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The sedentary lifestyle and upsurge in various non-

communicable diseases have increased the consumer 

demand for healthy foods. Food researchers are constantly 

innovating formulations for combating these disorders. 

Biscuits are widely consumed bakery product because of 

their pleasant taste, convenience, and availability (Sudha 

et al., 2007). Wheat flour is the major ingredient in most 

biscuit recipes. Though wheat flour contains 9-12% of 

protein, however lysine (an essential amino acid) content 

is limited (1.27-3.61 g/100g protein) (Siddiqui et al., 2020). 

Thus, there is vast scope for incorporating nutritional 

functionality by manipulating the desired constituents 

of flour. 

Horse gram is an underutilized legume with excellent 

nutritional properties and climatic resilience (Bhartiya et 

al., 2015). This legume is also called a poor man’s pulse 

in India. It contains protein (17–25%), carbohydrate 

(51.9–60.9%), minerals (2–3%) and dietary fibre (5–7%) 

(Vashishth et al.,  2022). The lysine content in horse 

gram is 6.84 g/ 100 g protein (Lalitha and Singh, 2020). 

Therefore, the addition of horse gram is expected to 

supplement the protein quantity and quality of wheat. 

Further, the consumption of horse gram is also known to 

enhance the antioxidant status of humans (Petchiammal 

and Hooper, 2014) and the treatment of kidney stones 

(Prasad and Singh, 2015). The anti-urolithic activity of the 

horse gram extract has also been observed by Vashisth 

et al. (2022). 

Various researchers have successfully attempted to 

incorporate different protein-rich ingredients for biscuit 

formulation viz. sunflower seed flour (Grasso et al., 2019), 

horse gram flour ( Joshi and Awasthi, 2020), horse gram 

protein extract (Banerjee et al., 2020), Mucuna pruriens 

(Singh and Singh, 2020), salmon hydrolysate (Singh 

et al., 2020). Consequently, it has been noticed that 

the increased incorporation of protein-rich ingredients 

in biscuits may increase browning and decrease the 

colour and appearance scores. Browning reactions viz., 

Maillard reaction and caramelization occurring in the 

biscuits governs the colour of biscuits. Kumar et al. (2019) 

observed the higher intensity of these browning reactions 

in marine collagen peptide-enriched biscuits due to 

enhanced absorption/entrapment of heat by the baking 

sheet. During the baking, biscuit dough is placed in an 

oven and baked at a set time-temperature combination. 

The baking tray acts as the baking surface inside the oven. 

The bottom surface of the biscuits has been found to be 

darker in comparison to the top surface (Prakash et al., 

2018). The heat energy is transferred via radiation from 

the oven walls, via convection from heated air and by 

conduction from the tray surface to the product being 

baked (Baldino et al., 2014). Usually, wire mesh bands 
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and steel bands, both are utilized for baking-depending 

on the type of product being baked. The type of baking 

surface and the baking time are important factors affecting 

the final product quality (Caballero et al., 2016). The rate 

of heat transfer at the bottom surface of the product is 

influenced by the type of tray utilized for baking, which 

subsequently may alter the colour of the product. Keeping 

this in consideration, it was aimed to study the effect of 

baking tray type on the colour and sensory characteristics 

of the horse gram-enriched biscuits. 

Wheat flour utilized during the study was obtained after 

milling wheat variety DBW 296 while the horse gram 

(Macrotyloma uniflorum) (Aryavrat Organics, Jaipur, India) 

was procured locally, cleaned, germinated, dried, and 

milled into flour before usage. Germination is known to 

reduce the anti-nutritional components of horse gram 

(Pal et al., 2016). The other ingredients required for the 

biscuit preparation were purchased from the local market 

(Table 1). Accordingly, homogeneous biscuit dough was 

obtained by mixing the ingredients in a pin-type mixer 

(Widsons Scientific Works, Delhi) for 5-6 min along with 

9 mL of water. The biscuit dough was rolled and shaped 

using a circular mould of 5.1 cm. The biscuits were baked 

at 180°C±5°C (Wiswo baking oven, Widsons Scientific 

Works, Delhi) for 16 min on trays (solid tray and mesh 

tray- wire -0.15 cm; 35 mesh/ sq. inch. Fig. 1).

The moisture content in the biscuit samples varied from 

2-3%. The biscuits were then cooled to room temperature 

and packed in polyethene pouches until further study. 

Four sets of biscuits (BN: solid band normal; BL: solid 

band legume; MN: Mesh normal; ML: Mesh legume) 

obtained were analysed subsequently. Moisture content 

was determined gravimetrically by the oven drying 

method (Kumar et al., 2019).

Table 1. The formula for biscuit preparation

Ingredients Control biscuits (g) Legume-supplemented biscuits (g)

Wheat flour 50 38

Legume flour -- 12

Sugar 15 15

Sunflower oil 15 15

Lecithin 0.25 0.25

Sodium bicarbonate 0.25 0.25

Ammonium bicarbonate 0.25 0.25

Common salt 0.25 0.25

The sensory evaluation of biscuits was carried out using 

five-panel members from the Division of Quality and 

Basic Sciences, ICAR-Indian Institute of Wheat and 

Barley Research, Karnal on a 9-point Hedonic scale. The 

following descriptors were used: colour- bottom surface, 

appearance- bottom surface, odour, taste and texture. The 

browning index of biscuits was determined as described by 

Kumar et al. (2016). The colour of biscuits was measured 

in terms of Hunter L*, a*, and b* values using a spectro-

colourimeter (Colorflex EZ 45/0, HunterLab, USA). The 

spread ratio of biscuits was calculated as the quotient of 

the diameter and thickness of the biscuits measured using 

Vernier callipers.
Fig.1. Solid band tray (left) and mesh tray (right)
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Sensory evaluation is carried out to evaluate the food 

products for ensuring that the end user receives a quality 

product that appeals to the senses-meeting consumer 

expectations. It is important for carrying out research, 

product development and quality control (https://www.

tentamus.com/lab-analyses/sensory-testing/). A perusal 

of sensory data elucidated using a radar diagram (Fig. 2), 

revealed the differences between the sensory attributes 

of biscuits baked on different trays. The sensory colour 

score and appearance score of the bottom biscuit surface 

varied from 4.67 to 7.50 and 4.83 to 7.67, respectively. The 

lowest score was obtained for legume biscuits baked on a 

solid band tray while the highest was for control biscuits 

baked similarly. 

Akin to this, the legume-supplemented biscuits baked on 

the solid band tray scored least on the appearance score, 

followed by BN, ML and MN. The appearance score for 

the legume-fortified biscuits was disliked slightly by the 

sensory panellists.

Fig. 2 Radar diagram depicting the sensory attributes of 
biscuits

As evident from Figure 3., the difference in colour and 

appearance of the biscuits is considerable. Baking on the 

solid band led to darker biscuits as compared to ones 

baked on the mesh. This might have occurred because of 

the enhanced browning process (Maillard browning and 

caramelization) near the bottom surface, possibly due to 

the entrapment of heat by the baking sheet (Kumar et al., 

2019). Increased temperature is linked to the increased 

formation of non-enzymatic browning compounds 

(Miranda et al., 2009). 

Kumar et al. (2019) further suggested that perforated or 

wire mesh trays may be utilized for baking to obtain 

uniform colour. Also, the biscuits baked on the solid 

bands suffered from the hollow bottoms. The hollow 

bottom defect on the biscuits generally happens due 

to the random incorporation of air during the mixing 

process which expands upon heating or uneven baking 

temperature in the oven. The biscuits baked on mesh 

were devoid of hollow bottoms implying a more uniform 

heat transfer while baking. Further to mention, the hollow 

bottom defect can also be seen in biscuits made with 

overworked dough. 

Fig. 3 Control and legume-supplemented biscuits baked on 
different trays 

(BL: Band legume; BN: Band normal; ML: Mesh legume; 
MN: Mesh normal)

The other sensory attributes viz., odour, taste and texture 

scores for biscuits varied from 5.67 to 6.83, 5 to 7.33 and 

6 to 6.92, respectively. The difference in the degree of 

browning arising due to baking in different trays might 

also impact the odour and taste of the product. In general, 

the legume-supplemented biscuits baked on the solid band 

tray scored less than those baked on the mesh tray for all 

sensory attributes. The brown discolouration in baked foods 

is due to the formation of various non-enzymatic browning 

products. The browning index effectively measures the 

discolouration of the product and measures the high 

molecular weight products formed during the browning 

process (Delgado et al., 2010). The browning index of the 

biscuits varied from 0.563 to 0.937 (Fig. 4). BL samples 

were most brown followed by ML, BN and MN. As already 

mentioned, the browning intermediates produced during 
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the course of baking might have caused the production of 

brown pigments. The increased browning was observed in 

the case of samples baked on the solid band in comparison 

to the samples baked on the mesh tray.

Fig. 4 Browning index of the biscuits

The colour of the samples measured in terms of Hunter L*, 

a* and b* also displayed similar results. L* value indicating 

the lightness varied from 46.72 to 68.74 while the a* value 

which indicates redness (positive value) and b* value 

which indicates yellowness (positive value) ranged from 

6.68 to 11.34 and 27.00 to 30.35, respectively.

Fig. 5 Hunter colour values of the biscuits

The trend followed by L*, a* and b* colour values is as 

follows: BL<ML<BN<MN, MN<ML<BN<BL and 

BL<MN<ML<BN (Fig. 5). The spread ratio of the biscuits 

measured as the quotient of width and thickness varied 

from 8.25 to 9.75. The biscuits baked on the solid band 

tray had a higher spread ratio than the biscuits baked on 

the mesh tray. Further, the addition of horse gram flour 

also decreased the spread ratio of the biscuits. The biscuit 

flow generated during the baking got hindered due to the 

mesh structure which might have restricted the expansion 

and caused the reduction in the spread ratio. 

Summary

Since horse gram contains a higher amount of protein, the 

addition is expected to have accentuated the protein and 

lysine content in biscuits. The type of baking tray affected 

the colour and sensory characteristics of the biscuits. 

Baking on a solid band sheet enhanced the browning 

thereby affecting the aesthetics of the biscuits while baking 

on a wire mesh tray caused a reduction in the browning 

and spread ratio of the biscuits. 

Fig. 6 Spread ratio of the biscuits
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