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Abstract 

Bulla porridge is a traditional food item often made from bulla paste, which is primarily obtained from fully matured Enset 

(Ensete ventricosum) plants. It is high in carbohydrates but low in protein. This study aimed to improve the nutritional value 

and sensory attributes of bulla porridge. 5 kg of bulla paste was collected from Gurage zone, Ezha woreda, Ethiopia. The 

experiment included seven treatments: T1 (100% water), T2 (85% Acidic Whey & 15% Water), T3 (70% Acidic Whey & 30% 

Water), T4 (55% Acidic Whey & 45% Water), T5 (40% Acidic Whey & 60% Water), T6 (25% Acidic Whey & 75% Water), 

and T7 (10% Acidic Whey & 90% Water). The moisture, ash, crude protein, calcium, iron, and zinc content of acidic whey 

blended bulla porridge ranged from 0.54% to 1.65%, 0.33% to 4.65%, 0.43% to 1.43%, 177.60 to 530.50, 9.37 to 24.51, and 

0.69 to 2.34, respectively. The highest sensory attribute scores were 8.33 for appearance, 8.47 for color, 7.87 for taste, 8.07 for 

odor, 8.07 for texture, and 8.15 for overall acceptability. Bulla porridge with 70% acidic whey and 30% water showed a 16% 

increase in protein, 35% increase in calcium, and 7% increase in zinc. Bulla porridge made with acidic whey can be 

significantly improved in terms of protein content and sensory acceptability compared to the control. 
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1. Introduction 

Nutritional security is a top priority globally. Proper for-

mulation and use of agricultural products is essential to in-

crease food diversity. Milk and its products, like whey, are 

rich in nutrients. Whey, particularly acid whey, contains pro-

teins and minerals that can help combat protein malnutrition 

[2]. 

Enset is a key food source for approximately 20% of the 

Ethiopian population, which amounts to over 20 million 

people [18]. It is a dietary staple in the southern part of 

Ethiopia, providing carbohydrates, minerals, and fibers, alt-

hough it is low in protein content [14]. 

Bulla, one of the three main food products derived from 

Enset, is a water-insoluble starchy substance that can be ex-

tracted from Kocho through a process of squeezing and de-

canting the liquid stored in the pseudo stem. This is crucial 

for addressing food security challenges posed by the current 

population growth in Ethiopia [19]. Starchy foods prepared 

from enset were the primary source of calcium and an addi-

tional source of iron was reported [21]. Besides these, the 

mineral concentration of some of the elements (Ca, Fe and 
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Zn) of bulla was reported by [31]. 

Currently, the application of whey for food formulation 

have given great attention [28]. Despite the lack of under-

standing of the essential nutrients present in whey, it is still 

considered as a waste product [12]. In the case of cheese 

production, ten parts of milk give nine parts of whey and one 

part of cheese [11]. The whey is a by-product of cheese 

making, contains up to 55% of milk nutrients and 20% of 

milk proteins [22, 23]. Acid whey, in particular, contains 

proteins, mineral salts, vitamins, and products of lactic acid 

fermentation [26]. Whey and its derivatives have been sug-

gested as potential substitutes for main ingredients and can 

be incorporated in to different food products to increase the 

nutrient level of the food products in the literature was re-

ported [30]. 

Regarding porridge is one of the most widely consumed 

foods in Ethiopia. Like other parts of Ethiopia, porridge is 

also a traditional food among the people of Guraga district. 

People in this district use bulla in place of other cereal crops. 

Hence, the porridge is made mostly from bulla paste instead 

of other cereal crops (rye, maize, barley, and wheat). Por-

ridge may be served as a main meal (breakfast) or as a meal 

on special occasions (after birth or holiday). Most often, this 

food is given to special ceremonies, delivered mother, for 

caring the sick, aged and pregnant women. It is also used as a 

complementary food to feed children under the age of five 

years [32, 33]. 

For whey based bulla porridge study mixture design ap-

plied as a tool for determining the optimum formula by con-

sidering the quality of the characteristics of the food. This 

software provides us to improve the bulla porridge prepara-

tion in different proportion of whey. 

There is limited research was conducted on the formula-

tion of bulla with dairy processing products such as the whey 

in the literature. Therefore, the aim of this study was to en-

hance the nutritional content and sensory qualities of bulla 

porridge by using different ratios of acidic whey to water. 

2. Material and Methods 

2.1. Raw Materials 

5 kg of bulla paste was obtained from Gurage Zone, Ezha 

district in Ethiopia. Milk was sourced from Holeta livestock 

farm and processed into acidic whey at the dairy processing 

laboratory at Holeta Agricultural Research Center as shown 

in Figure 1. 

 
Figure 1. Raw material for the experiment. 

2.2. Treatments 

A total of seven treatments were prepared using 100 g of 

bulla paste for each. The preparation of bulla porridge was 

done by mixing the bulla paste with varying proportions of 

whey and water. The paste was then cooked until it reached 

the desired consistency and flavor, following the method 

described by [25]. Bulla porridges consisted of water, whey, 

and bulla paste as shown in Table 1. 

Table 1. Treatment combinations. 

Treatments Blending levels (%) 
Bulla 

paste (g) 

1 100% Water 100 

2 85% Acidic Whey and 15% Water 100 

3 70% Acidic Whey and 30% Water 100 

4 55% Acidic Whey and 45% Water 100 

5 40% Acidic Whey and 60% Water 100 

6 25% Acidic Whey and 75% Water 100 

7 10% Acidic Whey and 90% Water 100 

2.3. Bulla Preparation 

After obtaining the bulla pastes from the local market, 

they were placed in a plastic container and mixed well with 

water until completely dissolved. The mixture was then fil-

tered using sieves to remove any extraneous materials (for-

eign matter). The bulla paste was collected from the plastic 

bucket and used for the experiment. Subsequently, the bulla 

paste dissolved in water was stored inside the bucket at room 

temperature for preservation. The water was changed every 

week to prolong the shelf life of the bulla paste until the end 

of the experiment, as shown in Figure 2. 
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Figure 1. Preparation process of bulla paste for the experiment. 

2.4. Acidic Whey Preparation 

Five liters of raw cow milk, collected from Holeta Agri-

cultural Research Center dairy farm, were kept in a clean 

container for three days for spontaneous fermentation with-

out the addition of any starter culture. The fermented and 

coagulated milk was then churned, and the butter was re-

moved. After removing the butter, the remaining part was 

heated to 40-50 degrees Celsius until the cheese coagulated. 

Finally, the cottage cheese was separated from the whey by 

filtering it using muslin cloth. The filtered whey was then 

kept in a labeled clean container, as shown in Figure 3. 

 
Figure 3. Prepared acidic whey taken from the experiment. 

2.5. Porridge Preparation 

Three hundred milliliters of distilled water with acidic 

whey were heated to 67 °C for 4 minutes. Then, 100 grams 

of the bulla paste mix were added and continuously stirred 

with a wooden ladle until the desired consistency was at-

tained. This mixture was boiled at 80°C for 13 minutes and 

allowed to cool to 40 °C before serving to the panelists. The 

porridge was prepared using the method with some modifi-

cations described by [20], as shown in Figure 4. 

 
Figure 4. Prepared Porridge taken from the experiment. 

2.6. Physicochemical Property Analysis 

2.6.1. Determination of Moisture 

A 3 g sample of bulla porridge was weighed into a heated 

and pre-weighed crucible. The moisture content was deter-

mined by oven drying at 105°C for 3 hours. After drying, the 

crucibles containing the samples were removed, cooled in 

desiccators, and then re-weighed. The moisture content was 

calculated using the following formula [15]. 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 (%) =
(𝑊2−𝑊3

(𝑊2−𝑊1)
𝑥100  

Where: W1 = weight of crucible or empty dish (g); W2 = 

weight of crucible + sample before drying (g); W3 = weight 

of crucible + sample after drying (g). 

2.6.2. PH and Titratable Acidity 

The pH of the bulla porridge was measured using a glass 

electrode digital pH meter after calibration with standard 

buffer solutions of pH 4 and 7. 10 g of bulla paste was placed 

in a 100 ml beaker for analysis. The sample was then diluted 

in 90 ml of neutralized distilled water. 10 ml of the diluted 

sample was transferred to a pH reader, and 3 to 4 drops of 

0.5% phenolphthalein indicator were added and dissolved 

using a magnetic stirrer. Each sample was titrated with 0.1 N 

NaOH until reaching an end point of 8.2 (confirmed with the 

pH meter or phenolphthalein indicator). The milliliters (ml) 

of NaOH used were recorded for each treatment, and the 

acidity was reported as ml of NaOH per 10 g of sample. Ti-

tratable acidity was determined using the titration method 

outlined in the standard procedure by Garner [5]. The titrata-

ble acidity was calculated using the following formula: 

% 𝑎𝑐𝑖𝑑𝑖𝑡𝑦 =
(𝑚𝑙𝑠 𝑁𝑎𝑂𝐻 𝑢𝑠𝑒𝑑)𝑥(0.1𝑁 𝑁𝑎𝑂𝐻)𝑥(𝑚𝑖𝑙𝑙𝑖𝑒𝑞𝑢𝑣𝑖𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟)

𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
𝑥100  

Where 0.064*= acid millequivalent factor 

2.6.3. Determination of Ash Content 

The total ash content was determined by using oven-dried 

samples at 65°C overnight. The dried samples were placed in 

a desiccator and weighed using an analytical balance. Then, 

the dried samples were incinerated in a muffle furnace at 

550°C for 4 hours following the method described by [1]. 

http://www.sciencepg.com/journal/wjfst


World Journal of Food Science and Technology http://www.sciencepg.com/journal/wjfst 

 

109 

The ash was cooled in a desiccator and reweighed using an 

analytical balance. The initial and final weights were rec-

orded. The obtained ash weight was divided by the original 

sample weight, and the result was expressed as a percentage. 

The ash percentage was calculated using the following for-

mula: 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑠𝑕 (%) =
(𝑊𝑒𝑖𝑔𝑕𝑡 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 𝑔)

(𝑤𝑒𝑖𝑔𝑕𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑔)
𝑥100  

2.6.4. Determination of Crude Protein Content 

The total nitrogen content of 5 g porridge samples was 

determined using the Kjeldahl method as outlined in [1]. The 

bulla porridge was weighed and digested at 350°C by adding 

10 ml of sulfuric acid with a selenium mixture catalyst for 2 

hours. Once a light green color appeared, the digest solution 

was cooled and transferred into a 100 ml volumetric flask, 

which was then filled to the mark with distilled water. A Mi-

cro Kjeldahl distillation apparatus was used to distill 25 ml 

of the prepared digest by adding 70 ml of 40% sodium hy-

droxide. The blue color changed to dark brown as the distil-

lation continued. The released ammonia was condensed and 

collected in a receiver containing 30 ml of boric acid with 

indicator solution. The condensed ammonia was then 

back-titrated with 0.01 M HCl until a pink color endpoint 

was reached. The crude protein content of the porridge sam-

ples was calculated by multiplying the nitrogen content by a 

factor of 6.35. 

% 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 𝑏𝑦 𝑤𝑒𝑖𝑔𝑕𝑡 =
(𝑅−𝐵)𝑁∗14∗100

1000
∗ 𝑆𝑊  

% Crude protein = N X 6.25 

Where: R=Reading of the analysis; B= Blank used as a 

control; SW= Weight of the sample. 

2.6.5. Mineral Analysis 

To determine the levels of calcium, zinc, and iron in a 

sample of bulla porridge, 5 grams of the porridge were 

placed in a porcelain crucible that had been weighed before-

hand. The porridge was then heated, and after cooling, 0.5 

grams of white ash were weighed out. This ash was mixed 

with 2.5 ml of concentrated HCL and 2.5 ml of distilled wa-

ter, and the resulting mixture was dissolved in a 25 ml cali-

brated flask. The digested sample was then filtered and 

transferred to a 100 ml volumetric flask. The solution was 

used to analyze the levels of calcium, zinc, and iron. Stand-

ard stock solutions of Fe, Zn, and Ca were prepared using 

AAS grade chemicals and appropriate dilutions. The concen-

trations of Ca, Zn, and Fe in the porridge were measured 

using an Atomic Absorption Spectrophotometer (Agilent 

AAS series 200, USA) following method [1]. 

𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑠 (
𝑚𝑔

100𝑔
) =

𝐶𝑜𝑛𝑐.𝑟𝑒𝑎𝑑𝑖𝑛𝑔 𝑏𝑦 𝐴𝐴𝑆𝑥 𝐷𝐹

10𝑥𝑆𝑊
  

Where: DF= Dilution factor, SW= Sample weight 

2.7. Sensory Evaluation 

The sensory attributes of the bulla porridge, such as gen-

eral appearance, color, taste, odor, texture, and overall ac-

ceptability, were evaluated using a nine-point hedonic scale. 

The scale ranged from 9 (like extremely) to 1 (dislike ex-

tremely) for each attribute. Fifteen semi-trained panelists 

evaluated the sensory attributes following the method out-

lined by [29]. 

2.8. Statistical Analysis 

The data on physicochemical and sensory attributes were 

analyzed using SAS (version 9.0) and the SPSS statistical 

package program (SPSS, Version 22 Inc., Chicago, IL, USA), 

respectively. Analysis of variance was conducted using 

one-way ANOVA at a 95% confidence interval. The experi-

ment was designed in a completely randomized design (CRD) 

with replications. 

3. Result and Discussion 

3.1. The Physicochemical Properties of Porridge 

Table 2 revealed that the results of the determination of the 

physicochemical properties of moisture, pH, acidity, ash, 

crude protein and fat values among the seven treatments. The 

present study shown that there were significant difference 

(P<0.05) of moisture, acidity, ash, protein and fat except the 

pH respectively. In terms of moisture content, the overall 

mean of moisture of bulla porridge was 1.09. The maximum 

mean score of moisture was 1.65+ 0.02 % for T1 (control) 

and the minimum mean score of moisture was (0.54+ 0.03 %) 

for T6 (25:75) respectively as presented in Table 2. This may 

be due to the nature of bulla to retain an adequate amount of 

water. Conversely, the percentage of moisture content is af-

fected by increasing the proportion of whey in the porridge. 

The present finding in line with the work of [4] reported that 

the whey protein in the porridge could lower the moisture 

content due to the agglomeration process. With respect to 

acidity, the overall mean of acidity was 3.90. The maximum 

mean of acidity in two treatments were 6.59± 0.23 % and 

6.59± 0.57 % for T2 and T3 and the minimum mean scores 

of acidity was (1.18 ± 0.23 %) for T1 (Control) respectively 

as shown in Table 2. The value obtained for titratable acidity 

is generally above the standard, which is 0.7 % [10]. This 

may be due to the presence of organic acids, which increase 

acidity. Titratable acidity deals with the measurement of the 

total acid concentration contained within a food. Regarding 

the ash content, the overall mean of percentage of ash was 

2.42. The maximum mean scores of total ash was 4.65 ± 

0.14 % for T3 and the minimum ash content of porridge was 

0.33 ± 0.02 % for T1 (control) (Table 2). The result of the 
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present finding similar with the work of [35] reported that 

the presence of whey improves the ash content of weaning 

foods. Ash content is a measure of the total amount of min-

erals within a food [9]. It may be due to addition of whey 

may have contributed to the increased total ash. In this study 

the presence of whey in the porridge was significantly im-

proves the ash content of the porridge. In case of crude pro-

tein, the overall mean of protein was 0.89. The maximum 

mean score of protein was 1.43 + 0.02 % for T3 and the 

minimum mean score of protein was 0.43 + 0.01 % for T1 

(control) respectively as shown in Table 2. The result of the 

present finding is similar with the work of [34] reported that 

adding whey or skimmed milk powder to fortified bended 

foods improves the protein quality. This improvement may 

be attributed to the higher protein content of the whey. 

Moreover, the whey-incorporated bulla porridge had better 

protein content compared to the control. In terms of pH val-

ues, the overall mean of pH value of bulla porridge was 4.19. 

The maximum mean score of pH was 4.33 ± 0.01 for T5 

(40:60) and the minimum mean score of pH was 4.07 ± 0.08 

for T2 (85:15) respectively as presented in Table 2. The re-

sult of the present finding is consistent with the work of [6] 

who suggested that the minimal decrease in pH could be 

attributed to the buffering capacity of milk solids. In this 

study the presence of whey did not have a significant impact 

on the pH value of the bulla porridge. 

Table 2. Mean of proximate composition of bulla porridge. 

Trt MC (%) pH (%) TA (%) Ash (%) CP (%) 

1 1.65+ 0.02 a 4.24+ 0.19 ab 1.18+ 0.23 e 0.42+ 0.02 e 0.43+ 0.01 g 

2 1.43+ 0.02 b 4.07+ 0.08 b 6.59+ 0.23 a 4.54+ 0.16 a 1.38+ 0.01 b 

3 1.10+ 0.01 c 4.16+ 0.09 ab 6.59+ 0.57 a 4.65+ 0.14 a 1.43+ 0.02 a 

4 1.09+ 0.04d 4.27+ 0.03 ab 4.37+ 0.22 b 2.49+ 0.15 b 1.02+ 0.01 c 

5 0.97+ 0.03e 4.33+ 0.01 a 3.59+ 0.63 bc 1.30+ 0.13 d 0.70+ 0.03 d 

6 0.87+ 0.03f 4.20+ 0.06 ab 2.74+ 0.46 cd 1.99+ 0.13 c 0.57+ 0.03 e 

7 0.54+ 0.03 g 4.09+ 0.01 b 2.28+ 0.62 d 1.52+ 0.13 d 0.50+ 0.01 f 

p <0.05 0.097 <0.05 <0.05 <0.05 

Each value is expressed as mean ± standard deviation (n=2). Means followed by different letters within column are significantly different at 

(p<0.05) according to Duncan's Multiple Range Test.; Trt = Treatments MC= Moisture content, TA= Titratable acidity, CP= Crude protein. 

3.2. Mineral Composition of Whey Based Bulla 

Porridge 

Figures 5, 6 and 7 revealed that the determination of 

minerals of whey incorporated bulla porridge were signifi-

cant difference (P<0.05) of calcium, iron and zinc respec-

tively. With respect to calcium is one of the most significant 

minerals in the bulla products. It is necessary for bone 

strength, for the maintenance of the water electrolyte ho-

meostasis, acid-base balance and for muscle and nerve ex-

citation [21]. The overall mean of calcium in whey incor-

porated bulla porridge was 344.48. The highest mean score 

of calcium was 530.50 + 0.71 mg/100 g for T3 (70:30) and 

the lowest mean score of calcium was 177.60 + 0.42 

mg/100 g respectively as shown in Figure 5. The result of 

the present finding is similar with the work of [7] which 

stated that the major ingredient of whey is lactose, with a 

positive effect on mineral absorption, especially calcium. 

This may be due to the whey acting as a source of calcium. 

Even though the availability of calcium in the porridge was 

the minimum concentration in the control, the whey may 

have contributed to increasing the calcium content in the 

other treatments. In case of iron is important mineral for the 

production of red blood cell in the body. It is necessary for 

improve hemoglobin in our body. Considering the availa-

bility of iron in the bulla product is satisfactory. The overall 

mean of iron in the whey incorporated bulla porridge was 

14.19. The highest mean score of iron was 24.51 + 0.01 

mg/100 g for T2 (85:15) and the lowest mean score of iron 

was 9.37 + 0.02 mg/100 g for T4 (55:45) respectively as 

shown in Figure 6. The present finding in agreement with 

the work of [3] reported that whey lactoferrin regulates iron 

absorption. This may be attributed to the high iron content 

in whey, particularly lactoferrin, which is an iron-binding 

glycoprotein in whey. With respect to zinc is important for 

boosting immunity, regulates blood pressure, nerve and 

reproductive functions and acts as a cofactor for various 

enzymes. The overall mean of zinc in whey formulated 

bulla porridge was 1.11. The highest mean score of zinc 

was 2.34 + 0.02 mg/100 g for T2 (85:15) and 0.70 + 0.01 

mg/100 g for T5 (40:60) respectively as shown in Figure 7. 
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The result of the present finding in agreement with the 

work of [16], suggesting that whey lactose binds zinc ions 

in trace amounts. The high zinc content may be due to the 

presence of lactose, which promotes the absorption of zinc. 

 
Figure 5. Calcium profile of bulla por-ridge. 

 
Figure 6. Iron profile of bulla porridge. 

 
Figure 7. Zinc profile of bulla porridge. 

3.3. Sensory Evaluation 

Table 3 revealed that the determination of sensory evalua-

tion among the seven treatments with the choice of panelists. 

In this study there were significant difference (P<0.05) of 

general appearance, color and overall acceptance except taste, 

odor and texture with nine point hedonic scale. In case of 

general appearance the overall mean of general appearance 

of whey incorporated bulla porridge was 7.68. The highest 

mean score of appearance in porridge was 8.33 ± 0.89 for T3 

(70:30) and the lowest mean score of appearance in porridge 

was 6.93 ± 1.44 for T1 (control) as presented in Table 3. The 

result of the present finding in line with the work of [24] 

reported that whey increases appearance due to its lactose 

content of the whey. In case of color, the overall mean of 

porridge incorporated whey was 7.81. The highest mean 

score of color in porridge was 8.47 ± 0.63 for T3 (70:30) and 

the lowest mean score of color in porridge without whey was 

7.13 ± 1.41 for T1 (control) respectively as shown in Table 3. 

The result of the present finding is similar with the work of 

[17], who suggested that casein and rennet casein improved 

color and sensory scores in tapioca and sorghum flour-based 

snack food. This may be due to the presence of lactose in the 

whey. In the present study, the score for color increased sig-

nificantly with the increase in the level of whey. The color of 

the bulla porridge improved from less white to deep white as 

the level of whey increased. Consequently, an increase in the 

proportion of whey led to good acceptance due to the ampli-

fication of the white color of the porridge. With respect to 

overall acceptability is based on multiple organoleptic quali-

ty parameters, including appearance, color, odor, taste, and 

texture. It represents the cumulative perception and ac-

ceptance by the panelists. The overall mean of overall ac-

ceptance in porridge incorporated whey was 7.73. The high-

est mean of overall in porridge with whey was (8.15 ± 0.82) 

for T3 (70:30) and the lowest mean score in porridge incor-

porated whey was (7.15 ± 1.01) for T1 (Control) respectively 

as shown in Table 3. The result of the present finding in 

agreement with the work of [27], which found whey protein 

isolate to increase the overall acceptability of sorghum, corn, 

and defatted soy flour-based extruded products. This may be 

due to the presence of whey protein increases the acceptance 

of the porridge. Moreover, it observed that the highest whey 

incorporation generally improved the acceptance of the por-

ridge. Furthermore, it indicated that bulla porridge cooked 

with a 70% whey ratio is more acceptable than the rest of the 

treatments. The taste of whey incorporated porridge was no 

statistically significant difference (P>0.05) across the treat-

ments. In case of taste, treatment 3 exhibited the highest taste 

value in porridge of incorporated whey with a mean of (7.87 

± 1.13) as compared with treatment 1 (control) that displayed 

the lowest taste score with a mean of (6.60 ± 1.68) respec-

tively as shown in Table 3. The present finding is aligned 

with the work of [13], who suggested that lactose may be 

used in bakery products to enhance the color or taste of food. 
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This may be due to the lactose content in the whey. In the 

present study, the taste of bulla porridge improved with an 

increasing level of whey percentage. This may be due to the 

absence of lactose in the bulla paste. Based on odor, the ma-

jority of the treatments were rated as moderately satisfactory 

as mentioned in Table 3. The overall mean of odor in whey 

supplemented porridge was (7.83). The highest mean of odor 

in porridge incorporated whey was 8.07 ± 0.79 for T3 (70:30 

ratio) and the lowest mean score of odor in porridge incor-

porated whey was 8.07 ± 0.88 for T2 (85:15 ratio) respec-

tively as presented in Table 3. Regarding texture, treatment 4 

(55:45) demonstrated the highest texture value in porridge 

with a mean score of (8.07 ± 0.79) and T7 (10:90) displayed 

the lowest texture value in porridge incorporated whey with 

a mean score of (7.40 ± 1.12). The present finding in agree-

ment with the work of [8] reported that whey protein charac-

teristics providing textural benefits that enhance gel proper-

ties. 

Table 3. The sensory attributes of bulla porridge. 

Trt G. Appearance Color Taste Odor Texture Overall 

1 6.93+1.44c 7.13+1.41b 6.60+1.68b 7.93+0.70a 7.83+1.09a 7.15+1.01b 

2 8.07+0.88ab 8.20+0.64a 7.73+1.17a 8.07+0.88a 8.00+0.93a 8.01+0.69a 

3 8.33+0.89a 8.47+0.63a 7.87+1.13a 8.07+0.96a 7.87+1.06a 8.15+0.82a 

4 8.20+1.15a 7.53+1.51a 7.67+1.29a 7.73+1.53a 8.07+0.79a 8.02+1.01a 

5 7.73+1.22abc 7.20+1.61ab 7.67+1.11a 7.87+0.92a 7.80+0.94a 7.77+0.96ab 

6 7.33+1.59abc 7.53+1.51ab 7.87+1.41a 7.73+1.33a 7.93+1.53a 7.62+1.28ab 

7 7.13+1.68bc 7.20+1.61b 7.80+1.01a 7.40+1.12a 7.53+1.19a 7.38+1.07ab 

P 0.02 0.01 0.10 0.67 0.89 0.04 

Mean ± standard deviation followed with the same letter within a column are not significantly different at p<0.05 according to Duncan's 

Multiple Range Test. T1 (100% water), T2 (85% Whey & 15% 0.51 Water), T3 (70% Whey & 30% Water), T4 (55% Whey & 45% Water), T5 

(40% Whey & 60% Water), T6 (25% Whey & 75% Water), T7 (10% Whey & 90% Water). 

4. Conclusion 

The results of the present study revealed that consumers 

preferred porridge prepared by adding acidic whey compared 

to porridge prepared using only water in terms of both phys-

icochemical composition and sensory attributes. Although all 

the treatments had acceptable sensory scores, the addition of 

whey further improved overall acceptability. The addition of 

acidic whey also improved the nutritional profile of bulla 

porridge. Porridge prepared using acidic whey can be used as 

an alternative nutritious food. Demonstrating the preparation 

process and informing consumers of the nutritional benefits 

of this product is encouraged. Enhancing traditional foods 

with protein-rich ingredients can greatly improve the nutri-

tional value for pregnant women and children. 
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