm was introduced at a speed of 04 mm/s into the biscuit to a depth of 03 mm and a digital display gave the penetration force expressed in g. With 1g = 0.102N. 

2.4.1.3 Determination of pH and titratable acidity

The pH was measured using a pH meter according to the protocol described by A.O.A.C (1990). A volume of 100 mL of distilled water was added to 10 g of each sample; after 15 min of homogenization using a magnetic stirrer, the pH of the solution was recorded. Titratable acidity was measured according to the method described by AFNOR (1982). A volume of 10 mL of distilled water was added to 1 g of each sample followed by stirring for 15 minutes and filtration. Then, three drops of phenolphthalein were added and the mixture was titrated with a NaOH solution (0.1N) until the colour changed to pink which persisted for a few seconds. The volume of NaOH used was taken and  the titratable acidity was calculated according to the following formula:

Titratable acidity (g/L) = N0 x V0 (mL) x M / V1 (mL) x P

N0: 0.1 (normality of NaOH); V0: volume of NaOH necessary to change the colour of the solution to pink;        M: molecular molar mass of citric acid (192 g/mol); V1: diluted sample volume; P: number of protons carried by citric acid.
2.4.1.4 Biscuits colour

The colour of the biscuits was measured according to the CIE L*a*b* system (Kumar et al., 2011). The parameters L, a, b, c and h were measured by spectrophotometry (Konica Minolta CM-700d model spectrophotometer), with: L=brightness (L=0 for darkness and L=100 for brightness); a= redness (from green (-) to red (+)), b= yellowing (blue (-) to yellow (+)); c= chromaticity (purity or saturation of colour); h°= angle of movement of the colour in space ab (0°=the colour is purely red; 90°= the colour is purely yellow; 180°=the colour is purely green; 270°= the colour is purely blue; 360° or 0°= the colour returns to red).
2.4.1.5. Proximate and mineral analyses of biscuits

The moisture, fat, protein, fibre, ash and mineral (Ca, Mg, Fe) contents of fortified biscuits were assessed according to the standard methods as recommended by the AOAC (AOAC, 1990). The soluble sugar was extracted and determined according to the method of Fischer and Stein (1961). Carbohydrates were calculated by the differentiation method. The energy value (E) per 100g of flour was obtained according to the formula: 

E = (9 × % Fat) + (4 × % Protein) + (4 × % Carbohydrate) (Livesey et al., 1995). The determination of vitamin C was carried out following the protocol of Harris and Ray (1935) using 2,6 dichlorophenol indophenol.

2.5 Determination of total phenolic content and antioxidant activity of fortified biscuits
2.5.1 Extraction of the phenolic compounds
One (1) g of ground biscuit was extracted with 20 ml of 70% methanol solution by mixing using a magnetic stirrer. The mixture was stirred for two hours at room temperature and centrifuged at 3000 rpm for 10 min (Dhar et al., 2012). The supernatant was collected, filtered and stored at 4°C for further analysis.

2.5.2 Dosage of phenolic compounds
The determination of total phenolic compounds (TPC) was done by the Folin-Ciocalteu method using Gallic acid as standard with slight modifications (Dhar et al., 2012). Approximately 2mL of extract solution of each sample was mixed with 2 mL of Folin Ciocalteu reagent 2 N for 1 min. After reacting for 5 min, 2 mL of 10% of Na2CO3 was added and the mixture was vortexed vigorously and kept at room temperature in a dark environment for 15 min. The absorbance was measured at 760 nm using a Bioteck spectrophotometer against a blank. The TPC was calculated using a standard curve of the standard Gallic acid (concentrations ranging from 20 to 200 (g/mL) and the result was expressed as mg Gallic acid equivalents (GAE) / 100 g dry weight (DW) of the sample (mg GAE / 100g DW).

2.5.3 Dosage of total flavonoid content (TFC)

The total flavonoid content was evaluated using the method described by Dhar et al. (2012) with minor modifications. The absorbance was measured at 510 nm using a double-beam spectrophotometer. The TFC was determined using a standard curve of quercetin and expressed as mg quercetin equivalents (QE)/100 g dry weight (DW) of the sample (mg QE/100 g DW).
2.5.4 Determination of antioxidant capacity 

The DPPH radical (2,2-diphenyl-1-picrylhydrazyl) capacity of the different extracts was determined following the methods described by Lopes-Lutz et al. (2008) with slight modifications. In a test tube, 150 µl of samples were added at different concentrations 1.5% 1.25%; 1%; 0.75% and 0.5%. Then, 3.9 mL of DPPH solution (1.0mM in 70% aqueous methanol) was added and incubated for 60 min in a dark at room temperature. The absorbance was measured at 517 nm. The antioxidant capacity was expressed using the formula: 

% Inhibition = (Ao-As/Ao) x 100 (with As = Absorbance of sample, Ao = Absorbance of control).  The scavenging activity was expressed as IC50 (µg/µL).
2.5.5 Ferric-Reducing Antioxidant Power (FRAP)

The FRAP assay was performed according to the method described by Benzie and Strain (1996) with minor modifications. A 100 µL extract solution was mixed with 3mL of FRAP reagent and incubated in a dark room for 5 min. The absorbance of the solution was determined at 593 nm. Ferric reducing antioxidant power was expressed as µmoL of Fe2+ equivalent /100 g dry weight (DW) of the sample using the calibration curve of Fe 2+.

2.6 Sensory analysis
Sensory analysis of biscuits with proportions of 10%, 15%, 20% and 25% fruits-legumes powder was tested for texture, colour, flavour, taste and overall acceptance by 63 untrained panellists (Morten et al., 2007). A 9-point hedonic scale was used with 1 representing the lowest score (dislike extremely) and 9 the highest score (like extremely). The analysis was performed for the freshly made biscuits.
2.7 Data analysis

Data analysis was performed using Statistical Package Social Science (SPSS) software version 22.0 for Windows. The data were expressed as mean ± standard deviation of triplicate measurements. To determine statistical differences p<0.05 ANOVA (one-way analysis of variance) with Tukey’s multiple comparison test was performed.
3 Results
3.1 Physical characteristics of the biscuits
The physical characteristics of the biscuits are presented in Table 3. The values of the parameters L*, b* and c* decrease from the control biscuit towards the most fortified biscuit. The pH was higher for control (ETK) biscuits (7.4±0.01) and lowest for biscuits with 25 g of fruit powder (5.90 ± 0.02). The hardness was highest for the biscuit with 10g of fruit powder (104.66±2.98) and lowest for the biscuit with 25g of fruit powder (92.02±4.29). Water absorption capacity varied from 33.32±4.63 for the control biscuit to 160.53±1.91 for the biscuit with 25 g of fruit powder. The inclusion of fruit powder had a significant impact on the color of biscuits as presented in Table 3. The L* values of the biscuits decreased from 56.29 (ETK) to 38.73 after the incorporation of 25g of fruit powder. Similar observations were made for b*, c*, and h° where the values of the biscuits control (ETK) decreased progressively and significantly (p<0.05) after the incorporation of fruit powder. Furthermore, the a* value varied from 8.47 for ETK to 16.06 for PAB 10%.

Table 3: Physical Characteristics of Biscuits

	
	Samples

	Parameters
	ETK
	PAB10
	PAB15
	PAB20
	PAB25

	L*
	56.29±4.76a
	51.16±0.10ab
	50±1.13ab
	47.66±0.17b
	38.73±1.92c

	a*
	8.47±3.24b
	16.06±0.04a
	15.53±0.32a
	12.91±0.08a
	8.51±0.84b

	b*
	16.15±5.30a
	9.50±0.06b
	8.58±0.60b
	7.24±0.08bc
	1.02±0.75c

	c*
	18.27±6.06a
	18.66±0.06a
	17.75±0.39a
	14.81±0.11ab
	8.77±0.55b

	h°
	62.32±3.99a
	30.61±0.10b
	28.92±1.81b
	29.30±0.14b
	11.66±0.82c

	pH
	7.4±0.01a
	6.66±0.01b
	6.60±0.01c
	6.47±0.03d
	5.90±0.02e

	TTA %
	0.40±0.01b
	0.50±0.01a
	0.20±0.01c
	0.20±0.01c
	0.20±0.01c

	Density (g/cm3)
	0.62±0.04a
	0.66±0.00a
	0.66±0.10a
	0.64±0.02a
	0.65±0.08a

	Hardness (N)
	102.47±3.63a
	104.66±2.98a
	97.56±5.03a
	95.25±10.67a
	92.02±4.29a

	Absorption %
	33.32±4.63d
	68.35±0.42c
	85.31±1.16b
	157.46±1.33a
	160.53±1.91a


ETK: control biscuit, PAB 10: biscuit with 10g of fruit powder; PAB 15: biscuit with 15g of fruit powder;  PAB 20: biscuit with 20g of fruit powder;  PAB 25: biscuit with 25g of fruit powder. L*, a*, b*, c*, h° represent the colour parameters of the biscuits. TTA: titratable total acidity. Results are expressed as mean values± SD; Means within the same row with different superscripts significantly different at p<0.05.

3.2 Proximate and mineral composition of biscuits

Key findings from the proximate and mineral composition of fortified biscuits are summarized in Table 4. The moisture content of biscuits ranged from 4.79±0.33 (ETK) to 9.92±0.65 (PAB25). The inclusion of fruit powder in the biscuit formulation led to a significant increase in moisture content compared to the ETK (control biscuit). The crude fat content of the samples ranged from 17.02±1.95 (ETK) to 21.65±1.47 (PAB25), protein varied from 7.94 to 9.89%, fibres ranged from 2.46 to 14.86%, ash content oscillated from 2.39 to 3.55%, carbohydrate contents varied 42.14 (PAB25) to 65.45% and energy ranged from 398.43 (PAB25) to 446.76 kcal (ETK). As seen in Table 4, the incorporation of fruit powder flour in the biscuit samples slightly reduced their carbohydrate and energy content while the moisture, crude fat, protein, ash and fibre content of the biscuit samples increased slightly. The mineral analysis indicated that all the biscuits contained a significant proportion of magnesium, zinc and iron. Substitution of sugar by fruit powder improved the mineral value of the products. The iron content of the sample varied from 4.28 (ETK) to 10.12 mg/100g (PAB10), zinc content ranged from 4.82 (PAB10) to 5.74 (ETK) and magnesium contents ranged from 20.41 (ETK) to 62.31 mg (PAB25). Vitamin C values significantly increased in the fortified biscuits, particularly in the biscuit with 25g of fruits powder (84.68 mg). 

Table 4: Proximate composition (g/100g DW) and mineral composition (mg/100g DW) of the biscuits.
	Parameters
	ETK
	PAB10
	PAB15
	PAB20
	PAB25

	Moisture
	4.79± 0.33c
	8.05±0.80b
	8.20±0.37b
	7.45±0.47b
	9.92±0.65a

	Fat
	17.02±1.95b
	19.40±0.93ab
	17.65±0.39b
	19.27±1.65ab
	21.65±1.47a

	Proteins
	7.94±0.04e
	9.89±0.09a
	9.01±0.04c
	9.52±0.09b
	8.75±0.09d

	Total carbohydrates
	65.45±0.11a
	56.85±0.23b
	55.33±0.14c
	51.66±0.21d
	42.14±0.25e

	Fibres
	2.46±0.01e
	3.33±0.12d
	5.83±0.02c
	8.55±0.04b
	14.86±0.46a

	Ashes
	2.39±0.01a
	2.59±0.20a
	3.55±0.02a
	3.25±0.25a
	2.98±1.03a

	Soluble sugars
	5,29±0,33d
	3,16±0,00e
	11,55±0,16b
	13,82±0,63a
	8,69±0,27c

	Energy (kcal)
	446.76±0.06a
	441.57±0.08b
	416.23±0.01d
	418.16±0.01c
	398.43±0.00e

	Mg
	20.41±0.06e
	29.42±0.05d
	44.10±0.05c
	46.25±0.30b
	62.31±0.07a

	Zn
	5.74±0.05a
	4.82±0.04d
	5.15±0.05c
	5.30±0.04b
	5.34±0.04b

	Iron
	4.28±0.02e
	5.29±0.05a
	5.74±0.06d
	6.01±0.04c
	8.39±0.03b

	Vitamin C
	41.44±1.80d
	55.55±0.00c
	55.55±0.00c
	63.063±1.80b
	84.68±1.80a


ETK: control biscuit, PAB 10: biscuit with 10g of fruit powder; PAB 15: biscuit with 15g of fruit powder;  PAB 20: biscuit with 20g of fruit powder;  PAB 25: biscuit with 25g of fruit powder. Results are expressed as mean values ± SD; Means within the same row with different superscripts significantly different at p<0.05.

3.3 Antioxidant profiling of biscuits 

Antioxidant profiling of biscuits is presented in Table 5. Total phenolic content was increased from 203.75±1.67 to 562.65±0.38 mg gallic acid/100 g DW sample. The analysis revealed that fortified biscuits are a good source of total flavonoid compounds. It ranged from 1.58±0.02 (ETK) to 861.25±0.20 (PAB 25). The FRAP values ranged from 0.91±0.06 (ETK) to 3.36±0.01 (μmol.100 g− 1) (PAB 25). The percentage of OH radical inhibition ranged from 42.59±0.13 (ETK) to 97.27±0.15 (PAB 15). As for the DPPH free radical scavenging percentages, it ranged from 20.83 (ETK) to 69.71% (PAB25).

Table 5: Antioxidant profiling of Biscuits
	Parameters
	ETK
	PAB10
	PAB15
	PAB20
	PAB25

	TPC (mg GAE/100 g)
	203.75±1.67e
	356.51±1.01d
	483.53±3.27c
	496.79±0.76b
	562.65±0.38a

	FRAP (μmol.100 g− 1)
	0.91±0.00e
	2.37±0.05d
	2.46±0.02c
	3.47±0.02a
	3.36±0.01b

	DPPH %
	20.83±0.18e
	33.91±0.15d
	53.23±0.02b
	51.42±0.13c
	69.71±0.04a

	TFC (mg QE.100 g− 1)
	158.75±0.02e
	386.25±0.05d
	660.62±0.04c
	770±0.10b
	861.25±0.20a

	Anti-radical activity (%)
	42.59±0.13e
	95.36±0.27b
	97.27±0.15a
	91.82±0.13d
	94.34±0.20c


TPC= Total phenolic content; FRAP = Ferric ion reducing antioxidant power; DPPH = 2, 2-diphenyl-1-picrylhydrazyl; TFC= Total flavonoid content; ETK: control biscuit, PAB 10: biscuit with 10g of fruits powder; PAB 15: biscuit with 15g of fruits powder;  PAB 20: biscuit with 20g of fruits powder;  PAB 25: biscuit with 25g of fruits powder. Means within the same row with different superscripts significantly different at p<0.05.
3.4 Sensory analysis of biscuits
Figure 2 presents sensory scores of fruit powder-incorporated biscuits using a nine-point Hedonic Scale Method. There were significant differences among the formulations on the sensory characteristics of the biscuits such as odour, colour, taste, texture and overall acceptability (p<0.05). Among the fortified biscuits, the biscuits incorporated with 10% fruit powder (PAB 10) had the highest overall acceptability characteristics (6.71) based on the organoleptic parameters, followed by PAB 15, PAB 20 and PAB 25. The control biscuit (ETK) exhibited the highest score for odour, colour, taste, texture and overall acceptability (7.73).


Figure 2: Sensory Scores of Fruits Powder Incorporated Biscuits Using a Nine-point Hedonic Scale Method.

(ETK: control biscuit, PAB 10: biscuit with 10g of fruit powder; PAB 15: biscuit with 15g of fruit powder;  PAB 20: biscuit with 20g of fruit powder;  PAB 25: biscuit with 25g of fruit powder).

4 Discussion
The physical characteristics of biscuits showed that L*, b* h° and c* values decreased from the control biscuit to the most fortified biscuit. This could be explained by the presence of colouring pigments such as betacyanin, betaxanthin and betalain in beetroot, lycopene and β-cryptoxanthin in papaya (Farhan et al., 2024). The redness value (a*) increased from the control biscuit to the most fortified biscuit (25% of fruit powder) and gradually decreased because of the cooking time (which increased with the addition of powder). Indeed, betacyanin, betaxanthin andlycopene areheat-labile pigments (Chandran et al., 2014).  The pH and total titratable acidity values were higher in the control biscuit (ETK) compared to the fortified biscuits. This reduction of pH or titratable acidity could be due to the presence of organic acids such as ascorbic acid, gallic acid and citric acid which are present in pineapple and papaya and whose concentrations are higher in fortified biscuits (Walker and Famiani, 2018). Regarding hardness and density, the results could be explained by a greater quantity of fibres in the fortified biscuits. These results are similar to those obtained by Weng et al. (2020) who enriched biscuits with different quantities of passion fruit peels and observed a progressive decrease in hardness. 

Proximate analysis of food is of great importance and it is usually the basis for the establishment of nutritional quality of food and its acceptability by consumers. The moisture in the ETK (control biscuit) was lower than the moisture content in the fortified biscuits, but the concentration was under 10%. This means that fortified biscuits can be kept for a long time. The fat content ranged from 17.02±1.95 (ETK) to 21.65±1.47 (PAB25). This could be explained by the presence of fibre in fortified biscuits which is known to have a high oil retention capacity (Wong et al., 2016). The findings are similar to those obtained by Kongwe et al., (2023) who worked on the enrichment of biscuits with baobab pulp flour and observed a progressive increase in the fat content in the samples at the same time as the increase in fibre content. 

Moreover, the results showed an increase in the protein contents of the fortified biscuits compared to the control. This may be due to the additional supply of amino acids from fruit powders. Total carbohydrate contents ranged from 42.14 (PAB25) to 65.45 g/100g dry matter. This is due to a lower intake of digestible carbohydrates from fruit powder compared to the carbohydrates provided by white sugar which has been substituted (22.12 g of carbohydrates per 100 g of powder compared to 100 g of carbohydrate per 100g of white sugar). These results are in accordance with those of El-Sharnouby et al. (2012) who substituted wheat flour with a mixture of date powder and wheat bran and observed a gradual reduction in carbohydrate contents. The results revealed a higher fibre content in the biofortified biscuits (14.86%) compared to the results observed in the control biscuit (2.46%). This could be due to the high amounts of fibre provided by the fruit powder in the biscuits, particularly pineapple. These results are similar to the results obtained by El-Sharnouby et al. (2012) who fortified biscuits with date powder at different proportions and observed a gradual increase in the amounts of fibre in the biscuits. The ash contents in the biofortified biscuits were 3.55%. Ash content gives a global idea of the amount of minerals in the food. Several authors have reported that the ash content of food is less than 5% (Marshall, 2010). These results are different from those obtained by Akoja and Coker, (2018) who enriched biscuits with okra powders. The results showed that the fortified biscuits have a good energy value of 398.43 kcal. Among the micronutrients analysed in this study, the magnesium content (29.42-62.31%) was found to be higher than iron (5.29-8.39%) and zinc (4.82-5.34%) contents.  The differences observed could be due to the number and quantity of fruits and legumes included in the powder. The vitamin C content was quite high. It significantly varied from 41.44-84.68% in the samples. These results are in agreement with the work of Goubgou et al. (2021) who demonstrated that enriching biscuits with powder from different fruits could increase the vitamin content of the latter. 

 Phenolic compounds content in the biscuits varied from 203.75 (ETK) to 562.65 mg GAE/100g (PAB25). The fortified biscuits with the highest phenolic compounds were those with 25g of fruit powder and the lowest was the control biscuit (ETK). The data on antioxidants profiling of fortified biscuits suggest appreciable amounts of total phenolic compounds. Flavonoid contents in the biscuits varied from 386.25 (PAB10) to 861.25 mg QE.100.g-1 (PAB25). A progressive increase in flavonoids was observed with the increase in fruit powder. These results are similar to those of Sady and Sielicka, (2019) who found that enriching biscuits with freeze-dried black chokeberry powders increased, the amount of total phenolic compounds and flavonoids. The high flavonoid contents of the biscuits may suggest an improvement in the preservation of biscuits due to their antifungal properties (Nohynek et al., 2006). Antioxidant capacity refers to the ability of a substance to neutralise free radicals and prevent oxidation, a chemical process that can damage cells and contribute to premature ageing and various diseases (Farhan et al., 2024). It should also be noted that fortified biscuits have a higher Ferric-reducing Antioxidant Power (FRAP) than control biscuits. This is due to the high concentration of bioactive compounds in fruit, especially in the beetroot. According to several authors (Thiruvengadam et al., 2022), a good FRAP value could be associated with the presence of higher levels of health-promoting phytochemicals, consisting of tannins, flavonoids, saponins and quercetin in beetroot. These results align with the findings of Farhan et al. (2024) who demonstrated that enriching hard candies with 2, 4, 6, 8 and 10% of beetroot powder led a significant increase in FRAP values.

The sensory acceptability of functional food products could be a viable approach, significantly influenced by the addition of new ingredients to bakery products (Farhan et al., 2024). It is also a way of finding out what the consumers think of a food product. The highest sensory score for odour, taste, texture and colour was observed for ETK (control biscuit), followed by PAB10, PAB15, PAB20 and PAB25 respectively (fortified biscuits). The reduction in sensory scores for biscuit taste, texture and colour could be attributed to the gradual increase in the mass of fruit powder, which considerably reduces the sweetness of the biscuits. In fact, the gradual substitution of white sugar with fruit powder in equivalent proportions causes a change in the taste of the biscuits. On the other hand, fruit powder is rich in dietary fibre, which leads to a change in texture, resulting in a gradual reduction in the crispness of the enriched biscuits. Furthermore, this could also justified by the difference in the colour of the fortified biscuits due to the presence of betaxanthin, betacyanin, and betalain in beetroot which gives the biscuits a purple-red colour not much appreciated by the consumers (Chandran et al., 2014). Comparisons with results from other studies revealed similar trends (Ingle et al., 2017). The control biscuits had the highest overall acceptability characteristics based on the organoleptic point of view. This is due to the dietary habits of the population, who generally eat very sweet, light colour and crispy biscuits to new products. This result was contradicted by Sadal et al. (2018). Among the formulations, the biscuits fortified with 10% papaya, pineapple and beetroot powder had the highest sensory quality, with an overall acceptability score of 6.71 on a 9-point hedonic scale.

5 Conclusion

Based on the findings of this study, it concluded that biscuits fortified with Carica papaya, Ananas comosus, and beta vulgaris powder in well-defined proportions had an interesting nutritional value. Indeed, the progressive incorporation of fruit powder was accompanied by an increase in the nutritional value as well as antioxidant capacities. The most appreciated fortified biscuit by the panellists was the PAB10 biscuit while the biscuit with the best nutritional potential was the PAB25 biscuit. Furthermore, the consumption of different biscuits can help to prevent and reduce the incidence of many chronic diseases such as type 2 diabetes, high blood pressure and micronutrient deficiency conditions like anaemia. However, further study is essential to fully understand the bioavailability of nutrients and in vivo properties for a more detailed understanding. 
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