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Spices are known to have important benefts in our daily diet, and it is common to see industrial and traditional spicy foods in our
households and markets. In the present work, a systematic profling of the nutritional, physicochemical, and textural properties of
red pepper, garlic, red onion, and ginger was conducted. Te detailed data of forty eight (48) parameters that consisted of
macronutrients, micronutrients, physicochemical properties, functional property, and rheological properties of each of the
components were organized. Te result showed that red pepper had the highest content of crude protein (14.7%), crude fat
(11.3%), crude fber (38.57%), ash (6.7%), redness (a∗ value) (32.5), CI (37.4%), and porosity (37.43%) compared to garlic, ginger,
and red onion. Garlic had the highest content of carbohydrate content (76.42%), energy (346.58 kcal), pH (6.03), total soluble solid
(26.76), particle size (D90, 561 µm), and volume weighted mean (238 µm) which is related to the high antimicrobial and an-
tioxidant quality of garlic. Red onion had the highest content of Zn (71.16mg/100 g), Na (94.5mg/100 g), and Ca (71.16mg/100 g)
indicating that it is a rich source of minerals. Te availability of data about the nutritional, physicochemical, functional, and
textural properties of the ingredients is crucial for the production and formulation of industrial and traditional spicy foods with
the highest quality and stability.

1. Introduction

Ethiopia produces more than 50 types of spices from 109
types of spices in the world listed by the International
Organization for Standardization.Te total spice production
in the country has increased over the years, while the share of
spices production in 2018 was peppers (83%), turmeric
(11%), ginger (3%), and others (3%). Te share of chili
peppers is very high and has increased over the years in
Ethiopia [1]. Ethiopia is one of the largest consumers of

spices, and most of the spices produced (96%) are consumed
domestically. In food applications, spices are the building
components of favors which are used to favor sauces, bread,
butter, meat, soups, and vegetables and in the production of
medicines and perfumes. Te spices commonly used for the
preparation of condiments or spicy foods in Ethiopia are red
pepper, garlic, ginger, onion, cardamom, chili, and fenu-
greek. Tese spices are used as an ingredient for the prep-
aration of condiment such as spicy red pepper paste
(Awaze), Ethiopian stew (Shiro wot), hot pepper paste
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(Datt), Mitmita, Mekelesha, Selejo, Bekolt, and Nitirkibie
[2]. Spices stimulate hunger, add favor and texture to food,
and give visual appeal to meals during consumption [3].
Spices are also important for their medical properties, in-
cluding antioxidants and antimicrobials activity. Aspergillus
a mold recognized for making afatoxin, a carcinogen, is
inhibited by ginger. Cloves are rich source of antioxidants
which is crucial to their health benefcial efects, such as free
radical scavenging activity [4]. Moreover, the addition of
spices as an ingredient in modern and traditional processed
foods helps to extend the shelf life of the foods.

Diferent previous studies reported the quality charac-
teristics of spices, but those studies reported only limited
quality characteristics and did not compare the quality
characteristics of spices. Most of the published works on red
pepper, garlic, red onion, and ginger concentrate on the
production and production managements [5, 6].

Only very few studies have reported the quality pa-
rameters of spices such as proximate andmineral contents of
red pepper and red onion [7–9]. Other important param-
eters such as macronutrients, micronutrients, physico-
chemical, functional, and textural properties of red pepper,
red onion, garlic, and ginger have remained largely un-
explored. Comprehensive studies of the functional, textural,
and physicochemical properties of red pepper, red onion,
ginger, and garlic are limited. It is, therefore, important that
the current study aims to provide comprehensive in-
formation about the nutritional, functional, textural,
physicochemical, and mineral content of red pepper, red
onion, ginger, and garlic which are the commonly used
spices in the preparation of diferent types of traditional
spicy foods in Ethiopia.

2. Materials and Methods

2.1. Sample Collection and Preparation. Dried red pepper
(Capsicum annuum L.) sample was collected from Finote
Selam, Bure, and Dembecha in January 2022, Amahara
region, Ethiopia. Matured red onion (Allium cepa), ginger
(Zingiber ofcinale), and garlic (Allium sativum) were
collected from vegetable improvement center, Holeta
Agricultural Research Center, Ethiopia. Matured red on-
ion, ginger, and garlic were sun-dried for three days, and
foreign materials and stalks were manually removed. Te
samples were coarsely crushed in a cutter mixer and then
processed in a laboratory hammer mill (Perten In-
struments, Finland). Ten, the powder was sieved using
a 0.5mm screen before being placed in a polyethylene bag
for analysis. Te workfow that was followed is given in
Figure 1.

2.2. Proximate and Mineral Analysis

2.2.1. Moisture Content. Te moisture content of the
samples was determined by AOAC [10]. A 5-gram sample
was dried in a hot air oven (model: Wagtech, Quality
Product, UK) at a temperature of 105°C until the weight was
constant.Te dried sample was transferred to desiccators for
30minute and cooled to room temperature. Te weight loss

during drying was used to calculate the moisture content of
the wet base of the sample.

MC(wb) �
Mw
M

× 100, (1)

where MC (wb) is the moisture content, Mw is the mass of
water, and M is the sample weight.

2.2.2. Crude Protein Content. Te Kjeldahl apparatus
(Model: Food ALYT SBS 2000 digester and Food ALYT D
5000 Distillation unit) was used for the determination of
percentage of nitrogen by the method AOAC [10]. Ac-
cordingly, a 0.5 gram sample was digested with concentrated
H2SO4 by using a catalyst in the ratio 100 : 5 :10 of K2SO4,
FeSO4, and CuSO4, respectively. Te digested sample was
diluted until the color became light greenish in a 250ml
volumetric fask, and then 40ml of 32% NaOH was added to
distill it. Te generated ammonia was collected in a beaker
containing 4% boric acid solution using methyl red as an
indicator. Te resulted ammonium borate was used for
nitrogen determination in the sample. Te percentage of
nitrogen was calculated by titrating the distillate with 0.1N
HCl solution until the color became light reddish.

%N �
(titre value – blank) × 0.14N

weight of sample
,

Protein � %Nx 6.25.

(2)

2.2.3. Crude Fat Content. It was determined using the
Soxhlet method by the AOAC [10].

%Crude  fat �
(weight  initial − weight  extracted) × 100%

weight of   sample
.

(3)

2.2.4. Total Ash Content. Te powder ash content was de-
termined using the method AOAC [10]. 5 gram samples
were ignited in a mufe furnace at 550–600 degree centi-
grade for 5-6 hours until white residues (ash) were obtained.

Sample (Ingredients)

Milling (powder)

Proximate
and

mineral
content

Physico-
chemical
property

Functional
property

Rheological
property

Figure 1: Work fowchart for the analysis of plant samples.
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Total ash  content �
weight of   ash × 100%
weight of   sample

. (4)

2.2.5. Crude Fiber Content. Te crude fber content of the
dried samples was determined by using the method AOAC
[10]. 2 gram fat free samples were digested with 1.25%
H2SO4 by adding 200ml and 150ml distilled water for

30minutes. After fltration, the flter cake was digested using
200ml 1.25% NaOH solution for 30minutes using Rapid
Digester (Labconco. corporation, Kansas, USA). Te
remaining residues were dried in an oven for 12 hour and
ignited in a mufe furnace at a temperature of 550–650
degrees centigrade until the residue became white ash. Te
percentage of crude fber was estimated according to the
following formula:

crude  f iber �
(weight of  oven  drying − weight of ash) × 100%

weight of   sample
. (5)

2.2.6. Carbohydrate Content. Te carbohydrate content was
calculated using the following formula:

carbohydrate  content(CHO)(%) � 100 − (MC + CP + fat

+total  ash + crude  f iber),
(6)

where moisture, protein, fat, total ash, and crude fber
contents are represented by MC, CP, fat, total ash, and crude
fber, respectively.

2.2.7. Energy (Kcal). Te energy content was calculated
using the following formula:

energy(Kcal.) � 4CP + 4CHO + 9fat. (7)

Te values were expressed in Kcal.

2.3. Mineral Content. Te mineral content of the samples
was analyzed following the AOACmethod [10]. 0.5 grams
of sample was digested by using a mufe furnace at
550–600°C for 5-6 hours until the residue ash became
white. Te ash sample was digested by using concentrated
HCl. Te digested sample was diluted up to 100ml for
mineral analysis. Calcium, potassium, sodium, iron, and
zinc contents were determined using atomic absorption
spectrophotometer (Model: Agilent serious, America):

mineral  content(ppm) �
(conc.AAS − blank) × TV × df

weight of   sample
,

(8)

where conc. AASis the reading from atomic absorption
spectrophotometer, TV is the Volume marked by 100ml in
the volumetric fask, and df is the dilution factor.

2.4. Physicochemical Property

2.4.1. pH Value. It was obtained following the method
[11]. Te samples of 5 g were measured and 45ml of
distilled water was added to the sample and homogenized
for one minute. Te solution was maintained at room
temperature for 1 hour, and the pH of the supernatant was
measured using a pH meter (Mettler Toledo, China).

2.4.2. Titratable Acidity. It was determined titrimetrically
according to the method [11]. A 5 gram sample was mea-
sured, and 100ml of deionized water was added and then
stirred gently, and the mixture was allowed to stand for one
hour. From the mixture, 20ml solution was taken and added
to 0.5ml phenolphthalein in a 100ml fask and then it was
titrated using 0.1N NaOH until a pink color appeared for
30 seconds.

% Titratable acidity �
(titri. − blank) × N × 90 × 100%

wt × 1000
,

(9)

where N is the ml of 0.1N NaOH and wt is the weight of
sample.

2.4.3. Total Soluble Solids. It was determined according to
AOAC [10]. A sample of (10 g) was liquefed in 50mL
distilled water with a pH of 7.0. Subsequently, the mixture
was fltered. Ten, to determine the TSS, 1.0mL aliquot was
placed in a digital refractometer, and the results were
expressed in °Brix.

2.4.4. Color Value (L∗, a∗, and b∗). Te L∗, a∗, and b∗ color
values were observed by Aeros Hunter colorimeter following
the method of [12]. Te Aeros Hunter colorimeter was
calibrated using the manufacturer’s standard white plate.
Te powder colors were quantifed in the L∗, a∗, and b∗ color
space. L∗ refers to lightness, positive a∗ refers to red purple
color, negative a∗ values indicate a green color, positive
values of b∗ indicate yellow color, and negative values of
b∗ indicate blue color. Chroma refers the color intensity
(saturation), and hue angle indicates the specifc color of the
powder.

2.4.5. Determination of Viscosity. A 3 gram powdered
sample was dissolved in 5ml distilled water, and the viscosity
of the solution was determined using a Brookfeld vis-
cometer (model Lv-3, Middleboro, MA 02346, USA) set at
60 rpm and a temperature of 25°C. Te viscosity was
recorded in centipoises (cps) [13].
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2.5. Functional Properties of the Powder. Te functional
properties of red pepper powder, red onion powder, ginger
powder, and garlic were evaluated according to the following
methods.

2.5.1. Water and Oil Absorption. It was determined using
the centrifugation method [14]. About one gram of the
powder was mixed with 10ml of distilled water or oil in
a centrifuge tube and allowed to stand at room temperature
of 30°C for 1 hr. Ten, it was centrifuged at 200 rpm for
30minutes, and the supernatant was measured in a 10ml
measuring cylinder.

2.5.2. Bulk Density. It was determined by using the method
[15]. 50 gram of powdered sample was added in a 100ml
measuring cylinder, and the volume was measured and
calculated as follows:

bulk  density
g
ml

  �
weight of  powder
volume of  powder

. (10)

2.5.3. Tapped Density. It was measured using the same
method with bulk density, but manually tapping the cylinder
vertically until the height of powder in the cylinder does not
change [16].

Tapped  density �
mass of   taping

volume of   taping
. (11)

2.5.4. Porosity. Porosity refects the volume of pores in the
bulk material and was measured using the method that was
reported in [17], calculated as (ε (%)) as follows:

ε(%) � 1 −
bulk  density
tap  density  × 100. (12)

2.5.5. Hausner Ratio (Hr) and Carr’s Index (CI).
Hausner ratio (Hr) and Carr’s index (CI) indicate the
fowability of food powders [18]. Both Hr and CI were
calculated by taking the tapped density and bulk density of
powders using the method of [19].

Hr �
taped  density
bulk  density

and CI �
(tap de nsity − bulk de nsity) × 100

tap  de nsity
. (13)

2.5.6. Dispersibility. Dispersibility of the powder was de-
termined according to the method in [20]. Dispersibility was
measured by placing 10 g of the sample in a 100mL stop-
pered measuring cylinder, and distilled water was added to
100mL, stirring vigorously and allowing it to settle for 3 hr.
Te volume of settled particles was subtracted from 100 and
the diference was reported as percentage dispersibility as
follows:

dispersibility(%) � 100 − volume of   settled particle.
(14)

2.5.7. Foaming Capacity. It was determined according to the
method in [21]. 1 gram of the powdered sample was dis-
persed in 50mL distilled water. Te resulting solution was
vigorously whipped for 30min in a Kenwood blender and
poured into a 100ml graduated cylinder. Te volume before
and after whipping will be recorded, and the foaming ca-
pacity was calculated as the percentage volume increase. Te
foaming capacity was calculated from the following
equation:

volume  increase(%) �
(volume after whipping –volume before whipping)

volume before  × 100. (15)

2.6. Particle Size and Specifc Surface Area. Particle size
distributions of red pepper, red onion, ginger, and garlic
powders were determined using a laser difraction particle
size analyzer (Master seizer 2000; Malvern Instruments Ltd.,
Worcestershire, UK) according to the method of [22]. Te
powder was dispersed in water (ISO 13320–1). In the particle
size distribution curve, D10, D50, and D90 representing 10%,
50%, and 90% were used to describe the total percentage
particle volume below the given diameter. Te measurement
was also used to determine the Sauter mean diameter (D32),
volume weighted mean diameter (D43), and specifc surface
area (m2/g).

2.7. Rheological Properties. Pasting properties of red pepper,
red onion, ginger, and garlic powder samples were de-
termined by using a rapid viscoanalyzer (RVA-
RECHMASTER, Newport Scientifc Pty. Ltd., Sidney,
Australia). Te pasting parameters were measured following
the general pasting method. Te sample was equilibrated at
50°C for 1min, heated to 95°C in 7.5min, and then held at
95°C for 5min. Te hot sample was subsequently cooled to
50°C within 7.5min and maintained at 50°C for 4min.
Paddle speed was 960 rpm for the initial 10 sec. To disperse
the sample, the speed of the paddle was set at 160 rpm during
the measurement. Pasting parameters included peak
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viscosity, trough viscosity, fnal viscosity, breakdown value,
and set back value, and the viscosity parameters were
expressed in centipoises (cPs) units [23].

2.8.TextureProfleAnalysis (TPA). Te textural properties of
dried red pepper and fresh red onion, ginger, and garlic were
measured as puncture forces which were a measure of
hardness of the product as measured through Texture
Analyzer (model: TA. XT. Stable Micro Systems, UK), based
on the method in [24] using a 2mm cylindrical probe with
a speed of 2mm/s and a penetration distance of 5mm. Te
puncture force to rupture the dried pepper and fresh red
pepper, ginger, and garlic was recorded as means for each
sample.

2.9. Experimental Design andDataAnalysis. Te experiment
was designed in a completely randomized design (CRD) for
the four powder samples. Analyses were conducted in
triplicate, and the results were presented as themean value of
replicates.

3. Results and Discussion

3.1. Proximate Composition. Quantitative analysis of prox-
imate composition consisting of moisture content, crude
protein, crude fat, crude fber, total ash, carbohydrate
content, and energy value (kcal.) for red pepper, red onion,
ginger, and garlic is presented in Table 1. Te data in Table 1
illustrate the proximate composition of red pepper, red
onion, ginger, and garlic. Red pepper had the highest
amount of protein which reached to 14.7% while garlic had
the lowest protein content reached to 8.6%. Similarly, red
pepper contained the highest crude fat, followed by ginger,
while garlic contained the lowest content of crude fat
(p< 0.05). Garlic had the lowest fber content (p< 0.05)
whereas red paper had the highest. Moreover, the fber
content in the red pepper was approximately twelve times
higher than that that of garlic. Red pepper contained the
highest ash content (6.7%), followed by ginger (6.33%), and
red onion had the lowest ash content (3.37%). High ash
content is an indication of high inorganic mineral content
[25]. Tis indicates that red pepper and ginger are rich in
inorganic minerals. Garlic contained the highest carbohy-
drate content (76.42%) and energy value (346.58Kcal.),
while red pepper had the lowest carbohydrate content
(22.13%) and energy value (248.58Kcal.).

Te crude protein, fber, and ash contents of red pepper
powder that were obtained in this study appeared to be
higher than the reported values for dried red pepper varieties
with the values of protein, fber, and ash content in the range
of 8.7–11.8, 25.96–28, and 5.2–7.27%, respectively [26].
Another study obtained higher content of crude protein,
crude fat, crude fber, and ash content in red onion than the
current study, and the values were 12.5, 2.96, 5.90, and
5.58%, respectively [27]. A previous study on ginger re-
ported total fber content, ash content, and fat content of
11.72, 8.25, and 1.85%, respectively [25], which is higher
than the current study. Te crude protein, crude fat, crude

fber, ash content, and carbohydrate content of garlic in this
study appeared to be higher than the fnding of [28] that
obtained crude protein, crude fat, crude fber, ash, and
carbohydrate content of 7.87, 0.52, 2.3, 2.46, and 22.27%,
respectively. Te observed variation in the proximate
compositions between the previous and the current study
could be growing condition, season, or diference in agro-
nomic practices. Generally, red pepper has relatively higher
protein, fber, and total mineral, while ginger, garlic, and red
onion have relatively higher carbohydrate content and en-
ergy value needed for human nutrition.

3.2. Mineral Content. Te mineral contents (K, Ca, Na, Fe,
and Zn) of red pepper, red onion, ginger, and garlic were
expressed in mg/100 g on a wet basis and are presented in
Figures 2–4.

From the four spices, red pepper contained the highest
iron and potassium content, while red onion contained the
highest calcium, sodium, and zinc content (Figures 2–4).Te
general order of the mineral content for red pepper was
K>Ca>Na> Fe>Zn.Te K, Ca, Na, Fe, and Zn contents of
red pepper were 450.7, 47.73, 30.23, 19.35, and 2.46mg/
100 g, respectively. Te results of the current study were in
agreement with the previous study that reported K, Ca, Na,
Fe, and Zn contents of red pepper in the range of
49.57–133.25, 53.55–108.86, 69.65–111.83, 3.75–12.93, and
4.47–13.23mg/100 g, respectively [29]. Potassium (K) was
the frst most abundant mineral element in the red pepper
with a value of 450.7mg/100 g. Te mineral content of red
onion was ranked in the order of K>Na>Ca>Zn> Fe. Te
previous study reported relatively lower values of K and Ca
for onion with a sodium content of 277.9mg/100 g and
calcium content of 71.09mg/100 g [30]. Te Fe and Zn
content of onion in the current results was higher than the
result that was presented by [31], and the study reported Fe
and Zn content of onion (3.17mg/100 g) and (2.64mg/
100 g), respectively. Te relative mineral content of ginger in
descending order of abundance was found to be as follows:
K>Na>Ca> Fe>Zn.Te K, Fe, Na, Ca, and Zn contents of
ginger were 330.4, 44.8, 36.18, 36.18, 5.14, and 2.27mg/100 g,
respectively. Tis order was in consistent with the result that
was reported by [32] for diferent ginger varieties. Te
previous study reported mineral contents of ginger varieties
in the range of K (148.7–254.7), Fe (6.74–61.7), Na
(36.5–83,73), and Ca (26.05–67.38) mg/100 g, which were
higher than the current study. Garlic had considerable
amount of K (140.5mg/100 g), Ca (36.14mg/100 g), and Na
(21.98mg/100 g), while the quantity of Zn (3.22mg/100 g)
and Fe (1.6mg/100 g) was the lowest. Te mineral content of
garlic that was reported from the previous study was K
(54.65mg/100 g), Ca (19.83mg/100 g), Na (4.1mg/100 g),
and Zn (0.34mg/100 g) [28], which was lower than that of
the current study.

Collectively, our data highlighted that red pepper can
be considered as a good source of iron and potassium while
red onion can be considered as a good source of zinc,
sodium, and calcium. Consequently, the study confrms
that the health beneft of spices may be attributed to the
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mineral element contents; these elements are useful as
metabolism enhancer and antiallergen in the digestion
system [33].

3.3. Physicochemical Property. Te physicochemical prop-
erties of the powders of red pepper, red onion, garlic, and
ginger are presented in Table 2.

Table 1: Proximate composition of the samples of red pepper, red onion, ginger, and garlic.

Parameters
Food composition (%)

Red pepper Red onion Ginger Garlic
Moisture content 6.55± 0.02d 10.21± 0.24a 8.8± 0.14b 8.12± 0.15c
Crude protein 14.7± 0.08a 10.98± 0.06b 9.01± 0.45c 8.6± 0.07d
Crude fat 11.36± 0.25a 0.73± 0.15c 1.33± 0.25b 0.60± 0.20d
Crude fber 38.57± 1.13a 3.87± 0.32c 6.62± 0.12b 3.03± 0.07d
Ash 6.7± 0.28a 3.37± 0.019b 6.33± 0.25c 3.34± 0.05d
Carbohydrate content 22.13± 1.84d 70.67± 0.41b 67.81± 1.2c 76.42± 0.28a
Energy (Kcal) 248.58± 5.8d 333.84± 0.65b 319.47± 0.0c 346.58± 0.4a

Values with the same letter in the same row are not signifcantly diferent at P < 0.05.
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3.3.1. pH and Titratable Acidity. Te data obtained in Ta-
ble 2 show the pH and titratable acidity of red pepper that
were the highest compared to red onion, ginger, and garlic.
Te pH of red pepper (5.23) and red onion (5.16) showed
that they have slightly acidic character compared to ginger
(5.76) and garlic (6.03).Te acidity for all powders was in the
range of 0.7–3.33%.Te acidity for the powder of red pepper
was 3.33%, which was the highest acidic content compared
to red onion (1.77%), ginger (0.72%), and garlic (1.83%)
(Table 2); this is an indicator of shelf life and quality. Te
titratable acidity of onion was 1.77%. Te previous study
reported titratable acidity in the range 1.2–2.3% for onion
bulbs for diferent storage condition and time [9], which is in
agreement with the current study.

3.3.2. Total Soluble Solid (TSS). Tehighest TSS was observed
in garlic with an average value of 26.76°Brix, and the lowest TSS
was detected in ginger with an average value of 6.93°Brix. Te
TSS for red pepper was 8.5°Brix. Te previous study that was
conducted on green paper grown under open feld and green
house condition reported a TSS value in the range of 3.2 to
10.0°Brix [34], which agrees well with the current study. A
study that was conducted on onion under diferent storage
structures and storage time reported a TSS in the range of 10.53
to 13.29°Brix [9], which is in agreement with this study.

3.3.3. Color Value (L∗, a∗, and b∗). Te colors of the powders
are the most vital quality attribute and determine the quality

and the market price of the product [35]. Te color values of
red pepper, red onion, ginger, and garlic are shown in Fig-
ure 5. Relatively highest L∗ values were measured for garlic
(80.33) and red onion (74.21) which resulted in the highest
lightness index, while the highest a∗ value was measured for
red pepper (32.51) which resulted in the highest reddish color
value. Te red color of red pepper is due to the occurrence of
carotenoid pigments. Te Chroma and Hue angle values are
shown in Table 2. In this study, the chroma value of the spice
powders was in the range of 25.27 to 53.85. Te highest
chroma (color intensity) values for red pepper (53.85) resulted
a saturation of reddish orange color value. Te Hue angle
values of the spices were in the range of 52.85 to 83.84. Te
color value of red pepper that was obtained from the current
study was diferent from the one that was reported previously
with L∗ (44.46), a∗ (17.79), and b∗ (13.92) for red pepper [36];
this may be due to the diference in the variety of the red
pepper, the maturity, or growing environment.

3.3.4. Viscosity. Considerable diference in viscosity was
found between the spice powders (Table 2). Te diference in
viscosity of spices happened due to the molecular confg-
uration and particle size of the samples [36]. Te viscosity of
onion paste reported from the previous study was 496 and
398 cps at diferent temperatures [37], which was higher
than the current study. Te previous study on garlic paste
viscosity reported a value of 279 cps at 25°C and 100 rpm
[38], which was higher than the current study.
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Figure 4: Calcium content of red pepper, red onion, ginger, and garlic.

Table 2: Physicochemical properties of the powders of red pepper, red onion, garlic, and ginger.

Parameters
Ingredients

Red pepper Red onion Ginger Garlic
PH 5.23± 0.06c 5.16± 0.15d 5.76± 0.06b 6.03± 0.06a
Titratable acidity (%) 3.33± 0.63a 1.77± 0.06b 0.72± 0.13c 1.83± 0.09bc
Total soluble solid (°Brix) 8.5± 0.36c 11.7± 0.30b 6.93± 0.11d 26.76± 0.15a
Chroma 53.85± 0.77a 25.27± 0.13d 29.13± 0.04b 25.62± 0.14c
Hue angle (°) 52.85± 0.08d 74.89± 0.42c 83.84± 0.44a 77.17± 0.99b
Viscosity (cps) 296.0± 3.0c 319.0± 4.0b 475.66± 2.08a 174.3± 2.88d

Values with the same letter in the same row are not signifcantly diferent at P < 0.05.
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3.4. Functional Property. Measured functional properties
that consisted of water absorption, oil absorption, bulk
density, tapped density, Hausner ratio (Hr), Carr’s index
(CI, %), porosity (ε, %), dispersibility (%), foaming capacity
(%), and foaming stability (%) for red pepper, red onion,
ginger, and garlic are presented in Table 3.

3.4.1. Oil Absorption and Water Absorption. Te water and
oil absorption capacities for onion were the highest than
those of the others, with the water absorption capacity of
2.51 g/ml and oil absorption of 2.16 g/ml. Te highest
value of water absorption for powders attributes to the
swelling of the fber and other carbohydrates, and the
higher oil absorption capacity of the powder explains the
limited amount of nonpolar protein side chains that
would bind to the side chains of hydrocarbons of the oil
and afects the texture and sensory property of
foods [39].

3.4.2. Bulk Density, Tapped Density, Porosity, and
Dispersibility. Te measured values of bulk density, tapped
density, porosity, and dispersibility for spice powders are
given in Table 3. Te porosity value of red pepper, red
onion, ginger, and onion powders was in the range of
14.8–37.4%. Te bulk density and tapped density of garlic
and red onion were higher than those of red pepper and
ginger. Te porosity of red pepper power was the highest
(37.7%), followed by red onion (32.39%), ginger (27.78%),
and garlic (14.77%).

Te porosity of red pepper was higher than the result
that was reported previously for red pepper (32.3%) [35].
Tese properties are related to packaging, storage, and
transportation costs. High bulk density and lower tapped
density indicate the development of interparticulate in-
teraction or increased cohesiveness or enhancement of
compressibility of the powder. Te action of tapping force
brings extra force to overcome the cohesive attraction and
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Figure 5: Color values (L∗, a∗, and b∗) of red pepper, red onion, ginger, and garlic.
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causes the particles to fall towards the void spaces that
decrease the volume of the powder [40]. Te dispersibility
value of red onion, red pepper, and garlic was in the range
of 63.3–85.0%. Red onion had the highest dispersibility in
water (85%), followed by red pepper (64.3%), garlic
(63.3%), and ginger (41.6%).Te dispersibility value of red
onion in the current study was in line with the dis-
persibility (67–99%) of onion that was reported by [41].
Generally, higher bulk density is related to higher
dispersibility.

3.4.3. Flowability. Te powders having CI greater than
25% and HR greater than 1.34 can be considered as poor
in fowability. According to the standard, red pepper with
the HR value of 1.59% and CI value of 37.4%, red onion
with the HR value of 1.48% and CI value of 32.7%, and
ginger with the HR value of 1.39% and CI value of 28.3%
indicated poor in fowability, while garlic with the HR
value of 1.17% and CI value of 14.8% had the highest
fowability compared to the other spice powders (Table 3).
Particles having relatively uniform particle size have
better fowability compared to particles with nonuniform
particle size. In our current study, the fowability of garlic
was the highest which showed that garlic powder had
better particle size uniformity compared to the other spice
powders. Te fowability of powders is an important
parameter in the design of systems for handling, pack-
aging, processing, storage, and transportation of powder
food products [42].

3.5. Particle Size Distribution and Specifc Surface Area.
Te particle size distribution (D10, D50, and D90), specifc
surface area, Sauter mean diameter (D32), and volume
weighted mean diameter (D43) of the powders are shown in
(Table 4). Te particle size distribution of the powder that
was generated using a similar crusher/mill and screen
setting is shown in (Figure 6). From the particle size dis-
tribution, it was obvious that ginger powder was the fnest
of all which indicates more ability for mixing with other
spices or ingredients. Te highest particle size value was
measured for garlic with the D90 value of 561 µm. It is
known that particle size, specifc surface area, and volume
weighted mean diameter infuence the characteristics of

food, such as fuidity, water holding capacity, water sol-
ubility index, protein solubility, moisture content, ex-
tractable matter, color, and antioxidant activity of the food.
Te particle size (D10, D50, and D90) and volume weighted
mean diameter of garlic were the highest compared to those
of red pepper, red onion, and ginger which is an indication
for its potential for antimicrobial and antioxidant activity.
Previous report on the specifc surface area of garlic was in
the range of 53.31 to 136.4m2/g [43], which is in agreement
with the current result for garlic (77.41m2/g). Ginger
powder had the highest specifc surface area value
(126.17m2/g). Te highest specifc surface area of ginger
indicates the infuence of food characteristics, such as
moisture content, extractable matter, color, and antioxi-
dant activity [44]. Te particle size of ginger infuenced
the extraction efciency of antioxidants [45]. Te highest
volume weighted mean diameter and Sauter mean diameter
values were measured for red pepper (238 µm and 52.1 µm),
respectively. It was reported that the particle size of red
pepper afected the microbial activity of Escherichia coli
ATCC25922 in red pepper powder [46].

3.6. Rheological Properties. Rheological properties of the
powders are given in Table 5 and Figure 7.

3.6.1. Pasting Property. Table 5 presents the pasting
property of the samples. Ginger exhibited the highest fnal
viscosity (311.50 cps) and fnal pasting temperature
(91.12°C) while onion showed the lowest viscosity
(42.50 cps) and pasting temperature (50.72°C) (Figure 7).
Tus, ginger requires more cooking energy than onion, and
it can be used in processing of food products under high
temperature and acidic condition that requires high vis-
cosity. A similar study on ginger starch reported a fnal
viscosity of 2066.5 cps and pasting temperature of 89.42°C
[47], which is higher than the current study; this may be
due to the use of pure starch from ginger rather than the
whole ginger powder.

3.6.2. Texture. Ginger (1516.66 g) produced the highest
puncture force (hardness), followed by garlic (860.033 g),
red onion (675.83 g), and red pepper (572.3 g) (Table 5).
Tis showed that red pepper and red onion need lower

Table 3: Functional properties of the powders of red pepper, red onion, ginger, and garlic.

Parameters
Ingredients

Red pepper Red onion Ginger Garlic
Water absorption (g/ml) 1.86± 0.32b 2.20± 0.36b 2.51± 0.21a 2.43± 0.40b
Oil absorption (g/ml) 1.06± 0.30d 1.5± 0.1ab 2.16± 0.20a 1.2± 0.61c
Bulk density (%) 0.38± 0.07a 0.48± 0.03a 0.39± 0.06a 0.75± 0.014a
Tap density (%) 0.61± 0.09a 0.71± 0.05a 0.54± 0.07a 0.88± 0.02a
Hausner ratio, Hr 1.59± 0.06a 1.48± 0.02b 1.39± 0.067c 1.17± 0.068d
Carr’s index, CI (%) 37.4± 0.26a 32.7± 0.97b 28.3± 0.34c 14.8± 0.49d
Porosity, ε (%) 37.4± 0.26a 32.73± 0.9b 28.39± 0.34c 14.86± 0.49d
Dispersibility (%) 64.33± 1.5b 85.0± 1.0a 41.6± 1.50d 63.3± 1.15c
Foaming capacity (%) 2.89± 1.2b 2.82± 1.33b 3.54± 2.66a 2.82± 1.33b

Values with the same letter in the same row are not signifcantly diferent at P < 0.05.
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force to process and easy in product formulation com-
pared to ginger and garlic. Te puncture forces (hardness)
for the fresh red onion, ginger, and garlic were the highest
compared to the dried red pepper puncture force
(hardness) that showed that the samples in the dried form
required low-puncture force than the fresh samples. A

study on fresh red onion samples and freeze-dried red
onion samples reported that freeze-drying substantially
reduces the hardness of onions, and there was a decrease
from the fresh (1529.55 gram) to the dried state
(305.91 gram) [48], which is higher than the current study
result from the fresh onion.

Table 4: Particle size distribution and specifc surface area.

Parameter
Powder type

Red pepper Red onion Ginger Garlic
Small, D10 (µm) 11.6± 0.26d 13.70± 0.10b 12.77± 0.12c 18.33± 0.32a
Medium, D50 (µm) 98.1± 1.51c 117.00± 1.0b 90.80± 3.37d 173.00± 2.00a
Large, D90 (µm) 433.67± 10.4c 536.33± 11.01b 544.67± 12.5ab 561.00± 9.53a
Specifc surface area (m2/g) 77.41± 0.42c 102.00± 0.43b 126.17± 1.86a 77.41± 0.42c
D32 (µm) 52.07± 0.98a 39.20± 0.17b 31.70± 0.45c 51.67± 0.28a
D43 (µm) 168.33± 3.05a 202± 3.46b 191.67± 4.16c 238± 4.00a

Values with the same letter in the same row are not signifcantly diferent at P < 0.05.
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Figure 6: Te particle size distribution of red pepper, red onion, ginger, and garlic.

Table 5: Te pasting property and texture property of red pepper, red onion, ginger, and garlic.

Parameters Spice type
Pasting property Red pepper Red onion Ginger Garlic

Peak viscosity (cps) 38.0± 1.4c 61.5± 0.7b 176.5± 2.12a 27.5± 2.1c
Trough (cps) 36.5± 0.7b 32.5± 2.1b 150.0± 1.3a 19.5± 1.8c
Break down (cps) 2.5± 0.6c 28± 1.4a 28.5± 0.8a 6± 1.2b
Final viscosity (cps) 45± 1.3b 42.5± 2.2b 311.5± 2.12a 27± 1.41c
Set back (cp) 6.5± 0.6b 7± 0.0b 159.5± 2.0a 6.5± 2.3b
Peak time (s) 5.3± 0.2b 1.23± 0.23c 6.8± 0.28a 5.7± 0.42b
Pasting temperature (°C) 0.00± 0.0c 50.72± 0.67b 91.12± 0.88a 0.00± 0.0c

Texture (hardness)
Force (g) 572.3± 6.49ab 675.83± 4.85ab 1516.66± 6.56a 860.033± 6.192b

Values with the same letter in the same row are not signifcantly diferent at P < 0.05.

10 Journal of Food Quality



4. Conclusion

A comprehensive study of the functional, textural, and
physicochemical properties of red pepper, red onion,
ginger, and garlic was conducted. Given their chemical
composition, red pepper, red onion, garlic, and ginger are
good sources of protein, fber, carbohydrate, and min-
erals. Potassium, calcium, sodium, and iron were the most
abundant minerals present in the spices. It can also be
stated that garlic had the highest fowability and particle
size which are important properties in the design of
systems for food processing and indication for its po-
tential for antimicrobial and antioxidant activity. More-
over, the results indicated that ginger had a relatively good
pasting property with the highest fnal viscosity compared
to red pepper, red onion, and garlic. It is, therefore,
important that spices are mixed with the appropriate
proportions to get the required functional, textural, and
physicochemical properties of formulated foods. Further
studies on the formulation, optimization, and packaging
of the traditional Ethiopian spicy foods would be valuable
using red pepper, red onion, ginger, and garlic as main
ingredients.
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H. družbı́ková, “Te antioxidant capacity and macroelement
content of several onion cultivars,” Turkish Journal of Agri-
culture and Forestry, vol. 39, pp. 999–1004, 2015.

[31] M. Gibczynska, “Comparison of chemical composition of
selected cultivars of white,” Yellow and Red Onions, vol. 21,
no. 4, pp. 736–741, 2015.

[32] A. Shukla, V. V. Goud, and C. Das, “Antioxidant potential and
nutritional compositions of selected ginger varieties found in
Northeast India,” Industrial Crops and Products, vol. 128,
pp. 167–176, 2019.

[33] J. J. León, J. L. Eĺıas, and M. A. H. López, “Postharvest quality
and shelf life of green pepper (capsicum annuum l.) grown
under open-feld and greenhouse conditions,” Idesia (Chile),
vol. 31, pp. 35–42, 2013.

[34] A. Topuz, H. Feng, and M. Kushad, “Te efect of drying
method and storage on color characteristics of paprika,” LWT
- Food Science and Technology, vol. 42, no. 10, pp. 1667–1673,
2009.

[35] H. W. Woldemariam, S. Admassu Emire, P. Getachew
Teshome, S. Toepf, and K. Aganovic, “Physicochemical,
functional, oxidative stability and rheological properties of red
pepper (Capsicum annuum L.) powder and paste,” In-
ternational Journal of Food Properties, vol. 24, no. 1,
pp. 1416–1437, 2021.

[36] S. Khushbu, C. K. Sunil, D. V. Chidanand, and
R. Jaganmohan, “Efect of particle size on compositional,
structural, rheological, and thermal properties of shallot four
as a source of thickening agent,” Journal of Food Process
Engineering, vol. 43, no. 3, pp. 1–13, 2020.

[37] S. Naqash, H. R. Naik, S. Z. Hussain, H. A. Makroo, and
B. N. Dar, “Efect of thermal treatment on physicochemical,
phytochemical, and microbiological characteristics of brown
Spanish onion paste,”Quality Assurance and Safety of Crops &
Foods, vol. 13, no. 4, pp. 1–12, 2021.

[38] U. S. JASIM-AHMED, “Physico-chemical and storage char-
acteristics of garlic paste,” Journal of food processing and
preservation, vol. 25, pp. 15–23, 2001.

[39] M. H. Jaspal, M. Ijaz, H. Au Haq et al., “Efect of oregano
essential oil or lactic acid treatments combined with air and
modifed atmosphere packaging on the quality and storage

12 Journal of Food Quality



properties of chicken breast meat,” Lebensmittel-Wissenschaft
& Technologie, vol. 146, Article ID 111459, 2021.

[40] L. Chen, X. Wei, S. Irmak, B. D. Chaves, and J. Subbiah,
“Inactivation of Salmonella enterica and Enterococcus fae-
cium NRRL B-2354 in cumin seeds by radiofrequency
heating,” Food Control, vol. 103, pp. 59–69, 2019.

[41] S. Jan, S. I. Rafq, and D. C. Saxena, “Efect of physical
properties on fow ability of commercial rice four/powder for
efective bulk handling,” International Journal of Computers
Applications, vol. 29, no. 7, 2016.

[42] S. Jan, S. I. Rafq, and D. C. Saxena, “Efect of physical
properties on fow ability of commercial rice four/powder for
efective bulk handling,” International Journal of Computers
and Applications, vol. 975, pp. 1–5, 2015.

[43] A. H. Bahnasawy, “Some physical and mechanical properties
of garlic,” International Journal of Food Engineering, vol. 3,
no. 6, 2007.

[44] L. Ratnawati, “Te Efect of Particle Size and Brewing Time of
Ginger (Zingiber Ofcinale) Powder to the Characteristic and
Acceptance of the Herbal Product the Efect of Particle Size
and Brewing Time of Ginger (Zingiber Ofcinale) Powder to
the Characteristic,” in Proceedings of the IOP Conference
Series: Materials Science and Engineering, England, UK, June
2021.

[45] S. A. Makanjuola, “Infuence of particle size and extraction
solvent on antioxidant properties of extracts of tea, ginger,
and tea – ginger blend,” Food science \& nutrition, vol. 5,
pp. 1–7, 2017.

[46] B. Zhang, L. Zhang, T. Cheng, X. Guan, and S. Wang, “Efects
of water activity, temperature and particle size on thermal
inactivation of Escherichia coli ATCC 25922 in red pepper
powder,” Food Control, vol. 107, Article ID 106817, 2020.

[47] C. S. d. Oliveira, R. Z. B. Bisinella, C. D. Bet, C. Beninca,
I. M. Demiate, and E. Schnitzler, “Physicochemical, thermal,
structural and pasting properties of unconventional starches
from ginger (zingiber ofcinale) and white yam (Dioscorea
sp.),” Brazilian Archives of Biology and Technology, vol. 62,
2019.

[48] R. P. F. Guin, “Texture of Onions before and after Freeze-
Drying,” 5 th Central European Congress on food, vol. 19, 2010.

Journal of Food Quality 13




