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Effect of batter viscosity on the quality of waffle cones 

 
Sanjay Patidar, Devina Vaidya, Manisha Kaushal, Faruk Ansari, 

Priyanka Chauhan and Anil Gupta 

 
Abstract 
In the present study, the effect quality characteristics of batter such as the viscosity, moisture content and 

density were observed on various parameters of waffle cones viz., baking loss, thickness, weight, 

moisture content, and crispiness. The batter density was recorded as 1.04-1.25 g/cm3. It was observed 

that the water content possessed a non-significant effect on the density, but significantly affected the 

viscosity and consistency of the batter. the viscosity of batter was optimized at different levels of water 

ranging between a viscosity of 4500-5000 mPas. For the preparation of high quality waffle cones, 2-3 

parts of water and a baking time of 2 min at 150 °C temperature was found to be adequate. The waffle 

cone baking loss, thickness, weight, moisture content and crispiness were recorded as 65.93-66.33%, 

2.58-2.77 mm, 10.12-10.23 g, 8.37- 8.53% and 9.00-20.00, respectively. The goal of this research was to 

investigate how waffle quality (stability) and sticking behaviour were affected by batter components. 

However, waffles have received relatively little research overall, there is currently no comprehensive 

scientific understanding of these occurrences. 

 

Keywords: waffle cones, viscosity, consistency, quality, baking 

 

Introduction 
A waffle cone, often known as an ice cream cone, is a conical-shaped, crispy baked product 
used to serve ice cream. The waffle cone's distinctive texture, which contrasts with the texture 
of ice cream, makes it popular Phuenpipob et al (2016) [19]. Traditionally, flat waffle-shaped 
batter is baked before being rolled while still warm and malleable into conical shapes. The 
baked waffles releasing from the baking plates, may be attributed to the rheological properties 
of the batter, is one of the essential components for uninterrupted operation when employing 
automated equipment (Wade, 1988) [26]. The two types of ice cream cones are wafer (or cake) 
or moulded cones and rolled sugar cones Huang (1981) [23]. Ice cream cones are a crucial 
component of the production and marketing of novelty frozen desserts. Rolling flat waffles 
into conical shapes while they are still warm and malleable is how rolled ice cream cones, are 
prepared Huang (1990) [24]. Although refined wheat flour makes up a substantial part of this 
product, it lacks nutritionally important dietary fibre and amino acids. Dewettinck et al (2008) 

[11]. 
Waffle cones are made with ingredients such as flour, water, shortening, lecithin, sugar, salt, 
colourants, and flavourings. Some recipes tend to produce wafers that stick to the baking 
plates, time-consuming and difficult manual removal. In extreme circumstances, production 
must stop until an appropriate batter can be made. Thin batters are usually connected with 
sticking issues, but thick batters may make uniform batter application difficult. Hence, batter 
quality and the corresponding tendency for adhesion become regulating elements for 
successful baking Huang (1988) [25]. 
The characteristics of the flour, water temperature and level, mixing technique, baking time, 
and temperature are the primary factors affecting the waffle cone's quality. The batter's 
qualities, including holding time, density, viscosity, and temperature, as well as the waffle 
cone's weight, surface colour, fragility, and moisture content, are used to determine the quality 
(Dogan, 2006) [6]. The batter used to make the waffle cone contains 35–40 percent dry matter 
(Anonymous, 1989) [1]. 
While distributing batter and develop a good quality waffle cone, the required viscosity is 
vital. Waffle cone recipes should have enough water (moisture contents of 55–60%) to evenly 
distribute the ingredients and provide a viscosity that is low enough to flow over and cover the 
plate (Kobs, 2001) [13]. As water levels influence the texture of the waffle sheet, water reduces 
the sheet's fullness, resulting in thick, heavy, and unbaked sheets. so, the flour to water ratio 
should be kept under control. Excess water cannot hold the batter's viscosity. Water also serves 
as a leavening agent during baking (Wade, 1988) [26]. 
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Materials and Methods 

Commercial wheat flour, butter, sugar powder, banana and 

milk bought from the near market were used for the study. 

Fresh apple pomace was procured from the canning unit 

Department of Food Science and Technology, Dr. YS Parmar 

University of Horticulture and Forestry, Nauni, Solan, 

Himachal Pradesh. The pomace was treated with potassium 

metabisulphite (1000ppm) and dried in a cabinet tray drier at 

50 ± 2˚C for 24 h. Dried pomace was then ground in a Willey 

grinder and passed through a 30 mm mesh screen sieve (500 

µm). Ground apple pomace was packed polyethylene bag, 

labeled and kept for storage in a cool and dry place. 

 

Batter preparation  

The batter ingredients and their proportions are represented in 

Table 1. Sugar powder and melted butter were mixed then the 

mashed banana and milk were added. Dry ingredients such as 

flours were mixed separately (wheat flour and apple pomace 

flour). The total mixing duration of the batter depended on the 

constancy of the batter. To allow air bubbles to rises to the 

surface, the batter was then let to stand for 10 minutes. The 

temperature of the batter was maintained at 25 ± 2 

°C throughout the experiment. 

 
Table 1: Waffle cone ingredient 

 

Treat. APF (g) WF (g) SP (g) Butter (g) MP (g) PS (g) 

T1 20.00 8.00 10.00 10.00 10.00 2.00 

T2 20.00 8.00 10.00 10.00 10.00 0.59 

T3 20.00 8.00 10.00 10.00 14.24 2.00 

T4 20.00 8.00 10.00 10.00 13.00 1.00 

T5 20.00 8.00 10.00 10.00 10.00 3.41 

T6 20.00 8.00 10.00 10.00 7.00 3.00 

T7 20.00 8.00 10.00 10.00 13.00 3.00 

T8 20.00 8.00 10.00 10.00 7.00 1.00 

T9 20.00 8.00 10.00 10.00 5.76 2.00 

 

Batter density and viscosity  
By weighing a 100-ml graduated cylinder that was half filled 

with batter and half with water and dividing the weights, the 

density of the batter was determined. The viscosity of the 

waffle cone batter was measured by using a Brookfield 

viscometer (Model DV-III, Stoughton, MA, US). Waffle cone 

batter was transferred to a beaker of 100 ml, and filled to the 

brim. The spindle speed was set at 20 rpm and for all 

experiments, spindle No. 7 was used. Viscosity was measured 

immediately. The experiment was conducted at room 

temperature (25 ± 2 °C). pH was determined using a digital 

pH meter (Mettler Toledo). 

 

 
 

Where, 

W1 = Weight of batter  

W2 = Weight of water 

 

Baking process 

Laboratory-type wafer baking plates (Cone Baker Machine) 

were used to bake round wafer cone sheets. The temperature 

of the upper and lower plates was similar and controlled with 

digital thermocouples range of temperature 50 – 250 °C. The 

plates were warmed to the baking trial temperature. After 

feeding a portion of the batter weighing 30.00 g onto the 

middle of the lower plate's surface, the upper plate was 

swiftly shut, the lid was locked, and the temperature was kept 

at 150 °C for 2 minutes. 
 

Results and Discussion 

Quantity of water 

The quantity of batter plays a very important role in the 

desired consistency of the batter. The amount of water 

depends on the concentration of dry ingredient quantity such 

as flour (apple pomace flour and wheat flour), sugar powder, 

milk powder and potato starch. However, the effects of flour 

concentrations on the water level of the batter were significant 

at p<0.05. The batter had a water level of 2-3 parts per 1 part 

of dry ingredients (apple pomace flour, wheat flour, sugar 

powder, milk powder and potato starch). This was due to the 

high-water absorption capacity (WHC) of flour which 

depends upon the quantity of starch and dietary fiber present 

(Chandra and Patel, 2013) [2]. According to Table 2, among all 

treatments, a higher WHC was observed in the treatment (T7), 

due to the higher concentration of milk powder and potato 

starch than the other treatments. Santana et al. (2022) [5] 

showed that the flour with high fiber and protein content, 

water is essential to get a good mixture of the batter and the 

cone prepared from high absorption end to be hard and 

ultimately crispier. A similar statement was given by 

Hadiyanto et al. (2007), that the crispiness is reliant on the 

availability of water content and the gelatinization of starch 

during baking. 
 

Viscosity  

The amount of water, gluten, starch, fibre, and the time after 

mixing had affected the viscosity of the batter. As per Table 

2, the relationship between batter viscosity and water level 

was highly significant at p<0.05. The total water level in the 

treatments used in the study ranged from 2-3 times more than 

on a dry ingredient weight basis. The steam vents enable the 

moisture in the batter to escape as soon as the plates are 

touched. The batter is spread evenly throughout the space 

between the plates due to the quick steam production. A 

excellent wafer texture is achieved through the generation of 

water vapour (Manley, 2000) [15]. For any given solid content, 

variations in water level have an impact on the viscosity of 

the batter. Water is necessary to achieve the desired viscosity, 

as shown in Table 2. The viscosity was reduced as the water 

level raised. The viscosity was significantly enhanced when 

less than 2 to 3 parts of water were used, which led to issues 

including difficult batter deposit and incomplete sheets. The 

viscosity appears to change when gluten is added when the 

water content is less than 150%. The measurement of batter 

viscosity is more useful for making waffle cones than the 

measurement of density. The batter holding time was a 

significant factor impacting viscosity as well. The flour's 

lower a-amylase level is probably what caused the viscosity to 

decrease. Viscosity decreased less after 30 minutes than it did 

in the first 30. Viscosity reduction is additionally restricted by 

the low batter temperature and the fact that a-amylase only 

works on damaged starch. The impact of a-amylases on starch 

is minimal if the batter is used within 30 minutes of 

preparation (Matz, 1992; Manley, 2000) [17, 15].  
 

Moisture content  

The moisture content of waffle cone batter has also defined as 

the quality of batter that is a direct effect on the batter's 

viscosity and consistency. Waffle cones and wafers sheets are 
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produced from a batter containing 35-40 percent dry matter 

(Anonymous, 1989) [1]. Whereas higher moisture content in 

the batter was more liquid and during pouring the backing 

plate run outside of the plate and less moisture content in the 

batter that the low enough viscosity to flow of batter and 

decrease the completeness of the waffle cone sheet; therefore, 

thick, heavy and unbacked sheet occurs. As a result of 

evaporation during baking, water also functions as a leaving 

agent (Dogan, 2006) [6]. According to the result, moisture 

content was observed significantly higher at 61.60 percent in 

treatment (T7) and at least 60.50 in treatment (T3). As the 

above mention, the statement the dry matter (35-40%) was 

justified by the moisture content range of the batter. In order 

to get a suitable consistency, water is added. Since that the 

weight of the water is around 150% that of the flour, it is 

therefore crucial to give great attention to the flour metering 

in order to successfully produce homogenous batter. When 

compared to errors in flour weighing, changes in flour 

characteristics that effect water absorption are typically 

negligible. 

 

Density  

The density of batters ranged between 1.04 to 1.25 g/cm3. The 

density may vary by temperature and mixing time depending 

on the amount of milk powder and potato starch added to the 

flour and water in the treatments. However, at p<0.05, the 

interactions between the amount of wheat and water and 

batter density were significant. The water content in the batter 

was 2-3 parts water to 1 part flour. Due to the high water 

content of the batter, less air was incorporated into the batter, 

which is why there were substantial variances in density. 

When the batter is applied volumetrically to the baking plate 

for making waffle cones, the density of the batter should fall 

within a specific range. In a previous studies, it was found 

that wafer batters without yeast had an average density of 

between 1.11 and 1.19 g/cm3 (Dogan, 2006) [6] and 1.14 to 

1.15 g/cm3 (Wade,1988) [26]. Due to the low density, more air 

is likely to be present in the wafer batter, which is desirable 

because it will result in more gas bubbles in the wafers, more 

baking bubbles, and a bigger volume of the final product. A 

similar statement was given by Ekramiant et al., 2021 [9]. 

 

Baking loss (%) 

Many variables, such as baking temperature, batter wetness, 

or ingredient, might affect baking loss. The values for baking 

loss were 65.93 percent for the treatment (T9) and 

66.33 percent for the treatment (T7), respectively, compared 

to 56.12 percent baking losses in the case of the waffle sheet 

observed by Chetrariu and Dabija (2022), which is to be 

expected because the wafer humidity is much lower than that 

of waffles. 

 

Thickness (mm) 

The brittleness of the waffle cone is largely determined by its 

thickness, so the thinner the waffle cone, the more brittle it is. 

Throughout the course of the study, the gaps between the 

plates were maintained at more than 2.50 mm. The amount of 

batter placed, the bake time, and the temperature all had an

impact on the waffle cone's thickness. Table 2 showed the 

effects of water level, ingredient composition and baking 

temperature on wafer thickness. Whereas a significantly 

higher thickness was recorded in the treatment (T3) and the 

least in the treatment (T7). 

 

Weight (g) and Moisture (%) 

Changes in the viscosity and composition of the batter have 

an impact on the weights and moisture of waffle cones. 

Lighter weights provide fragile, brittle, and soft-eating waffle 

cones, whereas heavier weights produce firmer wafers. There 

can be no shortages in the corners and each waffle cone must 

have the same weight. In order to guarantee that average 

weights are within a particular range that cone weights from 

subsequent plates are also within a certain range. The data are 

shown in Table 2 weight of the waffle cone is between 10.10 

g to 10.23 g, respectively. 

Waffle cone weight variations may be caused by unequal 

plate gap settings or uneven batter deposition, which is 

typically exhibited by uneven amount of bobble or partial 

sheets. Light wafers are less moist and lighter in colour than 

heavier wafers. The higher the distribution of the moisture is 

more asymmetrical the overall moisture content. 

The stickiness of the batter is mostly caused by moisture 

content, however minor amounts of moisture also make the 

final products crisp and prolong the shelf life of food items 

(Schmidt et al., 2018) [21]. The results of this investigation 

were consistent with those by Raza et al. (2016) [20], who 

reported that the moisture of all treatments ranged from 8.33 

to 8.53 percent. Wafers contain 7.00 percent moisture and 

have water activity less than 0.52, according to Matinez et 

al. (2004) [16], their results agree with those of Meral and 

Dogan (2004) [7]. They also demonstrated good shelf-life 

stability. During baking, most of the moisture evaporates, 

creating a porous foamed cellular structure. Although 

Navarrete et al. (2004) [18] suggested moisture levels between 

6% and 11% for obtaining an acceptable crispy wafer. 

 

Crispiness  

The degree of crispiness is a crucial component of baked 

goods and has a significant impact on how consumers view 

them. The. According to (Szczesniak, 1972) [22], the sense of 

crispiness is equally important to freshness in the product and 

is a critical textural quality of bakery and confectionary food 

products for customer pleasure of foods. Table 2 showed the 

data of crispiness was observed between the range 9.00 to 

20.00. The crispiness of the waffle cone was depended on the 

composition of the ingredient and water level as well as batter 

viscosity. The properties might be due to the high 

composition of fiber in apple pomace flour. High fiber content 

increased the texture of the cone to become crispy. Similar 

results were reported by Dom et al., 2020 [8] in the cone 

prepared using sweet potato and Kushwaha et al., 2023 [14] in 

a jackfruit seed flour-based ice cream cone. The most 

significant textural characteristic is thought to be wafer 

crispiness. Wafer texture is impacted by moisture level 

because it softens the starch-protein matrix, which changes 

how strong the wafer sheet is (Katz & Labuza, 1981) [12].
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Table 2: Effect of batter on products quality 

 

Treat. 

Characteristics of batter Characteristics of waffle cone 

Water 

(ml) 

Viscosity 

(mPas) 

Moisture 

(%) 

Density 

(g/cm) 

Baking loss 

(%) 

Thickness 

(mm) 

Weight 

(g) 

Moisture 

(%) 
Crispiness 

T1 85.00 4900 61.11 1.11 66.06 2.68 10.18 8.40 20 

T2 82.00 4800 60.99 1.20 66.03 2.70 10.19 8.43 9 

T3 90.00 5000 60.50 1.16 65.90 2.77 10.23 8.53 19 

T4 85.00 4900 61.13 1.09 66.10 2.67 10.17 8.39 10 

T5 90.00 5000 61.53 1.07 66.26 2.58 10.12 8.37 19 

T6 80.00 4700 60.94 1.21 66.00 2.71 10.20 8.45 15 

T7 92.00 5000 61.60 1.04 66.33 2.55 10.10 8.33 19 

T8 78.00 4600 60.82 1.23 65.96 2.73 10.21 8.49 11 

T9 76.00 4500 60.77 1.25 65.93 2.75 10.22 8.50 13 

CD 1.72 16.55 0.01 0.02 0.02 0.02 0.02 0.02 1.72 

Each value is the average of three replications: Above all the means value is significantly different at p<0.05 by CRD. 

 

Conclusion 
The present study revealed that the preparation of waffle 

cones can be successfully done by using apple pomace flour 

with wheat flour, sugar powder, butter, milk powder and 

potato starch. The water level and composition of ingredients 

and viscosity are important parameters for obtaining a high-

quality waffle cone. As a processing parameter, water level, 

viscosity, density and moisture content were determined to 

prepare high-quality waffle cones. Water level and batter 

holding time were the variables that influenced batter 

viscosity. In order to produce a complete and crispy waffle 

cone, it was determined that batter viscosity should be 

controlled. The degree of changes caused by a-amylase in the 

viscosity of the prepared batter are minimal if used within 30 

minutes. During the preparation of the batter, effective and 

quick mixing, temperature and viscosity controls are essential. 

According to the study, the batter's water content and baking 

temperature should be considered while adjusting the batter's 

quantity. Wafer sheet weight, a crucial factor in waffle 

brittleness and crispiness, was correlated with batter weight, 

baking time, and temperature. High-quality waffle cones were 

produced from a batter containing 2-3 parts of water level and 

baked at a temperature of 150 °C for 2 min.  
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