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ABSTRACT ARTICLE HISTORY
This study aimed to evaluate the physicochemical properties of okra residue Received 24 October 2022
obtained after pectin extraction from three okra genotypes (Asha, Balabi, and Revised 2 January 2023

Agbagoma). The okra residue was oven-dried. Proximate analysis and func- ~ Accepted 6 January 2023
tional properties were determined using standard AOAC methods, whereas KEYWORDS

mineral content was determined using atomic absorption spectroscopy. Okra residue; Proximate
Phenolics and antioxidant capacity were determined using the Folin- analysis; minerals; Functional

Ciocalteu and DPPH methods. The okra pectin extraction residues were rich properties
in carbohydrates (70.0-71.7%) and ash (19.55-21.9%), but had relatively low
proteins (0.87-3.62%) and moisture (4.71-5.94%) contents. The okra residue
samples had high potassium (8.59-9.27 mg/100 g) and sodium (.380-
3.93 mg/100 g) contents. The solubility index for the varieties ranged from
18% to 25%, whiles swelling power ranged from 8% (Balabi) to 10% (Asha).
The pectin extraction by-products showed high water absorption (546% to
617%) and oil absorption (216% to 318%) capacities. Residues from all okra
genotypes demonstrated antioxidant activity (7.13-15.15%) and contained
varied amounts of phenolic compounds (13.85-33.58 mg GAE/100 g). The
results showed that okra residue obtained after pectin extraction has high
nutritive and functional values, and could be exploited for other economic
utilization instead of discarded as waste.

Introduction

Okra plant (Abelmoschus esculentus) originates from the Malvaceae family and is cultivated mainly for
the pods (fruit). On a global scale, production of okra is around 9.96 million tonnes.!) Okra is
considered as a multipurpose crop because of its various uses (fresh leaves, stems, pods, and seeds).?!
The fibrous pods contain round, white seeds, and about 50 varieties of okra have been identified."!
The immature okra pod is used fresh, boiled, dried, canned, or frozen in soups and stews."*! Many food
and non-food applications of okra have been reported. In its application in the food sector, flour
produced from okra was used in bread production to increase dough resistance.!”’ The seed from okra
are also considered as high protein oilseed crop and thus, it can be used to complement other sources
of protein.!” Okra plays an essential role in diet because of its minerals and fiber content. The
functional and nutritional properties of the fruit have awakened the interest of food and pharmaceu-
tical industries to research on its potential uses.

The thick and slimy nature of okra water-extracts is due to its polysaccharide content.!”! These
extracts can be used as natural food-grade emulsifiers'® or emulsion stabilizers and thickeners."’
Pectin is a complex polysaccharide found in the primary cell wall of plants. It is made up of a high
amount of galacturonic acid. Pectin extracts are employed as emulsifiers, gelling agents, stabilizers,
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and thickeners in food products, such as juices, milk drinks, ice cream, yogurt, and jam.""®! The source
or type of fruit (such as citrus fruits, apple, melon, etc.) and its availability are the main factors
considered for the production of pectin. Thus, only sustainable sources can be considered for
production of novel pectin. Commercial sources of pectin are from apple pulp (15-18%) and citrus
peel (20-30%). Okra pectin yield ranged between 11% and 14% as previously reported.™"

Okra plant is considered as an economically important and sustainable vegetable that could be used
as a potential source of pectin.”*! Okra polysaccharides exhibit both foam stabilizing and emulsion
properties. Pectin extracted from okra has been characterized for food and pharmaceutical
applications.!"!! Okra pectin has been used as emulsifier or milk-fat substitute in chocolate.!**!

However, a constraint in the production of pectin from okra is the volume of residue generated
after the pectin extraction process. Unlike other pectin extracted from citrus peels and other plant
peels that are considered waste materials, okra pectin is extracted directly from okra pods. As a result,
significant amount of okra residue (~70%) is generated after pectin extraction and currently not
utilized. Disposal of this residue will constitute food waste and thus contribute to food insecurity.
Therefore, there is the need for effective directed utilization okra pectin residue for economic and
social benefits. Agricultural wastes have been considered a good source of nutrients for mushroom
production,'®! and can be recycled as feed ingredients for fish and other livestock production.''
Hence, it is imperative to determine the characteristics of the residue obtained from okra after the
pectin extraction process for other commercial and value addition purposes. The objective of this
study, therefore, was to evaluate the physicochemical properties of okra residue obtained after pectin
extraction from three okra genotypes.

Materials and methods
Materials

Three okra genotypes namely: Asha, Balabi, and Agbagoma (soft and ~3 months matured okra pods of
about 5-9 cm) were obtained from local farm at Ho in the Volta region of Ghana. All chemicals used
were analytical-grade reagents. Distilled water was used throughout the extraction process.

Pectin extraction and residue preparation

A 5000 ml phosphate buffer solution (0.1 M) was prepared with 11.496 g of K,HPO, and 59.063 g of
KH,PO, dissolved with a small amount of distilled water in separate beakers. The solutions were then
transferred into a 5000 mL round bottom flask and topped up with distilled water to the 5000 ml mark,
making sure a pH of 6 was maintained by adjusting the final solution with HCL

Pectin was isolated from three genotypes, Asha, Agbagoma, and Balabi using protocols as described
by Kpodo et al.''! and illustrated in Figure 1.

Briefly pectin was extracted from dried okra pods using phosphate buffer at pH 6.0. Following
extraction, the pectin was precipitated using alcohol, dialyzed, and freeze-dried.!"")

After the extraction of pectin from the milled okra pods, the pellets or residue obtained after sieving
and centrifugation (as shown in Figure 1) were set aside and dried in a hot air oven (Gallenkamp,
England) at a temperature of 40°C overnight. The dried residue for each okra genotype was stored in
a refrigerator until further analysis.

Proximate analysis

Proximate composition (moisture, ash, and protein contents) was determined according to AOAC
methods."* Crude protein was calculated by multiplying the obtained nitrogen content by 6.25. The
carbohydrate content was calculated by a difference, thus subtracting the percentage of crude protein,
ash, moisture, and fat from 100. Acid insoluble ash was determined by igniting 2 g of each sample in
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Figure 1. Pectin extraction and okra residue preparation.

a mulffle furnace at 600 °C for 2 h. The ash was removed and cooled in a desiccator. Dilute HCI (25 mL;
10%) was added and filtered through a weighed fisher’s crucible and washed severally with distilled
water. The residue in the crucible was oven dried at 105°C and ignited in a muffle furnace at 600 °C.
The crucible was cooled in a desiccator and weighed. Acid insoluble ash was calculated from difference
in masses expressed as percentage.

Minerals content

The amount of sodium, calcium, potassium, and magnesium in the okra residue was determined by
Atomic Absorption Spectroscopy (Buck 210, Buck Scientific, USA). Five (5) grams of each sample was
ignited at 600 °C in a muffle furnace and the resulting ash was dissolved in 10% (v/v) HCl and filtered
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through a filter paper and made up to the 100 mL mark using distilled water. The wavelength for the
respective minerals were used to calculate their concentration!'®!

Functional properties

Swelling power and solubility index

The solubility and swelling power were determined as previously reported."® One gram of the sample
was weighed into a pre-weighed 50 mL centrifuge tube and 40 mL of distilled water was added. The
suspension was vortexed and heated in a water bath for 30 min at constant temperature of 85 °C. The
suspension was centrifuged using Hettich Zentrifugen D7200 centrifuge (Tuttlingen, Germany) at
2200 rpm for 15 min. The supernatant was decanted and placed in a weighed crucible and dried in
a hot air oven to constant weight. The swollen granule was weighed. The swelling power and solubility
were calculated using the equations below:

(%) Swelling Power =Weight of paste/weight of sample x 100
(%) Solubility Index =Weight of soluble fraction/weight of sample x 100

Water and oil absorption capacities

Water and oil absorption capacities were determined as previously reported.'® One (1) gram of the
sample was weighed into a pre-weighed 15 mL centrifuge tube and 10 mL of distilled water/oil was
added and vortex for 5 min. The suspension was centrifuged at 3500 rpm for 30 min using a centrifuge
(model: Hettich Zentrifugen D7200, Tuttlingen, Germany). The volume of water/oil remaining was
decanted and weighed. Water/Oil absorption capacity was calculated using the equation below:

(%) Water/Oil absorption capacity = Weight of absorbed water or oil /weight of residue x 100

Total phenol and antioxidant determination

Total phenolic content

The Folin-Ciocalteu test was used to determine the total phenolic content of the okra residue using
Gallic acid as standard.100 mL of deionized water was used to dissolve 0.5 g of the sample and filtered.
2 mL of the filtrate was pipetted into a test tube. The extract was mixed with Folin-Ciocalteu reagent
and sodium carbonate and allowed to stand for 30 mins at room temperature. The absorbance of the
mixture was measured using UV-Vis spectrophotometer (model: Mettler-Toledo GmbH Im
Langacher 8606) at 760 nm. A calibration curve was constructed using Gallic acid solutions of
concentrations 5, 10, 20, 40 and 50 ppm as standard reference. Total phenol content was calculated
from calibration curve using Gallic acid equivalents (GAE) in milligrams (mg) per 100 g of the extract.
Antioxidant activity: The antioxidant activity was determined as described by Gemede et al."'”! with some
modifications. DPPH was used to determine free radical scavenging activity. 0.5 g of sample was weighed
into 15 mL centrifuge tube and suspended with 10 ml of distilled water and centrifuged at 1000 rpm for
15 min. Sample (0.2 ml of the supernatant), 0.2 mL of distilled water, and 6 ml of 0.004% DPPH (1,
1-diphenyl-2-picrylhydrazyl) were obtained in a tube and shaken. The mixture was kept for 30 min at room
temperature in the dark. Using a spectrophotometer (model: Lemfield Spectrulab 23A), absorbance of the
reaction mixture and blank were read at 517 nm. The ability to scavenge the DDPH was calculated as:

DPPH radical scavenging activity (% inhibition) = [1-(As/Ao)] x 100

As is absorbance of sample. Ao is the absorbance of DPPH solution diluted to same volume of distilled
water. Distilled water was used as blank.
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Statistical analysis

The data were analyzed using one-way analysis of variance (ANOVA) to compare the means of sample
characteristics. Differences between means were considered significant at p < .05. Tukey’s test was
used to separate the mean values.

Results and discussion
Proximate composition of okra pectin residue

The proximate composition of the okra residue after pectin extraction is shown in Table 1. The
moisture, ash, protein, acid insoluble ash, and carbohydrate content were determined. The acid
insoluble ash ranged from 1.42 + 0.52 to 2.36 + 0.28. Agbagoma recorded the highest and the lowest
recorded by Balabi. There was no significant difference (p > .05) between the varieties for acid
insoluble ash.

Proximate analysis is the basic test done on food to determine its nutritional composition. It
is an important analysis, which can be used to detect adulterations and quality of a food product.
Moisture content ranged from 4.71% to 5.94% and were within acceptable range. The moisture
content of Asha residue was statistically the same (p > .05) as residues from Agbagoma, but
different (p < .05) from Balabi. The recorded values were slightly higher than that reported!'
for fruit wastes from pineapple (1.16-1.36%), jack fruit (1.62-2.41%), and grated coconut
(2.59%) but lower than values obtained sweet orange peel (9.68%).1"®) Moisture content is an
estimation of water content in a food product. It is an important parameter in powdered food
samples because of its direct relation to the shelf life of the product. Samples with lower
moisture content are more shelf stable. Food samples with 14% or less moisture content can
resist microbial growth.'”) Ash content is a measure of mineral content present in food. Ash
content ranged from 19.55% to 21.99%, and increased in the order Asha >Agbagoma > Balabi.
The ash content was high in all the three varieties which is an indication of high mineral
content. This was different from a study by Gemede et al.,''”) who recorded ash content of dried
okra pods to be less than 12 g/100 g. Agbagoma and Asha were not significantly different from
each other but Balabi differed significantly (p < .05). The high ash content observed can be as
a result of heat treatment of the milled okra pods with phosphate buffer during pectin
extraction.

Protein content was low in all the varieties and ranged from 0.87 + 0.06 to 3.62 + 0.30%. The protein
content recorded was high in Asha and low in Agbagoma. The protein content of Agbagoma was
significantly different (p < .05) from Asha and Balabi. Differences in the protein content can be
attributed to varietal differences. Plant protein is said to contain a protein content of about 12% of its
calorific value.*”! The protein content from the residue was below this range and also lower than
values reported for mango peel (6.3%).”"

Table 1. Proximate composition of okra residue after pectin extraction.

Okra residue

Proximate Asha Balabi Agbagoma

Moisture (%) 471 +0.15° 5.09 + 0.08° 594 + 0.01°
Ash (%) 21.99 + 0.09° 19.55 + 0.18° 21.96 + 0.29°
Protein (%) 3.30 £ 0.57° 3.62 + 0.30° 0.87 + 0.06°
Carbohydrate (%) 70.00 + 0.62° 71.74 £ 0.12° 71.23 +0.35°
Acid insoluble ash (%) 1.56 + 0.23% 1.42 +0.52° 2.36 + 0.28°

Note: Values are mean + SD. Mean values in a row with different superscript letter are significantly
different (p < 0.05).
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Table 2. Minerals content of okra residue.

Okra residue

Mineral Asha Balabi Agbagoma
Sodium (mg/100 g) 3.80 + 0.00° 3.93 + 0.00° 3.84 + 0.00°
Potassium (mg/100 g) 9.27 + 0.00° 8.59 + 0.00° 9.02 + 0.00°
Calcium (mg/100 g) 0.19 + 0.00° 0.13 + 0.00° 0.14 + 0.02°
Magnesium (mg/100 g) 0.003 + 0.000° 0.002 + 0.000° 0.002 + 0.000°

Note: Values are mean + SD. Mean values in a row with different superscript letter are significantly
different (p < 0.05).

Table 3. Functional properties of okra residue.

Okra residue

Functional property Asha Balabi Agbagoma
Swelling power (%) 10.82 + 0.44° 8.15 + 0.51° 9.10 + 0.18°
Solubility index (%) 26.84 + 1.15° 23.64 + 0.59%° 182 +3.13°
0Oil absorption capacity (%) 216.76 + 24.19° 318.49 + 55.46° 308.32 + 12.53°
Water absorption capacity (%) 579.30 + 98.35° 617.87 +48.70 ° 546.17 + 82.47°

Note: Values are presented as the mean + SD of duplicates determinations. Mean values in a row with different
superscript letter are significantly different (p < 0.05).

The carbohydrate content of the residue was found to be 70.00 + 0.62 for Asha variety, followed by
Agbagoma (71.23 + 0.35) and Balabi (71.74 + 0.12) which recorded the highest value. Carbohydrate
content was high in all the varieties and higher than values reported for fruit wastes from orange
(58.62%), yellow passion (59.01%), and avocado (7.98%).2%! This could be attributed to the fact that
after pectin extraction the residue left is mainly fiber (non-starch carbohydrate). Agbagoma and Balabi
were not significantly different (p > .05), but Asha was different from the other varieties.

The mineral composition of the three varieties of okra residue is shown in Table 2. Mineral
composition is an important component in analyzing food quality, nutrition, and microbial viability.
It is considered to be essential in human nutrition.'*>**! Sodium content in the study ranged from 3.80
to 3.93 mg/100 g for Asha and Balabi, respectively. There was no significant differences between the
three varieties. Calcium is a mineral that aid the development of strong bones and teeth. The
concentration of calcium varied from 0.14 to 0.19 mg/100 g with Asha having the highest calcium
content and Balabi having the lowest. Potassium concentrations were very high compared to the other
minerals. The potassium concentration ranged from 8.59 to 9.27 mg/100 g. This high potassium
concentration can be a result of heating the sample with potassium phosphate buffer during the pectin
extraction. Magnesium content also ranged from 0.002 to 0.003 mg/100 g. Asha had the highest
magnesium content followed by Balabi and Agbagoma having the same magnesium content. There
were no significant differences between the various varieties (p < .05). The mineral content of the okra
residue, however, is comparatively lower than those of wheat-rain tree (Samanea saman) pod
composite flours™® and palmyra palm (Borassus aethiopum) fruit flour®® and lima bean flours.!*”!

The swelling power, solubility index, oil absorption capacity and water absorption capacity of the
okra residue samples are presented in Table 3. Swelling power indicates the ability of a product to
imbibe water and swell. It determines the tendency of a substance to be hydrated and is useful
indicator for measuring food quality. The swelling power of Asha (10.82) was the highest and the
lowest (8.15) was recorded by Balabi. Asha was significantly different from Balabi and Agbagoma
(p < .05). The reported swelling capacity values were higher than values obtained for waste peels from
avocado (4.36%), pineapple (7.57%), but lower than waste from yellow passion fruit (16.94%).122)
Solubility index which indicates the degree of granules dispersion after cooking also ranged from
18.2% to 26.84%. The swelling power (765-882%) and solubility index (0.8 — 2.4%) reported for flour/
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Table 4. Total phenolic content and antioxidant activity of the okra residue.

Okra residue

Property Asha Balabi Agbagoma
Total phenolic (mg GAE/100 g) 30.78 + 5.42° 33.58 + 8.98° 13.85 + 0.76°
Antioxidant activity (%) 8.01 + 0.95° 15.15 + 0.77° 713 £1.21¢

Note: Values are mean + SD. Mean values in a row with different superscript letter are significantly different (p
< 0.05).

[16] are comparatively higher and lower, respectively,

starch samples from two new cassava accessions
for the okra residues in the present study.

Swelling power and solubility index are mostly inversely related as apparent in the present results
(Table 3). Components with stronger intermolecular interaction and higher hydrophobicity accounts
greatly for greater swelling power and lower solubility.!"! Samples/fours with low solubility indices
alongside high swelling powers are suitable for making dough with high elasticity. Conversely, flours
with low solubility and corresponding high swelling power could be utilized effectively as functional
ingredients for pastry products.!®

Water absorption capacity (WAC) is the functional property of quantifying the amount of water
retained by food.!*® Water absorption capacity for all the three samples were higher than their respective
oil absorption capacities. This could be as a result of the high carbohydrate content of the okra residue.
Proteins and carbohydrates influence water absorption capacity due to the presence of hydrophilic
groups.”” The WAC ranged between 546.17% and 617.87%, while oil absorption capacity (OAC)
ranged from 216.74% to 318.49%. Balabi had the highest water absorption and oil absorption capacity
while Agbagoma and Asha respectively recorded the least water absorption and oil absorption capacities.
There were no significant differences between the water absorption capacity and oil absorption capacity
for all the three varieties. WAC and OAC values of all okra residues in this study were higher than values
obtained for peel wastes from avocado (6.33, 3.10%), pineapple (4.30, 1.90%), yellow passion fruit (9.63,
2.85%), and orange (6.33, 2.40%).1%?) The okra residues also had higher values in comparison to previous
studies on okra seed flour, which had WAC of 504-511%, OAC of 88-159% and solubility index of 14-
16%. The swelling power of the okra residues, however, was lower than those of the okra seed flour (10-
14%).1*°! The difference in the hydrophilic components of the samples account for the variation in WAC
and OAC. The higher the carbohydrate and protein contents, which are hydrophilic components, the
lower the OAC and vice versa. Flours with lower OAC are known to have higher flavor retention
abilities, whereas high OAC suggests that it could be useful in food formulation where oil-holding
capacity is needed, such as sausage and bakery products.”*®’

The total phenolic content and antioxidant activity of the three different okra residues after pectin
extraction are presented in Table 4. All the okra residues from the different genotypes demonstrated
antioxidant activities and contained phenolic compounds in varied amounts. Antioxidant activity
ranged from 7.13% to 15.15% with the least in Agbagoma and the highest in Balabi. The phenolic
content was not significantly different between Asha and Balabi, however, the antioxidant activity
among the three varieties was significantly different (Table 4). Previous studies have shown that higher
phenolic content is associated with higher DPPH scavenging activity>" and thus the phenolic content
in okra fruits possess significant antioxidant activity.*>**! In the present study, total phenolic content
was highest in Balabi (33.58 + 8.98 mg GAE/100 g), followed by Asha (30.78 + 5.42 ppm) and the
lowest was recorded by Agbagoma (13.85 + 0.76 mg GAE/100 g).

However, the total phenol content (28-31 mg GAE/100 g) and DPPH scavenging activity (36—-74%)
of okra seeds from different genotypes were previously reported®* and those of ackee fruit arils'**! and
watermelon seeds® were higher than those of okra residue in the present study. It is worth to note that
antioxidant activity is not limited to phenolic content but possibly due to other antioxidant compounds,
such as vitamins A (beta-carotene, carotenoids), C (ascorbic acid), and E that may be present.
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Conclusion

This study revealed that okra residue obtained after pectin extraction for all three genotypes had low
moisture values and hence would be shelf stable. The proximate composition and functional proper-
ties were appreciable. The okra residues had high carbohydrate content and can thus serve as a source
of fiber. Ash content was higher than and attributed to high mineral content specifically potassium
that might have come from heat treatment with potassium phosphate buffer. All the okra residues
from the different genotypes had water absorption capacity higher than their corresponding oil
absorption capacity. The okra residues varied in total phenols content and demonstrated some
antioxidant activity. The present findings indicate that okra residue could be used as potential
ingredient in food and non-food products, such as animal feed.
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