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Abstract
A local snack chinchin was produced from wheat, defatted peanut and orange peel flour blends. Four combinations of wheat, defatted peanut and orange peel flours in ratios of  90:5:5, 85:10:5, 80:15:5, 75:20:5 and whole wheat flour were used to produce the snack. The phytochemical composition of the flour and chinchin respectively were as follows: Saponins (0.067-0.153%, 0.002-0.007%), Alkaloids (0.043-1.457%, 0.001-0.016%), Total Phenolics (1.03-13.77mgGAE/g, 2.29-11.97mgGAE/g), Total Flavonoids (3.07-29.31mg/QE, 9.77-16.03mg/QE). The samples also demonstrated significant antioxidant activity as follows; DPPH inhibition (6.90-40.45%), FRAP (8.04-12.98mgAAE/g), and H2O2 scavenging activity (19.21-34.00%). The microbiological load of the chinchin in the course of the storage period shows that it was still very safe for human consumption as the counts were in the order of 102-104 as recommended by standards. Sensory results showed that all chinchin samples were generally accepted by panelists. The chinchin herein produced demonstrates great potential for its use in the development of functional foods given its great nutrients and improved functional characteristics as seen with the produced chinchin.

[bookmark: _Toc99463812][bookmark: _Toc99544302]INTRODUCTION
In West Africa and other regions, chinchin is a widely consumed snack.  It is usually produced using sugar, oil, wheat flour, and spices. The use of alternative flours to substitute wheat in the making of chinchin has drawn some attention in recent years. One of such flour is defatted peanut flour, which has a high concentration of antioxidants and phytochemicals. Another flour that is high in antioxidants and phytochemicals is orange peel flour
Numerous investigations have demonstrated that defatted peanut flour is rich in phytochemicals with known anti-inflammatory and antioxidant qualities, such as quercetin, resveratrol, and catechins (Adebiyi & Oboh, 2016; Oboh et al., 2014).  Analogously, orange peel is abundant in phenolic acids, carotenoids, and flavonoids, all of which have anti-inflammatory and antioxidant characteristics (Jin et al., 2014).  The antioxidant and anti-inflammatory qualities of chinchin could be improved by adding these flours to its manufacturing process.
Furthermore, a microbiological examination of the chinchin derived from these mixes may offer insightful data regarding the product's safety. According to reports, chinchin made solely from wheat flour may include dangerous microbes including Salmonella spp and Escherichia coli (Okpako et al., 2012).  Consequently, the risk of microbial contamination may be decreased by employing alternate flours that have possible antibacterial qualities. 
Chinchin production could benefit from the addition of defatted peanut and orange peel flours, which could improve the chinchin's phytochemical, antioxidant, and antibacterial qualities. 
2. MATERIALS AND METHODS
[bookmark: _Toc8985025][bookmark: _Toc9176701][bookmark: _Toc9177480][bookmark: _Toc9937849][bookmark: _Toc11778766][bookmark: _Toc11778849][bookmark: _Toc11778978][bookmark: _Toc26304948][bookmark: _Toc74253153][bookmark: _Toc99463786][bookmark: _Toc99544277]2.1 Raw material preparation
[bookmark: _Toc99463787][bookmark: _Toc99544278]Wheat flour
Wheat flour was obtained from Wurukum Market Makurdi, Benue State-Nigeria.
[bookmark: _Toc99463788][bookmark: _Toc99544279]Preparation of Defatted Peanut Flour
After 30 minutes of toasting at 150 °C in the oven, a screw press was used to skin, grind, and defat the nuts. The resultant cake was baked, ground, and sieved to produce fine flour (Bongjo et al., 2022).
Preparation of Orange Peel Flour
[bookmark: _Toc99463790][bookmark: _Toc99544281]Oranges were peeled, being careful to remove only the flavedo, or outer layer of the fruits, and dried for 24 hours at 50 oC.  After that, it was sieved and ground to a fine powder.
2.2 Formulation of flour blends
The snack was prepared from different blends of wheat flour, defatted peanut flour and orange peel flour. The various ratio formulations for the snack composite flours are given in Table 1.
[bookmark: _Toc26304950][bookmark: _Toc74253159][bookmark: _Toc99463791][bookmark: _Toc99544282]2.3. Snack Preparation
Chinchin was prepared by the method as described by Bongjo et al. (2023).
[bookmark: _Toc99457413][bookmark: _Toc99462257][bookmark: _Toc99462524][bookmark: _Toc99462719]

Table 1: Flour based formulation for chinchin snack
	Ingredient (%)

	Sample
	Wheat flour
	Defatted peanut flour
	Orange peel flour

	A
	100
	0
	0

	B
	90
	5
	5

	C
	85
	10
	5

	D
	80
	15
	5

	E
	75
	20
	5



2.4 Phytochemical analysis
[bookmark: _Toc99463813][bookmark: _Toc99544303]Determination of Saponin contents
This was done as described by Umeobika et al. (2015).  Twenty percent acetic acid in ethanol was added to 5 g of the samples, which was then left to stand in a water bath at 50 oC for a whole day. After filtering, the extract was reduced to a quarter of its original volume by concentrating it using a water bath. The extract was gradually mixed with concentrated NH4OH until the precipitation was fully formed. Once the entire solution had settled, the precipitate was filtered out and weighed. Weighing the saponin content allowed us to determine its percentage of the examined sample. 

 
[bookmark: _Toc99463814][bookmark: _Toc99544304]Alkaloid determination 
A 250 ml beaker containing five grams of the samples was filled with 200 ml of 20% acetic acid in ethanol, covered, and left to stand at 25oC for four hours. After filtering, the filtrate was concentrated to one-quarter of its original volume using a water bath (Memmert). The extract was gradually mixed with concentrated ammonium hydroxide until the precipitation was fully achieved. After letting the entire mixture settle, the precipitate was removed and washed using dilute NH4OH solution. After that, pre-weighed filter paper was used to filter it. The alkaloid residue on the filter paper was dried at 80 oC in a precision oven (Umeobika et al., 2015).  The alkaloid content was calculated and expressed as a percentage of the weight of the sample analyzed, thus:
 
[bookmark: _Toc71465006][bookmark: _Toc71643757][bookmark: _Toc80086084][bookmark: _Toc80086259][bookmark: _Toc81475600][bookmark: _Toc99463815][bookmark: _Toc99544305][bookmark: _Toc33684008][bookmark: _Toc35607454][bookmark: _Toc57198969][bookmark: _Toc57199558][bookmark: _Toc57200079][bookmark: _Toc57200124]Determination of total phenols 
[bookmark: _Toc33684009][bookmark: _Toc35607455][bookmark: _Toc57198970][bookmark: _Toc57199559][bookmark: _Toc57200080][bookmark: _Toc57200125][bookmark: _Toc71465007][bookmark: _Toc71643758][bookmark: _Toc80086085][bookmark: _Toc80086260][bookmark: _Toc81475601][bookmark: _Toc99463816][bookmark: _Toc99544306]Folin-Ciocalteu reagent was used to determine the total phenolic content (TPC) of the various organic crude extracts as described (Alhakmani et al., 2013). Gallic acid was used as a reference. It was prepared at concentrations of 20–100 μg/mL, for plotting the calibration curve. About 0.5 mL of the sample extract of a 100 μg/mL preparation is mixed with 1.5 mL of Folin-Ciocalteu reagent with a dilution ratio of (diluted 1:10 with de-ionized water) and neutralized with 3 mL of sodium carbonate solution (7.5 %, w/v). The reaction mixture was allowed to sit in the dark at room temperature for 30 minutes with intermittent shaking for color development. The absorbance of the resulting color mixture (blue) was measured by a UV-Vis spectrophotometer at a fixed wavelength of 765 nm.
Estimation of total flavonoid content
[bookmark: _Toc99463817][bookmark: _Toc99544307]Total flavonoid content (TFC) in crude extracts was determined by the reported literature (Madaan et al., 2011). Quercetin was used as a standard to construct the calibration curve. A stock quercetin solution was prepared by dissolving 10 mg of quercetin in 10 mL of methanol in a 100-mL volumetric flask. Thereafter, serial dilutions were made from the standard using methanol as a solvent in concentrations of 100 ug/mL, 200 ug/mL, 400 ug/mL, 800 ug/mL, and 1600 ug/mL. The diluted standard solutions of quercetin and sample extracts (0.5 mL) of different concentrations were separately mixed with 1.5 mL of 95 % ethanol, 0.1 mL of 10 % aluminum chloride, 0.1 mL of 1 mol/L potassium acetate, and 2.8 mL of distilled water in test tubes. The test tubes were allowed to stand for 30 minutes at room temperature to complete the reaction. The absorbance of the reaction mixture was measured at 415 nm with a UV-visible spectrophotometer against a blank. A typical blank solution contained all reagents except aluminum chloride, which was replaced by the same amount of distilled water. The amounts of flavonoid in samples were expressed as mg of quercetin equivalent.
2.5. Antioxidant activity assay
[bookmark: _Toc99463818][bookmark: _Toc99544308]DPPH Scavenging activity
The free radical scavenging ability of the samples against 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals was evaluated as described by Ursini et al. (1994). Briefly, a 1-mL aliquot of 0.05 g of the extract dissolved in 20 mL of methanol was mixed with 1 mL of a 0.4 M methanolic solution containing DPPH radicals, and the mixture was left in the dark for 30 minutes before the absorbance at 516 nm was measured.
 
Where Ao is the absorbance of the control and A1 was the absorbance in the presence of the   sample extracts.
[bookmark: _Toc35607451][bookmark: _Toc57198965][bookmark: _Toc57199554][bookmark: _Toc57200075][bookmark: _Toc57200120][bookmark: _Toc71465003][bookmark: _Toc71643754][bookmark: _Toc80086081][bookmark: _Toc80086256][bookmark: _Toc81475597][bookmark: _Toc99463819][bookmark: _Toc99544309]Scavenging of hydrogen peroxide
The extent to which the sample extracts can scavenge hydrogen peroxides was assayed according to the method described (Sultana et al., 2009). A solution of hydrogen peroxide (40 mM) was prepared in phosphate buffer (pH 7.4). Extracts of about 0.1–1 mg/mL in distilled water were added to a hydrogen peroxide solution (0.6 mL, 40 mM). The absorbance of hydrogen peroxide at 230 nm was determined after ten minutes against a blank solution containing phosphate buffer without hydrogen peroxide. The percentage of hydrogen peroxide scavenging by the extracts and a standard compound was calculated as follows:
                                                         
[bookmark: _Toc80086082][bookmark: _Toc80086257][bookmark: _Toc81475598][bookmark: _Toc99463820][bookmark: _Toc99544310]where Ao is the absorbance of the control and A1 was the absorbance in the presence of the   sample extracts.
The Ferric Reducing Antioxidant Power (FRAP) assay
[bookmark: _Toc99463822][bookmark: _Toc99544312]The reducing power assay method has been based on the principle that constituents with reduction potentials in plant extracts react with potassium ferricyanide K4Fe(CN)Fe3+ and reduce it to potassium ferrocyanide (Fe2+), which then reacts with ferric chloride to form a ferric-ferrous complex with an absorption maximum at 700 nm. The total reducing power of the sample extracts was determined by the method using potassium hexacyanoferrate using an adopted method with slight modification (Nobosse et al., 2017). An aliquot of extract (0.1 mL) was mixed with 0.2 M phosphate buffer (pH 6.6) and 1 % K4Fe(CN)6 and incubated for 20 min at 50 °C, followed by precipitation with 10 % trichloroacetic acid (TCA). After centrifugation at 3,500 rpm for 15 minutes, the supernatant was diluted with equal volumes of distilled water, and the ferric reducing capacities of the extracts were checked by adding 0.1 % FeCl3. The absorbance was read at 700 nm against a reagent blank. Ascorbic acid was used as a reference standard, and the results were expressed as the ascorbic acid equivalent.
2.6. Microbiological evaluation of snack samples during storage
The snack samples were packaged in a low-density polyethylene bag and stored at ambient conditions (32 oC, 75 % relative humidity) in the CEFTER Food Laboratory. The samples were analyzed at weekly intervals for 3 weeks. The samples were crushed separately with the aid of a sterile ceramic mortar and pestle. One gram of each crushed sample was transferred into 10 ml of sterile normal saline separately. The mixtures were shaken vigorously, and then 0.1 mL of each mixture was inoculated on a nutrient agar (NA) plate and a Sabouraud dextrose agar (SDA) plate in triplicate using the spread plate method as described by Deedam et al. (2020a). The inoculated NA plates were incubated at 37 oC for 24 hours, while the inoculated SDA plates were incubated at ambient temperature for 5 days. After incubation, counts of the colonies on the NA and SDA plates were used to calculate the bacterial and fungal populations, respectively, with the aid of the equation below:
 
[bookmark: _Toc99463824][bookmark: _Toc99544314]2.7 Statistical analysis
[bookmark: _Toc99462317][bookmark: _Toc99462535][bookmark: _Toc99462730]Statistical Package for Social Science (SPSS) Version 26 computer software was used to analyze the data. All experiments were conducted in triplicates and reported as mean ± standard deviation (SD). An analysis of variance (one-way ANOVA) was used to ascertain any significant differences in the treatments; differences were considered at a 95 % (p<0.05) significant level. The Duncan Multiple Range Tests (DMRT) were used to separate means.
3 RESULTS AND DISCUSSION
Table 2 Phytochemical composition of Chinchin
	Sample
	Saponins
(%Dry weight)
	Alkaloids
(%Dry weight)
	Total Phenols (mgGAE/g)
	Total Flavonoids (mgQAE/g)

	A
	0.002a±0.000
	0.001a±0.000
	2.29a±0.14
	9.77a±0.77

	B
	0.003b±0.000
	0.002b±0.000
	6.16b±0.00
	11.73b±0.09

	C
	0.005c±0.001
	0.005c±0.000
	8.41c±0.00
	12.18b±0.17

	D
	0.006d±0.000
	0.007d±0.000
	11.71d±0.05
	13.17c±0.03

	E
	0.007d±0.001
	0.016e±0.000
	11.97e±0.11
	16.03d±0.13


Key: 
A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%OPF flour, C-85%Wheat: 10%DPF: 5%OPF flour, D-80%Wheat: 15%DPF: 5%OPF flour, E-75%Wheat: 20%DPF: 5%OPF flour.
Values represent mean ± SD of triplicate determinations. Means in the same column with different superscripts are significantly different at p<0.05.
[bookmark: _Toc99462318][bookmark: _Toc99462536][bookmark: _Toc99462731]

Table 3: Antioxidant activity of chinchin produced from composite flour samples
	Sample
	DPPH (%)
	FRAP (mg AAE/g)
	H2O2 (%)

	A
	6.90a±0.09
	8.04a±0.01
	19.21a±0.54

	B
	21.43b±1.24
	11.11b±0.04
	22.80b±0.14

	C
	28.30c±0.04
	12.36c±0.04
	23.69c±0.11

	D
	36.30d±0.42
	12.76d±0.08
	26.52d±0.01

	E
	40.45e±0.23
	12.98e±0.02
	34.00e±0.00


Key: 
A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%OPF flour, C-85%Wheat: 10%DPF: 5%OPF flour, D-80%Wheat: 15%DPF: 5%OPF flour, E-75%Wheat: 20%DPF: 5%OPF flour.
Values represent mean ± SD of triplicate determinations. Means in the same column with different superscripts are significantly different at p<0.05.
[bookmark: _Toc99462320][bookmark: _Toc99462538][bookmark: _Toc99462733]
Table 4: Total Bacteria Counts of chinchin during storage period
	Sample
	Storage Period (Weeks)

	
	0
	1
	2
	3

	A
	NG
	1.86×102
	2.78×103
	5.40×104

	B
	NG
	1.00×102
	1.40×103
	3.50×104

	C
	NG
	1.40×102
	1.52×103
	2.20×104

	D
	NG
	1.35×102
	1.50×103
	3.70×104

	E
	NG
	1.50×102
	1.80×103
	4.50×104


Key: 
A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%OPF flour, C-85%Wheat: 10%DPF: 5%OPF flour, D-80%Wheat: 15%DPF: 5%OPF flour, E-75%Wheat: 20%DPF: 5%OPF flour.
NG-No Growth
[bookmark: _Toc99462321][bookmark: _Toc99462539][bookmark: _Toc99462734]
Table 5 Total Fungal counts of chinchin during storage period
	Sample
	Storage Period (Weeks)

	
	0
	1
	2
	3

	A
	NG
	NG
	2.50×102
	5.40×103

	B
	NG
	1.20×10
	1.90×102
	4.10×103

	C
	NG
	NG
	1.95×102
	4.00×103

	D
	NG
	1.00×10
	1.00×102
	4.90×103

	E
	NG
	NG
	2.20×102
	4.90×103


Key: 
A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%OPF flour, C-85%Wheat: 10%DPF: 5%OPF flour, D-80%Wheat: 15%DPF: 5%OPF flour, E-75%Wheat: 20%DPF: 5%OPF flour.
Values represent mean ± SD of triplicate determinations. Means in the same column with different superscripts are significantly different at p<0.05.
NG-No Growth

3.1 Phytochemical composition of chinchin produced from blends of wheat, DPF and OPF
Table 2 shows total phenols, total flavonoids, alkaloids, and saponins of the flour samples. The saponin concentration of the chinchin samples ranged from 0.002 % to 0.007 % as the degree of DPF incorporation increased. The saponin contents significantly increased (p<0.05) as the DPF levels in the samples increased. This may be because, according to reports, orange peel and peanuts both have a sizable amount of saponins (Singh et al. 2017). Saponins are compounds that are naturally present in foods, known to have surface-active properties. As reported by Singh et al. (2017), saponins have a plasma cholesterol-lowering effect in humans and are important in reducing the risk of many chronic diseases. On the other hand, saponins are treated as natural antioxidants since they bind to cholesterol and prevent cholesterol oxidation in the colon (Shi et al., 2004). Moreover, they have shown strong cytotoxic effects against cancer cell lines. The concentration of saponins in the fried chinchin is significantly lower than that of the matching flour samples, indicating that processing and cooking contribute to the loss of saponins from food. Despite being somewhat lower, the trend of results is consistent with that of Igbabul et al. (2015) (5–15 mg/100 g) who made cookies from composite flakes of wheat, cocoyam, and African yam beans. 
The chinchin samples had an alkaloids content ranging from 0.001 % to 0.016 %. The enhanced integration of DPF and OPF resulted in a significant (p<0.05) rise in the alkaloid contents. Alkaloids are a type of organic molecules found in nature, primarily composed of basic nitrogen atoms.  They are a class of synthetic chemicals that share some structural similarities.  Alkaloids are a byproduct of plant metabolism that serve as a store for proteins (Bukuni et al., 2022).  They are typically quite bitter, which makes them ubiquitous feeding deterrents in interactions between plants and herbivores (Ee Wei, 2011). The results herein obtained are significantly lower than those reported by Bukuni et al. (2022). 
Table 4 shows the total flavonoid and phenolic contents of the chinchin samples made from the flour blends. The phenolic compounds present in the samples, measured in milligrams of gallic acid equivalent per gram (mg GAE/g), varied between 2.29 and 11.97 mg GAE/g. This indicates a significant (p<0.05) rise in the overall phenolic content with an increase in incorporation level. Sample A, which was made entirely of wheat, had the lowest phenolic content, whereas Sample E, which had the highest enrichment level, had the highest overall phenolic content. The increased total phenolic content of peanuts and orange peels may be the cause of the observed increase in phenolic content of the enhanced chinchin samples (Chukwumah et al., 2009; Omoba et al., 2015).  Results obtained in this study are lower than 61.87–225 mgGAE/g, as reported by Adeleke et al. (2021) for chinchin produced from polyphenol extracted from Amaranthus viridis and 65.19–208.15 mgGAE/g for biscuits produced with orange peel flour at different substitutions. Ajibola et al. (2015) reported total phenolic contents of 1.01–5.42 mg GAE/g for Whole-Wheat Biscuits Incorporated with Moringa oleifera Leaves and Cocoa Powder, while Oluwamukomi et al. (2021) reported values of 1.69–3.75 mg GAE/g for a maize-based snack (Kokoro) enriched with defatted sesame and moringa seed flour. These values are lower than those reported in this study. A similar increasing trend in results was observed by Ewulo et al. (2017). 
The total flavonoid content of the chinchin samples ranged from 9.77 to 16.03 mgQE, with sample A having the least and sample B having the highest. There was a significant increase (p<0.05) in the flavonoid contents as the level of incorporation with DPF and OPF increased. Flavonoids are a group of natural compounds with variable phenolic structures that are found in plants. They are oxidized by radicals, resulting in a more stable, less-reactive radical. Some of these flavonoids include flavones (e.g., flavone, apigenin, and luteolin), flavonols (e.g., quercetin, kaempferol, myricetin, and fisetin), flavanones (e.g., flavanone, hesperetin, and naringenin), and others, some of which have demonstrated hepatoprotective activities. Odunlade et al. (2017) reported higher flavonoid contents for wheat bread supplemented with leafy vegetable powders. Results in this study show a similar trend but are comparatively higher than those reported (Omoba et al., 2015) for pearl millet-tigernut-based biscuits, as also reported by Adeleke et al. (2021) and Ajibola et al. (2015). Jan et al. (2018) also reported lower values for wheat cookies supplemented with Chenopodium (Chenopodium album) flour. 
3.2. Antioxidant activity of chinchin produced from flour blends of wheat, DPF, and OPF
The antioxidant activity of the chinchin samples is presented in Table 3. 
DPPH free-radical scavenging activity
The free radical scavenging activity values for the chinchin produced ranged from 6.90 to 40.45%. This means the samples showed an increasing effect on inhibiting DPPH. Values increased significantly (p<0.05) with an increase in the levels of DPF and OPF, with sample A having the least and sample E having the highest. A similar increasing trend has been reported in many studies reported in a number of published works (Jan et al., 2018; Marak et al., 2019; Omoba, Dada, et al., 2015). The ability of sample extracts to both absorb free radicals and donate electrons or hydrogen atoms accounts for their antioxidant action. One test utilized to demonstrate the components of the chinchin sample extracts' capacity to donate hydrogen atoms and seize free radicals, which are connected to aerobic cells' regular metabolism, is the DPPH analysis (Oluwamukomi et al., 2021). DPPH is often used as a substrate to evaluate the anti-oxidative activity of antioxidants (Odunlade et al., 2017). Because DPF and OPF were components of the chinchin, their high antioxidant qualities could have contributed to the rise in total flavonoids, total phenol, and DPPH.  Thus, the chinchin samples' high phenolic content suggests strong antioxidant action. The chinchin samples' high DPPH activity further implies that the product can serve as functional food that might improve health in addition to offering the essential nutrients. This is due to the fact that elevated antioxidant activity aids in the reduction of oxidative stress, which is linked to the development of several chronic illnesses. Although they are less, these findings exhibit the same pattern as those of Oluwamukomi et al. (2021), who reported 34.86-78.52 for "kokoro,” and also those of Adeleke et al. (2021) for vegetable-enriched chinchin, 21.51–71.80%. Ajibola et al. (2015) reported DPPH scavenging activity values of between 48 and 77%, which is higher than those reported in this study. 


Ferric reducing antioxidant power (FRAP) assay
The expressed FRAP level of the chinchin samples varied from 8.04 to 12.98 mg AAE/g.  The FRAP contents of the samples increased significantly (p<0.05) when the level of integration increased with DPF and OPF, according to this result.   Significant ferric-reducing antioxidant activities were demonstrated by all of the chinchin samples; however, the most significant finding was that sample E (20 % DPF and 5 % OPF), which had the highest incorporation level, had the highest ferric-reducing antioxidant activity (12.98 mg/g), while sample A (100 % wheat) chinchin had the lowest (8.04 mg/g). Both Ajibola et al. (2015) and Odunlade et al. (2017) observed a similar tendency for biscuits supplemented with moringa and vegetable-enriched chinchin.
Hydrogen peroxide scavenging assay
The H2O2 scavenging activity levels varied from 19.21% to 34.0 %. Sample A (control) had the lowest value of 19.21 %, while sample E had the highest value of 34.00 %. The values showed a significant rise (p<0.05) as the levels of DPF and OPF increased. At a low concentration of 10 µM, H2O2, a reactive oxygen species created by the body, is hazardous to bodily tissues. Samples containing phenolic compounds or other antioxidants had the ability to give H2O2 electrons, neutralizing it to 2H2O. This further emphasizes the possibility that the variety of phytochemicals found in peanuts and orange peels are the cause of the rise in hydrogen peroxide scavenging.  (Omoba, Obafaye, et al., 2015; Salve & Arya, 2018).
3.3 Microbial Evaluation of Chinchin Produced from Blends of Wheat, DPF, and OPF Flours
Total bacterial counts
The total bacterial counts (TBCs) of chin-chin produced from wheat, DPF, and OPF flour blends are presented in Table 4. TBCs of the chin-chin samples at week 0 recorded no growth, while at week 1, the growth counts ranged from 1.00×102 CFU/g in sample B to 1.86×102 CFU/g in the control sample (A). At weeks 2 and 3, there was an increase in the TBC count of the chin-chin samples, with values ranging from 1.40×103-2.78×103 CFU/g and 2.20×104-5.40×104 CFU/g, respectively. It was found that the TBC increased in tandem with the degree of DPF inclusion. It is believed that the addition of DPF may have promoted microbiological activity. The higher protein content of the samples supplemented with DPF promotes microbial action, which contributes to the greater TBCs in those samples. Deedam et al. (2020a) and Omachi & Yusufu (2017) corroborated this conclusion, reporting that elevated levels of proteins and lipids were linked to elevated microbial contamination. Research findings indicate that spoiling organisms proliferate more quickly in a very nutrient-rich media.  (Adams & Moss, 1999). The control sample was, however, seen to have higher counts than the substituted samples. This could be because the flour made from orange peels had some antimicrobial effects on the samples that were substituted.  These findings concur with those of Ould Yerou et al. (2017), who noted that orange peel powder has antibacterial properties when added to olive and cream dessert oils. The antibacterial properties of orange peel have been documented in another research. (Baba et al., 2018; Oikeh et al., 2020). Despite the increase in total bacterial counts, these counts were within the microbial limit of 104–106 CFU/g for ready-to-eat food products (Skovgaard, 2003). 
Total fungal counts
Table 5 shows the findings of the chin-chin samples' total fungal counts (TFCs).  At week 0, no discernible fungal growth was found on any of the chin-chin samples. TFCs were found to vary between 4.00×103-5.40×103 CFU/g throughout the course of the storage weeks, with sample C having the lowest TFCs and the control sample having the highest.  In general, it was also observed that as the amount of DPF incorporation grew, the TFCs in the replacement sample increased.  The International Commission of Microbiological Specification of Food has adopted microbial guidelines for ready-to-eat foods, including chin-chin, and although there was an increase in the microbial count, these counts were within the recommended safe limit. This means that the microbial safe limit for ready-to-eat food should fall between the range of 102 and 104 CFU/ml. (Skovgaard, 2003). Deedam et al. (2020b) have reported similar results for chinchin from soursop. Fungal growth on foods could lead to the deposit of mycotoxins on foods, which is a public health concern. 
4-CONCLUSION  
The present study showed that defatted peanut flour and orange peel flour have great potential in the production of not only highly nutritious but also chinchin, which has the potential to serve as a functional food. These results indicate that defatted peanut flour and orange peel flour are great sources of bioactive compounds (antioxidant phenolics and flavonoids), as can be seen by the chinchin produced from them. Total bacterial and fungal counts of chinchin increased during storage upon increased substitution among composite chinchin but were comparatively low with respect to the control sample (with no substitution of orange peel flour). However, all the products presented adequate microbiological conditions and were within the recommended safe limit of microbial guidelines. This study therefore indicates that the use of defatted peanut flour for the production of chinchin would greatly enhance the utilization of this high-protein, dense cake, which has not been efficiently used in West and Central Africa. 
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