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Evaluation of Nutritional Profile and Sensory Attributes of Cereal–millet & Milk Co-precipitate biscuit 

ABSTRACT
Background: Demand for nutrient-dense, reasonable, and functional bakery products is growing, especially those offering greater protein and mineral information without the application of hydrogenated fats. Incorporating underutilized ingredients such as partly deoiled groundnut meal (PDGM), finger millet, and milk co-precipitate can improve nutritional quality while offering a low-cost alternative to standard biscuits.
Objective: To develop and evaluate nutritionally improved biscuits applying PDGM, finger millet flour, and milk co-precipitate, and to evaluate their sensorial attributes and cost effectiveness.
Methods: Biscuits were prepared employing refined wheat flour, finger millet flour, PDGM, cow milk co-precipitate, and sugar, without any hydrogenated vegetable fat. Four experimental formulations were developed by varying the proportions of finger millet and PDGM, along with a control sample. Baking was carried out at 175° C for 12–15 minutes, and the biscuits were assessed for sensorial quality, proximate composition, and mineral profile. Cost economics of each formulation was moreover evaluated.
Results: Among the formulations, RT3 (30% PDGM and 20% finger millet) received the utmost and preeminent sensorial scores and were selected as the best formulation. RT3 showed considerably greater protein information (13.39%) and improved mineral levels (Ca: 128.98 mg/100 g; P: 238.14 mg/100 g) along with reduced fat (18.41%) and reduced calorific value (421.85 kcal/100 g) compared to the control biscuit. Cost evaluation suggested that RT3 biscuits were 15–20% more economical per unit protein compared to the control due to the application of low-cost PDGM and finger millet.
Conclusion: The incorporation of PDGM, finger millet, and milk co-precipitate effectively upgraded the nutritional quality of biscuits while maintaining consumer acceptability. The optimized RT3 formulation provides a low-cost, high-protein, and mineral-rich option to traditional biscuits.
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1 INTRODUCTION
Adequate child nutrition is essential for reducing the burden of malnutrition in developing countries. Supplementary foods such as biscuits and other bakery products can provide valuable nutrients and energy. These products are typically made from cereal-based ingredients, but incorporating legumes into biscuit formulations offers an inexpensive way to boost protein content and improve overall nutritional value (Devi et al., 2000). Finger millet is also notable for its high calcium content compared with many other grains (Selvraj et al., 2002). Despite its strong nutritional profile, it is often regarded as a staple of economically disadvantaged communities. In terms of overall quality, it compares favorably with other cereals and serves as a rich source of minerals (Sangita and Sarita, 2000).

Biscuits are among the most widely consumed bakery products across all age groups. Because baked goods readily accept added ingredients, they are frequently used as vehicles for incorporating nutrient-rich components and developing health-oriented products for specific population groups (Vinay and Singh, 2025). Improving the nutritional value of biscuits—particularly through protein supplementation—can make them suitable for child-feeding programs and as dietary supplements for older adults and low-income populations. Fortification with protein-rich flours, therefore, provides a practical and convenient approach to enhancing diets that are otherwise nutritionally inadequate (Vinay, 2023).
The widespread occurrence of undernutrition and micronutrient deficiencies is largely driven by inadequate consumption of micronutrient-rich foods, pervasive poverty, and limited purchasing power. As a result, developing nutritionally balanced, protein-rich foods for the growing population in these countries has become an increasing focus for food scientists and nutritionists. To address this challenge, affordable raw materials such as oilseeds, dairy products, and cereals are being used to produce and market nutrient-dense foods at relatively low cost. Accordingly, this study aimed to develop nutrient-rich biscuits using blends of partly deoiled groundnut meal (PDGM), cow milk co-precipitate, and finger millet, and to assess their nutritional quality and mineral composition.
2. material and methods 
2.1 Preparation of PDGM
Deskinned, dried groundnut kernels (cotyledons) were processed using a hand-operated oil expeller. The partially deoiled kernels, obtained as flakes, were spread on sieves in 5–10 cm thick layers. These sieves were stacked in a Prestige pressure cooker with a small amount of water at the bottom. The flakes were then pressure-cooked for 10–15 minutes, cooled to room temperature, and ground into a fine meal using a food processor. It was packaged in poly propylene bags and stored at 7±1C.

2.2 Cow milk co-precipitate 
For the preparation of cow milk co-precipitate cow milk standardized to 4.0% fat and 8.5% solids-not-fat (SNF was heated to 90°C for 5 minutes. It was then coagulated at 85°C by addition of 1% citric acid to bring the pH to 5.4. After coagulation, the whey was removed using a muslin cloth. The cow milk co-precipitate so obtained was prepared fresh.

2.3 Finger millet
The finger millet seeds were procured from local market of Anand city was powdered in food processor (Philips make) and sieved through a suitable sieve of mesh size 40. 

2.4 Refined wheat flour
Refined wheat flour of authentic brand was used in this study.

2.5 Analysis of ingredients for chemical composition and selected mineral content
The PDGM, finger millet flour, refined wheat flour, cow milk co-precipitate and biscuit were analyzed for moisture (AOAC official method 925.10), fat (AOAC official method 922.06), protein (AOAC official method 920.87) and ash (AOAC official method 923.03) content by adopting methods described by AOAC (2022) for cereal/millet flours. The carbohydrate content was calculated by difference.
All ingredients were also analyzed for selected mineral content namely calcium (AOAC, 2022), phosphorus (Fiske and Subbarow, 1925), sodium and potassium (flame photometer using ash solution), iron, zinc and cobalt (atomic absorption spectrophotometer using ash solution, AOAC, 2022)
2.6 Other ingredient/additives 
Cane sugar, salt, hydrogenated fat (shortening), emulsifier (lecithin, sodium stearoyl lactylate (SSL), glycerol mono stearate (GMS)), raising agents (ammonium hydrogen carbonate, sodium hydrogen carbonate), liquid glucose and salt were procured from local market and were of standard brand. Hydrogenated fat was procured from the market in bulk and the same was used throughout the entire experimental study.
Both the experimental and control biscuit sample formulations contained additives namely emulsifiers, raising agents, and flavouring agents added per 100 g of mix. Emulsifiers namely lecithin (1%), sodium stearoyl lactylate (0.5%), and glycerol monostearate (0.5%) were incorporated. The raising agents used were ammonium hydrogen carbonate (2%) and sodium hydrogen carbonate (0.5%). For flavouring, salt was added at 0.15% and liquid glucose at 2% of the mix.

2.7 Formulation of biscuits 
Four different types of biscuits were prepared using different proportions of PDGM, finger millet flour, cow milk coprecipitate (CMC) and refined wheat flour (WF), sugar (S) and hydrogenated fat (HF) as shown in Table 1. Also a control (RT5) type of biscuit was analyzed in this study for purpose of comparison. The flow diagram for preparation of biscuits is shown in Fig. 1.

Table 1. Composition of biscuit formulations prepared with varying proportions of PDGM, CMC, finger millet flour, and refined wheat flour
	Types of biscuit
	Proportion of different Ingredients (%)

	RT1-----
	PDGM40
	CMC10
	FM10
	WF15
	S25
	HF0

	RT2-----
	PDGM35
	CMC10
	FM15
	WF15
	S25
	HF0

	RT3-----
	PDGM30
	CMC10
	FM 20
	WF15
	S25
	HF0

	RT4-----
	PDGM25
	CMC10
	FM 25
	WF15
	S25
	HF0

	Control(RT5)-
	PDGM0
	CMC0
	FM0
	WF50
	S25
	HF25

	*PGDM: partially deoiled groundnut meal; CMC: cow milk coprecipitate; FM: finger millet flour; WF: refined wheat flour; S:sugar; HF: hydrogenated vegetable fat














Fig 1. Flow diagram for preparation of experimental biscuits

2.8 Evaluation of biscuits for sensory attributes
A sensory evaluation panel consisting of six members was formed, and the experimental biscuit samples were served to the panellists. They assessed the biscuits for volume, crust colour and surface characteristics, crumb colour, crumb texture, mouthfeel, taste and aroma, and overall acceptability. For scoring, a maximum of 10 points was assigned to volume, crust colour and surface characteristics, crumb colour, and mouthfeel; 20 points to crumb texture; and 30 points to taste and aroma, which served as the basis for evaluating the sensory attributes of the biscuits.

2.9 Determination of calorific value of biscuit
Gross energy of biscuit samples was determined by digital bomb calorimeter (LC-2050, M/s. Macro Scientific Work, New Delhi).
2.10 Determination of lysine
Both the sample and standard amino acid solutions were prepared following the chromatographic procedure described by Raghuramulu et al. (1983) for amino acid estimation. The prepared sample was applied to the TLC plate using a sample applicator (CAMAG Linomat-5) of the HPTLC system. After development, the plates were scanned at 540 nm using a CAMAG TLC Scanner-3. The resulting data were processed and analyzed with WINCATS software supplied with the CAMAG HPTLC unit.

2.11 Statistical analysis tool and tests
The data obtained for each of the attributes under study were subjected to statistical analysis in completely randomized design (CRD; Steel and Torrie, 1980) with equal number of observations. 
3. results and discussion
3.1 Proximate composition of flour ingredients
In this study PDGM, cow milk coprecipitate, finger millet flour and refined wheat flour were used for preparation of experimental finger millet based biscuit. All these flour ingredients were analyzed for its chemical composition and selected mineral content as shown in Table 2.
PDGM contained low moisture (3.22%) and was rich in fat (36.11%) and protein (28.07%), with 2.65% ash and 29.95% carbohydrate. 

Finger millet flour had a moisture content of 9.83% and was predominantly rich in carbohydrates (77.79%) and ash (3.55%), while containing 1.66% fat and 7.50% protein.

 Cow milk co-precipitate moisture content of 57.40% along with substantial levels of fat (17.60%) and protein (20.79%), whereas ash and carbohydrate contents were 1.69% and 2.52%, respectively. 
Refined wheat flour showed moisture content of 10.27%, low fat (1.08%), moderate protein (7.25%), minimal ash (0.65%), and high carbohydrate content (80.53%). 

Table 2. Proximate composition of flour ingredients
	Particulars
	Proximate composition (%)

	
	Moisture
	Fat
	Protein
	Ash
	Carbohydrate

	PDGM
	3.22 ± 0.03
	36.11± 1.08
	28.07± 0.86
	2.65± 0.03
	29.95± 0.05

	Finger millet flour
	9.83± 0.75
	1.66± 0.06
	7.50± 0.12
	3.55± 0.55
	77.79± 1.08

	Cow milk             co-precipitate
	57.40± 0.92
	17.60± 0.24
	20.79± 0.31
	1.69± 0.05
	2.52± 0.07

	Refined wheat flour
	10.27± 0.68
	1.08± 0.04
	7.25± 0.11
	0.65± 0.03
	80.53± 1.07



* Mean value, n=5
3.2 Selected mineral content of flour ingredients
Selected mineral content of flour ingredients namely PDGM, cow milk coprecipitate, finger millet flour and refined wheat flour used for preparation of experimental biscuit were estimated and results of analysis are presented in Table 3.
The mineral composition of the raw materials indicated marked differences among the samples. PDGM contained appreciable amounts of phosphorus (371.88 mg) and potassium (695.76 mg), along with calcium (87.54 mg), sodium (7.86 mg), iron (2.65 mg), manganese (1.29 mg), and zinc (2.70 mg) per 100 g on dry matter basis.
Finger millet flour was particularly rich in calcium (268.82 mg) and manganese (5.35 mg), in addition to substantial levels of phosphorus (273.82 mg), potassium (400.83 mg), sodium (9.04 mg), iron (3.68 mg), and zinc (2.15 mg) per 100 g on dry matter basis.
Cow milk co-precipitate showed a very high calcium content (471.87 mg) and phosphorus content (348.59 mg), with moderate levels of potassium (70.42 mg), sodium (26.68 mg), manganese (2.37 mg), and iron (0.62 mg); zinc content was reported as 471.87 mg/100 g. 
Refined wheat flour contained comparatively lower mineral levels, with calcium at 28.35 mg/100 g, phosphorus at 121.95 mg/100 g, potassium at 174.48 mg/100 g, sodium at 8.49 mg/100 g, iron at 1.92 mg/100 g, manganese at 0.59 mg/100 g, and zinc at 0.86 mg per 100 g on dry matter basis.

Table 3. Mineral content of ingredients

	Particulars
	Mineral content (mg/100g)

	
	Calcium

	Phosphorus

	Potassium

	Sodium

	Iron

	Manganese

	Zinc


	PDGM
	87.54± 4.12
	371.88± 18.60
	695.76± 32.45
	7.86± 0.38
	2.65± 0.12 
	1.29± 0.06
	2.70± 0.13

	Finger millet flour
	268.82± 12.55
	273.82± 13.12
	400.83± 19.82
	9.04± 0.45
	3.68± 0.18
	5.35± 0.26
	2.15± 0.10

	Cow milk                 co-precipitate
	471.87± 23.10
	348.59± 17.40
	70.42± 3.52
	26.68± 1.32 
	0.62± 0.03
	2.37± 0.12
	471.87± 23.25

	Refined wheat flour
	28.35± 1.38
	121.95± 6.10
	174.48± 8.62
	8.49± 0.42
	1.92± 0.09
	0.59± 0.03
	0.86± 0.04

	*mean value, n=5



3.3 Selection of best formulation of biscuits 
The success of any modified food depends on the sensory acceptability and their similarity to the original product. Most consumers are not ready to change their taste. Thus, sensory evaluation of the biscuits was conducted using composite scoring test by 10 trained panelists to study the effect of different ingredients on the sensory characteristics of the biscuits. 
The first characteristic for choice of customer is volume of biscuit (Kamaliya and Kamaliya 2001). Crust color and surface character is another attribute of the biscuit which are demanded by customers. Harmony between crust and crumb color attracts the customer. Lively, lustrous, clean and uniform color is desirable for biscuit. 
3.3.1 Sensory attributes of biscuits 
The sensory characteristics of all the four types of biscuits (RT1, RT2, RT3   and RT4) were compared with control (RT5) for volume, crust color and surface character, crumb color, crumb texture, mouthfeel and overall acceptability to obtain a single best formulation. Maximum score of 10 for volume, crust color and surface character, crumb color, mouthfeel; 20 for crumb texture and 30 for taste and aroma was taken as the base for evaluation of sensory characteristics of biscuits.
The mean score for the volume, crust color and surface character, crumb color, crumb texture, mouthfeel and overall acceptability of the biscuits prepared using different formulations of PDGM, coprecipitate, finger millet flour and refined wheat flour given by a panel of experts is presented in the Table 4. 
Table 4. Sensory attributes of standardized biscuits
	Type 
of biscuits
	Sensory attributes

	
	Volume
(10)
	Crust color and surface character
(10)
	Crumb color
(10)
	Crumb texture
(20)
	Taste and aroma
(30)
	Mouthfeel
(10)
	Overall acceptability
(10)

	RT1
	7.25a± 0.28
	7.69a± 0.22
	7.67a± 0.18
	15.52a± 0.45
	24.29b± 0.75
	7.29a± 0.21
	7.54a± 0.19

	RT2
	7.63b± 0.30
	7.54a± 0.20
	7.67a± 0.17
	15.58a± 0.45
	23.63ab± 1.07
	7.42a± 0.22
	7.41a± 0.18

	RT3
	8.04c± 0.32
	7.90c± 0.23
	7.83a± 0.20
	16.63b± 0.48
	25.85c± 0.82
	7.71a± 0.25
	8.08c± 0.24

	RT4
	7.58b± 0.29
	7.63a± 0.21
	7.79a± 0.19
	15.08a± 0.40
	24.00b± 0.73
	7.46a± 0.23
	7.49a± 0.20

	RT5     (Control)
	7.98c± 0.31
	7.92c± 0.24
	7.92a± 0.21
	16.36b± 0.47
	22.97a± 0.68
	7.84a± 0.26
	7.62b± 0.21

	S.Em
	0.11
	0.09
	0.13
	0.27
	0.34
	0.18
	0.12

	CD 
(P. 0.05)
	0.32
	0.27
	NS
	0.78
	0.99
	NS
	0.34

	CV %
	3.07
	2.58
	3.60
	3.65
	3.14
	5.05
	3.29

	*mean value
Values within the column with different superscript differed significantly at 5% level of significance from each other



3.3.1.1 Volume 
	The results revealed that all the treatments RT1 RT2 RT3 and RT4 differed significantly from control (RT5) for volume scores. The highest average scores for volume was for RT3 (8.07) followed by 7.98 for control (RT5). This indicate that incorporation of cow milk co-precipitate gave better strength to dough and improved elasticity of dough giving better rise and hence improved volume. The substantially higher volume score noted for RT3 indicates enhanced and upgraded dough strength and elasticity, probably due to protein contributed by cow milk coprecipitate. Similar results were reported in multi-millet and composite-flour cookies, where higher-quality protein and enhanced water binding enhanced spread and volume (Ikade et al., 2024). Studies on composite flours also highlight the capability of milk proteins to improve dough aeration and structure, contributing to increased volume of baked products (Goubgou et al., 2021).

3.3.1.2. Crust color and surface character
 	The mean scores for crust color and surface characters of biscuits was comparable for RT1 (7.69), RT2 (7.54) and RT4 (7.63) but they differed significantly from RT3 (7.90) and the control (7.92) scoring the highest among all samples. Maillard browning between lysine amino acid and lactose present in cow milk coprecipitate contribute to better crust color of experimental biscuit samples. The presence of tannin phenolic in millet flour had caused darkening resulting in dark brown crust color and less smooth surface as compared to the control type biscuit (based on Maida and hydrogenated fat). However, the presence of PDGM and coprecipitate improved crust color and surface characteristics of biscuits containing millet flour. Millet-based biscuits in previous studies furthermore showed darker crust due to natural phenolics and tannins present in finger millet (Ikade et al., 2024), consistent with your results of slightly darker crust in experimental samples. The improvement of crust smoothness in presence of PDGM aligns with reports showing that emulsifiers enhance dough spreadability and surface uniformity in biscuits (Aljobair, 2022).
3.3.1.3 Crumb color
 	The difference in scores for crumb color was not noticeably different for experimental biscuits (RT1 RT2 RT3 and RT4) from the control (RT5). No perceptible and discernible differences between treatments and control are in agreement with reports that millet incorporation at moderate levels does not drastically alter crumb color, as crumb is less affected by phenolic-induced browning compared to crust (Onabanjo & Ighere, 2014).

3.3.1.4 Crumb texture
 	The mean scores for crumb texture of formulation RT3 was significantly (p<0.05) higher compared to other finger millet based formulations but its difference from control biscuit was not significant (p<0.05).
The presence of PDGM along with coprecipitates might have reduced the negative effect of tannins on texture (present in millet flour) resulting in better texture although they had low proportion of fat as compared to control type of biscuit (RT5). RT3 showed significantly better texture, supported by the synergistic effect of PDGM and milk proteins enhancing dough cohesiveness and decreasing the negative impact of millet tannins. Aljobair (2022) observed comparable improvements in texture when unifying millet with functional binding agents, resulting in softer gluten-free cookies. Millet cookies in comparison studies moreover exhibited enhanced texture when fortified with higher protein or hydrocolloids (Vinay, 2023).

3.3.1.5 Taste and aroma
 	All the experimental biscuits (RT1 (24.29), RT3 (25.85) and RT4 (24.00)) other than RT2 (23.63), had significantly higher scores for taste and aroma compared to control (22.97). Among all the formulations, RT3 scored highest for taste and aroma.  This result shows that incorporation of PDGM and cow milk coprecipitate improved taste of biscuits.
3.3.1.6 Mouthfeel
 	The RT5 type of biscuit had the highest score for mouthfeel (7.84) among all formulations, followed by RT3 (7.71), though the difference was found statistically insignificant for various treatments.
3.3.1.7 Overall acceptability
 	All the types of biscuits RT1 (7.54), RT2 (7.41), RT3 (8.08) and RT4 (7.49) differed significantly from control RT5 (7.72). The average overall acceptability scores was highest for RT3.
 	It was thus concluded that among all formulations (RT1, RT2, RT3 and RT4) containing different proportions of PDGM and finger millet flour, scores for sensory attributes of RT3 type of biscuits were either comparable or better with respect to control type of biscuits (RT5). RT3 was thus, graded as the best formulation among all treatments, RT1, RT2, RT4 by the judges with respect to sensory attributes.
3.3.2 Nutritional composition of standardized biscuits
The selected biscuit formulation RT3 (prepared using PDGM, cow milk coprecipitate, finger millet flour, refined wheat flour) along with control biscuit RT5 , formulated using refined wheat flour and hydrogenated fat was analyzed for chemical composition and selected mineral content. The chemical composition of biscuits are presented in Table 5
RT3 biscuit prepared using blends of PDGM, finger millet flour, cow milk coprecipitates and refined wheat flour had average moisture content of 2.29% as compared to 2.06% moisture of control biscuits made using wheat flour and hydrogenated fat. The higher moisture RT3 can be attributed to the use of cow milk coprecipitates having better water holding capacity.
Also the protein content of RT3 biscuits were significantly higher (p<0.05) than that of control type of biscuits as evident from Table 5.The high protein content of RT3 biscuits clearly elicit that cow milk coprecipitates, PDGM had large contribution in increasing the protein content of these biscuits compared to the control biscuit prepared using refined wheat flour and hydrogenated fat. RT3 exhibited higher protein and moisture contents, steady and regular with the high water-holding capacity of dairy co-precipitates and the naturally greater protein material reported for composite biscuits enriched with milk or legume proteins (Goubgou et al., 2021). Similar increases in protein were noted in millet-based biscuits, especially finger millet cookies, which show enhanced nutritional density compared with refined wheat biscuits (Bhoite et al., 2018; Sinha & Sharma, 2017).
Gajera et al. (2008) reported protein content ranging between 7.9 and 11.1 per cent for biscuits made using wheat flour, peanut butter and Vanaspati in different ratios. Siwela (2009) found protein content in the range of 6.6 to 7.5 per cent in cookies prepared from mixture of wheat flour and high or low tannin finger millet in various proportions (15 to 55 per cent). 
It was observed that the fat content of the different types of biscuits were 18.41% for RT3 and 25.75% for control, RT5 type biscuit. Statistical analysis showed that the fat content of three types of biscuits different significantly from each other. Biscuit RT3 type was prepared without using bakery fat, had limiting fat content compared to RT5 type biscuit, as control type of biscuits were prepared using hydrogenated fat. PDGM used in the preparation of RT3 had contributed to the major part of fat content in this type of biscuits. 
Ash content differed significantly between treatments as revealed by statistical analysis. Ash content increased significantly with addition of PDGM. RT3 type of biscuits contained 1.84%, while a significantly (p<0.05) lower value of 0.66% was present in RT5 type biscuit. The high mineral content of finger millet flour (3.55 % ash), PDGM (2.65% ash) and cow milk coprecipitates (1.69% ash) also has added effect for high ash contents in RT3 type of biscuits as compared to the control (RT5) containing refined wheat flour (0.65%) alone.
The mean values of carbohydrates for various types of biscuits were 64.08, 60.92 and 62.95 per cent respectively for RT3 and RT5 type biscuits (Table 5).
Table 5. Proximate composition of control and optimized biscuits
	Types of biscuit
	Constituents (%)

	
	Moisture
	Fat
	Protein
	Carbohydrate
	Ash

	RT3
	2.29±0.05a
	18.41±0.32a
	13.39±0.21a
	64.08±1.44a
	1.84±0.05a

	Control  (RT5)
	2.06±0.15b
	25.75±1.05b
	8.59±0.85b
	62.95±2.05b
	0.66±0.03b

	S.Em
	0.05
	0.19
	0.11
	0.29
	0.01

	CD (P.0.05)
	0.16
	0.59
	0.35
	0.89
	0.02

	CV %
	5.15
	2.02
	2.05
	1.03
	1.23

	*mean value
Values within the column with different superscript differed significantly from each other



Vatwani et al. (2025) formulated a carob-filled finger millet cookies enriched with defatted peanut flour (DPF), a by-product of peanut oil extraction and observed that the incorporation of DPF significantly improved nutritional quality, with higher protein (up to 10%) and fiber (6%) as compared to control samples having 7.4% protein and 2.6% fiber. The study concluded that DPF enrichment enhances nutritional value while promoting sustainable utilization of agro-industrial by-products.
Mudau et al. (2022) reported that gluten-free biscuits were prepared from light and dark brown finger millet flours fermented for 0, 24, 48, and 72 h to evaluate changes in nutritional and antioxidant properties. Spontaneous fermentation increased protein content from 9.16 to 11.54% in light brown biscuits and from 9.88 to 11.66% in dark brown biscuits after 72 h. Carbohydrates increased from 57.05 to 60.04% in light brown biscuits and from 56.79 to 61.01% in dark brown biscuits. 
Murungweni et al. (2025) reported that gluten-free biscuits were prepared from light and dark brown finger millet flours malted for 0, 24, 48, and 72 h to evaluate nutritional, antioxidant, physical, and sensory changes. Malting increased protein from 8.54 to 9.50% in light brown biscuits and from 8.60 to 9.51% in dark brown biscuits, while fat decreased from 22.85 to 18.11% and from 23.15 to 18.13%, respectively. Carbohydrates increased from 56.81 to 64.12% (light brown) and from 60.84 to 63.68% (dark brown), with ash rising from 1.22 to 1.63% and crude fiber from 3.17 to 3.58%. 
Analysis of chemical composition showed that incorporation of PDGM, PDGM, cow milk co-precipitate and finger millet flour significantly improved the protein content produced biscuit with low fat content and better mineral content as compared to control.
3.3.3 Mineral content of standardized biscuits
The average values of some selected minerals of different types of biscuits are presented in Table-6.
The RT3 type of biscuit prepared using PDGM, cow milk co-precipitate, finger millet flour and refined wheat flour had significantly higher (p<0.05) calcium, phosphorus, sodium, potassium, iron, manganese and zinc content as compared to the RT5, the control type of biscuits formulated using refined wheat flour and hydrogenated fat. 
The high calcium, potassium, iron and zinc content of PDGM and finger millet flour accounted for the higher content of respective minerals in biscuits as compared to control type.
In addition, the higher calcium and phosphorus content of RT3 can be attributed to the incorporation of co-precipitate and PDGM in its preparation. 
Table 6. Mineral content of standardized biscuits
	Types             of biscuit
	Minerals (mg/100g)

	
	Calcium
	Phosphorus
	Sodium
	Potassium
	Iron
	Manganese
	Zinc

	RT3
	128.98a±2.42
	238.14a±10.85
	151.01b±7.12
	356.15a±9.25
	2.82a±0.05
	1.91a±0.15
	1.73a±0.03

	Control (RT5)
	28.35b±1.05
	68.07b±2.14
	123.84a±8.21
	91.09b±7.11
	1.38b±0.03
	0.24b±0.02
	0.94b±0.85

	S.Em
	0.71
	2.02
	1.39
	3.08
	0.08
	0.08
	0.03

	CD (P.0.05)
	2.18
	6.21
	4.28
	9.49
	0.24
	0.23
	0.08

	CV %
	2.02
	2.51
	2.15
	2.79
	7.43
	14.46
	3.56

	*mean value
Values within the column with different superscript differed significantly from each other



Vatwani et al. (2025) reported higher calcium (141.3 mg/100 g), and iron (6.0 mg/100 g) content in carob-filled finger millet cookies enriched with defatted peanut flour (DPF) as compared to control biscuit samples having 104 mg/100g of calcium and 2.6 mg/100g of iron. Mudau et al. (2022) observed an increase in mineral content of gluten-free biscuits prepared from light and dark brown finger millet flours fermented for 0, 24, 48, and 72 h. Mineral content improved markedly, with calcium increasing from 382.87 to 411.33 mg, iron from 5.69 to 13.22 mg, zinc from 2.38 to 5.91 mg, and magnesium from 129.77 to 147.94 mg per 100 g in light brown biscuits after 72 h, with similar trends in dark brown biscuits. 
Mineral content of gluten-free biscuits were prepared from light and dark brown finger millet flours malted for 0, 24, 48, and 72 h improved markedly, with calcium increasing from 347.33 to 445.22 mg/100 g, magnesium from 131.21 to 166.24 mg/100 g, iron from 9.62 to 13.11 mg/100 g, zinc from 3.27 to 8.29 mg/100 g, and manganese from 3.58 to 6.34 mg/100 g in light brown biscuits (Murungweni et al., 2025).
There are no data available for sodium, potassium, manganese and zinc in biscuits prepared from ingredients yielding high protein content in biscuits for comparison. On evaluation of the biscuits prepared in the present study for essential minerals, it was inferred that the content of all the minerals except sodium was noticeably higher as compared to sweet glucose biscuits commercially available as reported by Semwal et al. (1996)
3.3.4 Calorific value of biscuits
The Calorific value of biscuits was determined by bomb calorimeter (Table 7).
 The calorific values of biscuits differed significantly from each other, RT3 type of biscuit had lowest calorific value of 412.154 Kcal/100 g, followed by control type of biscuits having 428.82 Kcal/100 g.
Table 7. Calorific value of biscuits

	Type of biscuit
	Calorific value
(Kcal/100 g)

	RT3
	412a

	RT5
	429b

	S.Em
	0.90

	CD (P<0.05)
	2.77

	CV%
	0.48

	*mean value; Values within the column with different superscript differed significantly from each other



Semwal et al. (1996) analyzed 25 brands of sweet glucose biscuits and seven other varieties available in local market and found that calorific value of biscuits ranged from 365.41 to 455.52 Kcal/100 g and 440.83 to 501.08 kcal/100g of biscuits respectively. Singh et al. (2000) reported that calorific value of soy fortified biscuits prepared from wheat flour and defatted soy flour contained 481 Kcal/100 g as compared to 486 Kcal/100g for biscuits prepared from wheat flour alone.            
The highest calorific value of control type of biscuit could be ascribed to the highest fat (use of hydrogenated vegetable fat) as compared to RT3 types of biscuits. It is an established fact that protein and carbohydrate content of foods supply more or less the same amount of energy per unit weight but the fat supplies almost double the energy supplied by other major constituents of foods.       
3.3.5 Lysine content of biscuits
The lysine content of biscuits as determined by HPTLC method is shown in Table 8. The lysine content of biscuits as determined by HPTLC method was 1.81and 1.31g/100g of protein in RT3 and RT5 (control) type of biscuits respectively. This noticeable difference in lysine content suggested that with the incorporation of casein whey protein co-precipitate and PDGM, the high lysine containing ingredients, the lysine content of biscuits RT3 type of biscuit increased over RT5 type which contained wheat flour alone. These results suggest that the lower lysine present in wheat flour can be raised to higher levels by supplementing with casein whey protein coprecipitates and oat flour. The latter ingredients are also expected to correct the deficiency of amino acids that exist in groundnut meal.


Table 8. Lysine content of biscuits
	Particulars

	Lysine content  (g/100g of protein)

	
	RT3
	RT5

	Range
	1.75-1.84
	1.28-1.36

	Average
	1.81a
	1.32b

	S.Em
	0.02

	CD (P<0.05)
	0.06

	CV%
	2.11

	Values within the column with different superscript differed significantly from each other



Available lysine content in soy fortified biscuits prepared using wheat flour defatted soy flour contained 2.70 g/100g protein as compared to 1.30 g/100g protein for control biscuits prepared exclusively using wheat flour (Singh et al., 2000). Gupta and Singh (2005) prepared three types of quality protein based biscuits from various blends of wheat flour, quality protein maize (QPM) and processed defatted maize germ cake (PDMGC) and found lysine content of 2.40g and 2.92g/ 16g of nitrogen in wheat flour and, wheat flour and QPM based biscuits respectively. The lysine content improved further giving a value of 3.44 g/16g of nitrogen in biscuits prepared using wheat flour, QPM and PDMGC blend
These results suggest that the lower lysine present in wheat flour can be raised to higher levels by supplementing with casein whey protein coprecipitates. The latter ingredients are also expected to correct the deficiency of amino acids that exist in groundnut meal.
4. CONCLUSION
This study concluded that the biscuit formulations RT1 to RT4 based on PDGM, cow milk co-precipitate, finger millet and without hydrogenated vegetable fatwas acceptable with respect to sensory characteristic in comparison with control types of biscuit RT5, formulated using only refined wheat flour and hydrogenated vegetable fat.  The nutrient density of protein and mineral content as well as lysine content of experiment biscuits were highly superior as compared to the control type of biscuits prepared only using refined wheat flour. This finding entailed to conclude that incorporation of PDGM, cow milk co-precipitate, finger millet in biscuit formulation can improve nutritional value of biscuit without comprising its sensory acceptability. This formulations can also be explored commercially for its mass production to addressing malnutrition especially among children.          
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Sugar + Cow milk coprecipitate


Creaming in Hobart mixer (60 rpm/4 min)


Addition of emulsifier and liquid glucose


Mixing (60 rpm/1min)


Mixed to obtain dough (60 rpm/3 min)


Addition of raising agents and salt after dissolving in the water


Creaming (60 rpm/2 min)


Addition of flour mixture (PDGM, finger millet flour, refined wheat flour as the case may be)


Sheeted to a thickness of 3mm and forked uniformly


Cutting in to circular shape


Arranging on baking tray


Baking in Oven


Packagingmetallised polypropylene bags & sealing





