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Abstract:  To create a way for green chemistry and sustainable development using bio-based surfactant as the potential for 

treatment of leather, which lead to saponin extraction from fruit of Balanites aegyptiaca plant. The total percentage 

of crude saponin extract obtained was 84.9%. The most important properties are the foam production and stability 

of extract and OMO at 5 min; it drops from 4.5 to 4.3 cm and 5.5 to 5.2 cm, respectively at the concentration of 0.1 

g/ml of the surfactant solutions. The emulsion formation/capacity of the extract was good, drops from 98.3 to 

55.0% and 92.5 to 35.2%, which is correspondingly higher than that of OMO drops from 98.0 to 40.0% and 92.0 to 

34.3% for 2 and 5 g, respectively. The experiment shows that extract has higher and better capacity when 

compared to OMO (98.0 to 40%) within the hours of evaluation from 1 to 48 h, respectively. FTIR and GC-MS 

analysis shows promising results. The crude extracts at different concentration and temperature gave a better result 

to synthetic surfactant (OMO) both on the tensile strength and elongation at break. 
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Introduction 

Saponins are the most widely distributed group of natural 

secondary metabolite compounds found in plants and have 

numerous uses, traditional as well as modern (Chapagain, 

2006). Guclu-Ustundag & Mazza (2007) explained that 

saponins are a diverse group of compounds widely distributed 

in the plant kingdom, which are characterized by their 

structures containing a triterpene or steroid aglycone and one 

natural sugar chains. 

Generally, surfactants are a large group of surface active 

substances with a great number of applications. The surfactant 

exhibits surface activity by lowering the surface tension of 

liquids (Muthuprasanna et al., 2009), so it can wet the fibers 

and surfaces, they loosen and encapsulate the dirt and, in that 

way, ensure that the soiling will not re-deposit on the surfaces. 

Surfactants are important in the manufacture of leather, right 

from liming the skin and to finished product called leather. 

Surfactant prevent the leather fibers becoming stiff and 

inflexible, thereby keeps the fiber network flexible and 

increasing the tensile strength of the final products.   

Desert date with the botanical name Balanites aegyptiaca 

belongs to the family Balanitsceae. About twenty-five known 

species of the plant are widely distributed through tropical 

Africa (Manji et al., 2013).  Balanites aegyptiaca even though 

has the history of traditional use as a surfactant, has not been 

efficiently investigated to obtain data and information that 

will present it as raw material with potentials in surfactant 

applications. Balanites aegyptiaca plant is available in 

abundance in the north eastern part of Nigeria (Manji et al., 

2013). In most African countries it is used in the treatment of 

constipation and eye irritation, liver disease and as a purgative 

and sucked by school children as a confectionary in some 

countries (Chevalier et al., 2004).  

The aim of the research is to extract, characterize saponin-

based surfactant from fruit of Balanites aegyptiaca plant for 

the treatment of leather from male goatskin. 

 

Material and Methods 

Sample collection and preparations 

Sampling was done randomly. Balanites aegyptiaca plant in 

Demsa Local Government Areas of Adamawa state, Nigeria 

were used in this study. Fresh fruit of matured plant were 

collected. The outer cover (the epicarp) was removed by using 

sterile sharp surgical blade and the fruit pulps/mesocarps were 

scarped manually then air dried under shade for about four 

months, then the dried specimens were manually ground into 

powder using pestle and mortar (Molla et al., 2013; 

Chapagain, 2006). 

 

 

 
Plate 1: Mature fruit (A) and mature fruit pulp (B) of Balanites aegyptaica plant  
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Saponin test in the fruit of Balanites aegyptiaca plant 

With 10 gram of fresh samples were dissolved in 100 ml 

distilled water (1:10), blend, and filtered. The filtrate inside a 

test tube was warmed to obtain a stable persistent froth; this 

was mixed with 3 drops of olive oil and shaked vigorously to 

form emulsion, which indicated the presence of saponins 

(Edeoga et al., 2005 and Mimi, 2011). 

Method of Extraction 

Extraction and quantitative determination of saponin in 

Balanites aegyptiaca fruit 

The saponin content in the sample was determined by double 

extraction gravimetric method described by Ezeabara et al. 

(2014). Powdered sample (5 g) was mixed with 50 ml of 20% 

aqueous ethanol solution in a flask. The mixture heated with 

periodic agitation in water bath for 90 minutes at 55 ºC then 

filter through what-man filter paper (No 42). The residue was 

extracted with 50 ml of 20% ethanol and both extract was 

pour together and the combine extract was reduced to about 

40 ml at 90ºC. This was transferred to a separating funnel 

where 40 ml of diethyl ether was added and vigorously 

agitated. Re-extraction by partitioning was carried out until 

the aqueous layer become clear. The saponin were extracted 

with 60 ml of normal butanol. The combine extract was 

washed with 5% aqueous sodium chloride solution and 

evaporated to dryness in a pre-weigh evaporation dish. It was 

dried at 60 ºC in the oven and reweigh after cooling in 

desiccators. The process was repeated two more times to get 

an average. Saponin content was determined by difference and 

calculated as a percentage of the original sample thus: 

% of 𝑠𝑎𝑝𝑜𝑛𝑖𝑛 =
𝑊2  − 𝑊1

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑆𝑎𝑚𝑝𝑙𝑒
×

100

1
 

Where: W1 = Weight of evaporating dish; W2 = Weight of 

evaporating dish + sample 

 

Characterization of crude saponin extract in fruit of 

Balanites aegyptiaca plant 

The sample (crude saponin extract) was characterized using 

Fourier Transform Infrared Spectroscopy (PerkinElmer 

Spectrum Vision 13. 24. 19, and Gas chromatography- mass 

spectroscopy. The sample (extract) was packed in a sample 

bottle and the analysis was don at American University of 

Nigeria using Model GC-MS 7890A, Agilent Technologist 

Inert MSD-597CM. The NIST Version 11.L library database 

of National Institute Standard and Technology more than 

62,000 patterns were used for identifying the chemical 

components.  

Performance tests of the crude saponin extract of Balanites 

aegyptiaca fruit 

Foaming studies on the crude saponin extract 

It was determined by the Ross-Mile method as described by 

Azab (2001) using foam accumulate measuring systems. The 

method of foam production was measured by the initially 

height of the foam produced. The foaming stability was 

measured by the height after 10 minutes. The surfactant 

solutions were prepared at different concentrations between 

1.0-5.0 g/dm3. Then 100 cm3 surfactant solution was taken in 

the burette and allowed to run out into the receiver from a 

height of 10 to 12 cm3. For each surfactant at different 

concentrations, the heights of the foam formed in the receiver 

was measured immediately and between time interval 1 

minute to 9 hours. 

Emulsion formation capacity of the crude saponin extract 
The procedure of Kime et al. (2015) was adopted with little 

modification. An emulsion was prepared by mixing 50 cm3 

paraffin oil and 50 cm3 sample solutions which were mixed in 

a beaker. The mixture allowed to homogenized using a 100 

cm3 glass syringe. This improved homogenization process 

was required repeating cycles of sucking and rapid expulsion 

of emulsion from the syringe to ensure proper droplet break-

up until a creamy homogenous emulsion is obtained. 

Emulsion capacity was expressed as the amount of oil 

emulsified and held per gram of sample as given by 

Padmashree et al. (1987); 

   Emulsion Capacity = X/Y x 100/1 

Where X = Height of emulsified layer; Y = Height of whole 

solution in the syringe 

 

Skin treatment (leather) 
       The procedure described by RamÓn (2016) was used by 

weighing skin and recorded, before and after salted. The 

leather was measured by using the methods introduced by the 

International Organization for Standardization (2002a, b, c; 

2006). Where the crude saponins extract obtained from the 

fruit of Balanites aegyptiaca plant were used as bio-based 

surfactant and compared with synthetic surfactant (OMO) 

using the same concentrations. The applied sequence of 

processes steps and techniques on goatskin storage and beam 

house operations were followed by these steps (Table 1). The 

hand flaying method was used by hanging, pulling a skin by 

hand and carefully used special flaying knife. 

 

Table 1: Goatskin storage and leather operations (Hauber 

and Knodler, 2008) 
Process unit Inputs 

Curing and storing (1 week) salt, cooling and drying 
Soaking (24 h) water, crude saponin extract, 

alkali 

Flashing (1 h) Cold water 
Liming and unhairing  

(24 h) 

water, surfactant (fruit extract), 

lime and alkali sulphides 

Washing after unhairing (1 h) Water 
Deliming and bating (12 h) ammomium salts, water,  

gabaruuwaa plant 

Rinsing (1 h) Water and gabaruuwaa plant 
(Acacia nilotica) 

Treatment/degreasing  

(10, 15, 20, 25 and 30 g) 

surfactant (fruit extract) and water 

 Pickling before tanning Water, salt and fungicides 

            

 

The tensile strength measurement of the leather 

For measuring the tensile strength, the leather samples were 

cut into pieces by applying a press knife capable of cutting a 

test piece with standard dimension of 110 mm to the grain 

surface, parallel to the backbone and the other one with the 

longer side, perpendicular to the backbone. 

a) Standard Test Method for Tensile Strength of Leather, 

ASTM D2209-00 and D4704 (2015), was adopted. The tensile 

strength is the force (Kg) per unit area of cross section (sq. 

Cm) required to cause a rapture of the test specimen. The 

tensile strength of the specimen was calculated using the 

following formula; 

  Tensile strength =
 Breaking load (Kg)

Thickness (cm)x Width 
 

b) Percentage elongation at break for specimen was calculated 

from the distance of the jaws after breaking had occurred; 

% Elongation at break = 

1

100

tan

tan
x

normalinjawstwotheofcedis

breakingbyincreasecedis
 

 

  

The hardness test 

The standard test methods for hardness resistance to 

scratching and pressure was adopted, used Shore Durometer 

NOVOTEST TS-A complies to: ISO-7619 and ISO-868, 

DIN53505, ASTM D2240 and JISK7215 (2018). Resistance 

to scratching and pressure. 
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Results and Discussion 

Saponin test with fresh sample in fruit of Balanites 

aegyptiaca plant 

The result showed that saponin was present in the fruit 

Balanites aegyptiaca investigated; a stable and persistent froth 

was obtained. There was an appearance of foam that persisted 

for at least 17 min. An emulsion was formed after three drops 

of olive oil was added which confirmed the presence of 

saponins in the fruit of Balanites aegyptiaca plant. Saponin 

have been reported in the fruit of B. aegyptiaca plant 

(Chapagain, 2006). In addition, steroid saponin are common 

in plants used as herbs and promoting for their health-

promoting properties (Osbourn, 2003).  

Extraction, determination and the quantification of saponin 

in the crude sample of Balanites aegyptiaca plant fruit 

However, pure saponin for 180 g of Balanites aegyptiaca 

plant fruit through Soxhlet extraction method was obtained as 

84.9%. The high amount of saponin content of Balanites 

aegyptiaca in methanol extract agreed with (Chapagain 2006 

and kime et al., 2015), who used methanol for extraction and 

reported a high percentage of saponin obtained as suitable 

solvent. The most fundamental parameters influencing the 

high production of a good quality are the types of solvent 

used, ratio of the solvents, the methods of extraction, how 

many times and the duration of extractions or depending on 

the method used (Handa, 2008).   

 

 
Plate 2: Crude saponin extract in fruit of Balanites 

aegyptiaca plant  

 

 

Characterization of crude saponin extract in fruit of 

Balanites aegyptiaca plant 

Fourier transform Infra-Red (FT-IR) measurement 

Figure 1 present FT-IR spectra of crude saponin extract in 

fruit of Balanites aegyptiaca plant. The broad band between 

3780.79 and 3409.53 cm-1 in the spectra is due to the O-H 

stretching band. Peaks at 3959.35 cm-1 and 2932.55 cm-1 and 

the small peak at 1726.15 cm-1 on the fruit extract can be 

respectively attributed to C-H overtone, and C=O stretching 

bands. The presence of saponin in the crude extract showed 

absorbance between 1054 to 1261.08 cm-1, that is C-O-C 

which indicated oligosaccharide linkage absorption to 

sapogenins. The functional groups identified in these spectra 

infer the presence of saponin in the crude extract (Mozhgan et 

al., 2014) and this can be held responsible for the foaming 

properties of the extract (Chapagain, 2006). The spectra 

obtained in this study are similar, and consistent with the one 

obtained in our previous work (Barminas et al., 2016). The 

significance of this analysis is that saponin is present in the 

crude extract of fruit using FTIR spectroscopy. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
Fig. 1: FTIR spectra of B. aegyptaica plant fruit extract 
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Table 2: Result of the GC-MS of B. aegyptaica plant fruit 

Peak RT 
Area Sum 

(%) 
Name (C:\Database\NIST14.L) Area 

1 6.745 0.05 N-Acetyl-D-glucosamine 84586 007512-17-6 46 

2 6.798 0.02 Heneicosanoic acid, isopropyl ester 

E-11-Hexadecenoic acid, ethyl ester 

trans-4-Aminocyclohexanol, N, O-dia 

219435 1000405-13-6 56 

142114 1000245-71-9 43 

64118 1000384-20-8 38 

3 7.177 1.52 4-(2-Acetyl-5,5-dimethylcyclopent-2-enylidene)butan-2-one 66042 1000195-40-7 47 

4 7.267 2.72 Phenol, 2,5-bis(1,1-dimethylethyl) 66111 005875-45-6 53 

5 7.351 0.69 Phenol, 2-methoxy-4-(1-propenyl)-Z 33412 000097-54-1 49 

6 7.389 0.48 Eugenol 33239 000097-53-0 52 

7 7.525 0.06 2-(2,5-Dimethoxyphenyl) ethylamine,PFP 166387 1000071-83-5 6 

8 7.570 0.14 Pentanoic acid, 4-methyl-2-(2,5-di methyloxazolo[5,4-d]pyrimidin-

7-yl)amino- 

137755 1000294-63-5 25 

9 8.531 0.24 cis-Vaccenic acid 

cis-5-Dodecenoic acid 

142073 000506-17-2 38 

63236 002430-94-6 38 

10 8.577 0.08 Ethyl 9-decenoate 59502 067233-91-4 53 

11 8.637 6.17 2-Dodecen-1-yl(-)succinic anhydride 

trans-13-Octadecenoic acid 

7-Octadecenoic acid, methyl ester 

115650 019780-11-1 90 

129357 000693-71-0 35 

141274 057396-98-2 35 

12 8.804 28.5 Oleic Acid 129336 000112-80-1 59 

13 8.872 0.13 11-Octadecenoic acid, methyl ester 155737 052380-33-3 3 

14 8.925 0.24 15-Hydroxypentadecanoic acid 109130 004617-33-8 60 

15 9.273 0.57 Erucic acid 

Cholestane, 4,5-epoxy-, (4.alpha., 5.alpha.)- 

175491 000112-86-7 53 

205901 006079-19-2 40 

16 9.341 0.69 7-Hydroxy-3-(1,1-dimethylprop-2-enyl) coumarin 86082 056881-08-4 56 

17 9.425 0.22 2-Octen-1-ol, 3,7-dimethyl- 28296 040607-48-5 55 

18 10.212 4.67 9-Hexadecenoic acid, methyl ester, (Z)- 117511 001120-25-8 50 

19 10.431 6.38 Tetradecanoic acid, 5,9,13-trimethyl-, methyl ester 

Tricosanoic acid, methyl ester 

Hexadecanoic acid,  methyl ester 

131323 056196-55-5 87 

195799 002433-97-8 87 

119405 000112-39-0 78 

20 10.825 2.31 cis-11-Eicosenoic acid 

cis-10-Nonadecenoic acid 

153110 005561-99-9 55 

141266 073033-09-7 55 

21 10.893 1.34 Hexacosanoic acid 236701 000506-46-7 47 

22 10.961 0.44 Cis-Vaccienic ester 186923 002433-96-7 64 

23 10.999 1.69 7,11-Hexadecadienal 90897 1000130-85-7 59 

24 11.127 29.07 Docosanoic acid 197561 000112-85-6 47 

25 11.173 1.13 12-Octadecenoic acid, methyl ester 

6-Octadecenoic acid, methyl ester, (Z)- 

141284 056554-46-2 55 

141307 002777-58-4 35 

26 11.279 0.89 7-Methyl-Z-tetradecen-1-ol acetate 117486 1000130-99-6 62 

27 11.483 10.94 cis-13-Octadecenoic acid, methyl ester 

11-Octadecenoic acid, methyl ester 

141299 1000333-58-3 99 

141290 052380-33-3 98 

28 11.771 13.03 n-Hexadecanoic acid 107548 000057-10-3 91 

29 11.862 6.87 9-Octadecenoic acid, (E)- 129349 000112-79-8 90 

30 12.081 4.66 Methyl trans-9-(2-butylcyclopenty) nonanoate l 141321 108708-61-8 81 

31 12.490 7.32 Oxiraneundecanoic acid, 3-pentyl-, methyl ester, trans- 171287 038520-31-9 45 

32 12.876 37.89 Tridecanoic acid, 4,8,12-trimethyl -, methyl ester 119429 010339-74-9 35 

33 12.952 22.83 Card-20(22)-enolide, 3-[(2,6-dideoxy-4-O-.beta.-D 

glucopyranosyl-3-O-methyl-.beta.-D-ribo-hexopyranosyl)oxy]-

5,14-dihydroxy-19-oxo-, (3. beta.,5.beta.)- 

275242 000560-53-2 30 

34 14.526 0.46 3-Octyne 5999 015232-76-5 42 

35 14.912 0.90 Eicosanoic acid 154909 000506-30-9 

36 15.147 0.58 4a.alpha.,4b.beta.-Gibbane-1.alpha10.beta.-dicarboxylic acid, 4a-f 

ormyl-7-hydroxy-1-methyl-8-methylene-, dimethyl ester 

207548 006980-45-6 53 

37 15.396 0.45 cis-11,12-Epoxytetradecen-1-ol 119231 1000130-82-5 55 

38 15.661 0.42 1,4-Dihydro-pyridine-3-carboxylic acid 130876 1000259-17-855 

39   1,3-Benzenediol, 5-methyl-2-(3,7,11-trimethyl-2,6,10-

dodecatrienyl)- , (E,E)- 

186735 006903-07-7 45 

40 17.160 0.16 22,23-Bisnor-5-cholenic acid, 3.beta.-hydroxy, acetate(ester) 232291 1000127-30-8 30 

41 17.273 0.38 Squalene  

 

 

Gas chromatograph-mass spectrometry analysis of the 

crude saponin extract in fruit of Balanites aegyptiaca (L) 

plant 

The GC-MS analysis of the crude extract of Balanites 

aegyptaica fruit revealed the presence of a total of 55 

compounds. The major compounds were 9-Octadecenoic acid 

(Z)-, methyl ester and Tridecanoic acid, 4,8,12-trimethyl-, 

methyl ester (37.89%), Docosanoic acid (29.07%), 

unsaturated fatty acid: Oleic Acid (28.5%), Card-20(22)-

enolide, 3-[(2,6-dideoxy-4-O-.beta.-D glucopyranosyl-3-O-

methyl-.beta.-D-ribo-hexopyranosyl)oxy]-5, 14-dihydroxy-

19-oxo-, (3. beta., 5. beta.)- (22.83 %), n-hexadecanoic (13.03 

%), saturated fatty acid namely: Tetradecanoic acid, 5,9,13-

trimethyl-, methyl ester, Tricosanoic acid, methyl ester, 

http://www.ftstjournal.com/


Application of Crude Saponin Extract from Balanitis aegyptiaca as… 

FUW Trends in Science & Technology Journal, www.ftstjournal.com 

e-ISSN: 24085162; p-ISSN: 20485170; August, 2021: Vol. 6 No. 2 pp. 441 – 450  

 
445 

Hexadecanoic acid, methyl ester (6.38 %), 9-Hexadecenoic 

acid, methyl ester, (Z)- (4.67%), cis-13-Octadecenoic acid, 

methyl ester 11-Octadecenoic acid, methyl ester (10.94 %) 

and 2-Dodecen-1-yl (-) succinic anhydrid (6.17%) (Table 2). 

The results of this study indicated that GC-MS profile of the 

phytochemical constituents of the extract of Balanites 

aegyptaica fruit revealed the presence of saturated and 

unsaturated fatty acid. The 2-Dodecen-1-yl (-) succinic 

anhydride and Erucic acid are the carboxylic acid anhydreds, 

which are used as the synthesis of amphiphilics-N-[C2-(dodec-

2-en-10-yl) succinoyl] (Tikhonov et al., 2008) and chemical 

modification of sago starch, via esterification (Abdul et al., 

2001). The 9-Tetradecen-1-ol, acetate, (Z)-, the main pathway 

leading to both types of sapogenins is similar and involves the 

head-to-tail coupling of acetate unites (Van et al., 2013). One 

common feature shared by all saponin is the presence of a 

sugar chain attached to the aglycon (Faizal, 2013), this is 

supported by the result obtained revealed the presence of 

sugar compounds namely: Card-20(22)-enolide, 3-[(2,6-

dideoxy-4-O-.beta.-D glucopyranosyl-3-O-methyl-.beta.-D-

ribo-hexopyranosyl)oxy]-5,14-dihydroxy-19-oxo-, (3. beta.,5. 

beta.)-. The experiment showed that the unsaturated fatty acid 

named oleic acid is fatty acid used as emulsifying agent, as an 

emollient (Yakubu et al., 2017). The cis-9-octadecanoic acid 

or cis-oleic acid that has double bond at C-9, is a principal 

acid obtained by saponification, like other fatty acid, it does 

not occur in the free state, but normally found as an ester of 

glycerol, which as a gylceride and long chain alcohol and 

carboxylic acid (Thakur et al., 2011).  

Performance tests of the crude saponin extract from 

Balanites aegyptiaca fruit 

Foam production and stability over a period of time of the 

extract from the B. aegyptiaca fruit 

Foam produced by agitation of surfactant is the metastable 

systems occurring at the liquid-air interface (Rouimi et al., 

2005). Fig. 2 present and inter-compares the foam capacity of 

the fruit extract and OMO. The extract exhibit higher foam 

capacity compared to OMO, saponin extract tends to be rising 

higher than the OMO as the concentration increases. The 

foam production and stability at 5 min for extract and OMO 

shows on the Table 3, drop from 4.5 to 4.3 cm and 5.5 to 5.2 

cm respectively at the concentration of 0.1 g/ml. The data 

indicated that crude extract has the potential to be an effective 

surfactant property, also possessed moderate detergency 

(70%). Being that the important property of surfactant 

substances in aqueous solution is their ability to promote the 

formation of foams and bubbles. The study showed that, high 

quality thick foam was produced by crude extract solution as 

was observed during the experiment, this can be attributed to 

the saponin content of the extract and variation in such factors 

as the critical micelle concentration (CMC) and also specific 

molecular features of the, ionic strength and pH of the 

surfactant solutions (Tamura et al., 2006).  

 

Table 3: Present the foam production and stability of fruit 

extract and OMO at different concentration 

Concentration  

(g/ml) 

Initial foam  

height (cm) 

Foam stability  

at 5 min 

fruit extract  

(F extract) 
OMO 

Fruit  

extract 
OMO 

0.1 4.5 5.5 4.3 5.2 

2.0 6.6 6.0 5.3 5.5 

3.0 7.5 7.0 7.2 6.8 

4.0 8.0 7.8 7.2 7.0 

4.5 8.5 8.3 8.0 8.0 

 

 

 
Fig. 2: Foam production and stability using different 

concentrations of the surfactant solutions at 5 min 

 

 

 
Fig. 3: Foam production and stability for 3 g of 

surfactants at of temperature 29oC with time (hrs) 
 

From the study, Fig. 3 illustrated 3 g of surfactant solutions in 

100 ml for fruit extract and synthetic surfactant (OMO), it was 

observed that at the hour of 7 and 8 the extract disappeared 

leaving the compare surfactant. This observation may be 

attributed to their physical and bubbled formation of the 

surfactants. Although the foam produced by the extract is 

much thicker and small bubbles than OMO. Agu (2013) 

reported that small bubbles will disappear with time, and the 

foam will tend towards a structure of nearly large bubbles. 

This may one of the major reason of crude extract 

disappearing earlier from the hrs of 7 and 8 than OMO. The 

production of thicker foam observed in extract during the 

experiment may due to its crude nature and absence of 

formulation like stabilizer, builder, etc. The foam stability of 

the synthetic surfactant (OMO) shows gradual decreased 

sharply from the first one hour and finally stable from 6, 7 and 

8 hrs.  The results obtained competes favorably with the 

(OMO) which shows good quality of foam production 

throughout the experiment,  

Emulsion formation/capacity of the crude saponin extract 

from of B. aegyptiaca fruit 

Figure 4 present and compare the emulsion capacity of 2 g of 

B. aegyptiaca fruit extract and OMO as function of time. With 

this observation, the emulsion formation/capacity of the 

extract shows good emulsion (98.3 to 55.0%), which shows 

higher and better compared to OMO (98.0 to 40%) within the 

hrs of 1 to 48 h, respectively. This can be attributed to a 

quantitative presence of saponin in B. aegyptiaca fruit extract, 

as saponin has been reported by Barminas et al. (2016) to be a 

good emulsifying agent. Fig. 5 present and compare the 

emulsion capacity of 5 g of B. aegyptiaca fruit extract and 

OMO as function of time. The emulsion capacity of B. 

aegyptiaca fruit extract (92.5 to 35.2%), which is still 

correspondingly higher than that of OMO (92.0 to 34.3%) 

within the hrs of evaluation from 1 to 48 h, respectively. 

Although, the emulsion capacity at this higher concentration 
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(5 g) is higher compare to 2 g, but equate with OMO within 

5th and 9th hrs. This concurs with the report by Kamba et al. 

(2013) that at low soap and detergent concentration, rapid 

coalescence among the inner and outer droplets to inner phase 

occurred, resulting in separation within a short period of time. 

This further indicates the diminishing emulsion capacity and 

stability with increase in the concentration of B. aegyptiaca 

fruit extract. 

 

 
Fig. 4: Emulsion capacity (%) versus time (hr) for 2 g of 

crude saponin extract and OMO solutions 

 

 

 
Fig. 5: Emulsion capacity (%) versus time (hr) for 5 g of 

crude saponin extract and OMO solutions 

 

 

Skin treatment (Leather)  

Flayed goatskin, salted and dry skin 

Plates 2 presents flayed goatskin, salted and dry skin. Skin 

and leather characteristic of goat was study in relation to it age 

and sex. The random selected skin from goat reared in Geiri 

Adamawa state, Nigeria was weighed. The method of 

preservation was used based on varies, depending on the 

climate and environment ranging from simplest method of 

drying using salt instead of more expensive freezing method. 

 

 

 
Plates 2: Flayed male goatskin, salted (A) and dry (B) ready for processing into parchment. 

 

 

 
Plates 3: Parchment from male goatskin to remove excess fat (A), and finished leather (B) 

 

 

Parchment from goatskin and finished leather 
Plates 3 representing the areas of interest were the physical 

changes due to the manufacturing processes involved in 

converting the skin into parchment and leather. To obtain a 

useful material, the removal of hair, fats has been treated with 

crude extract. This research has used previous methods of 

leather production in the literature on the uneven thickness of 

goat skin to make it even. This is a dedication to the 

improvement of leather quality using natural products. Plate 3 

shows Parchment from goat skin and dry leather shows 

different physical characteristics and most notably the colour 

of wet leathers which changed upon drying. 

Influence of the fruit extract at different concentrations on 

degreasing efficacy 

As a preliminary trial for checking the possible efficiency of 

bio-surfactants we checked the emulsion of a leather grease 
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sample from male goatskin supervised in a household of a 

farmer in Girei Local Government Areas. The sample of 

saponin extract from the fruit of B. aegyptiaca was compared 

with synthetic washing agents (OMO), which are normally 

applied in tannery industry. The test was done with the same 

amounts of surfactant, using 10, 15, 20, 25 and 30 g/ml per 

11.5 cm heights and 1.5 cm width of leather under of 

temperature of 250C (770f). The optimal pH emulsifying 

efficacy of the surfactants was usually range from 5 and 6. 

Plates 4 below shows physical appearance observed which 

was taken within 32 h. The extract samples were superior in 

emulsion and whiteness efficiency as compared with the 

OMO (synthetic product). The removal of dirt and fat is 

increased by increasing the surfactants concentration extract 

and OMO. An approximate water content of 60-80% at the 

beginning of degreasing was used, the higher the 

concentration of the saponin (10, 15, 20, 25 and 30 g), the 

greater the efficacy of the leather which treated to preserve a 

quality and natural beauty. And also the higher the 

temperature the better the appearance and whiteness of the 

finished leather obtained which shows in Plate 5 below. B. 

aegyptiaca fruit used to treat leather differently were yellow-

brown when wet but turned different colours after drying, the 

controlled sample showed a brown colour and synthetic 

surfactant became dark brown when dry (10 g and 30oC), 

respectively. 

 

 

 
Plate 4: Treated goatskin (male) leathers using different concentration (g/ml) of fruit extract from B. aegyptaica at 28oC, 

compared with OMO  

 

 

 
Plate 5: Treated goatskin (male) leathers using different temperature (oC) of Fruit extract from B. aegyptaica at optimum 

concentration of 30 g/ml, compared with OMO 

 

 

 
Plate 6: Image representing the uses of male goatskin 

treated with crude saponin extract of B. aegyptiaca fruit 

 

 

Determination of tensile strength and percentage elongation 

The effect of extract from Balanites aegyptiaca fruit on 

tensile strength and compared with OMO 

Tensile strength or fracture stress of tanned leather is the 

stress required to fracture a test specimen of specified 

thickness, fibre orientation and location on the skin (Dennis, 

2016). Tensile strength is the ability of a material to withstand 

a longitudinal pulling force. The results of the measurement of 

tensile strength on the leathers treated with crude saponin 

extract are given at Figs. 6 and 7 below. Each figure represent 

different measurement based on the two parameters 

(concentrations and temperature). The machine used was 

Monsanto Tensometer type ‘w’, serial number 9875, made in 

UK.  
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Figure 6 show that as concentrations increases, the tensile 

strength decreases, because the removal of fat is increased by 

increasing the surfactant concentration, the higher the 

concentrations of the saponin, the greater the degreasing 

efficacy of the leather and lower the tensile strength. This 

agreed with RamÓn (2016), that tensile strength decreases 

with decreasing fat content of the leather. At concentration of 

30 g/ml tensile strength decreases to 23 and 28 N/mm3 for 

fruit extract and OMO, respectively. UNIDO standard 20 

N/mm3 for tensile strength (Mehmet et al., 2016), the same 

results can meet or fail the quality standards depending on the 

parts of the plant and different locations. It was observed that 

tensile strength is higher when the treatment on samples are 

not properly effective on the leather because of the fats or 

protein based fibrillary network which consists mainly from 

collagen (Mehmet et al., 2016) and decrease gradually as the 

concentrations and temperature increase (86.67 to 23 N/mm3 

and 86.98 to 28 N/mm3), at concentration of 10 to 30 g/ml, 

respectively. Figure 7 indicated that, as the temperature 

increase from 30 0C to 50 0C, the tensile strength of leather 

decreases from 86.67 to 21 N/mm3 and 86.98 to 24 N/mm3 for 

saponin extract and OMO, respectively. Garad tanned goat 

skins recorded a tensile strength of 23.5 N/mm2 and Bureau 

of Indian Standards (BIS) sets the value at 19.6 N/mm2 (Musa 

and Gasmelseed, 2013). Kenya Bureau of Standards (KEBS) 

has also documented a minimum standard of 15 and 6 N/mm2 

for leather uppers and linings, respectively (KEBS, 2012). 

 

 
Fig. 6: Tensile strength at different concentration of 

sample in g/ml at a temperature of 28ºC 

 

 

 
Fig. 7: Tensile strength at different temperature of sample 

in g/ml at optimum concentration of 30 g/ml 

 

 

 
Fig. 8: Elongation (%) at different concentration of 

sample in g/ml at a temperature of 28ºC 

 

 

 
Fig. 9: Elongation (%) at different temperature of sample 

in g/ml at optimum concentration of 30 g/ml 

 

 

The effect of crude saponin extract of B, aegyptiaca fruit on 

the elongation at break (%) and compared with synthetic 

surfactant (OMO) 

Elongation at break known as fracture strain is the ration 

between change length and initial length after breakage of the 

test specimen (Petroudy, 2017). It expresses the capability of 

natural material to resist change of shape without crack 

formation. Fig. 8 show the elongation (%) at various 

concentrations (10, 15, 20, 25, 30 g) of fruit extract and OMO 

at temperature of 28ºC.  the results increases from 72, 84, 86, 

102, 103% and 82, 84, 86, 102, 103%, respectively. Although 

in a tensile test, leather will generally extent to between 30 to 

120% before rapture (Yu et al., 2010) in which the results 

observed are fall within this range.   

Figure 9 shows the percentage elongation at break values of 

the extract and compared with OMO. At optimum 

concentration of 30 g, a percentage elongation of 90, 90.5, 

92.4, 102, 110.4% was obtained for crude saponin extract 

which is higher when compared with OMO has values of 

81.5, 78, 81.6, 102, 103% at temperature of 30, 35, 40, 45, 

500C, respectively. This is in agreement with the KEBS 

minimum standard value at 30 % for leather intended for 

manufacture of linings and highest at 80% (KEBS, 2012). The 

relaxation time increase as the length of the time increased 

(Yu et al., 2010). 

The effect of saponin crude extract of B. aegyptiaca fruit on 

the hardness of the leather and compared with synthetic 

surfactant (OMO) 

Leather can be classed by hardness, ranging from hard leather 

for shoe soles to soft leather for fashion accessories. From 

tanners’ experiences it is believed that each precise step can 

influence the final texture of leather (Yu et al., 2010).   
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Figure 10 present the values of crude saponin extract of 

Balanites aegyptiaca fruit on the effect of hardness of male 

goatskin leather.  At the concentration of 10, 15, 20, 25 and 30 

g the values decrease from 84.67, 84, 82.33, 78.67, 58.9 shore 

A and 90.67, 88, 81.67, 77.5, 56.8 shore A for fruit extract 

and OMO solutions, respectively. Generally, the essence of 

leather making is to remove substances which are not needed, 

but preserve and crosslink the collagen fibres within the main 

constituent of leather. The smaller the size of the dispersing 

particles in the emulsion, the softer is the leather (Yu et al., 

2010).  

 

 
Fig. 10: Hardness test at different concentration (g/ml) 

 

 

 
Fig. 11: Hardness test at different temperature (oC) 

 

 

Figure 11 present the hardness test at different temperature 

(oC), likewise the values decrease as the temperature increase 

from 30 to 50oC. The extract was compared with synthetic 

detergent at optimum concentrations of 30 (g/ml), it decreases 

from 88, 86.33, 80.33 70.33, 63.33 shore A and 90.67, 83.33, 

80.33, 70.33, 56.8, respectively. In both Figs. 10 and 11, the 

value of OMO tend to be higher than extract. Yu et al. (2010) 

reported that materials generally with less elongation tend to 

be stiffer than those with more elongation.  Hardness may be 

defined as a material’s resistance to permanent indentation.  

 

Conclusion 

Based on the above results, the Balanites aegyptiaca fruit 

grown in Demsa LGA may be a very useful source of surface- 

active agent compounds for treating leather from goatskin. 

Saponins contents in the fruit was high based on the extraction 

result, and saponins in Balanites aegyptiaca plant have been 

extensively used as detergents, foaming and surface-active 

agents. The foaming activities of the crude extract (crude 

aqueous) showed higher and better when compared with 

synthetic surfactant (OMO). The FT-IR revealed the presence 

of –OH, indicates the presence of phenolic that a class of 

chemical compounds consisting of a hydroxyl group bound 

directly to an aromatic hydrocarbon or may likely to be 

furostanol saponin which has been reported by Iorizzi et al. 

(2002) having monodesmosidic Sugar moites. The C-O-C 

absorption indicated glycoside linkage to the sapogenins. 

Comparison at different concentration and temperature of 

crude extract and synthetic surfactant (OMO) on the tensile 

strength and elongation showed that, emulsifying properties of 

the crude extract improves with increased in concentration of 

the extract. Further studies are highly emphasized in order to 

isolate and identify the type of saponin present. 
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