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a b s t r a c t 

Pectin extractable from okra ( Abelmoschus esculentus L.) is known to have various food and non-food applications. 

The objective of this work was to investigate the effect of particle size of milled samples on okra pectin yield using 

two different extraction solvents. Phosphate buffer (PB) and citric acid solution (CAS) (at pH 6, temperature of 

80°C and for 1 h) were used to extract pectin from 10 g of milled okra sample with varying particle sizes (0.5, 1 

and 2 mm). Ethanol was added to the aqueous extract to precipitate the pectin. The crude pectin obtained was 

then freeze-dried and the % pectin yield was calculated. The average okra pectin yield when PB was used for 

extraction were 19.6 ± 4.0%, 15.8 ± 1.0% and 11.9 ± 1.5% for 0.5 mm, 1 mm and 2 mm particle sizes, whereas that 

of the CAS counterparts were 32.7 ± 8.1%, 25.6 ± 0.8% and 35.6 ± 5.5%, respectively. However, considering purity 

of the pectin extracts (PB > CAS), the present findings indicated that a higher pectin yield is achievable with 0.5 

mm as the optimal particle size of okra pod powder using phosphate buffer as extraction solvent. 
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. Introduction 

Pectins are polysaccharides extracted from plant sources; they are

eterogeneous, hygroscopic and soluble in acids and water, with prop-

rties of gelling, stabilization of emulsions and nutritional fiber sup-

ly ( de la Hoz Vega et al., 2018 ; Kpodo et al., 2021 ). It is considered

n essential ingredient in the food and chemical industries. It is used

or the manufacture of jellies, ice cream, sauces, and cheeses, among

thers. Also, it is employed in the pharmaceutical industries when it is

esired to modify the viscosity of their products and in the plastics in-

ustry for the manufacture of foam products ( de la Hoz Vega et al.,

018 ; Agbenorhevi et al., 2020 ; Abe-Inge et al. 2020 ; Owusu et al.,

021 ; Boakye-Gyasi et al., 2021 ). Commercial sources of pectin are from

pple pulp (15-18%) and citrus peel, 20-30% ( de la Hoz Vega et al.,

018 , Vanitha & Khan, 2019 ; Masmoudi et al 2008 ). In recent times,

ompanies and micro-companies processing natural juices of oranges,

omelo and lemons produce large amounts of waste (albedo) which po-

entially could lead to environmental and health problems, while pro-

oting the proliferation of insects, fungi, bacteria and odors by decom-

osition ( de la Hoz Vega et al., 2018 ). One solution to this problem is

hat a potentially marketable byproduct like pectin is extracted from the

eels of these fruits ( Yeoh et al., 2008 ; de la Hoz Vega et al., 2018 ). 
∗ Corresponding author. 

E-mail address: jkagbenorhevi.cos@knust.edu.gh (J.K. Agbenorhevi). 

ttps://doi.org/10.1016/j.focha.2023.100339 

eceived 27 December 2022; Received in revised form 12 May 2023; Accepted 8 Jun

772-753X/© 2023 The Authors. Published by Elsevier Ltd. This is an open access ar
A fruit that is underutilized for pectin extraction in the food industry

s okra ( Abelmoschus esculentus L ), formerly known as Hibiscus esculen-

us , which is a plant of the Malvacae family ( Kontogiorgos et al 2012 ).

t is an integral part of the diet of several Africa and India as well as

f other countries with the worldwide gross production value of okra

stimated to be over 725 million US$ and that of Ghana over 47 million

S$ ( FAO, 2019 ; Karakoltsidis & Constantinides, 1975 ; Woolfe et al.,

977 ; Whistler & Conrad, 1954 ). The fruit is cultivated throughout the

ropical, subtropical and temperate regions of the world including the

hores of the Mediterranean Sea owing to its high economic and nu-

ritional values ( Kpodo et al., 2017 ; Agbenorhevi et al., 2020 ). Okra

our has been found to possess antioxidant activity which increased

y roasting, while in vitro digestibility studies showed that most of its

ntioxidant activity is available in the intestinal phase of gastrointesti-

al tracts ( Adelakun et al., 2009 ). Okra seeds are considered a high-

rotein oilseed crop that could be used to complement other protein

ources ( Bryant et al., 1988 ; Ofori et al., 2020 ). Okra pods are rich

n phenolic compounds mainly composed of oligomeric catechins and

avonol derivatives, while the polyphenolic profile of the epidermis

s composed principally of hydroxycinnamic and quercetin derivatives

 Arapitsas, 2008 ). The thick and slimy texture of okra water-extracts

s attributed to its polysaccharide content, and is of primary techno-
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v  
ogical interest for food and non-food applications, and major appli-

ations have been previously reviewed ( Whistler & BeMiller, 1993 ;

hori et al., 2014 ). Such extracts can be used as natural food-grade

mulsifiers or thickeners and emulsion stabilizers ( Ndjouenkeu et al.,

997 ; Georgiadis et al., 2011 ; Kpodo et al., 2018 ; Bawa et al., 2020 ;

atsomor et al., 2019 ; Kissiedu et al., 2020 ; Tobil et al., 2020) , sug-

esting that they could be a promising source of texture modifiers for

omplex food matrices. 

Although many researchers have studied okra in terms of their floc-

ulating abilities, the effect of extraction conditions including tempera-

ure and time on pectin yields ( Mao et al., 2020 ; Chan & Choo, 2013 ),

o the best of the knowledge of authors, no research to date has stud-

ed the effect of particle size on okra pectin yield. The objective of the

resent work, therefore, was to investigate the effect of particle size on

kra pectin yield using two different extraction solvents. 

. Materials and methods 

.1. Materials 

Agbagoma and Balabi okra pods/samples ( ∼ 3 months old) were ob-

ained from Ho, Volta Region, Ghana. The Nigeria genotype (Jokoso

ariety) was obtained from Ibadan, Nigeria. The Nigeria genotype has

imilar phenotype just as Agbagoma. Thus the intention was to compare

he results of the two common Ghanaian okra genotypes to the Nigerian
2 
ounterpart. The okra pod was dried and milled to varying particles sizes

f 0.5 mm, 1 mm and 2 mm using a Retsch sieve shaker (AS 200, Haan,

ermany). All chemicals used were of analytical grade. Deionized water

as used throughout the extraction experiment. 

.2. Preparation of extraction solvents 

Preparation of 5000 mL phosphate buffer solution (0.1 molL − 1 ) for the

xperiments: 11.496 g of K 2 HPO 4 and 59.063 g of KH 2 PO 4 were dissolved

ith a small amount of distilled water in separate beakers. The solutions

ere then transferred into a 5000 mL round bottom flask and topped up

ith distilled water to the 5000 mL mark, making sure a pH of 6 was

aintained by adjusting the final solution with HCl. 

Preparation of 5000 mL citric acid solution (0.1 molL − 1 ): 96.062 g of

 6 H 8 O 7 was weighed and dissolved with a small amount of distilled

ater in a beaker. The solution was stirred and transferred into a 5000

L round bottom flask. It was then topped up with distilled water to the

000 mL mark while maintaining a pH of 6, by adjusting the solution

ith NaOH. 

.3. Pectin extraction and chemical analysis 

Okra pectin extraction using phosphate buffer was performed as pre-

iously reported ( Kpodo et al. 2017 ; Kpodo et al., 2021) . A 10 g of milled
Fig. 1. Extraction of okra pectin. 
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kra of particle size 2 mm was weighed and added to a 300 mL of phos-

hate buffer solution, stirred and pectin extracted at a temperature of

80°C for 1 h. The solution was then filtered using a muslin cloth to

eparate the aqueous extract from the okra residue. The volume of the

queous extract was measured and precipitated with ethanol using a ra-

io of 1:2 respectively. The mixture was then placed on an electric heater

t 40°C for 1 h and stirred to allow precipitation to complete. The slimy

recipitate was collected, washed with isopropanol and placed in a zip-

ock bag. The process was repeated two more times for the consistency

f the results. The experiment was then repeated for okra particle sizes

f 1 mm and 0.5 mm. 

A similar experimental process was conducted using the citric acid

olution for 2 mm, 1 mm and 0.5 mm particle sizes. The extraction pro-

ess is illustrated in Fig. 1 , and presented in Table 1 . The % pectin yield

as calculated using the Equation 1: 

ectin yield ( % ) = 

𝑊 𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑝𝑒𝑐𝑡𝑖𝑛 

𝑊 𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑜𝑘𝑟𝑎 𝑝𝑜𝑤𝑑𝑒𝑟 
× 100 (1)

The chemical analysis (total carbohydrate, protein and ash con-

ents) of the isolated okra pectin were done as previously reported

 Kpodo et al., 2017 , 2018 , 2021 ). 

.4. Spectroscopy 

The Nuclear Magnetic Resonance (NMR) spectroscopy was per-

ormed using 10 mg of okra pectin sample which was dissolved in 90

 H 2 O + 10 % D 2 O. A Bruker Avance IV 500MHz NMR spectrome-

er (Ettlingen, Germany) was used to acquire proton NMR. All experi-

ents were performed at 300K The 1 H (proton) spectra were measured
Table 1 

Pectin yield from okra (Agbagoma) sample of varying particle sizes and ex

Extraction solvent Sample size (mm) Volume of solvent 

(mL) 

Test 

Phosphate Buffer 2.0 1 st Extraction = 300 1 

2 

3 

2 nd Extraction = 150 1 

2 

3 

1.0 1 st Extraction = 300 1 

2 

3 

2 nd Extraction = 150 1 

2 

3 

< 0.5 1 st Extraction = 300 1 

2 

3 

2 nd Extraction = 150 1 

2 

3 

Citric acid solution 2.0 1 st Extraction = 300 1 

2 

3 

2 nd Extraction = 150 1 

2 

3 

1.0 1 st Extraction = 300 1 

2 

3 

2 nd Extraction = 150 1 

2 

3 

< 0.5 1 st Extraction = 300 1 

2 

3 

2 nd Extraction = 150 1 

2 

3 

∗ Values are mean ± SD. a-b Values with different superscript letters are sign

3 
t 500.03 MHz using the “zg30 ” pulse for proton. The acquisition param-

ters for this experiment were as follows; time-domain (number of data

oints 65K; acquisition time 3.2767999s; delay (relaxation) 1.00s num-

er of scans 64; spectral width 10,000Hz; sweep width 19.9987ppm;

otal acquisition time was 1min 7s. 

Fourier Transform Infra-Red (FT-IR) spectra were obtained over a

avelength of 4000 cm 

− 1 to 400 cm 

− 1 for all the okra pectin samples

t a resolution of 4 using 24 scans (Nicolet 38, Thermo Scientific, UK)

quipped with spectral smoothing instrument software (NIOS2 Main

0.02.0009). 2 mg of sample was mixed with spectroscopic grade KBr

owder and pressed into thin slices under optimal conditions. 

.5. Statistical analysis 

Data obtained were analyzed statistically by using SPSS version 20

IBM SPSS Statistics, US) using two-way ANOVA followed by LSD post

oc tests. Results were analyzed at a 5% significance level (95% confi-

ence interval; at p < 0.05). 

. Results and discussion 

Table 1 shows the results of pectin yield from okra samples of vary-

ng particles sizes using phosphate buffer (PB) and citric acid solution

CAS) as extraction solvents. In this experiment, the same Agbagoma

enotype was used to investigate the particle size and solvent factors on

he pectin yield and chemical characteristics. The results showed that

he pectin yield was higher when the okra particle size was smaller.

his indicates that a larger surface area promotes higher yield. For the
traction solvents. 

Volume of aqueous 

extract (mL) 

Volume of ethanol 

used. (mL) 

∗ Pectin yield 

(%) 

200 

210 

220 

400 

420 

440 

11.9 ± 1.5 a 

110 

120 

110 

220 

240 

220 

210 

200 

190 

420 

400 

380 

15.8 ± 1.0 a 

100 

105 

115 

200 

210 

230 

170 

180 

190 

340 

360 

380 

19.6 ± 4.0 a 

90 

95 

100 

180 

190 

200 

200 

190 

195 

400 

380 

390 

35.6 ± 5.5 b 

100 

105 

100 

200 

210 

200 

190 

195 

180 

380 

390 

360 

25.6 ± 0.8 b 

90 

100 

80 

180 

200 

160 

170 

160 

175 

340 

320 

350 

32.7 + 8.1 b 

80 

85 

70 

160 

170 

140 

ificantly different (p < 0.05). 
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Table 2 

Total carbohydrate and protein contents of the extracted okra pectin (% dry 

basis). 

Sample Total Carbohydrate (%) Protein (%) 

Agbagoma 78.2 ± 2.7 9.8 ± 0.1 

Nigeria 56.9 ± 1.1 14.5 ± 0.1 

Balabi 87.5 ± 3.5 2.0 ± 0.0 
∗ PB 0.5 88.8 ± 1.6 7.6 ± 0.2 
∗ PB 1.0 95.4 ± 0.5 2.0 ± 0.0 
∗ PB 2.0 58.7 ± 0.7 14.3 ± 0.3 
∗ CAS 0.5 59.2 ± 0.0 24.5 ± 0.1 
∗ CAS 1.0 55.3 ± 0.0 9.5 ± 0.3 
∗ CAS 2.0 56.3 ± 1.0 19.7 ± 0.1 

∗ Note: PB and CAS pectin samples of varying particle size were obtained 

from the Agbagoma genotype. 
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Fig. 2. 1 H- NMR spectra of okra genotypes. 

Fig. 3. FT-IR spectra of okra genotypes. 

p  

i  

t  

g  

l  

o  
hree different particle sizes (2 mm, 1 mm and 0.5 mm) considered dur-

ng the experiment, the 0.5 mm okra particle size gave the highest yield

f pectin using the PB. 

According to previous work ( Kpodo et al., 2017 ), pectin was isolated

rom six okra genotypes and it was found that the highest pectin yield

14.6%) was recorded in Asha and Agbagoma (14.2%). However, the

ectin yield reported was not based on screened particle sizes of the

kra pod powder used. Pectin was extracted just after grinding which

esulted in a mixture of all sizes as in the case of Agbagoma, Balabi and

igeria genotypes in the present work. This affected the overall pectin

ield just as those of the previous works ( Kpodo et al., 2017 ) which also

aried depending on the okra genotype. 

The results also showed that citric acid solution (CAS) as extraction

olvent gave a higher pectin yield than the phosphate buffer ( Table 1 ).

here was a significant difference (p < 0.05) between the two extrac-

ion solvents at all particle sizes studied. However, the results of citric

cid extraction were not so consistent (with a higher standard deviation)

ompared to phosphate buffer. The data from the present work was sub-

ected to a two-way ANOVA which revealed that the intercept and the

xtraction solvent were significant (p < 0.05) whereas the particle size

lone and its interaction with the extraction solvent were not significant

p > 0.05). 

The purity of the pectin extracts also varied among the samples

 Table 2 ). The ash contents of the samples ranged between 0.1-1.3 % .

he total carbohydrate content (58-95%) of the PB samples were higher

han those of the CAS counterparts (56-59%) whereas the protein con-

ent was higher in the respective CAS samples than that of PB ( Table 2 ).

hus the PB extracted pectin samples had higher purity as compared to

he CAS counterparts. 

The 1 H-NMR spectra ( Fig. 2 ) data show similar structural patterns

etween the okra pectin samples, which indicates similarities in the

ompositional characteristics among the okra pectin samples. The same

gbagoma genotype was used for the different particle size and solvent

actor experiments and they showed no difference in the 1 H-NMR spec-

ra obtained. From the 1 H-NMR spectra data, the highest peak from the

arious okra pectin samples was around 3.2 to 2.0 ppm which shows

reater association with the groups of methyl linking to carboxyl groups

f D-Galacturonic acid ( Wang et al ., 2016 ). Agbagoma had the highest

G-I as compared to the other okra pectin sample analysed. The results

owever obtained indicate assurance of the existence of the structure of

ectin analysed which were in line with previous findings ( Kpodo et al. ,

017 , 2021 ). 

Fig. 3 shows typical FT-IR spectra of the okra pectin samples anal-

sed which also correspond to those previously reported ( Kpodo et al .,

017 , 2021 ). The shifting of the bands for the various okra samples is at-

ributed to the degree and strength of the hydrogen bonding or hydroxyl

ssociation ( Coates, 2000 ). 

The superimposable FT-IR spectra obtained for okra pectin samples

f different particle sizes (0.5 mm, 1.0 mm and 2.0 mm) extracted with
4 
hosphate buffer (PB) and citric acid solution (CAS) showed similar-

ty in structure/functional groups with some degree variation especially

hose of CAS 0.5 and CAS 1.0 which had lower transmittance in the re-

ion of 500-1750 cm 

− 1 and 3000-3500 cm 

− 1 wavelength ( Fig. 4 ). The

ower transmittance values could be attributable to the lower purity

f the CAS pectin extracts in comparison to the PB counterparts. This
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Fig. 4. FT-IR spectra of okra (Agbagoma) pectin samples of different particle 

sizes (0.5 mm, 1.0 mm and 2.0 mm) extracted with phosphate buffer (PB) and 

citric acid solution (CAS). 
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s possibly due to CAS having greater interactions (such as hydrogen

onding or hydroxyl associations) with the okra powder components

proteins/carbohydrates) thereby resulting in higher contaminants or

mpurity of the extracts. 

The carbohydrate fingerprint is usually exhibited in the region from

00 to 1200 cm 

− 1 . Peaks/bands associated with the degree of esteri-

cation occur in the region of 1610-1630 cm 

− 1 which correspond to

he symmetrical stretching vibration of the carboxylic group (COO 

− )

hereas those in the region of 1720-1730 cm 

− 1 correspond to the

ethyl esterified group (COOCH 3 ). Peaks in the region of 3000-3500

m 

− 1 correspond to the O-H stretching absorption and have been at-

ributed to the inter- and intra- molecular hydrogen bonding of the

alacturonic acid (GalA) backbone of okra pectins ( Kpodo et al., 2017 ,

021 ). 

onclusion 

In the present work, the optimal particle size for higher yield of

ectin from okra was 0.5 mm using phosphate buffer as extraction sol-

ent. Results however showed that extraction with citric acid solution

ave higher yield but with lower purity as compared with the phosphate

uffer counterparts. Extraction with citric acid solution was our first at-

empt and thus further studies to exploit its impact on the structure and

unctionality of okra pectin would be useful adventure. 

eclaration of Competing Interest 

The authors declare that they have no known competing financial

nterests or personal relationships that could have appeared to influence

he work reported in this paper. 

RediT authorship contribution statement 

Benjamin Afotey: Conceptualization, Investigation, Methodology,

riting – original draft, Writing – review & editing. Jacob K.

gbenorhevi: Conceptualization, Funding acquisition, Methodology,

roject administration, Resources, Supervision, Writing – original draft,

riting – review & editing. Leonard D.K. De-Souza: Conceptualiza-

ion, Funding acquisition, Resources, Project administration, Super-

ision, Writing – review & editing. John K. Logosu: Investigation,

ethodology, Writing – original draft, Writing – review & editing.

idelis M. Kpodo: Conceptualization, Funding acquisition, Methodol-

gy, Resources, Supervision, Writing – review & editing. Kolawole O.
5 
alade: Conceptualization, Funding acquisition, Methodology, Re-

ources, Supervision, Writing – review & editing. 

ata availability 

Data will be made available on request. 

cknowledgment 

The authors are grateful to the KNUST Research Fund (KReF5

ward) for financial support. The technical assistance of the Central

ab of KNUST for the NMR and FT-IR spectroscopy are greatly appreci-

ted. Research assistantships with the extraction/chemical analysis by

riscilla Baafi Nyame, Redeemer Agbolegbe, Belinda Boaduwa Ntow,

tella Aryeetey and Janet Baffoe are greatly appreciated. 

eferences 

be-Inge, V. , Agbenorhevi, J. K. , Katamani, G. D. , Ntim-Addae, S. B. , &

Kpodo, F. M. (2020). Effect of okra pectin treatment on quality attributes and

consumer acceptability of tiger nut milk and fried yam. Cogent Food & Agriculture, 6 ,

Article 1781992 . 

delakun, O. E. , Oyelade, O. J. , Ade-Omowaye, B. I. O. , Adeyemi, I. A. , & Van de Ven-

ter, M (2009). Chemical composition and the antioxidative properties of Nigerian

Okra Seed ( Abelmoschus esculentus Moench) Flour. Food and Chemical Toxicology,

47 (6), 1123–1126 . 

gbenorhevi, J. K. , Kpodo, F. M. , Banful, B. K. B. , Oduro, I. N. , Abe-Inge, V. , Datso-

mor, D. N. , Atongo, J. , & Obeng, B. (2020). Okra survey and evaluation of okra pectin

extracted at different maturity stages. Cogent Food & Agriculture, 6 , Article 1760476 . 

rapitsas, P. (2008). Identification and quantification of polyphenolic compounds from

okra seeds and skins. Food Chemistry, 110 (4), 1041–1045 . 

awa, N. M. , Agbenorhevi, J. K. , Kpodo, F. M. , & Sampson, G. O. (2020). Pasting properties

of starch-okra pectin mixed system. CYTA-Journal of Food, 18 (1), 742–746 . 

oakye-Gyasi, M. E. , Owusu, F. W. A. , Entsie, P. , Agbenorhevi, J. K. , Banful, B. K. B. , &

Bayor, M. T. (2021). Pectin from Okra ( Abelmoschus esculentu s L) has potential as a

drug release modifier in matrix tablets. The Scientific World Journal , Article 6672277 .

ryant, L. A. , Montecalvo, J., Jr , Morey, K. S. , & Loy, B. (1988). Processing, functional, and

nutritional properties of okra seed products. Journal of Food Science, 53 (3), 810–816 .

han, S. Y. , & Choo, W. S. (2013). Effect of extraction conditions on the yield and chemical

properties of pectin from cocoa husks. Food chemistry, 141 (4), 3752–3758 . 

oates, J. (2000). Encyclopedia of analytical chemistry. Interpretation of Infrared Spectra,

a Practical Approach. Wiley, Chichester , 10815–10837 . 

atsomor, D. N. , Agbenorhevi, J. K. , Kpodo, F. M. , & Oduro, I. N. (2019). Okra pectin as

lecithin substitute in chocolate. Scientific African, 3 , e00070 . 

e la Hoz Vega, S. , Jaraba, B. V. , Mendoza, J. P. , Arrieta, A. A. , & Quiñones, L. O (2018).

Effect of precipitating solvents on the extraction of pectin from the pomelo albedo by

acid hydrolysis. Contemporary Engineering Science, 11 , 3849–3855 . 

AO. (2019). https://www.fao.org/faostat/en/#data/QV 

eorgiadis, N., Ritzoulis, C., Sioura, G., Kornezou, P., Vasiliadou, C., & Tsiopt-

sias, C. (2011). Contribution of okra extracts to the stability and rheology of

oil-in-water emulsions. Food Hydrocolloids, 25 (5), 991–999. 10.1016/j.carbpol.

2008.02.003 . 

hori, M. U. , Alba, K. , Smith, A. M. , Conway, B. R. , & Kontogiorgos, V. (2014). Okra

extracts in pharmaceutical and food applications. Food hydrocolloids, 42 , 342–347 . 

arakoltsidis, P. A. , & Constantinides, S. M. (1975). Okra seeds. New protein source. Jour-

nal of Agricultural and Food chemistry, 23 (6), 1204–1207 . 

issiedu, K. O. , Agbenorhevi, J. K. , & Datsomor, D. N. (2020). Optimization of sensory ac-

ceptability of milk chocolate containing okra pectin as emulsifier. International Journal

of Food Properties, 23 (1), 1310–1323 . 

ontogiorgos, V. , Margelou, I. , Georgiadis, N. , & Ritzoulis, C. (2012). Rheological charac-

terization of okra pectins. Food Hydrocolloids, 29 (2), 356–362 . 

podo, F. M. , Agbenorhevi, J. K. , Alba, K. , Bingham, R. J. , Oduro, I. N. , Morris, G. A. ,

& Kontogiorgos, V. (2017). Pectin isolation and characterization from six okra geno-

types. Food Hydrocolloids, 72 , 323–330 . 

podo, F. , Agbenorhevi, J. K. , Alba, K. , Oduro, I. , Morris, G. , & Kontogiorgos, V. (2018).

Structure-function relationships in pectin emulsification. Food Biophysics, 13 , 71–79 . 

podo, F. M , Agbenorhevi, J. K. , Oduro, I. N. , & Morris, G. A. (2021). Physicochemical

variability of pectin from different okra phenotype. Journal of Ghana Science Associa-

tion, 20 (1), 26–32 . 

ao, Y. , Millett, R. , Lee, C. S. , Yakubov, G. , Harding, S. E. , & Binner, E. (2020). Investigat-

ing the influence of pectin content and structure on its functionality in bio-flocculant

extracted from okra. Carbohydrate Polymers, 241 , Article 116414 . 

asmoudi, M. , Besbes, S. , Chaabouni, M. , Robert, C. , Paquot, M. , Blecker, C. , & At-

tia, H. (2008). Optimization of pectin extraction from lemon by-product with acid-

ified date juice using response surface methodology. Carbohydrate polymers, 74 (2),

185–192 . 

djouenkeu, R. , Akingbala, J. O. , & Oguntimein, G. B. (1997). Emulsifying properties of

three African food hydrocolloids: okra ( Hibiscus esculentus ), dika nut ( Irvingia gabonen-

sis ), and khan (Belschmiedia sp. Plant Foods for Human Nutrition, 51 (3), 245–255 . 

fori, J. , Tortoe, C. , & Agbenorhevi, J. K. (2020). Physicochemical and functional prop-

erties of dried okra (Abelmoschus esculentus L.) seed flour. Food Science & Nutrition,

8 , 4291–4296 2020 . 

http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0001
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0001
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0001
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0001
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0001
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0001
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0001
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0002
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0002
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0002
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0002
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0002
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0002
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0002
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0004
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0004
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0005
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0005
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0005
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0005
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0005
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0005
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0006
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0007
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0007
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0007
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0007
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0007
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0007
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0008
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0008
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0008
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0008
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0009
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0009
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0010
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0010
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0010
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0010
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0010
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0010
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0011
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0011
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0011
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0011
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0011
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0011
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0011
https://www.fao.org/faostat/en/\043data/QV
https://doi.org/10.1016/j.carbpol.\penalty -\@M 2008.02.003
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0014
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0014
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0014
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0014
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0014
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0014
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0014
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0015
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0015
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0015
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0015
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0016
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0016
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0016
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0016
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0016
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0017
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0017
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0017
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0017
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0017
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0017
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0019
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0020
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0021
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0021
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0021
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0021
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0021
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0021
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0022
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0023
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0024
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0024
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0024
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0024
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0024
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0025
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0025
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0025
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0025
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0025


B. Afotey, J.K. Agbenorhevi, L.D.K. De-Souza et al. Food Chemistry Advances 3 (2023) 100339 

O  

 

T  

 

V  

 

W  

 

W  

W  

W  

 

Y  

 

F

K  

 

wusu, F. W. A. , Boakye-Gyasi, M. E. , Agbenorhevi, J. K. , Bayor, M. T. , & Ofori-K-

wakye, K. (2021). Potential and comparative tablet disintegrant properties of pectin

obtained from five okra genotypes in Ghana. Scientifica , Article 2902335 . 

obil, M. , Deh, C. Y. , Agbenorhevi, J. K. , Sampson, G. O. , & Kpodo, F. M. (2020). Effect of

okra pectin on the sensory, physicochemical and microbial quality of Yoghurt. Food

and Nutrition Sciences, 11 , 442–456 . 

anitha, T., & Khan, M. (2019). Role of pectin in food processing and food packag-

ing. Pectins-Extraction, Purification, Characterization and Applications . 10.5772/inte-

chopen.83677 . 

ang, W. , Ma, X. , Jiang, P. , Hu, L. , Zhi, Z. , Chen, J. , Ding, T. , Ye, X. , & Liu, D (2016).

Characterization of pectin from grapefruit peel: A comparison of ultrasound-assisted

and conventional heating extractions. Food Hydrocolloids, 61 , 730–739 . 

histler, R. L. , & BeMiller, J. N. (1993). Industrial gums: Polysaccharides and their deriva-

tives . San Diego: Academic Press . 

histler, R. L. , & Conrad, H. E. (1954). A crystalline galactobiose from acid hydrolysis of

okra mucilage. Journal of the American Chemical Society, 76 (6), 1673–1674 . 
6 
oolfe, 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.). Jour-

nal of the Science of Food and Agriculture, 28 (6), 519–529 . 

eoh, S. , Shi, J. T. A. G. , & Langrish, T. A. G. (2008). Comparisons between different tech-

niques for water-based extraction of pectin from orange peels. Desalination, 218 (1-3),

229–237 . 

urther reading 

podo, F. M. , Agbenorhevi, J. K. , Alba, K. , & Kontogiorgos, V. (2020). Emulsifying prop-

erties of Ghanaian grewia gum. International Journal of Food Science and Technology,

55 , 1909–1915 . 

http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0026
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0026
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0026
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0026
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0026
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0026
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0026
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0027
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0027
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0027
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0027
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0027
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0027
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0027
https://doi.org/10.5772/intechopen.83677
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0030
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0031
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0031
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0031
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0031
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0032
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0032
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0032
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0032
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0033
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0033
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0033
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0033
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0033
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0034
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0034
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0034
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0034
http://refhub.elsevier.com/S2772-753X(23)00161-2/sbref0034
http://refhub.elsevier.com/S2772-753X(23)00161-2/optI8Qlz6MvGI
http://refhub.elsevier.com/S2772-753X(23)00161-2/optI8Qlz6MvGI
http://refhub.elsevier.com/S2772-753X(23)00161-2/optI8Qlz6MvGI
http://refhub.elsevier.com/S2772-753X(23)00161-2/optI8Qlz6MvGI
http://refhub.elsevier.com/S2772-753X(23)00161-2/optI8Qlz6MvGI
http://refhub.elsevier.com/S2772-753X(23)00161-2/optI8Qlz6MvGI

	Okra (Abelmoschus esculentus L.) pectin yield as influenced by particle size and extraction solvent
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Preparation of extraction solvents
	2.3 Pectin extraction and chemical analysis
	2.4 Spectroscopy
	2.5 Statistical analysis

	3 Results and discussion
	Conclusion
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgment
	References
	Further reading


