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1  | INTRODUCTION

Mucilage is a plant hydrocolloid which is a polymer of a monosac-
charide or mixed monosaccharide (Deogade, Deshmukh, & Sakarkar, 
2012). It is a common constituent of plants such as okra (Abelmoschus 
esculentus), psyllium (Plantago species), yellow mustard (Sinapis alba), 
and flaxseed (Linum usitatissimum) (Kaewmanee et al., 2014). Okra 
(Abelmoschus esculentus) pod is an important vegetable in the tropics 
and subtropics (Jideani & Bello, 2009), and it contains mucilage which 

is thick slimy polysaccharides and is used to thicken soups and stews 
(Ahiakpa et al., 2014; Biswal, Karna, & Patel, 2014).

Okra typically differs from most other common vegetables in 
having high mucilage content (Jideani & Bello, 2009). Okra mucilage 
has the potential for use as food, nonfood products, and medicine 
(Haruna, Aliyu, & Bala, 2016; Kumar et al., 2010). The food applica-
tions include a whipping agent for reconstituted egg whites, an ad-
ditive in the formulation of flour- based adhesives, an additive for 
clarifying sugarcane juice. It is also used to modify the food quality in 
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Abstract
Functional and antioxidant properties of mucilage extracted from the pods of eight 
okra accessions grown in Benishangul- Gumuz region, Western Ethiopia, were evalu-
ated. This study had shown that the mucilage contents of the pods of eight okra acces-
sions ranged from 1.25 to 3.45 g/100 g. Functional properties of the mucilage of okra 
pods varied significantly (p < .05) and had respective ranges of bulk density of 0.58–
0.64 g/ml; water absorption capacity of 2.45–4.60 ml/g; oil absorption capacity of 
0.02–3.64 ml/g; emulsifying capacity of 42.22%–74.45%; emulsion stability of 
42.22%–74.45%; foaming capacity of 50.51%–62.50%, and foam stability of 36.04%–
54.35%. Total phenolic and flavonoid contents of the mucilage of the pods of okra 
accessions ranged from 4.66 to 49.93 mg GAE/g and 8.18–18.72 mg CE/g, respec-
tively. The effective concentration (EC50) values (mg/ml) of mucilage of okra pods var-
ied from 3.15 to 6.60 and 1.10 to 1.85 for DPPH scavenging and metal- chelating 
activity, respectively. The study revealed that the mucilage of the pods of okra acces-
sions was found to exhibit good functional properties and can offer a great potential in 
various food systems. Particularly, mucilage of the pods from OPA#5 and OPA#7 had 
desirable water and oil absorption capacities, whereas the mucilage of accession 
OPA#1 and OPA#6 had high emulsifying and foaming properties. The results also dem-
onstrated that okra pod mucilage had potential sources of natural antioxidant.
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terms of food stability, texture, and appearance properties by acting 
as an emulsifier, thickener, gelling agent, or texture modifier (Noorlaila, 
Siti Aziah, Asmeda, & Norizzah, 2015). Okra mucilage also contributes 
to improved functionality, especially water- binding, emulsifying, and 
foaming properties of food products (Jideani & Bello, 2009).

Mucilage from okra contains significant levels of protein, carbo-
hydrate, neutral sugars, minerals, and other complex polysaccharides 
(Ahiakpa et al., 2014). It is medically proven to be linked to anticancer, 
antimicrobial, hypoglycemic, anti- ulcer activities (Ansari, Houlihan, 
Hussain, & Pieroni, 2005), as well as its ability to bind cholesterol and 
bile acid carrying toxins by filtering the liver (Shui & Peng, 2004). The 
chemical compositions, molecular structures, monosaccharide se-
quences, glycoside linkages configuration, and position in the back-
bone and side chains are some of the factors that can affect the 
functional properties of natural plant mucilage (Mirhosseini & Amid, 
2012).

There are few studies on the functional properties of mucilage 
from okra vegetables (Adetuyi & Dada, 2014; Jideani & Bello, 2009; 
Noorlaila et al., 2015; Woolfe, Chaplin, & Otchere, 1977). However, 
there is very little information reported on the antioxidant properties 
of okra mucilage. Despite the fact that Ethiopia is native to okra veg-
etable, there is no published literature on functional and antioxidant 
properties of mucilage of Ethiopian okra vegetable. Hence, the objec-
tives of this study were to determine yield composition, and functional 
and antioxidant properties of mucilage extracted from pods of eight 
Indigenous Ethiopian okra accessions in order to evaluate its poten-
tials and applications in food uses.

2  | MATERIALS AND METHODS

2.1 | Sample collection

Okra accessions were collected from different agro- ecological loca-
tions in the regions by Assosa Agricultural Research Center in 2012 
and 2013 harvesting seasons and planted on the research center plot 
under similar agronomic practice and management conditions during 
the 2014 main cropping season. The pods of eight okra accessions, 
namely OPA#1, OPA#2, OPA#3, OPA#4, OPA#5, OPA#6, OPA#7, 
and OPA#8, were collected from the center plots during the 2014 
main okra harvesting season.

2.2 | Mucilage extraction

The mucilage of the pods of okra accessions was extracted according 
to the procedure described by Farooq, Malviya, and Sharma (2013). 
About 100 g of the sliced and dried okra was dissolved in 300 ml 
of distilled water. It was heated in a water bath with continuous 
stirring for 1 hr at 60°C. The concentrated solution was filtrated 
through a muslin cloth and cooled to room temperature. About 
20 ml of acetone was added to the concentrated solution. The 
mucilage was filtered again through a muslin cloth and cooled. The 
filtered mucilage was further dried to constant weight at 45°C in 
drying oven. Hard mucilage cake was ground into a fine powder 

by mortar and pestle until it is small enough to pass through 
0.425- mm sieve size. The mucilage powder was packed in airtight 
polyethylene plastic bags and was stored in a desiccator until 
required for analysis.

2.3 | Determination of functional properties

2.3.1 | Determination of bulk density

The bulk density of the mucilage powder was determined according 
to the method described by Gupta, Lakshmi, Manjunath, and Prakash 
(2005). About two grams of mucilage powder was placed in 10- ml test 
tube. The test tube was tapped several times (minimum 10 times) on 
the laboratory bench to compact the mucilage powder. The final bulk 
volume was recorded.

2.3.2 | Determination of water and oil 
absorption capacity

Water and oil absorption capacities were determined according 
to the method described by Aremu, Olaofe, and Akintayo (2007). 
One gram of sample was mixed with 10 ml of distilled water or oil 
(specific gravity of 0.929) in a centrifuge tube and allowed to stand 
at room temperature for 1 hr. It was then centrifuged at 200 rpm for 
30 min, and the supernatant was transferred into a 10- ml graduated 
cylinder.

2.3.3 | Determination of emulsifying properties

The emulsifying capacity and emulsion stability of the mucilage 
of the pods of okra accessions were determined according to the 
method described by Thanatcha and Pranee (2011). About 1 g of 
mucilage powder was dissolved in 50 ml of distilled water, and 
50 ml refined oil was added into the mixture. Then, the mixture 
was homogenized for 1 min and was centrifuged at 2,000 rpm for 
5 min. Finally, the height of emulsified layer was measured and 
compared with the height of the whole layer. The emulsion stability 
was estimated after heating the emulsion contained in calibrated 
centrifuged tube at 80°C for 3 min in a water bath. The heated 
emulsion was cooled for 15 min under running tap water and was 
centrifuged for 15 min.

2.3.4 | Determination of foaming properties

Foaming properties including foaming capacity and stability of the 
flour samples were determined according to Aremu et al. (2007). One 
gram of the sample was dispersed in 50 ml of distilled water. The 
resulting solution was vigorously whipped for 30 min in a kenwood 
blender and poured into a 100- ml graduated cylinder. The volume 
before and after whipping was recorded, and the foaming capacity 
was calculated as percentage volume increase. Foaming stability was 
determined as the volume of foam that was remained after 8 hr and 
was expressed as a percentage of the initial volume.
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2.3.5 | Determination of antioxidant properties

Methanolic extraction
Methanolic extraction of mucilage was conducted according to the 
procedures outlined by Woldegiorgis, Abate, Haki, and Ziegler (2014). 
About 10 g of sample was extracted by stirring with 100 ml of metha-
nol at 25°C at 150 rpm for 24 hr using temperature shaker incubator 
(ZHWY-  103B) and then filtered through Whatman No. 4 paper. The 
residue was extracted again with additional 100 ml portions of metha-
nol as described above. The combined methanolic extracts were evap-
orated to dryness at 40°C using rotary evaporator (Stuart R3300), and 
redissolved in methanol at the concentration of 50 mg/ml and stored 
at 4°C for further use.

2.3.6 | Determination of total phenolics

Total phenolic content (TPC) was determined based on the proce-
dures described by Ferreira, Baptista, Vilas- Boas, and Barros (2007), 
using gallic acid as a standard for the calibration curve. One milliliter 
of the sample was mixed with 1 ml of Folin–Ciocalteu’s phenol rea-
gent. After 3 min, 1 ml of saturated sodium carbonate (20%) solution 
was added to the mixture and adjusted to 10 ml of distilled water. 
The reaction was kept in the dark for 90 min after which the absorb-
ance was measured spectrophotometrically at 725 nm using a UV- VIS 
Spectrophotometer (Agilent Cary Corporation, 1001, Kyoto, Japan). 
Gallic acid was used to construct the calibration curve. The concentra-
tion of the standard solution ranged from 0.5 to 100 μg/ml (absorb-
ance = 427.63 gallic acid μg + 0.1453, R2 = .999).

2.3.7 | Determination of total flavonoids

Total flavonoid content (TFC) was determined by a colorimetric 
method as described by Xu and Chang (2007) and Woldegiorgis 
et al. (2014). About 0.25 ml of the extract was mixed with 1.25 ml of 
deionized water and 75 μl of a 5% NaNO2 solution. After 6 min, 150 μl 
of a 10% AlCl3.6H2O solution was added to the mixture. The mixture 
was incubated at room temperature for 5 min, after which 0.5 ml of 
1 M NaOH and 2.5 ml of deionized water were added. The mixture 
was then thoroughly vortexed for 5 min, and the absorbance of the 
pink color was measured at 510 nm against the blank. For calibration 
curve (+), catechin was used with a concentration range of 10–
1000 μg/ml (absorbance = 27.05 catechin μg + 0.1453, R2 = .995).

2.3.8 | Determination of DPPH scavenging activity

DPPH (2,2′-diphenyl-1 - picrylhydrazyl) scavenging activity of the 
methanolic extract of the sample was determined according to the 
procedure proposed by Woldegiorgis et al. (2014). A 0.004% solu-
tion of DPPH radical solution in methanol was prepared, and then, 
4 ml of this solution was mixed with 1 ml of various concentrations 
(2–14 mg/ml) of the extracts in methanol. Finally, the samples were 
incubated for 30 min in the dark at room temperature. Scavenging ca-
pacity was read spectrophotometrically (Perkin Elmer Lamda 950 UV/

Vis/NIR) by monitoring the decrease in absorbance at 517 nm. The 
absorption maximum was first verified by scanning freshly prepared 
DPPH from 200 to 800 nm using the scan mode of the spectropho-
tometer. Butyl hydroxytoluene (BHT) and L- ascorbic acid were used 
as the positive control with the same concentrations as above. The 
extract concentration providing 50% of radicals scavenging activity 
(EC50) was calculated from the graph of DPPH scavenging activity per-
centage against extract concentration.

2.3.9 | Determination of metal- chelating effects

Metal- chelating effects on ferrous ions were determined according 
to Woldegiorgis et al. (2014). About 2 ml of various concentrations 
(0.05–1.5 mg/ml) of the extracts in methanol was added to a solution 
of 2 mmol/L FeCl2 (0.05 ml). The reaction was initiated by the addi-
tion of 5 mmol/L ferrozine (0.2 ml). Total volume was adjusted to 5 ml 
with methanol, and then, the mixture was shaken vigorously and left 
at room temperature for 10 min. The absorbance of the solution was 
measured at 562 nm. A lower absorbance indicates a higher ferrous 
ion- chelating capacity, and 2, 2- bipyridyl, disodium ethylenediamine-
tetracetate (EDTA) was used as a positive control. The extract con-
centration providing 50% inhibition (EC50) was calculated from the 
graph of ferrous ion inhibition percentage against extract concentra-
tion. The inhibition percentage of ferrozine-  Fe2+ complex formation 
was then calculated.

2.4 | Statistical analysis

The completely randomized design was used with two replicates. All 
the statistical analyses were performed on the results obtained using 
SPSS version 20.0 for windows. One- way analysis of variance was 
used to evaluate the data. Means of the experiment were separated 
by Duncan’s multiple range test and reported as a mean ±  standard 
error. A p- value of .05 or less was considered as statistically signifi-
cant. Graphs of effective concentration at 50% (EC50) of the respec-
tive antioxidant activities were constructed using Microsoft Excel.

3  | RESULTS AND DISCUSSION

3.1 | Mucilage yields

The mucilage yield from pods of eight different okra accessions 
is presented in Figure 1. The mucilage yield of the pods of okra 
accessions was ranged from 1.25 to 3.45 g/100 g. The mucilage 
yield of OPA#7 accession was significantly (p < .05) high, whereas it 
was low in OPA#8 accession on a dry- weight basis. The variation in 
mucilage yield was attributed to species type, maturity at harvesting 
time, effect of drying, genetic factor, the season of collection, 
and topographic variation such as rain distribution, temperature, 
and soil type. (Gebresamuel & Gebre- Mariam, 2011). Moreover, 
Kaewmanee et al. (2014) pointed out that the extraction yield of 
mucilage can vary as a function of environmental factors, such as 
the climatic condition and crop age.
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The mean mucilage content (2.43 g/100 g) of Ethiopian okra 
is higher than the value reported by Adetuyi and Dada (2014) for 
Nigerian okra (1.4 g/100 g). The mean mucilage yield (2.43 g/100 g) 
of Ethiopian okra is also higher than the yields of mucilage (1.10%–
2.55%) from leaves of rose cactus reported by Hong and Ibrahim 
(2012). The mucilage yield of linseed (3.6%–9.4%) reported by 
Fedeniuk and Biliaderis (1994) is also higher than the present finding. 
Kaewmanee et al. (2014) also reported the mucilage yield flaxseed 
(Linumusitatissimum) cultivar ranges from 1.80 to 6.65%.

3.2 | Functional properties

3.2.1 | Bulk density

Table 1 shows the bulk density of mucilage of the pods of eight okra 
accessions. The bulk density of the mucilage flour ranged from 0.58 to 
0.64 g/ml. Bulk density of the mucilage flour of OPA#6 accession was 
highest (0.64 g/ml) but this was not significantly (p > .05) different 
from OPA#3, OPA#8, and OPA#4 accessions, whereas OPA#2 was 

the lowest (0.58 g/ml) but this was not significantly (p > .05) different 
from the rest of accessions except OPA#6. The mean bulk density 
(0.60 g/ml) of the mucilage in this finding was lower than the value 
(0.69 g/ml) reported by Farooq et al. (2013) for okra mucilage, which 
is stated as heavy in nature. The bulk density in the present finding is 
also lower than the value (0.68–0.69 g/ml) reported by Gebresamuel 
and Gebre- Mariam (2011) for cactus pears (Opuntia spp.) grown in 
northern Ethiopia.

3.2.2 | Water absorption capacity

The result of water absorption capacity of the mucilage of the pods 
of eight okra accessions is given in Table 1. Water absorption capacity 
of the pod mucilage of okra accessions was ranged from 2.45 to 
4.60 ml/g. Water absorption capacity of OPA#8 was the highest 
but this was not significantly (p > .05) different from OPA#5 and 
OPA#7 accessions. It was low in OPA#1 and OPA#2. The mean water 
absorption capacity of mucilage from pods of okra accessions in this 
study is lower than the water absorption capacity reported by Hong 

F IGURE  1 Mucilage yields from pods of 
eight okra accessions

TABLE  1 Functional properties of mucilage from pods of okra accessions

Accessions BD (g/ml) WAC (ml/g) OAC (ml/g) EC (%) ES (%) FC (%) FS (%)

OPA#1 0.59 ± 0.02b 2.70 ± 0.30 cd 2.02 ± 0.11e 64.39 ± 3.06abc 59.20 ± 2.34ab 60.41 ± 3.72ab 53.56 ± 0.99a

OPA#2 0.58 ± 0.02b 3.70 ± 0.10b 2.98 ± 0.24bc 42.22 ± 3.24e 39.83 ± 2.54c 52.80 ± 0.27ab 36.04 ± 0.69e

OPA#3 0.61 ± 0.01ab 3.05 ± 0.15c 2.38 ± 0.06de 48.33 ± 6.22de 42.94 ± 4.34c 50.51 ± 0.50b 40.40 ± 1.01de

OPA#4 0.61 ± 0.02ab 3.10 ± 0.10c 2.52 ± 0.10d 64.28 ± 2.40abc 57.87 ± 0.47ab 58.20 ± 0.90ab 46.32 ± 0.87b

OPA#5 0.59 ± 0.01b 4.40 ± 0.10a 3.64 ± 0.11a 60.33 ± 2.64bc 54.71 ± 0.86b 52.39 ± 0.81ab 47.09 ± 0.28b

OPA#6 0.64 ± 0.01a 2.45 ± 0.05d 2.08 ± 0.17e 74.45 ± 2.82a 65.26 ± 2.93a 62.50 ± 0.47a 54.35 ± 2.45a

OPA#7 0.58 ± 0.01b 4.05 ± 0.25ab 3.28 ± 0.04ab 55.35 ± 2.66cd 53.27 ± 3.27b 54.41 ± 0.80ab 45.61 ± 1.28bc

OPA#8 0.61 ± 0.01ab 4.60 ± 0.20a 2.68 ± 0.07cd 68.01 ± 2.43ab 56.70 ± 0.45ab 54.69 ± 2.61ab 41.18 ± 2.64cd

Mean 0.60 3.51 2.69 59.67 53.72 55.74 45.57

BD, bulk density; WAC, water absorption capacity; OAC, oil absorption capacity; EC, emulsifying capacity; ES, emulsion stability; FC, foaming capacity; FS, 
foam stability.
Means not followed by the same superscript letters in each column of the pod and seed are significantly (p < .05) different. Data are expressed as 
mean ± standard error of replicate determinations (n = 2).
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and Ibrahim (2012) for rose cactus mucilage (461.87%) but higher than 
Arabic gum (17.13%). The ability of mucilage to hold water- producing 
gels or highly viscous solution is desirable in industrial application 
(Simas- Tosin et al., 2010).

3.2.3 | Oil absorption capacity

The oil absorption capacity of the mucilage of the pods of eight okra 
accessions is presented in table 6.1. The oil absorption capacity of 
the mucilage of the pods of okra accessions ranged from 2.02 to 
3.64 ml/g. The oil absorption capacity of the pods of okra accession 
OPA#5 was the highest but this as not significantly (p > .05) different 
from OPA#7. On the other hand, the oil absorption capacity of OPA#1 
and OPA#6 was the lowest but this also did not significantly (p > .05) 
different from OPA#3. Oil absorption capacity is great importance, as 
fat acts as flavor retainer and also increases soft texture to mouth-
feel of foods, especially bread and other baked foods (Akobundu, 
2009; Aremu, Olonisakin, Atolaye, & Ogbu, 2006). A high oil absorp-
tion capacity is valuable in ground meat formulations, meat replacers 
and extenders, doughnuts, pancakes, and baked foods (Amandikwa & 
Chinyere, 2012).

3.2.4 | Emulsifying capacity

The result of the emulsifying capacity of the mucilage of the pods of 
okra accessions is presented in Table 1. The emulsifying capacity of 
the pod mucilage of okra accessions ranged from 42.22 to 74.45%. 
The emulsifying capacity of OPA#2 was high but did not significantly 
(p > .05) different from OPA#3 accession. It was low in OPA#6 but 
this also did not significantly (p > .05) different OPA#8, OPA#1, and 
OPA#4 accessions. Protein being the surface active agents can form 
and stabilize the emulsion by creating electrostatic repulsion on oil 
droplet surface (Kaushal, Kumar, & Sharma, 2012). The capacity of 
proteins to enhance the formation and stabilization of emulsion is 
critical for many applications in food products such as chopped and 
comminuted meat, cake batter, coffee whitener, milk, mayonnaise, 
salad dressing, and frozen dessert (Elbaloula, Runqiang, Qianghui, & 

Zhenxin, 2014). The mucilage of all the accessions showed relatively 
good emulsion capacities.

3.2.5 | Emulsion stability

Emulsion stability of the mucilage of the pods of okra accessions is 
shown in Table 1. Emulsion stability of the pod mucilage ranged from 
42.22 to 74.45%. Emulsion stability of OPA#2 was high but did not 
significantly (p > .05) different from OPA#3 accession. It was low in 
OPA#6 but this also did not significantly (p > .05) different OPA#8, 
OPA#1, and OPA#4 accessions. All the mucilage samples showed a 
high stability of emulsion lasting 60 min after whipping. The mean 
emulsion stability of okra mucilage in the present study is lower than 
the value (80%) reported by Kaewmanee et al. (2014) for flax culti-
vars. The mucilage of the pods of okra accessions showed relatively 
good emulsion stability. Capitani, Tomás, and Nolasco (2013) also re-
ported that regarding the formulation of stable emulsions, the meal 
with mucilage is recommended for use given the role of mucilage as 
a thickening agent.

3.2.6 | Foaming capacity

Foaming capacity of mucilage of the pods of okra accessions is 
presented in Table 1. Foaming capacity of the pod mucilage ranged 
from 50.51 to 62.50%. Foaming capacity of OPA#6 was significantly 
(p < .05) high, and it was low in OPA#3 but the rest of accessions 
did not significantly (p > .05) different from OPA#6 and OPA#3. The 
mean foaming capacity (55.74%) of okra mucilage in the present 
finding is higher than the value (20%–25%) reported by Kaewmanee 
et al. (2014) for the mucilage of flax cultivars.

3.2.7 | Foam stability

Foam stability of mucilage of the pod accessions is shown in table 6.1. 
Foaming capacity of the pod mucilage ranged from 36.04 to 54.35%. 
Foaming capacity of OPA#6 and OPA#1 was significantly (p < .05) 
high, and it was low in OPA#2 but this did not significantly (p > .05) 

F IGURE  2 Total phenolics (mg GAE/g) 
of mucilage from pods of eight okra 
accessions
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different from OPA#3 accession. The ability to form stable foam is an 
important property in whipped toppings, frozen desserts, and sponge 
cakes (Adelakun, Ade- Omowaye, Adeyemi, & Van de Venter, 2012); 
thus, the mucilage of the pods of okra accessions particularly OPA#6 
and OPA#1 accessions is the best candidate for the food that requires 
high stable foam.

3.3 | Total phenolics and flavonoids

3.3.1 | Total phenolics

The result of the total phenolic contents of the mucilage of the pods 
of eight okra accessions is shown in Figure 2. Total phenolic contents 
of the pods of okra mucilage ranged from 24.66 to 49.93 mg GAE/g. 
The pods of accession OPA#4 were significantly (p < .05) high, and it 

was low in OPA#6 and OPA#2. The mean total phenolic content of 
okra mucilage was 37.42%. Plants rich in phenolics are being used in 
the food industry because they retard oxidative degradation of lipids 
and improve the quality and nutritional value of food (Saeed, Khan, & 
Shabbir, 2012).

3.3.2 | Total flavonoids

The result of total flavonoid contents of the mucilage of the pods of 
eight okra accessions is presented in Figure 3. Total phenolic contents 
of the pods of eight okra mucilage ranged from 8.18 to 18.72 mg 
CE/g. The pods of OPA#3 accession were high but did not significantly 
(p > .05) different from OPA#6 and OPA#1. It was low in OPA#7 
but this also did not significantly (p > .05) different from OPA#5 
and OPA#4. The mean total flavonoid content of okra mucilage was 

F IGURE  3 Total flavonoids (mg CE/g) 
of mucilage from pods of eight okra 
accessions

F IGURE  4 DPPH scavenging activity 
of mucilage from okra pod accessions and 
control
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13.67 mg CE/g. Flavonoids are highly effective scavengers of most 
oxidizing molecules, including singlet oxygen, and various other free 
radicals implicated in several diseases (Saeed et al., 2012).

3.4 | Antioxidant activity assays

3.4.1 | DPPH scavenging activity

The result of concentration- response curves of DPPH scavenging ac-
tivity of the mucilage of the pods of eight okra extracts with positive 
controls is shown in Figure 4. The synthetic antioxidant of Butylated 
hydroxytoluene (BHT) was used as a positive control using the 
same concentration. The percentage inhibition of DPPH scavenging 

activities of mucilage of the pods of eight okra accessions was evalu-
ated at concentrations of 2–12 mg/ml. There was an increase in 
DPPH radical scavenging activity with increasing concentration of 
mucilage of the pods extract used in this study. This result agreed 
with the report of Motalleb, Hanachi, Kua, Fauziah, and Asmah (2005), 
who showed that the scavenging effects on the DPPH radical increase 
sharply with increasing concentration of the samples and standards. 
At each concentration, the percentage inhibition of the mucilage of 
OPA#3 and OPA#8 accessions was relatively higher than the rest of 
accessions. The scavenging effect of synthetic antioxidant BHT was 
higher than all the mucilage of the pod accessions.

3.4.2 | Metal- chelating effect

The metal- chelating effect of the mucilage of the pods of okra 
accessions with a positive control (EDTA) is shown in Figure 5 
The concentration range chosen to compare chelating power and 
to interpolate the EC50 (effective concentration at which 50% 
Fe2+/ferrozine complex is inhibited) is from 0.5 to 3 mg/ml. At each 
concentration, the chelating effects of the mucilage of OPA#4, 
OPA#5, and OPA#8 accessions were relatively higher, and OPA#3 
was lower than the rest of accessions. The chelating effect of 
synthetic antioxidant EDTA was higher than all the mucilage of the 
pod accessions.

3.4.3 | Effective concentration values

The effective concentrations (EC50) values for DPPH scavenging and 
metal- chelating effects of mucilage of the pods of okra accessions 
with positive controls are shown in Table 2. The EC50 values (mg/ml) 
of mucilage of okra pod accessions ranged from 3.15 to 6.60 and 1.10 
to 1.85 for DPPH scavenging and metal- chelating effect, respectively.

The result of this study revealed that the mucilage of the pods of 
accession OPA#3 and OPA#8 had better antioxidant properties with 

F IGURE  5 Metal- chelating effect of 
mucilage from okra pod accessions and 
control

TABLE  2 Effective concentration (EC50) values (mg/ml) of 
mucilage from okra pod accessions

Accessions DPPH scavenging (EC50
a)

Chelating effect 
(EC50

b)

OPA#1 5.05 1.38

OPA#2 6.60 1.27

OPA#3 3.15 1.85

OPA#4 5.28 1.10

OPA#5 5.00 1.15

OPA#6 4.35 1.60

OPA#7 5.10 1.55

OPA#8 3.55 1.20

Mean 4.76 1.39

BHT 1.10 —

EDTA — 0.87

aEC50 (mg/ml): effective concentration at which 50% of DPPH radicals are 
scavenged.
bEC50 (mg/ml): effective concentration at which 50% Fe2+/ferrozine com-
plex are inhibited.
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low EC50 values for DPPH scavenging and OPA#2 had low antioxidant 
properties with high EC50 values. The mucilage of the pods of acces-
sion OPA#4 and OPA#5 had a relatively high metal- chelating effect. 
The synthetic antioxidant (BHT and EDTA), which was used as a posi-
tive control, had a superior performance with the least EC50 in all the 
assays, which indicate that the pod accessions of okra mucilage had 
low antioxidant activities.

4  | CONCLUSION

Mucilage of the pods of eight okra accessions was extracted and 
characterized for their functional and antioxidant properties. From 
this study, it was revealed that pods of okra accessions contain a 
desirable amount of mucilage contents and are potential sources of 
natural antioxidants. The study also revealed that the mucilage of 
the pods of okra accessions was found to exhibit good functional 
properties and can offer a great potential in various food systems. 
Particularly, mucilage of the pods of OPA#5 and OPA#7 had 
desirable water and oil absorption capacities, whereas mucilage 
of accession OPA#1 and OPA6 had high emulsifying and foaming 
properties. In order to encourage the use of mucilage from pods 
of okra accessions, more research has to be conducted on its 
extraction optimization.

CONFLICT OF INTEREST

None declared.

ORCID

Habtamu Fekadu Gemede  http://orcid.org/0000-0002-4261-1374 

REFERENCES

Adelakun, O. E., Ade-Omowaye, B. I. O., Adeyemi, I. A., & Van de Venter, 
M. (2012). Mineral composition and the functional attributes of 
Nigerian okra seed (Abelmoschus esculentus -Moench) flour. Food 
Research International, 47(2), 348–352. https://doi.org/10.1016/j.
foodres.2011.08.003

Adetuyi, F. O., & Dada, I. B. O. (2014). Nutritional, phytoconstituent and 
antioxidant potential of mucilage extract of Okra (Abelmoschus esculen-
tus), water leaf (Talinum triangulare) and Jews mallow (Corchorus olito-
rius). International Food Research Journal, 21(6). 98–107.

Ahiakpa, J. K., Amoatey, H. M., Amenorpe, G., Apatey, J., Ayeh, E. A., & 
Agbemavor, W. S. K. (2014). Mucilage Content of 21 accessions of 
Okra (Abelmoschus spp L.). Scientia Agriculturae, 2(2), 96–101.

Akobundu, S. U. E. (2009). Quality characteristics of cookies from compos-
ite flours of watermelon seed, cassava and wheat. Pakistan Journal of 
Nutrition, 8(7), 1097–1102.

Amandikwa, C., & Chinyere, E. (2012). Proximate and functional properties 
of open air, solar and oven dried cocoyam flour. International Journal of 
Agriculture and Rural Development, 15, 988–994.

Ansari, N. M., Houlihan, L., Hussain, B., & Pieroni, A. (2005). Antioxidant 
activity of five vegetables traditionally consumed by south- Asian mi-
grants in Bradford, Yorkshire, UK. Phytotherapy Research, 19(10), 907–
911. https://doi.org/10.1002/(ISSN)1099-1573

Aremu, M. O., Olaofe, O., & Akintayo, E. T. (2007). Functional properties of 
some Nigerian varieties of legume seed flours and flour concentration 
effect on foaming and gelation properties. Journal of Food Technology, 
5(2), 109–113.

Aremu, M. O., Olonisakin, A., Atolaye, B. O., & Ogbu, C. F. (2006). Some 
nutritional and functional studies of Prosopis africana. Electron Journal 
of Environmental and Agriculture and Food Chemistry, 5(6), 1640–1648.

Biswal, B., Karna, N., & Patel, R. (2014). Okra mucilage act as a potential 
binder for the preparation of tablet formulation. Der Pharmacia Lettre, 
6(3), 31–39.

Capitani, M. I., Tomás, M. C., & Nolasco, S. M. (2013). Effect of mucilage 
extraction on the functional properties of Chia meals. INTECH Open 
Access Publisher, 5(6), https://doi.org/10.5772/53171

Deogade, U. M., Deshmukh, V. N., & Sakarkar, D. M. (2012). Natural 
gums and mucilage’s in NDDS: Applications and recent approaches. 
International Journal of PharmTech Research, 4(2), 799–814.

Elbaloula, M. F., Runqiang, Y., Qianghui, G., & Zhenxin, G. (2014). Major 
nutrient compositions and functional properties of sorghum flour at 
0–3 days of grain germination. International Journal of Food Sciences 
and Nutrition, 65(1), 48–52. https://doi.org/10.3109/09637486.2013
.836736

Farooq, U., Malviya, R., & Sharma, P. K. (2013). Extraction and characteriza-
tion of Okra mucilage as pharmaceutical excipient. Academic Journal of 
Plant Sciences, 6(4), 168–172.

Fedeniuk, R. W., & Biliaderis, C. G. (1994). Composition and physicochem-
ical properties of linseed (Linum usitatissimum L.) mucilage. Journal of 
Agricultural and Food Chemistry, 42, 240–247.https://doi.org/10.1021/
jf00038a003

Ferreira, I. C., Baptista, P., Vilas-Boas, M., & Barros, L. (2007). Free- radical 
scavenging capacity and reducing power of wild edible mushrooms from 
northeast Portugal: Individual cap and stipe activity. Food Chemistry, 
100(4), 1511–1516. https://doi.org/10.1016/j.foodchem.2005.11.043

Gebresamuel, N., & Gebre-Mariam, T. (2011). Comparative physico- 
chemical characterization of the mucilages of two cactus pears 
(Opuntia spp.) obtained from Mekelle, Northern Ethiopia. Journal of 
Biomaterials and Nanobiotechnology, 3, 79–86.

Gupta, S., Lakshmi, A. J., Manjunath, M. N., & Prakash, J. (2005). Analysis 
of nutrient and antinutrient content of underutilized green leafy veg-
etables. LWT- Food Science and Technology, 38(4), 339–345. https://doi.
org/10.1016/j.lwt.2004.06.012

Haruna, S., Aliyu, B. S., & Bala, A. (2016). Plant gum exudates (Karau) and 
mucilages, their biological sources, properties, uses and potential ap-
plications: A review. Bayero Journal of Pure and Applied Sciences, 9(2), 
159–165.

Hong, N. T., & Ibrahim, N. H. (2012). Extraction and characterization of 
mucilage from leaves of Pereskia Bleo (rose cactus). Jurnal Teknologi dan 
Industri Pangan, 23(2), 210. https://doi.org/10.6066/jtip

Jideani, V. A., & Bello, B. M. (2009). Functional properties of okra pro-
tein products containing different levels of mucilage. Journal of Food, 
Agriculture & Environment, 7(2), 252–255.

Kaewmanee, T., Bagnasco, L., Benjakul, S., Lanteri, S., Morelli, C. F., 
Speranza, G., & Cosulich, M. E. (2014). Characterisation of mucilages 
extracted from seven Italian cultivars of flax. Food Chemistry, 148, 60–
69. https://doi.org/10.1016/j.foodchem.2013.10.022

Kaushal, P., Kumar, V., & Sharma, H. K. (2012). Comparative study of phys-
icochemical, functional, antinutritional and pasting properties of taro 
(Colocasia esculenta), rice (Oryza sativa) flour, pigeonpea (Cajanus cajan) 
flour and their blends. LWT- Food Science and Technology, 48(1), 59–68. 
https://doi.org/10.1016/j.lwt.2012.02.028

Kumar, S., Dagnoko, S., Haougui, A., Ratnadass, A., Pasternak, D., & 
Kouame, C. (2010). Okra (Abelmoschus spp.) in West and Central 
Africa: Potential and progress on its improvement. African Journal of 
Agricultural Research, 5(25), 3590–3598.

Mirhosseini, H., & Amid, B. T. (2012). A review study on chemical com-
position and molecular structure of newly plant gum exudates and 

http://orcid.org/0000-0002-4261-1374
http://orcid.org/0000-0002-4261-1374
https://doi.org/10.1016/j.foodres.2011.08.003
https://doi.org/10.1016/j.foodres.2011.08.003
https://doi.org/10.1002/(ISSN)1099-1573
https://doi.org/10.5772/53171
https://doi.org/10.3109/09637486.2013.836736
https://doi.org/10.3109/09637486.2013.836736
https://doi.org/10.1021/jf00038a003
https://doi.org/10.1021/jf00038a003
https://doi.org/10.1016/j.foodchem.2005.11.043
https://doi.org/10.1016/j.lwt.2004.06.012
https://doi.org/10.1016/j.lwt.2004.06.012
https://doi.org/10.6066/jtip
https://doi.org/10.1016/j.foodchem.2013.10.022
https://doi.org/10.1016/j.lwt.2012.02.028


     |  571GEMEDE Et al.

seed gums. Food Research International, 46(1), 387–398. https://doi.
org/10.1016/j.foodres.2011.11.017

Motalleb, G., Hanachi, P., Kua, S. H., Fauziah, O., & Asmah, R. (2005). 
Evaluation of Phenolic content and total antioxidant activity in Berberis 
vulgaris fruit extracts. Journal of Biological Sciences, 5(5), 648–653.

Noorlaila, A., Siti Aziah, A., Asmeda, R., & Norizzah, A. R. (2015). Emulsifying 
properties of extracted Okra (Abelmoschus esculentus L.) mucilage of 
different maturity index and its application in coconut milk emulsion. 
International Food Research Journal, 22(2), 122–131.

Saeed, N., Khan, M. R., & Shabbir, M. (2012). Antioxidant activity, total 
phenolic and total flavonoid contents of whole plant extracts Torilis 
leptophylla L. BMC Complementary and Alternative Medicine, 12(1), 221.

Shui, G., & Peng, L. L. (2004). An improved method for the analysis of major 
antioxidants of Hibiscus esculentus Linn. Journal of Chromatography A, 
1048(1), 17–24. https://doi.org/10.1016/S0021-9673(04)01187-2

Simas-Tosin, F. F., Barraza, R. R., Petkowicz, C. L. O., Silveira, J. L. M., Sassaki, 
G. L., Santos, E. M. R., … Iacomini, M. (2010). Rheological and structural 
characteristics of peach tree gum exudate. Food Hydrocolloids, 24(5), 
486–493. https://doi.org/10.1016/j.foodhyd.2009.12.010

Thanatcha, R., & Pranee, A. (2011). Extraction and characterization of mu-
cilage in Ziziphus mauritiana Lam. International Food Research Journal, 
18(1), 201–212.

Woldegiorgis, A. Z., Abate, D., Haki, G. D., & Ziegler, G. R. (2014). Antioxidant 
property of edible mushrooms collected from Ethiopia. Food Chemistry, 
157, 30–36. https://doi.org/10.1016/j.foodchem.2014.02.014

Woolfe, M. L., Chaplin, M. F., & Otchere, G. (1977). Studies on the mucilages 
extracted from okra fruits (Hibiscus esculentus L.) and baobab leaves 
(Adansonia digitata L.). Journal of the Science of Food and Agriculture, 
28(6), 519–529. https://doi.org/10.1002/(ISSN)1097-0010

Xu, B. J., & Chang, S. K. C. (2007). A comparative study on phenolic pro-
files and antioxidant activities of legumes as affected by extraction 
solvents. Journal of Food Science, 72(2), S159–S166. https://doi.
org/10.1111/j.1750-3841.2006.00260.x

How to cite this article: Gemede HF, Haki GD, Beyene F, 
Rakshit SK, Woldegiorgis AZ. Indigenous Ethiopian okra 
(Abelmoschus esculentus) mucilage: A novel ingredient with 
functional and antioxidant properties. Food Sci Nutr. 
2018;6:563–571. https://doi.org/10.1002/fsn3.596

https://doi.org/10.1016/j.foodres.2011.11.017
https://doi.org/10.1016/j.foodres.2011.11.017
https://doi.org/10.1016/S0021-9673(04)01187-2
https://doi.org/10.1016/j.foodhyd.2009.12.010
https://doi.org/10.1016/j.foodchem.2014.02.014
https://doi.org/10.1002/(ISSN)1097-0010
https://doi.org/10.1111/j.1750-3841.2006.00260.x
https://doi.org/10.1111/j.1750-3841.2006.00260.x
https://doi.org/10.1002/fsn3.596

