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Introduction: Enset (Ensete ventricosum) is, a perennial crop native to Ethiopia, 
yields a variety of starch-based foods. It serves as a staple food for approximately 
24 million people, which is roughly 20% of the Ethiopian population. This study 
aimed to investigate the impacts of different parts of Ensete ventricosum and 
pressing cycles on the proximate composition, functional properties, and 
mineral content of bulla extracted from the pseudostem and corm, across 
multiple processing stages.

Methods: The proximate composition including moisture content, ash, fat, fiber, 
and Crude protein were determined using the official AOAC method 920.87. 
Carbohydrates were measured according to the method outlined by FAO and 
World Health Organization, while gross energy content was calculated based 
on the Atwater conversion factors. The functional properties of bulla extracted 
from Enset (Ensete ventricosum) such as bulk density, water absorption capacity, 
oil absorption capacity Swelling power and solubility were also analyzed using 
different standard analytical methods. Mineral contents were analyzed using 
Scanning Electron Microscopy (SEM) coupled with Energy-Dispersive X-Ray 
Spectroscopy (EDS).

Results: The yield of Bulla from the first, second, and third pressings of the 
pseudostem was 89.1 grams (25.86%), 20 grams (5.80%), and 14 grams (4.06%), 
respectively. The proximate composition revealed moisture content ranging 
from 15.35 to 16.10%, ash content from 0.205 to 0.335%, crude fiber from 0.405 
to 0.300%, protein from 0.595 to 0.760%, and carbohydrate content from 0.570 
to 0.760%. The functional properties of Bulla, including bulk density (BD), water 
absorption (WA), solubility index (SI), oil absorption (OA), and swelling power 
(SWP), ranged from 0.645 ± 0.006 to 0.813 ± 0.009 (g/mL), 1.803 ± 0.077 
to 4.413 ± 0.286 (%), 3.100 ± 0.424 to 6.391 ± 0.136 (%), 1.752 ± 0.011 to 
2.043 ± 0.003 (mL/g), and 4.945 ± 1.133 to 7.430 ± 0.940, respectively. All values 
represent the mean ± SD of replicate analyses. The elemental composition of 
Bulla showed ranges for oxygen from 53.05 to 91.1, sodium from −2.45 to 2.33, 
magnesium from −0.99 to −0.02, potassium from 0.47 to 4.91, copper from 
−3.73 to 11.94, zinc from −1.87 to 3.96, selenium from −1.24 to 0.95, calcium 
from 0.02 to 0.43, and iron from −0.55 to 4.06. All mineral content results are 
presented in weight% and atomic %.

Discussion: The study revealed significant impacts of enset pressing cycles and 
fractions on the physicochemical, functional, and mineral composition of bulla 
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derived from the pseudostem and corm of the yeshraqinqey enset plant. The 
carbohydrates dominate the composition, with moderate levels of fiber, protein, 
and fat contributing to its functionality as a food stabilizer and thickener. The 
corm was identified as a rich source of calcium and iron, enhancing its gelling 
and stabilizing properties, while the pseudostem bulla exhibited high potassium, 
supporting its viscosity-modifying potential. The pseudostem bulla showed 
a particular affinity for viscosity enhancement, while the corm-derived bulla 
excelled in gelling and stabilizing functions. The study contributes to a deeper 
understanding of the effects of different processing methods on the properties 
of bulla, paving the way for enhanced utilization of enset Bulla in various food 
applications.
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1 Introduction

Indigenous Ethiopian tuber crops, such as enset, represent 
unexploited sources of starch with promising applications in the starch-
based foods (Dereje, 2021). Enset (Ensete ventricosum), perennial crop 
native to Ethiopia, yields a variety of starch-based foods, including 
kocho, bulla, and amicho. Enset is a rich source of starch, and the main 
foodstuffs obtained from it are known as kocho (fermented starch 
product of psedeo-stem and corm), bulla (dehydrated Enset starch juice 
product), and amicho (boiled starch product of corm) in the local 
community (Wondimu et al., 2014). These food products are rich in 
carbohydrates, minerals, and fiber and derived from the pseudostem 
and underground corms of the enset plant (Awol et al., 2020). However, 
its yield and nutritional composition of enset vary significantly 
depending on varieties, age, cultivation practices, and environmental 
factors (Daba and Shigeta, 2016).

Enset (Ensete ventricosum), resilient and versatile plant commonly 
known as the false banana, holds great significance in the agricultural, 
cultural, and economic landscape of certain regions, particularly 
Ethiopia. Its cultivation for food is primarily confined to the south and 
south-western highlands of Ethiopia, where it serves as a staple food 
for approximately 24 million people (roughly 20% of the Ethiopian 
population). This reliance on enset as a food source is further 
underscored by the fact that nearly one-fifth of Ethiopians currently 
depend upon it for sustenance (Jacobsen et al., 2018). According to the 
study of Yemata (2020) the unprocessed/raw pseudostem and corm of 
enset are rich in soluble carbohydrates (80%) and starch (65%), which 
significantly influence the physicochemical, rheological and textural 
properties of derived food products. Enset starch accounts for more 
than 90% of bulla (on dry weight basis) and composed of moisture 
(14.0%), ash (0.16%), fat (0.25%), protein (0.35%), and amylose 
(29.0%).

Enset starch has broad application in the pharmaceutical industries, 
where it’s used to bind tablets, help them dissolve, and create gels for 
drug delivery (Nigussu et al., 2013, Tesfay et al., 2020, Yemata, 2020). It 
can also service as a gelling agent, substituting agar (Ayenew et al., 
2012), biodegradable films (Awol et al., 2022; Feyissa and Gudayu, 
2023; Geleta et al., 2020; Majamo and Amibo, 2024) and its flour and 
starch substituting in different food products development. The global 
food industry is increasingly seeking novel and sustainable sources of 
functional ingredients. Ensete ventricosum, an indigenous plant 
primarily cultivated in Ethiopia, offers a unique source of starch (Bulla) 

that could help address the overexploitation of conventional starch 
sources and the health concerns associated with synthetic alternatives.

Various methods of bulla processing are employed across regions 
in Ethiopia. For instance, in the Hadiya area, bulla is prepared by 
squeezing liquid starch from scraped pseudostems and pulverized 
corms (Dilebo et al., 2022), while in Gedio, a starchy liquid is obtained 
from scraping leaf sheaths and grating corms (Brihanu and Zerihun, 
2015). Other regions, such as Kembata-Tembaro and Cheha Woreda, 
employed, after the completion of decorticating and grating, the leaf 
sheath pulp is spread on fresh enset leaves covering the ground, 
followed by the grated corm. Subsequently, the mixture is thoroughly 
combined and placed into a pit lined with fresh enset leaves. After 7 
to 15 days, the mixture is removed, the pulp is squeezed, and the liquid 
starch is collected (Ayenew et al., 2016). Moreover, in Gurage Zone, 
Southern Ethiopia, the extraction process involves adding the desired 
amount of water to the freshly decorticated pseudostem mass, pressing 
it by hand, allowing it to settle, decanting the water, and then filtering 
using hand and sieves (Urga et al., 1997; Tedla and Abebe, 1994). 
While, in Sebat-Bet Guraghe, Southwest Ethiopia, bulla is squeezed 
by hand from the decorticated and chopped enset, with water added 
to facilitate the extraction process (Wondimu and Kebede, 2022).

Despite these traditional methods, significant research gaps 
remain regarding the optimization of bulla production processes. 
There is a lack of standardized information on key parameters 
necessary for producing quality bulla, such as the optimal water 
amount, pressing force, and number of pressing cycles. Additionally, 
there is no established guideline on which specific parts of the enset 
plant such as the pseudostem or corm are most effective for producing 
high-quality bulla. This study aims to systematically investigate these 
factors to enhance traditional practices and improve the overall 
efficiency of bulla production for food applications.

2 Research methodology

2.1 Sample collection

Samples of fresh Enset corms and pseudostems were collected 
from the Central Ethiopia region, Gurage Zone, Wolkite City, Gubre 
Sub-City/Woreda. Gubre is located in the Central Ethiopia Regional 
State and has an elevation of 1,918 meters. The distance to the regional 
capital, Hosa’ina, is approximately 72.5 km (45.0 mi). The distance 
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from Gubre to the capital of Ethiopia, Addis Ababa, is approximately 
138.8 km (86.2 mi). Both the pseudostem and corms were manually 
cleaned using a stainless-steel knife thoroughly to remove any dirt, 
debris, and outer layers/skins according to Seid et  al. (2022). The 
selections of these parts are based on starch storing Enset parts 
(Hirose et al., 2010).

2.2 Rationale for selection

The selection of the Yeshiraqinqe corm and pseudostem was 
guided by multiple significant factors. Firstly, their prevalence and 
frequent consumption within local communities render them pivotal 
in unravelling the cultural and dietary importance of enset. Then, 
focusing on landraces favoured by communities due to their disease 
resistance provides valuable insights into preferences and utilization 
practices. Moreover, the widespread distribution of these landraces 
indicates their adaptability and potential for broader cultivation. 
Examining these extensively dispersed landraces allows for an 
assessment of their suitability across various agro-ecological zones, 
potentially aiding in the expansion of enset production. Lastly, the 
consistent vernacular names for the Yeshiraqinqe corm and 
pseudostem across different districts of the Gurage Zone and 
neighboring regions underscore their cultural and linguistic 
significance. This shared recognition positions them as prime 
candidates for further research and conservation endeavors.

2.3 Sample preparation from the pseudo 
stem and corm of enset

2.3.1 Corm processing
The enset corms, which are the underground part of the plant, were 

divided into outer and inner parts. Both parts were sliced into thin 
sections, 2–3 mm in thickness using stainless steel knives according to 
Seid et al. (2022) modified. These sections were then soaked in sodium 
meta bisulphite solution1% (w/v) for duration of 5–10 min. The solution 
contains 1 g of sodium meta bisulphite dissolved in 1 L of distilled water. 
It serves as both an antioxidant and a preservative, particularly for the 
internal corm part, which immediately changes color when exposed to 
air. However, this solution helps maintain the color of the corm by 
inhibiting this change and aimed to preserve the quality of the slices 
during subsequent drying. The after, both the outer and inner corm slices 
were subjected to sun drying to remove moisture. Sun drying was chosen 
as an energy-efficient method to facilitate the drying process while 
minimizing energy consumption. The dried corm powder from both 
parts was then milled to produce enset bulla flour, which was sieved 
through a 0.3 mm mesh size. In general, by dividing the enset corm into 
outer and inner parts, both components undergo the same processing 
steps of immersion, drying, grinding, and sieving to obtain enset 
bulla flour.

2.3.2 Pseudostem processing
First, the enset pseudostem, which is the above-ground part of the 

plant, underwent a series of processing steps to obtain bulla flour. The 
pseudostem was thoroughly cleaned to remove any dirt or impurities. 
Next, the cleaned pseudostems were scribed to create small incisions. The 
scribed pseudostems were then pressed multiple times using a ratio of 2 

liters of water per 1.15 kg of enset pseudostem bulk, conducted over three 
extraction cycles. Throughout all three cycles, the pressure applied during 
the pressing was maintained at a constant 450 kPa. To achieve this, a PCM 
304 compressor pressure model instrument was used, resulting in the 
extraction of liquid bulla. After that, liquid bulla was placed in a sun 
drying system. Sun drying was chosen as an energy-efficient method to 
facilitate the drying process while minimizing energy consumption. 
Following sun drying, bulla from pseudostem samples were carefully laid 
out on an aluminum foil tray and subjected to oven-drying at a 
temperature of 120°C for duration of 40 min. Then, the flour was grinded 
and was subsequently sieved with a 0.3 mm sieve. Finally, the powdered 
samples were then put in zipped polyethylene bags and was delivered to 
the Addis Ababa science and technology University Center for chemical 
engineering laboratories and kept at room temperature until it were 
needed for physicochemical, functional properties, and minerals contents 
characterization as food applications.

2.4 Proximate compositions of bulla

2.4.1 Determination of moisture content
The Moisture content of samples was determined in accordance 

with the AOAC official method 925.09 (AOAC, 2000). Using the 
cleaned crucibles were dried in an oven at 105°C for 1 h and cooled in 
a desiccator. The weight of dried crucibles (W1) was recorded. 
Approximately 5 grams of each sample were weighed in the dried 
crucibles (W2) and subsequently crucible with the sample was dried 
in an oven at 105°C for 1 h. Finally, samples were transferred in to 
desiccators and weighed (W3). The moisture content was calculated 
using the equation:

( ) 2 3 100% /
2 1

W WMc w w
W W

∗−
=

−

Where: Mc = moisture content (%), W1 = wheight of crucibles 
(g), W2 = weight of fresh samples and crucibles (g), and W3 = weight 
of dry samples and crucibles (g).

2.4.2 Determination of total ash content
Total Ash content was determined using the AOAC official 

method 923.03 (AOAC, 2000). Using the Clean porcelain crucibles 
were dried at 120°C in an oven, ignited at 550°C in a muffle furnace 
for 3 h, cooled in desiccators and weighed (M1). Then about 2.0 grams 
of the samples were weighed into previously dried and weighed 
porcelain crucibles (M2). The samples were dried in an oven at 120°C 
for 1 h and carbonized until the contents turn black. The crucibles 
containing the samples were placed in a Muffle furnace (Gallenkamp, 
ModelFSL340-0100, U.K.) set to 550°C for 1 h until complete ashing. 
After ashing period, the crucible were removed from the furnace and 
cooled in desiccators. The cooled crucibles with the residues were 
weighed (M3). The total ash content was expressed as a percentage of 
the initial sample weight on a dry matter basis as follows:

 
( ) 3 1TotalAsh % 100

2 1
M M
M M

− = ∗ − 

Where: (M2-M1) is sample mass in gram on dry base.
And (M3-M1) mass of ash in gram.
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2.4.3 Determination of crude fat content
To determine the crude fat content of the samples, AOAC method 

(2000) was followed. Empty extraction flasks were cleaned, dried at 
92°C for 1 h and then kept in the desiccator for 30 min to cool. The 
weight of cooled flasks was recorded (W1). Approximately 5 grams of 
the sample were weighed (W2) and placed into each thimbles lined 
with fat-free cotton at both upper and bottom ends. The thimbles 
containing the samples were placed in the Soxhlet extraction chamber. 
A 40 mL of ether were added to each flask, and extraction process was 
doing for approximately 4 h. Then the flasks with their contents were 
removed from the Soxhlet apparatus and placed in drying oven at 
92°C for 1 h. The flasks were then placed in desiccators for 30 min. 
The masses of each flask together with its fat contents were weighed 
immediately after it was taken out of the desiccator (W3).

The crude fat content was calculated using following the equation:

 
( ) ( )2 1

3
Crude Fat % 100

W W
W

 − 
= ∗ 
 

The crude fat content was calculated from the equation:
Where: W1 = Weight of the extraction flask (g),
W2 = Weight of the extraction flask plus the dried crude fat (g),
and, W3 = Weight of the initial sample (g).

2.4.4 Determination of crude fiber content
To quantify the crude fiber content of the samples, the AOAC 

method (AOAC, 2000) was employed. Approximately, 2.0 grams of 
defatted sample were weighed into 600 mL beakers. A 200 mL of 
1.25% sulfuric acid solution were added to each beaker and boiled on 
hot plate for 30 min by rotating and stirring periodically. During 
boiling, the solution level was maintained by addition of hot distilled 
water. After 30 min, 20 mL of 28% potassium hydroxide solution was 
added in to each beaker, and the boiling process was continued for 
another 30 min. The solution in each beaker was then filtered through 
crucibles by placing each of them on Buchner funnel fitted with 
rubber stoppers. During filtration the sample was washed with hot 
distilled water. The final residue was sequentially washed with 1% 
sulphuric acid solution, hot distilled water, 1% sodium hydroxide 
solution and finally with acetone. The crucibles with their contents 
were dried at 130°C for 2 h., allowed to cooled in desiccators and 
weighed (W1). The crucibles were subsequently ashed in furnace at 
550 ° C for 30 min., cooled in desiccators, and reweighed (W2). Crude 
fiber content was calculated using the following equation:

 

1 2TotalCrudefiber 100
3

w w
w
− = ∗  

Where: (M2-M1) is sample mass in gram on dry base.
and (M3-M1) mass of ash in gram.

2.4.5 Determination crude protein content
Crude protein was conducted in accordance with the official 

AOAC method 920.87 (AOAC, 2000). Initially, One gram of each 
sample was precisely weighed into a digestion flask (a round-bottom 
flask with a long neck, similar to a volumetric flask but without a 
calibration line). The sample was digested by addition of 5 mL of 

concentrated H2SO4 (an oxidizing agent which digests the organic 
material in the sample), anhydrous Na2SO4 or K2SO4 (to raising the 
boiling point of H2SO4) and a catalyst (CuSO4, selenium, titanium or 
mercury) to speed up the reaction. Often 1 g of catalyst mixture made 
of K2SO4 with anhydrous CuSO4 in the ratio of 10:1 was used.

2.0gm of the samples were weighed into a digestion flask and 0.5 g 
of catalyst mixture (K2SO4 and selenium) was added. 25 mL of 
concentrated H2SO4 were added and the flasks were shaken to mix 
the contents uniformly. The flasks were then placed on a digestion 
burner for 8 h and heated to 370°C allowing digestion until the 
solution turned green and clear. The digested samples were transferred 
to a 100 mL volumetric flask and filled to the mark with distilled water. 
25 mL of 2% boric acid were pipetted into a 250 mL conical flask, 
followed by 2 drops of mixed indicator solution (20 mL of bromocresol 
green and 4 mL of methyl red) and 15 mL of 40% NaOH solution was 
added into the decomposition chamber of the distillation apparatus. 
10 mL of the digested sample solution were then placed into a Kjeldahl 
flask and the condenser tip was dipped into the boric acid solution 
contained in the conical flask. The ammonia in the sample solution 
was then distilled into the boric acid until it completely changed to 
bluish green. Finally, the distillate was titrated with standardized 0.1 N 
sulphuric acid (H2SO4) to a reddish color. The percentage of total 
nitrogen and crude protein were calculated using the equation:

 
( ) ( )2 1 14.007

Nitrogen % 100
V V B N

Wo

∗ ∗ − −
= ∗ 
  

Where;
V1 = Volume of the standard sulphuric acid solution used in the 

titration of the blank.
B = Volume of sulfuric acid consumed blank.
N = N is the normality of HC1 used often is about 0.1 N and 14.00 

is the molecular weight of nitrogen Wo = Weight of the sample, g.
Where: the conversion factor in most cases is 6.25.
Protein content (%, w/w) = % Nitrogen*Factor specific for 

different products.

2.4.6 Determination of total carbohydrates 
content

Total utilizable carbohydrates determined by the method of FAO 
and World Health Organization (1998). The utilizable carbohydrate 
content was calculated by differences using the formula:

( )Total Carbohydrates %
%Moisture %Crude protein %Crude fiber100 %Total ash %Crude fat

+ + = −  + + 

.

2.4.7 Determination of gross energy content
The gross energy content was calculated based on the Atwater 

conversion factors for the major macronutrients: crude protein, 
crude fat, and digestible carbohydrates. The formula used was:

( ) ( )
( )
( )

Gross energy kCal / g 4kCal / g Crude protein
9kCal / g Crude fat
4kCal / g Carbohydrate

= ×
+ ×
+ ×

.
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2.5 Functional properties of bulla powder

2.5.1 Determination of bulk density
To determine the bulk density of the samples, the method outlined 

by Adebowale et  al. (2005) and Giami and Bekebain (1992) was 
employed. An empty calibrated centrifuge tube was filled with the 
sample to 5 mL through constant tapping, and the weight of the 
sample alone was calculated by difference. This process was repeated 
three times to ensure accuracy, and average bulk density for each 
samples were recorded. The volume of the sample (V) was recorded, 
and the filled tube was weighed (W2). The Bulk density was calculated 
from the values obtained as follows:

 

gBulk density weight of
ml

sample
volume

  = 
 

2.5.2 Determination of water absorption capacity
Water absorption capacity of bulla starch was determined 

according to (Umaru et al., 2010). Twenty-five millilitres of distilled 
water was added to a 3-g bulla powder (W1) in a pre-weighed 
centrifuge tube (W2) and stirred six times for 1 min at 10-min 
intervals. The mixture was centrifuged at 3000 rpm for 25 min and the 
clear supernatant were decanted and discarded. The sediments were 
dried at 50°C for 25 min and the adhered drop of water was removed 
and reweighed (W3). The weight gain was recorded as The amount of 
water absorbed by the sample and expressed as weight of water 
bounded by 100-g of dried flour. The weight difference between the 
initial and final weights represented the weight of absorbed water 
(Koroskenyi and McCarthy, 2001).

2.5.3 Determination of oil absorption capacity
The oil absorption capacity was determined following the method 

outlined by Ocloo et al. (2010). Ten millilitres of refined oil, with a 
density of 0.92 g/cm3, were added to 1.0 g of the sample in a 25-mL 
centrifuge tube. The suspension was stirred using a magnetic stirrer 
(Model MS-12B/17B/22B) for 5 min. The suspension obtained was 
then centrifuged at 3555 rpm for 30 min and the supernatant was 
measured in a 10–mL graduated cylinder. Oil absorption was 
calculated as the difference between the initial volume of oil added to 
the sample and the volume of the supernatant.

2.5.4 Determination of water solubility and 
swelling power

Swelling power and solubility determination were evaluated within 
the temperature range of 60–90°C following the method of Leach et al. 
(1959). About 1 gram of bulla flour sample was accurately weighed and 
transferred into a clean, dried test tube and weighed (w1). 10 mL of 
distilled water was added and the mixture gently stirred at low speed 
for 5 min. The slurry was then heated in a thermostatically controlled 
water bath (YCW-0125) at 80°C for 30 min, gentle stirring to prevent 
lump formation. Then, the cooled test tube (20°C) was centrifuged at 
2200 rpm for 15 min. The supernatant was decanted immediately after 
centrifuging into a pre-weighed evaporating dish and evaporated at 
100°C until a constant weight was achieved, approximately for 4 h. The 
weight of the sediment was recorded as (W2) representing the swollen 
mass. The solubility was calculated by the following equation (Li et al., 

2022): Solubility% = m*2.5/w*100%. Where m is the weight of soluble 
component in 10 g upper solution, W is the total weight of bulla.

2.6 Minerals content determination

Energy-Dispersive X-ray Spectroscopy (EDS) was an analytical 
technique used in conjunction with scanning electron microscopy 
(SEM) to analyse the elemental composition of a sample. Elemental 
Distribution: EDS analysis can provide information about the 
distribution of elements within a sample. The samples for mineral 
analysis first grinded, polished, and coated with a conductive material 
(such as carbon or) to prevent charging during imaging. The minerals 
were analysed using SEM-EDS to investigate their elemental 
compositions. The SEM-EDS instrument utilized for this study was 
the JSM 6500F. The operating conditions were set with an acceleration 
voltage of 15.0 kV and a magnification of 10,000 xs. The signal mode 
utilized was Secondary Electron Imaging (SEI). The working distance 
(WD) was 12.2 mm, and the micron bar thickness and marker size 
were 107 μm and 1 μm, respectively. The font size and display mode 
were set to 24 and 48, respectively. By employing the all elements 
analyzed (Normalized)” processing option with 2 iterations, a 
comprehensive understanding of the mineral composition can 
be achieved. The standards utilized included O: Oxygen; Compound 
or mineral: SiO2 (Silicon dioxide or silica), Na: Sodium; Compound 
or mineral: Albite (a type of sodium feldspar), Mg: Magnesium; 
Compound or mineral: MgO (Magnesium oxide), K: Potassium; 
Compound or mineral: MAD-10 Feldspar (a specific type of 
potassium feldspar), Ca: Calcium, Compound or mineral: 
Wollastonite (a calcium silicate mineral), Fe: Iron; Compound or 
mineral; Zn: Zinc; Compound or mineral: Zn (Zinc), Se: Selenium; 
Compound or mineral: Se (Selenium),

2.7 Statistical analysis

Experimental data obtained from the experiments were 
statistically analyzed and expressed as mean ± standard deviation. 
One-way analysis of variance (ANOVA) was used to compare 
differences between the parameters of bulla starch. Fisher’s least 
significant difference (LSD) was employed to identify significant 
difference between means with 95% confidence intervals. The 
statistical analysis was performed using the Minitab 20.3 software 
(Minitab, LLC, and State College, PA, United States). All tests were 
performed in duplicates.

3 Results and discussion

3.1 Bulla yield from enset pseudo stem 
pressing cycles

The mass of the bulk of enset, on a dry basis, was determined to 
be 344.6 grams. During the first pressing, which involved extracting 
soluble components from the enset bulk using water, the amount of 
bulla obtained was 89.1 grams. In the second pressing, the yield of 
bulla decreased to 20 grams, and in the third pressing, it further 
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reduced to 14 grams. The remaining bulk consisted of fiber, with a 
total mass of 221.5 grams.

To express these yields as percentages, the calculation for the first 
pressing was as follows: (89.1 g / 344.6 g) * 100 = 25.86%. Similarly, 
the percentage of bulla obtained from the second pressing was (20 g / 
344.6 g) * 100 = 5.80%, and for the third pressing, it was (14 g / 
344.6 g) * 100 = 4.06%. These calculations provide insight into the 
distribution of bulla during the pressing process.

The decrease in the amount of bulla during successive pressings is 
primarily due to the leaching of water-soluble components during the 
first pressing (Yemataw et al., 2014). As the pressed enset materials are 
repeatedly squeezed, the concentration of these soluble components 
diminishes, resulting in lower yields in subsequent cycles. 
Consequently, the efficiency of the pressing process declines with each 
cycle, as the pseudostem becomes less effective at yielding bulla after 
the initial press. This underscores the importance of optimizing the 
pressing technique to maximize extraction during the first cycle 
(Ndiritu et al., 2017).

Research also indicates that pressing impacts the texture, 
moisture content, and nutritional value of certain food products 
(Olasunkanmi et al., 2017; Ndiritu et al., 2017). Additionally, the 
study by Sarangapani et al. (2016) shows that the pressure applied 
during squeezing or pressing can affect changes in the chemical 
composition and physicochemical properties of food. 
Therefore, optimizing squeezing or pressing conditions is crucial 
to ensure the desired quality and nutritional value of the final 
food product.

3.2 Proximate compositions

The proximate composition of bulla from Ensete ventricosum, 
including ash, moisture, protein, fat, fiber, carbohydrate, and energy 
content, was evaluated to understand its nutritional potential and 
application in food systems. The analysis revealed notable variations 
across the different plant parts (corm and pseudostem) and pressing 
stages, highlighting their diverse properties.

3.2.1 Moisture contents
The mean moisture content values obtained from Table 1 reveals 

significant variations among different parts of the enset plant (corm 
and pseudostem), ranging from 15.35 to 16.10% on a dry basis. The 
highest moisture content was found in raw pseudostem first-pressed 
bulla, while the lowest moisture content was recorded in samples 
prepared from the internal corm bulla and second-pressed 
pseudostem bulla (Table 1).

Notably, the moisture content reported in this study is higher 
than that documented by Hirose et al. (2010), who reported 14.3% 
moisture w/w in their analysis of enset starch proximate 
compositions. The moisture content potato tubers which exhibited 
a moisture content of 11.2% (Assefa et  al., 2016), while starch 
extracted from anchote contained 9.06% moisture (Abera et al., 
2019), and starch from dioscorea abyssinica had a moisture content 
of 12.5% (Gebre-Mariam and Schmidt, 1998). However, it is 
comparable with study on modified starches with moisture content 
of 15% serve as effective gelling agents in confectionery products 
such as jellybeans and Turkish delight. These starches can be used 
as a substitute for gelatin in gelatin-based jelly beans, where 
minimal hardness, good elasticity, and transparency are desired and 
are promising thickening agents for jelly confectioneries (Kibar 
et al., 2024). In the context of stabilizing, thickening, and gelling 
agents, moisture content is a critical factor as it can influence the 
texture, consistency, and overall quality of the final product. 
Ingredients with optimal moisture content levels can better perform 
these functions by interacting with other components in the 
food matrix.

3.2.2 Total ash content
The mean values of total ash content from the prepared corm and 

pseudostem samples exhibited variations ranging between 0.205 and 
0.335% (Table 1). The highest total ash content was observed in bulla 
derived from the internal corm (0.335%), followed by the bulla sample 
from the second-pressed pseudostem (0.3%). This agrees with starch 
extracted from anchote showed an ash content of 0.30% (Abera et al., 
2019). Conversely, the lowest total ash value, amounting to 0.205%, 
was recorded in the corm sample prepared from the first-pressed 
pseudostem (see Table 1). This finding aligns with the results of Hirose 
et al. (2010), which report a typical ash content of 0.2% w/w this 
suggesting that ingredient likely exhibits superior properties for 
stabilizing, thickening, and potentially gelling in food applications. 
while bulla from externan corm is 0.255 ± 0.035bc followed to first 
pressed bulla ash content. High ash content may indicate the presence 
of minerals and other impurities that can affect the performance and 
stability of the starch in various applications. Starch sourced from the 
tubers of Ethiopian potato exhibited an ash content of 0.14% (Assefa 
et al., 2016), while Godare starch contained 0.45% ash (Adane et al., 
2006). Plectranthus edulis displayed an ash content of 0.14% (Assefa 
et al., 2016), and enset starch was reported to have 0.16% ash (Gebre-
Mariam et al., 1996). These variations in ash content among different 
starch sources underline the diverse characteristics and potential 
applications of these ingredients in food processing and 
product development.

TABLE 1 Proximate compositions (%) and gross energy (Kcal/100 g) of the native Bulla from different parts of enset (corm and pseudostem).

Ingredients Ash Moisture 
(w/w)

Protein Fat Fiber CHO Energy 
Kcal/100 g

OC 0.255 ± 0.035bc 15.550 ± 0.071b 0.650 ± 0.028b 0.340 ± 0.014b 0.605 ± 0.021bc 82.600 ± 0.071a 336.060 ± 0.269a

CI 0.335 ± 0.007a 15.350 ± 0.212b 0.755 ± 0.035a 0.405 ± 0.021a 0.760 ± 0.028a 82.395 ± 0.247ab 336.245 ± 1.039a

1 PB 0.205 ± 0.021c 16.100 ± 0.141a 0.760 ± 0.028a 0.405 ± 0.021a 0.595 ± 0.021c 81.935 ± 0.092b 334.425 ± 0.672a

2 PB 0.300 ± 0.014b 15.350 ± 0.212b 0.570 ± 0.042b 0.300 ± 0.014b 0.665 ± 0.021b 82.815 ± 0.191a 336.240 ± 0.806a

Where: All the values are mean ± SD, Means within columns with different letters are significantly different (p ≤ 0.5); OC: bulla extracted from outer part of corm; CI: bulla extracted from 
internal part of corm; 1 PB: first pressed Bulla from pseudostem, and 2 PB: second pressed bulla from pseudostem.
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3.2.3 Fat contents
The mean values of crude fat content obtained from the prepared 

corm and pseudostem samples displayed variations ranging from 
0.405 to 0.300% (refer to Table 1). The highest fat content was recorded 
in the bulla derived from the internal corm and the first-pressed bulla 
from the pseudostem, both registering 0.405%. Following that, the 
bulla sample from the outer part of the corm, which showed a fat 
content of 0.34%. In contrast, the lowest crude fat content, at 0.300%, 
was documented in the sample prepared from the second-pressed 
pseudostem (as shown in Table 1).

When comparing these findings with those of other researchers, 
it was noted that Godare recorded a fat content of 0.22% (Adane et al., 
2006), while Plectranthus edulis displayed a fat content of 0.12% 
(Assefa et al., 2016). Additionally, enset showed a fat content of 0.25% 
(Gebre-Mariam et  al., 1996), and starch extracted from anchote 
contained 0.20% fat (Abera et al., 2019). However, all results from this 
research are lower than the fat content of 1% reported by Gebre-
Mariam and Schmidt (1998) and According to Dilebo et al. (2023) 
who stated the crude fat content ranges from 0.61 to 0.89%.

The fat content results shed light on these samples and their 
potential implications for their utility as food stabilizers, thickeners, 
and gelling agents. Higher fat content may contribute to richness and 
creaminess in foods and may offer some stabilizing properties in 
emulsions. Based on this, the crude fat contents of these samples 
suggest their appropriateness for food applications. The variations in 
fat content underscore the importance of understanding the 
composition of these components for nutritional evaluations and 
product development purposes.

3.2.4 Fiber contents
The mean crude fiber content in the raw corm and pseudo stem 

samples of enset parts was shown (Table 1). The crude fiber value of 
samples revealed a remarkable variation, ranging from 0.595 to 
0.760%. The bulla sample made from internal part of the corm had the 
highest crude fiber content, followed by bulla made from second 
pressed pseudo stem (0.665%). Whereas bulla from corm outer part 
contains 0.605%, while the lowest crude fiber contents were observed 
bulla sample from the first pressed pseudo stem 0.595%. This agrees 
with the work of Tsegaye et al. (2015), who reported a lower crude 
fiber values range from 0.8 to 1.1% but disagrees with the study of 
Parmar et  al. (2017). Fiber content can contribute to the texture, 
viscosity, and stability of food formulations, making it an important 
component in various applications. Therefore, samples of corm 
external and first pressed bulla are likely to be  more effective in 
enhancing the stabilizing, thickening, and potentially gelling 
properties. Generally, all samples show significant fiber content that 
can contribute positively to the functionality in various 
food applications.

3.2.5 Protein content
The mean crude protein content of bulla samples obtained from 

different parts of the pseudostem and corm of enset is summarized in 
Table  1. The protein concentrations range from 0.76 to 0.570%, 
providing insights into the protein content of these samples and their 
potential applications as food stabilizers, thickeners, and gelling 
agents. According to study by Dilebo et al. (2023), the crude protein 
content ranges from 2.43 to 11.90% and all results found fall in this 
range. In contrast, starch extracted from the tubers of Ethiopian 

potatoes contains 0.43% (Assefa et al., 2016), while anchote has 0.34% 
(Abera et  al., 2019), Dioscorea abyssinica contains 0.5% (Gebre-
Mariam and Schmidt, 1998), enset has 0.35% (Gebre-Mariam et al., 
1996), Plectranthus edulis contains 0.43% (Assefa et al., 2016), and 
Godare has 0.48% protein (Adane et al., 2006). In the context of food 
stabilizers, thickeners, and gelling agents, protein content is a 
significant factor that interacts with other ingredients to form 
networks, contributing to the desired texture and stability in food 
products. Generally, the protein contents of these samples indicate 
they are greater than those found in many tubers and starchy foods. 
This suggests that these products are suitable for various food 
application purposes.

3.2.6 Carbohydrate content
The mean carbohydrates content of bulla samples obtained from 

different parts of the pseudostem and corm of enset is summarized in 
Table  1. The carbohydrates values of samples revealed minimum 
variation, ranging from 81.935 to 82.60. The bulla sample made from 
second pressed Bulla from pseudostem (82.6%) and the bulla sample 
of outer part of the corm had the highest carbohydrates content, 
followed by bulla made from internal part of bulla (82.395%). In 
contrast, the lowest carbohydrates contents were observed in the bulla 
sample from the first pressed pseudo stem (81.935%).

The results indicate that total carbohydrates represent the largest 
proximate composition present in the outer parts corms of enset in 
this study. This provides insights into the carbohydrate content of 
these samples and their potential applications as food stabilizers, 
thickeners, and gelling agents. These results are lower than the 99.2% 
starch content reported by Assefa et al. (2016) for tubers of Ethiopian 
potatoes, but greater than the 80.89–89.92% carbohydrate content 
revealed in the study by Dilebo et al. (2023).

In the context of food stabilizers, thickeners, and gelling agents, 
carbohydrate content is crucial as it can influence the texture, viscosity, 
and overall functionality of the product. Higher carbohydrate content 
generally indicates better thickening and stabilizing properties in 
food products.

3.2.7 Energy contents
The energy content in bulla samples obtained from different enset 

parts (corm and pseudo stem) was not significantly different 
(p <  0.05). The letters following the mean values indicate the no 
statistical significance among the samples. Energy content is an 
important factor in food products as it provides calories and 
contributes to the overall nutritional value of the product. However, 
all samples show significant energy values that can play a role in the 
functionality and nutritional aspects in various food applications.

3.3 Result of functional property

Functional properties, such as water-holding, oil-holding, and 
swelling capacities, are critical for food quality (Tosif et al., 2022). 
Smaller particle sizes can increase the surface area, leading to 
enhanced water absorption and gelation (Romero and Zhang, 2019). 
In contrast, larger particle sizes can result in reduced texture and 
increased toughness. Overall, both particle size and chopping 
technique play a crucial role in determining the quality and nutritional 
value of food (Romero and Zhang, 2019; Raigar and Mishra, 2015). 
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The proportions of different components in a food formulation can 
also affect its nutritional content (Li et al., 2022). Furthermore, how 
ingredients are mixed including the order in which they are added and 
the mixing speed can influence the final product’s quality (Jeddou 
et al., 2017).

3.3.1 Bulk density
As indicated in Table 2, the outer part of the corm exhibits a 

mean bulk density of 0.645, which reflects a lower density 
compared to outer part of corm bulla. In contrast, the inner part 
of the corm bulla reveals a slightly higher mean bulk density of 
0.710, suggesting that it is denser. Notably, while there is no 
significant difference in bulk density between the first and the 
second pressed bulla, the bulk density relative to corms shows an 
increase, reaching at 0.813. This indicants, a significant variation 
in material composition when compared to with earlier samples. 
Furthermore, in both cases bulk density of samples is greater than 
that of Tarap seed flour which contains bulk density of 0.57 g/cm3 
(Noorfarahzilah et al., 2017). Ingredients with higher bulk density 
contribute to gels with greater strength and firmness due to more 
compact structures and closer particle packing. As a result, this 
leads to firmer and more resilient gels in food products. Overall, 
these results provide a comprehensive understanding of variability 
in bulk density among the tested samples. This information is 
valuable for quality control, product development, and material 
characterization. By understanding and controlling bulk density, 
food manufacturers can optimize these properties to achieve the 
desired texture, stability, and sensory attributes in the final product.

3.3.2 Water absorption
The water absorption capacity of bulla flours are varies as 

demonstrated in Table 2. Water absorption indicates the ability of 
an ingredient to absorb water. The water absorption capacities of 
bulla flour for pseudo stem first and second pressed and bulla from 
internal and external corm were 1.803, 1.854, 4.413, and 3.529%, 
respectively. The water absorption of each variety has a significant 
difference (p < 0.05), except between bulla pseudo stem first and 
second pressed. Ingredients with higher water absorption can 
retain moisture and contribute to the texture and hydration of food 
products. The outer part of corm bulla, with a mean absorption of 
3.529, demonstrates a moderate level of water absorption, while 
the inner part of corm bulla, with a mean absorption of 4.413, 
exhibits the highest water absorption capacity. A result indicates 
less values than the water absorption capacities of Tarap seed flour 
were 2.61 (Noorfarahzilah et al., 2017). In comparison, the first and 
second pressed bulla (1.803 and 1.854), have lower water 
absorption. The result obtained by this study, was much lower than 

reported by Suresh Chandra and Samsher (2013). Understanding 
the water absorption characteristics of ingredients is crucial for 
formulators in optimizing gelling, stabilizing, and thickening 
properties in various food applications. By selecting ingredients 
with appropriate water absorption capacities, food manufacturers 
can tailor the texture, structure, and overall quality of their 
products to meet consumer preferences and industry 
standards effectively.

3.3.3 Oil absorption
As illustrated in Table 2, the oil absorption values range 2.043 to 

1.752, indicating that there is no statistically significant difference 
among the groups. This result lower than the findings of Irena et al. 
(2020), who reported that blending kocho with flaxseed varieties 
resulted in oil absorption capacities of 2.48, 2.58, 2.40, and 2.65 mL/g, 
respectively. Conversely, the results of this research are greater than 
the oil absorption capacities of yanbule, gewada, zereta, and messena, 
which were 0.85, 0.9, 0.6, and 0.7 g/g, respectively (Bekele, 2015). 
Furthermore, the values observed in this study exceed the findings of 
Abebe et  al. (2007), where the highest oil absorption capacities 
recorded for Gewada and Zereta ranged from 0.6 to 0.9 mL/g. In 
contrast, cassava flour has oil absorption capacities ranging from 0.65 
to 1.9 mL/g (Abebe et al., 2007).

These variations highlight the importance of balancing oil 
absorption with other functional attributes to meet diverse food 
production requirements. Ingredients with higher oil absorption 
capacities can effectively bind or incorporate fats and oils, thereby 
enhancing the texture, flavor, and mouthfeel of food products. 
Consequently, food manufacturers must carefully optimize oil 
absorption to create culinary products that not only meet but also 
exceed consumer expectations for taste, consistency, and 
sensory appeal.

3.3.4 Solubility index
The outer part of the corm and the second-pressed bulla from the 

pseudo stem, have no significance difference in a solubility index. 
However, exhibit the highest solubility index incorporation to others. 
This slightly higher solubility, when compared to the other samples, 
suggests a versatile behavior that could influence the texture and 
structure of food products. The tendency of these phospholipids to 
form complexes with amylose and amylopectin leads to low solubility 
of starch (Han et al., 2025; Ogunsona et al., 2018).

In contrast, the first-pressed bulla stands out with a solubility 
index of 3.100, indicating lower solubility. According to Irena et al. 
(2020), their investigation showed that the functional properties of 
kocho blended with flaxseed varieties Belay 96, Jeldu, and Kulumusa 
exhibited solubility values of 3.90, 4.20, and 4.06%, respectively. This 

TABLE 2 Functional properties of the native Bulla from different parts of Enset.

Ingredients BD (g/mL) WA (%) SI (%) OA ml/g Sw p

OPC 0.645 ± 0.006c 3.529 ± 0.104b 6.391 ± 0.136a 2.043 ± 0.003a 7.002 ± 0.331a

IPC 0.710 ± 0.007bc 4.413 ± 0.286a 5.094 ± 1.423ab 1.796 ± 0.470a 7.430 ± 0.940a

1 PB 0.813 ± 0.009a 1.803 ± 0.077c 3.100 ± 0.424b 1.752 ± 0.011a 4.945 ± 1.133a

2 PB 0.777 ± 0.042ab 1.8545 ± 0.021c 6.200 ± 1.273a 1.797 ± 0.028a 5.865 ± 1.476a

All the value and mean ± SD of replicates analysis. Means within columns with different letters are significantly different (p ≤ 0.5). Outer part of corm: OPC; Inner part of corm: IPC; First 
pressed Bulla: 1 PB; Second pressed Bulla: 2 PB; Bulk Density: BD; Water Absorption: WA; Solubility Index: SI; Oil Absorption: OA; Swelling power: SWP.
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lower solubility may impact its gelling, stabilizing, and thickening 
abilities, potentially leading to unique textural outcomes compared to 
samples with higher solubility indexes.

3.3.5 Swelling power
As depicted in Table 2, the swelling power results ranges from 

4.945–7.430, suggesting that there are no statistically significant 
differences in swelling power among the samples tested in this 
analysis. However, these values are greater than the swelling power of 
bulla flour, which is fermented for 30 days. Among the varieties, the 
swelling power values were 1.65, 1.62, 1.62, and 1.6% for yanbule, 
gewada, zereta and messena, respectively (Bekele, 2015).

In comparison, a study by Irena et al. (2020) demonstrated that 
the functional properties of blends of kocho with flaxseed varieties 
exhibited swelling power values of 5.03, 5.23, and 6.31%, respectively. 
Similarly, the study conducted by Gebre-Mariam et al. (1996) revealed 
that both enset and maize starches showed lower solubility values 
compared to potato starch. Swelling in starch is closely related to the 
presence of amylopectin, as amylose inhibits swelling (Ogunsona 
et al., 2018). Furthermore, the small fractional lipid content in starch 
granules significantly reduces swelling, as reported by Morrison and 
Azudin (1987).

According to Suresh Chandra and Samsher (2013), the swelling 
power observed in this study is lower than the value reported for 
potato starch. While swelling power is not directly synonymous 
with gelling, stabilizing, and thickening properties, it plays a crucial 
role in these functions. Ingredients with higher swelling power tend 
to absorb more water, which can be advantageous for creating gels, 
stabilizing, and thickening food products. Moreover, starch with 
amylose-lipid complexation exhibits considerable swelling ability 
but with low dissolution capacity (Schirmer et al., 2015).

Several factors influence the degree of swelling power, including 
the amylose-to-amylopectin ratio, chain length, molecular weight 
distribution, degree and length of branching, and overall conformation 
(Gao et  al., 2023). Based on the provided data on the functional 
properties of the samples, the swelling power indicates their potential 
applications in various food applications.

3.4 Elemental distributions in bulla

The following Figures illustrate the elemental distribution map 
obtained through EDS analysis, showcasing the mineral composition 
within the samples A and B: Bulla from the supermarket; C and D: 
Pseudostem bulla; E and F: Bulla extracted from the corm of enset. 
The analysis highlights the interplay between structural features and 
mineral compositions in determining the functional properties of 
bulla, suggesting that the choice of enset part can be tailored to specific 
food applications.

The microstructural and compositional properties of bulla 
derived from various parts of Ensete ventricosum specifically from 
the pseudostem, corm, and supermarket sources were analyzed 
using Scanning Electron Microscopy (SEM) coupled with Energy-
Dispersive X-Ray Spectroscopy (EDS). SEM provided detailed 
insights into the surface morphology of bulla, while EDS 
facilitated the identification and quantification of 
elemental compositions.

The SEM analysis revealed distinct structural differences among 
bulla samples. Bulla extracted from the pseudostem as depicted at 
Figure 1 exhibited a porous structure with a higher potassium content, 
which is known to influence the ionic strength and solubility of 
polysaccharides in food matrices. This suggests enhanced functional 
properties for the pseudostem bulla, making it suitable for applications 
requiring viscosity modifiers.

In contrast, corm-derived bulla displayed on Figure 2 a more 
compact and dense structure with fewer surface irregularities, 
correlating with its higher calcium content. Calcium plays a crucial 
role in crosslinking polysaccharides and forming stable gel networks, 
thus enhancing the gelling and stabilizing properties of the corm bulla, 
making it promising for food products that require rigidity and 
structural integrity.

Market-obtained bulla samples Figure  3 exhibited variability, 
likely due to differences in processing methods, leading to mixed 
morphological features. These samples displayed intermediate 
functional attributes, contributing to their ability to form viscous 
solutions and emulsify fats.

FIGURE 1

Pseudostem-Bulla, (A) indicate the regions where the elemental composition analysis was performed using scanning electron microscope (SEM) image 
-EDS., (B) Elements detected in the analyzed regions, x-axis shows the energy in keV (kiloelectronvolts), while the y-axis shows the counts (intensity of 
detected X-rays).
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3.5 Elemental composition of bulla in 
different parts of Ensete ventricosum

The mineral compositions of bulla from different parts of Ensete 
ventricosum (supermarket, pseudostem, and corm) are summarized 

in Table  3. These analyses indicate that bulla derived from these 
sources is a rich source of essential minerals, significantly contributing 
to human nutrition.

The supermarket bulla and pseudostem bulla was less 
concentrated in trace elements except higher in selenium (Se). These 

FIGURE 3

Bulla from super market, (A) indicate the regions where the elemental composition analysis was performed using scanning electron microscope (SEM) 
image -EDS., (B) Elements detected in the analyzed regions, x-axis shows the energy in keV (kiloelectronvolts), while the y-axis shows the counts 
(intensity of detected X-rays).

TABLE 3 Minerals compositions of the different parts.

O Na Ma K

Weight% Atomic% Weight% Atomic% Weight% Atomic% Weight% Atomic%

Supermarket bulla 53.05c 46.28c 0.2b 0.12b -0.02a -0.01a 0.47c 0.17c

Pseudostem bulla 91.1a 98.84a −2.45c −1.85c −0.92b −0.66b 4.91a 2.18a

Corm bulla 73.78b 91.65b 2.33a 2.01a −0.99c −0.81c 2.04b 1.04b

Cu Zn Se Ca Fe

Weight% Atomic% Weight% Atomic% Weight% Atomic% Weight% Atomic% Weight% Atomic%

−3.73c −0.82c −1.87c −0.4c 0.95a 0.17a 0.02c 0.01c −0.55c −0.14c

0.55b 0.15b 3.96a 1.05a −0.63b −0.14b 0.12b 0.05b −0.06b −0.02b

11.94a 3.73a −0.06b −0.02b −1.24c −0.31c 0.43a 0.22a 4.06b 1.44a

a: represents the highest measurement in a given mineral category among the samples being compared. It indicates that this sample has a significantly higher concentration of that mineral 
compared to others. b: shows a medium level of measurement. It is statistically different from a but higher than c. Whereas c: signifies the lowest measurement in that mineral category, 
indicating that this sample has a significantly lower concentration of that mineral compared to the others.

FIGURE 2

Bulla extracted from corm of enset. (A) Indicate the regions where the elemental composition analysis was performed using scanning electron 
microscope (SEM) image -EDS., (B) Elements detected in the analyzed regions, x-axis shows the energy in keV (kiloelectronvolts), while the y-axis 
shows the counts (intensity of detected X-rays).
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trace minerals are essential for numerous enzymatic and biochemical 
processes, including those associated with antioxidant defense and the 
stabilization of emulsions (Bekele et  al., 2023). Although their 
concentrations are relatively lower compared to major minerals, their 
synergistic effects on protein and enzyme interactions may indirectly 
influence emulsification and stabilization processes in food matrices.

Notably, potassium (K) concentrations were highest in the 
pseudostem bulla, consistent with findings from Atlabachew and 
Chandravanshi (2008), who reported similar trends in other bulla 
foodstuffs. The high potassium content enhances the capacity for 
forming thicker solutions, an advantageous property in food 
applications requiring viscosity modifiers (Bekele et al., 2023). There 
is similarity with studied the concentration of K was highest minerals 
in Tarap flour was potassium (Noorfarahzilah et  al., 2017). 
Consequently, the high potassium content observed in the pseudostem 
may contribute to its enhanced capacity for forming thicker solutions, 
which is a desirable attribute in food applications requiring viscosity 
modifiers (Bekele et al., 2023).

Furthermore, the corm bulla stands out for its elevated calcium 
and iron levels, making it a valuable dietary component for addressing 
micronutrient deficiencies. The calcium-rich environment promotes 
gel formation, enhancing emulsion stability that is critical for food 
systems requiring structural integrity. Corm bulla’s sodium ions are 
known to enhance the ionic strength of aqueous solutions, promoting 
the solubility of polysaccharides and improving viscosity (Zhao et al., 
2023). Calcium, as a polyvalent cation, forms strong cross-linked 
networks with negatively charged polymers, such as pectin or 
alginate-like polysaccharides, enhancing emulsion stability and 
promoting gel formation. Furthermore, calcium ions enhance the 
rigidity of polysaccharide gels, particularly when interacting with 
compounds like alginates, underscoring the corm’s relevance in 
applications where structural integrity is critical. In addition to 
calcium, the corm bulla exhibits higher levels of trace elements such 
as copper (Cu), zinc (Zn), and selenium (Se).

4 Conclusion

The enset (Ensete ventricosum) is an important starch source. 
The proximate compositions, functional properties and mineral 
content of bulla extracted from corm and psedostems were 
investigated. The proximate composition analysis underscores the 
diversity of nutritional components, with carbohydrates being the 
largest contributor, followed by appreciable levels of protein and 
fiber. Based on the provided data on the functional properties of 
ingredients, including bulk density, water absorption, solubility 
index, oil absorption, and swelling power, indicates their potential 
properties in food application areas. Functional properties, 
including water absorption and swelling power, validate the 
application of bulla as a thickener and stabilizer in various food 
products. The pseudostem bulla exhibited higher concentrations of 
potassium, enhancing its viscosity-modifying capabilities, while 
the corm was rich in calcium and iron, supporting its superior 
gelling and stabilizing properties. This study underscores the 
importance of enset bulla as a versatile and sustainable food 
ingredient with significant nutritional and industrial 
applications potential.

5 Recommendation

For future research, it is recommended to investigate the 
optimization of extraction methods for bulla flour, which could 
enhance yield and quality. Additionally, exploring the use of flour in 
specific product formulations may reveal its potential as a stabilizing, 
thickening, and gelling agent in various food applications. Further 
studies should focus on the pasting properties, thermal properties, 
particle size distribution, and morphological characteristics of flour. 
These investigations will contribute to the development and 
characterization of Bulla, ultimately improving its application in the 
food industry.
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