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ABSTRACT
The value addition of peanut butter is crucial for diversifying its nutritional profile and flavor, making it more appealing to a wider audience. Adding pearl millet (bajra) to peanut butter can enhance its nutritional profile by introducing a rich source of essential nutrients while lowering the fat content. Therefore, in the present study four formulations were prepared with the addition of pearl millet at different levels (10, 20, 30 & 40%) while peanut butter formulation prepared without pearl millet was treated as control. The results found that the addition of pearl millet significantly (p<0.05) increased the moisture content, water activity and crude fibre content while significantly (p<0.05) lowering the protein and fat content. However, the texture and firmness of the prepared formulations increased significantly as the level of incorporation of roasted pearl millet flour increased. The formulation containing 20% pearl millet flour received the highest overall acceptability in terms of sensory evaluation. This combination can offers a unique flavor profile, catering to diverse dietary preferences and providing a wholesome snack option.	Comment by ACER: Describe	Comment by ACER: Basis of flavour profile.... Sensory only or detailed flavour profile analysis
Keywords: bajra, fortified peanut butter, natural peanut butter, textural quality	Comment by ACER: Delete and add some other key word
1. Introduction
Peanuts, second most important grain legume crop, play a crucial role in the human diet, with global production reaching approximately 45 million metric tons in 2017. Although peanuts are widely consumed as snack food, more than 50% of the peanuts produced are processed into peanut butter, generating over 1.8 billion dollars in sales (Suchoszek-Łukaniuk et al., 2011; Bodoira et al., 2022). Peanut butter is valued for its nutritional benefits (high protein and unsaturated fatty acids) and cost-effectiveness, making it a popular choice for snacks and sandwich spreads (Rozalli et al., 2016). The use of peanut butter as bread spread also complements the limiting amino acids of peanuts. Its rich proteinand nutrient profile have also made it an essential component in diet programs aimed at combating malnutrition among children particularly in Africa (Humphrey, 2008; Israëls et al., 2009). Apart from this, the appealing flavor, convenience of use and excellent shelf life of peanut butter contribute greatly to its popularity.	Comment by ACER: Add recent data 
Peanut butter is relatively simple to manufacture, involving shelling, dry roasting, blanching, and grinding the peanuts into a paste. Generally, shelled peanuts are uniformly roasted to develop the characteristic peanut flavor, which directly impacts the palatability of the resultant peanut butter. After quick cooling, the peanut skins are removed via dry blanching, and the peanut are ground to the desired texture, whether smooth or chunky. Additional ingredients such as salt, sugar, and stabilizers may be added to enhance consumer appeal. Peanut butter typically contains hydrogenated vegetable oils, such as a blend of hydrogenated rapeseed, cottonseed, and soybean oils, used as stabilizers which help to prevent oil separation. The demand for natural food products has been steadily increasing over the years (Carocho et al., 2014). Many consumers now prefer minimally processed foods and, when choosing processed options, they often select those with fewer additives or natural additives (Carocho et al., 2014). 
Natural peanut butter, also known as old-fashioned peanut butter, is made solely by grinding roasted peanuts into a fine paste. It is regaining popularity due to its minimal processing and additives, containing no salt or less than 1% added salt. Natural peanut butter is prone to oil separation due to the absence of stabilizers. This separation can lead to lipid peroxidation, causing off-flavors and resulting in rancidity. Additionally, oil separation can negatively impact the textural quality of the peanut butter, affecting its spreadability. Incorporation of ingredients which are low in fats like millets can prevent oil separation in non-stabilized peanut butter. Pearl millet (Pennisetum glaucum) is seen as a vital crop for future food security in many developing countries, particularly in Africa and Asia. Its nutritional profile makes it a key source of dietary macronutrients and both soluble and insoluble fibers. Notably, it contains resistant starch and offers an economical way to combat micronutrient deficiencies. Pearl millet is rich in iron, magnesium, phosphorus, zinc, folic acid, and riboflavin (Ragaee et al., 2006).
Keeping in view, the present research work is carried out to formulate peanut butter with incorporation of underutilized nutritious and economic cereal grain-pearl millet roasted flour. The pearl millet flour incorporated peanut butter was than evaluated for its nutritional composition, consumer acceptability and effect of techno-functional attributes.	Comment by ACER: roasted pearl millet flour
2. Materials and methods
2.1 Raw material
Raw peanuts were purchased from local market, Ludhiana, India. Pearl millet var. was procured from Department of Organic Farming, Punjab Agricultural University, Ludhiana, India. All the chemicals and reagents were procured from Sisco Research Laboratories Ltd., India. 
2.2 Processing of peanuts and pearl millet
Peanuts were checked for foreign matter and damaged kernels. Clean peanuts were roasted in common salt, which was heated at 180 ºC for 15 min followed by manual removal of the skin. The millets were pearled by passing through a grain pearler before roasting. The roasted millets were ground to obtain a fine powder using a food processor (Icon DLX, Morphy Richards). The ground flour was then passed through 44 mm sieve to obtain fine powder. 
2.3 Processing of peanut butter
Peanut butter was prepared by double stage grinding process using an ultrahigh speed blender. The roasted peanuts were first coarsely ground which was used for the formulation of peanut butters. The coarsely ground peanuts were mixed with sugar (5%) and common salt (0.75%) in a lab scale food processor and ground to fine paste. For pearl millet fortification, peanuts were replaced with roasted pearl millet flour at 10%, 20%, 30% and 40% levels (w/w). All the samples were prepared in triplicate.
2.4 Methods
2.4.1 Physico-chemical analysis
The assessment of moisture, ash, fat and protein was done according to the procedures given in Ranganna, (2017). Water activity was measured using a digital water activity meter (Aqualab PAWKIT, DECAGON Devices, Inc., USA). Hunter lab colorimeter (Model CR 300 Konica Minolta Co, Osaka, Japan) was used for color analysis and values were expressed as L* (0 to 100, darkness to lightness), a* (±green/red) and b* (±blue/yellow) as per the hunter color lab system. The samples were placed and scanned at three different positions and the results were reported as the average of three measurements.
2.4.2 Texture profile
Textural profile of the peanut butter formulations was measured using the TTC Spreadbility Rig attached to a texture analyzer (TA.XTPlus, Stable Micro Systems, Godalming, Surrey, U.K.) calibrated with a 5 kg load cell(Stable Micro Systems Ltd., Surrey, UK). Pearl millet flour incorporated Peanut butter samples were spread inside the female cone. The male probe was introduced penetrates into the cones from a fixed position of 20.0 mm at a speed of 10 mm/s. Firmness was expressed as maximum force (g) required for cone penetration. Spreadability value was indicated by the work of shear calculated based on the mean areas of the force versus time curves.
2.4.3 Particle size distribution
The particle size distribution of the peanut butter formulations was measured using a light scattering particle size analyzer (LA-950 V2,Horiba, Kyoto, Japan) equipped with a sample input cell (Hydro 2000 MU (A) consisting a pump and a stirrer to circulate the samples through the particle size analyzer. Peanut butter sample was added into sample input cell filled with 800 mL of deionized water using a transfer pipette. The obtained particle size data were analyzed using the Malvern software for Windows (Malvern Instruments Ltd, Worcestershire, U.K.) based on the Mie-Scattering theory.
2.4.4 Sensory evaluation
The fortified peanut butter formulations were analyzed for sensory properties (appearance, texture, spreadability, flavor and overall acceptability) on a 9-point hedonic scale (1=dislike extremely, 9=like extremely) by a panel of 25 semi-trained judges possessing adequate understanding of the sensory properties of the tested product.
2.5 Statistical analysis
The tests were performed in triplicates and subjected to statistical analysis using one-way ANOVA (Analysis of variance) in SPSS Software version 16 and comparison of means was determined using Tukey’s test. The significance was established at p<0.05 and the results were reported as mean ± SD (Standard deviation).
3. Results and discussion
3.1 Physicochemical parameters 	
The effect of roasted pearl millet flour incorporation on the physicochemical properties of pearl millet incorporated peanut butter has been reported in Table 1. It was observed that the incorporation of pearl millet significantly (p<0.05) altered the physicochemical composition of the peanut butter. The moisture content significantly (p<0.05) increased with the incorporation of roasted pearl millet flour with the highest moisture found in F4 formulation (with 40% roasted pearl millet flour) and lowest (1.07%) for F0i.e.control. The water activity of control (0.246) was found consistent with the findings of Rozalli et al., (2016) where the authors reported average water activity (aw) of 0.26 for natural peanut butter and 0.29 for commercial peanut butter respectively. The authors suggested that the addition of stabilizers and other additives could be the reason for higher water activity value in commercial peanut butter. Low and stable water activity is favourable to prevent microbial growth. An increasing trend on the water activity was also observed with increment in the level of pearl millet flour incorporation, ranging from 0.242 (F1) to 0.261 (F4) as the amount of pearl millet flour increased (Table 1).
The protein and fat content of pearl millet incorporated formulations (F1 to F4) were found significantly (p<0.05) lower as compared to control as depicted in Table 1 which can be attributed to the difference in composition of these ingredients. Peanuts have higher fat and protein contents (47-50% and 27-28% respectively) (Kaur et al., 2023) as compared to pearl millet (2.7–7.1% and 8.5–15.1%) (Abdall et al.,1998). The ash content was found to be varied non-significantly (p<0.05) amongst the formulations irrespective of the level of pearl millet flour incorporation (Table 1) which could be ascribed to similar levels of ash content in pearl millet and peanuts.  
3.2 Color values
Color values of the pearl millet flour incorporated peanut butter in terms of L*, a* and b* is presented in Table 2. It was found that the incorporation of roasted pearl millet powder significantly (p<0.05) affected the color values. The L* value varying from 0 to 100 (black to white) ranged between 54.40 (F0) and 48.09 (F4) for peanut butter containing 0% to 40% (w/w) roasted pearl millet flour. It was found that with increasing levels pearl millet resulted in darker colour in the obtained peanut butter formulations. There was non-significant (p<0.05) change in L* valuesof the formulations containing up to 20% pearl millet flour. However, formulations with higher percentages of roasted pearl millet flour had significantly (p>0.05) higher L* values (Table 2). The increase in darkness of peanut butter can be directly linked to the amount of pearl millet flour incorporation as lowest L* value was observed for F4 formulation containing highest percentage of pearl millet flour. The a* value (depicting redness) of the formulations decreased significantly (p<0.05) from 7.01 to 4.06 as the concentration of pearl millet powder increased from 0 to 40% (Table 2). The b* value (depicting yellowness) of butter also significantly decreased from 17.13 to 12.09 as level of pearl millet powder incorporation increased. This difference in color values of the formulations could be ascribed to the color of roasted pearl millet powder and peanuts.
3.3 Textural attributes
Textural quality of the peanut butter was measured as the amount of force required to penetrate peanut butter as indicators for firmness and work of shear to reflect spreadability value respectively. Work of shear was also used to measure the spreadability of pearl millet fortified peanut butter. Work of shear is an opposite function of spreadability and penetration force is a direct function of firmness. Incorporation of pearl millet flour had significant (p<0.05) effect on the textural attributes of peanut butter. The spreadability of peanut butter decreased as the firmness increased with increasing levels of incorporation increased. The results were found consistent with the findings of Sanders III et al., (2014)where peanut butter was incorporated with peanut skin.
Instrumentally, when peanut butter formulations were evaluated with the conical spreadability rig (Table 3), both maximum force and work of shear were extracted from the time force curve as indicators of product firmness and spreadability respectively. Spreadability rig results (Table 3) depicts that all modified formulations were firmer than the control. Maximum force values revealed that among different formulation, F4 formulation (incorporated with 40% roasted pearl millet flour) possessed highest firmnessvalues which differed significantly from all other formulations. Work of shear exhibited the same general patterns found with maximum force as depicted in Table 3.
3.4 Particle size distribution
Span, also referred to as polydispersity value is an indicator of dispersion of particle size distribution that was used to differentiate between the formulated peanut butter samples. The polydispersity values of all formulated peanut butters are listed in Table 3. The polydispersity value of control, F0 (without roasted pearl millet flour) was clearly lower than the formulations containing pearl millet flour irrespective of the percentage of incorporation. The higher values of span for pearl millet flour incorporated peanut butter suggested that these formulations possessed wider particle size distribution than control. This could be attributed to insolubility of roasted flour at low moisture conditions.
3.5 Sensory profile
The results revealed that the pearl millet flour fortification influenced the perceived consistency and hence, the panellists reported that the stiffness and consistency significantly (p<0.05) increased as the incorporation levels increased. Therefore, the formulation F4 with 40% flour incorporation exhibited the lowest acceptable ease of acceptability (Figure 1). Overall acceptability of formulations F1 and F2 equalled the control; whereas, incorporation of 30-40% roasted pearl millet flour resulted in the product with lower overall acceptability. The formulation F2 was selected for product formulation based on sensory evaluation results. 
On the basis of 9-point hedonic sensory scale analysis, it was observed that incorporation of roasted pearl millet flour up to 20% levels did not significantly alter the overall acceptability. However, incorporation of 30% and above noticeable changed the color and appearance of the formulations. The panellists identified the darker color as the reason of dislike of the appearance.Texture is a multi-parameter attribute that is primarily evaluated in the mouth (Szczesniak, 2002). However, visual observation and manipulation of the product with the hands and lips prior to the first bite and the subsequent mastication and swallowing also impact the perception of product texture and its acceptability. Thus, thepanelists likely integrated their premastication assessment of consistency and acceptability of the ease of product spreadability into their subsequent overall assessment of texture acceptability. 
The spreadability and texture of the formulations containing higher percentages of the roasted pearl millet flour also decreased significantly (p<0.05) as observed by the panellists. Spreadability of bread spread like peanut butter is an important physical characteristic to consumers (McNeill et al., 2000). From the sensory perspective, firmness of a semi-solid product, perceived at the first bite, is related to the amount of force needed to compress the sample between the tongue and palate (Szczesniak, 2002). This firmness also affects the ease of manipulation in the mouth. The ease of spreadability is related to both firmness and consistency and has been included in the  grading standards.The observations of sensory evaluation were found consistent with the results of spreadability and firmness tested by texture analyser as discussed earlier. 
4. Conclusion
Incorporation of roasted pearl millet flour significantly affected the appearance and quality attributes of the peanut butter with the extent depending on the level of incorporation. The natural peanut butter with 20% roasted pearl millet flour possessed satisfactory physicochemical properties and textural quality and sensory evaluation. The peanut butter formulation incorporated with of 20% pearl millet flour gave highest sensory score with highest overall acceptability.
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Table 1: Physicochemical attributes of the pearl millet peanut butter
	Parameters 
	Formulations

	
	F0 (Control)
	F1 (10% pearl millet)
	F2 (20% pearl millet)
	F3 (30% pearl millet)
	F4 (40% pearl millet)

	Moisture (%)
	1.07±0.04c
	1.38±0.05b
	1.37±0.05b
	1.53±0.07ab
	1.58±0.08a

	Water activity 
	0.246±0.005ab
	0.242±0.004b
	0.250±0.009ab
	0.252±0.005ab
	0.261±0.008a

	Protein (%)
	26.06±1.32a
	22.81±1.20b
	19.06±1.0c
	17.18±0.89cd
	14.56±0.70d

	Fat (%)
	44.36±2.20a
	40.28±2.12ab
	36.16±1.70bc
	32.25±1.81c
	29.12±1.42d

	Ash (%)
	2.75±0.13a
	2.94±0.15a
	2.89±0.12a
	2.84±0.11a
	2.75±0.13a


Values are represented as mean ± SD, n=3. 
Means with different superscripts (a-d) in a column indicate statistical differences within the samples (p<0.05).

Table 2: Color values of the pearl millet peanut butter
	Color values
	Formulations

	
	F0 (Control)
	F1 (10% pearl millet)
	F2 (20% pearl millet)
	F3 (30% pearl millet)
	F4 (40% pearl millet)

	L*
	54.40±2.17a
	54.05±2.50a
	52.45±1.69a
	50.78±1.99b
	48.09±2.04c

	a*
	7.01±0.30a
	5.40±0.22b
	4.52±0.19c
	3.94±0.21cd
	4.06±0.11d

	b*
	17.13±0.91a
	14.85±0.85b
	13.37±0.71bc
	12.68±0.55c
	12.09±0.69c


Values are represented as mean ± SD, n=3. 
Means with different superscripts (a-d) in a column indicate statistical differences within the samples (p<0.05).

Table 3: Textural parameters of the pearl millet peanut butter
	Parameters
	Formulations

	
	F0 (Control)
	F1 (10% pearl millet)
	F2 (20% pearl millet)
	F3 (30% pearl millet)
	F4 (40% pearl millet)

	Firmness (g)
	70.93±16.34e
	81.65±8.39d
	123.65±1.38c
	131.17±25.71b
	274.06±21.47a

	Work of shear (g.sec)
	104.91±4.16e
	115.74±7.98d
	178.08±8.03c
	200.69±12.88b
	357.88±11.87a

	Span
	1.82±0.85d
	2.88±1.25c
	3.23±1.09b
	4.03±1.86a
	4.28±2.09a



Values are represented as mean ± SD, n=3. 
Means with different superscripts (a-e) in a column indicate statistical differences within the samples (p<0.05).
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Figure 1: Sensory evaluation of pearl millet flour incorporated peanut butter formulations



1

image1.png
Sensory Evaluation

FO (Control)
9

F4(40% . F1(10%
pearl millet) pearl millet)
F3(30% F2(20%

pearl millet) pearl millet)

—&—Appearance
——Texture

== Spreadability
——Overall acceptability





