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   Abstract   

Pectinases are one of the most used enzymes in food industry. Enzymes are widely used to improve upon process 

parameters such as product yield and rate of product formation. Such biotechnological applications are not 

currently exploited by industries in Ghana. The objective of the study was to determine the efficacy of locally 

produced pectinases from S. cerevisiae and other commercial enzymes in the extraction processes of shea 

butter. The crude pectinase was produced using corn cobs as a substrate and the microorganism 

Saccharomyces cerevisiae ATCC 52712 in a solid state fermentation process. The crude pectinase had optimal 

protein concentration of 7.00 mg/ml with enzyme specific activity of 0.86 u/mg. The commercial enzymes were 

Viscozyme L (beta endo- 1, 3 (4)-glucanase activity with declared activity of 100 FBG/g as well as side activities 

of xylanase, cellulase and hemicellulases) and Pectinex 5XL (polygalacturonase activity with declared activity 

of 4500 PECTU/ml as well as arabinase side activity). The application of the crude pectinase gave an optimum 

oil recovery of 44.00 % with an enzyme dosage of 1.20 % while commercial Pectinex and commercial 

Viscozyme gave their optimum oil recovery of 58.60 % and 72.00 % respectively at enzyme dosages at 0.80 %. 

These results indicate the possible use of crude pectinase to improve shea fat extraction processes in Ghana if 

the enzymes are made available.  

 

Keywords: Aqueous extraction, crude pectinase, corn cobs, Saccharomyces cerevisiae, solid state fermentation  

 

Introduction  

Shea butter is a fatty extract from the seed of the shea nut [1] and has approximately 50.00 % (w/w) of 

poly unsaturated fatty acids (PUFA) consisting of oleic (40.80 %), linoleic acid (6.90 %) and linolenic acid 

(1.60 %), and a degree of unsaturation of 0.59 % [2,3]. The shea tree, formerly Butryospermum paradoxum, 

now called Vitellaria paradoxa, is a wild plant and populates the dry Savannah belt of Senegal in the 

Western part of Africa through Sudan to the foothills of the Ethiopian highlands [4]. In Ghana, shea trees 

are commonly found in the Upper East, Upper West and the Northern Regions. Shea butter is obtained from 

the dried kernel of the shea nut and is usually seen as the major occupation of majority of the women in 

these regions. It is estimated that more than 600,000 women depend on the income from the sales of shea 

butter and its related products [5].  
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The vegetable fat of shea nut is second in importance only to palm oil in Africa [6]. The fat is the source of 

edible oil for majority of the people in Northern Ghana and therefore the most important source of fats and 

glycerol in their diet [7].   

The extraction of shea fat is done by one of two extraction methods broadly described as traditional or 

modern. The traditional method of extraction is the preferred choice of most shea butter industries in 

Ghana. This method of shea butter production encompasses many manual unit operations. Each of these 

units apparently has some problems which renders the whole process tedious and laborious. To address 

this situation, researchers have identified the application of enzymes in the production of oil from oilseeds 

as an alternative and environmentally friendly technique for overcoming these challenges [8, 9]. Enzymes 

are the largest class of proteins and are catalysts that accelerate the rates of biological reactions [10].   

Enzyme reactions may often be carried out under mild conditions; they are highly specific and normally 

have no side effect. The use of enzymes has emerged as a novel and an effective means to improve the oil 

yield in cold pressing and aqueous extraction techniques [11] and it has been reported by many 

researchers; for instance Fullbrook [12] in his earlier work reported on soybean and rapeseed; Buenrostro 

and LopezMunguia [13] on avocado; McGleone et al. [14] on coconut and Cheah et al. [15] on palm oil. 

These studies revealed that treatment of the oil bearing seeds with some enzymes after mechanical milling 

degrades the cellular structure of the material.  Commercial enzymes which have been used for edible oil 

extraction are cellulase, protease, glucanase, amylase, hemicellulases and pectinases [11, 16, 17].   

The use of such commercial enzymes in the shea oil industry in Ghana will be difficult due to the cost 

involved in acquiring and maintaining the activity of the enzyme as a result of frequent power fluctuation 

in the country. The alternative approach therefore will be to produce the enzyme locally and make it 

available to the shea industry on demand. Pectinase enzyme activities from S. cerevisiae (ATCC52712) have 

been utilized effectively in fruit juice extractions [18] and cassava starch extraction [19]. It is therefore 

attractive to investigate into the use of locally produced pectin enzymes in the shea butter industry to 

improve the technology of shea butter production in Ghana.  

Materials and Methods  

2.1 Sources of Materials  

Corn cobs were obtained from Ahomaso a suburb of Kumasi-Ghana. Dried shea kernels were obtained from 

New Vision Shea Village in Nakolo, a suburb of Kasena-Nankana in the Upper East Region of Ghana. S. 

cerevisiae (ATCC 52712) was obtained from American Type Culture Collection, Maryland, USA, and had 

been maintained on agar slants in a freezer.  

2.2 Preparation of Samples  

The corn cobs were washed, dried, milled using a hammer mill into an average particle size of 0.3 mm and 

then autoclaved at 121 0C for 15 min. The dried shea kernels were first roasted at an oven temperature of 

120 0C for 1h and were cracked using a cracking machine. The cracked kernels were further milled into a 

fine paste using the ordinary corn mill. Samples of this were used in the oil extraction studies   
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2.3 Culturing of S. Cerevisiae for Pectin Enzyme Production  

S. cerevisiae (ATCC 52712) were pre-cultured in malt extract broth for 3 days at room temperature in a UV 

sterilized room to a cell density of 5.25x107 cells per milliliter prior to inoculation. A 250 ml Erlenmeyer 

flask served as the containment for the solid state fermentation. Ten ml solution of NaCl (0.3 g), NH4SO4 

(1.4 g), Na3PO4 (2.0 g) and urea (0.3 g) were added to 20 g of milled corn cob in the Erlenmeyer flask and 

inoculated with 10 ml of S. cerevisiae cell suspension (5.25x107) and the moisture content  adjusted from 

40 % to 80 %.  

The resulting media were incubated at 30 C for 9 days and cell growth was monitored. The enzymes were 

extracted from the fermented medium by adding 100 ml of sterilized acetate buffer (pH 5.0), filtered and 

then centrifuged at 4000 rpm for 15 min. The supernatant obtained was then used as the crude enzyme 

solution. The total protein content and pectin enzyme activity of the extract were determined, respectively, 

by the methods of Gornall et al. [20] and Jecfa [21]. This assay method is based on the hydrolysis of pectin, 

the resulting galacturonic acid being determined spectrophotometrically at 235 nm. One unit of pectinase 

(PTA) causes an increase of 0.010 of absorbance per minute under conditions of the assay (Pectin 0.5 % 

and pH 5.8 and 30 0C).  

  

2.4 Effects of treatment conditions  

The effects of pH, enzyme dosage, temperature, hydrolysis time, and water to seed ratio were determined. 

Single factor experiments were done using the following factor levels: temperature 20 0C, 30 0C, 40 0C, 50 
0C, 60 0C and 70 0C with a magnetic stirring hot plate and the extraction was carried out at different time 

intervals of 30, 60, 90,120 and 150 min. For each run, 50 g of the ground kernel were mixed to get water 

to seed ratios of 2:1, 4:1, 6:1 and 8:1. The effect of pH was studied at five different pH levels: 3, 4, 5, 6, and 

7. for each trial. Five different enzyme dosages 0, 20, 40, 60, and 80 mg (total protein) were used to evaluate 

the effect of enzyme concentration on the oil yield during EAAE.  

2.5 Proximate Composition of Oilseed Residues  

After oil extraction, the residue was analyzed for protein, fiber, and ash contents. Physico-chemical 

Parameters of Oils such as Iodine value, free fatty acid (FAA), density, unsaponifiable matter, peroxides 

and saponifiable values of the control and enzyme-extracted oils were determined by various standard 

methods [22].    

Results And Discussion  

Protein concentration and pectinase activity profile during fermentation are shown in Fig. 1. An increase 

in both protein and enzyme activity was observed from the 2nd day of fermentation, reaching a peak by the 

4th day and thereafter began to decline. Enzyme activity was totally lost by the 8th day of fermentation while 

the protein concentration reached the minimal level by 12 days of fermentation.  
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Figure.1: Changes in concentration of protein and pectinase activity produced by Saccharomyces 

cerevisiae with fermentation time.  

Specific activity gives a measurement of enzyme purity in the mixture. It is the amount of product formed 

by an enzyme in a given amount of time under given conditions per milligram of total proteins. Specific 

activity is a measure of enzyme purity. The value becomes larger as an enzyme preparation becomes more 

pure, since the amount of protein (mg) is typically less, but the rate of reaction stands the same or may 

increase due to reduced interference or removal of inhibitors [23].  

The specific activity for the various pectinase activities was calculated. The specific activity curve as shown 

in Fig. 2 followed the shape of the pectinase activity curve. It was also at its peak on the fourth day.  

  

  
Figure 2: Changes in pectinase activity and Specific activity produced by Saccharomyces cerevisiae with 

fermentation time  

Most crude enzymes usually may have low specific activities due to the fact that they have not been 

purified. In our work, the peak specific activity (S.A) was as low as 0.130 U/ml. The fourth day gave the 

highest pectinase activity and therefore was obvious that the same day may give the highest specific 
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activity. In a similar work reported by Dzogbefia et al. [19], had a low specific activity of 0.62 U/ml extract. 

These therefore support our findings that crude pectinases usually give low specific activities.  

3.1 Stability of protein and enzyme activity on storage   

Based on the results shown in Fig. 2, subsequent enzyme productions were carried out for 4 days of 

fermentation. The stability of the protein and enzyme was monitored by storing the crude preparation in 

refrigerator at 8 oC. The protein concentration and enzyme activity of the crude pectinase was measured 

on weekly bases for four weeks. The protein concentration remained unchanged (7.0 mg/ml) for the first 

two weeks, after which it declined to 5.0 mg/ml on the twenty first day, and further reduced to 3.0 mg/ml 

by the twenty eighth day (Fig. 3).   

 
Similarly the activity of the crude pectinase was the same from the first day of production to the second 

week; the enzyme activity began to decline after the second week. No activity was observed after the fourth 

week of storage (Fig. 4).  

  

 
From Fig. 4 it was observed that the crude pectinase activity was not effective after 14 days of production, 

thus the enzyme should not be stored over a long period of time. One of the common practical problems 

  
Fig ure  3:   Stability of protein concentration of enzyme extract on storage   
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Fig ure   4:   Stability of enzyme extract during storage   
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facing an enzymologist is the loss of enzymatic activity in a sample due to enzyme instability [24]. Enzymes, 

like most proteins are prone to denaturation under many laboratory conditions and specific steps must be 

taken to stabilize these macromolecules as much as possible [25]. An enzyme can be maintained in stable 

conditions for several days at 4 °C, however, it should be used in smaller quantities to prevent denaturing 

[24].   

3.2 Oil Extraction of shea seeds during Enzyme-Assisted Aqueous Extraction (EAAE)  

3.2.1 Effect of water/seed (w/s) ratio on oil recovery  

The effect of water/seed ratio (w/s) on oil recovery was also investigated. The optimum water to seed ratio 

was found to be 4:1 for crude pectinase, Pectinex and Viscozyme and that of the control was found to be 

2:1 (Fig. 9).  At a higher w/s ratio (8:1), the viscosity of the mixture decreased. This made it difficult to 

maintain mixture homogeneity and this decreased the oil recovery. In the present study, a w/s ratio of 4:1 

was found to be adequate for this process when enzymes were applied. The amount of water added during 

the treatment affects the oil recovery. The low water/seed ratio of 2:1 of the control experiment may be 

due to the fact that, kneading is best done with little water and more water would not give enough fat 

suspension. The application of enzymes may need enough water for the enzymes to work effectively; this 

might be attributed to the reason why more water was needed in the case of the enzyme extraction 

processes. Buenrostro and Lopez-Munguia [13] reported a maximum yield of avocado oil  with a 5:1 w/s 

ratio, while for coconut the best yields was  at  4:1 w/s ratio [35]. Tano-Debrah and Ohta [31] also reported 

that the maximum yield of coconut oil and shea kernel was 4:1 w/s which is consistent with the results of 

this study.  

 
  

3.2.2 Effect of pH on oil recovery  

Fig. 5 shows the effect of pH of the extraction medium on oil yield during EAAE.  The pH range of 4-6 was 

found to be generally suitable in the present study.  Crude Pectinase and commercial Pectinex exhibited 

maximum activity at pH range of 4 to 6 whereas Viscozyme and the control showed maximum activity at 

  

  
Figure 5:   Effect of water seed ratio on oil recovery from shea seeds.   
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pH of 6.0. In earlier extraction trials at unmodified pH 5.4 of the dissolved meal, yield was persistently high 

and closer to that at pH 6.0 which is the optimum pH of the control. In subsequent experiments, therefore, 

pH adjustments were not made. This also suggests that in such aqueous extraction processes without the 

use of commercial enzymes, pH adjustments may not be necessary. Very high and low pH’s can result in 

higher viscosity due to cell degradation [26]. This makes it more difficult to separate solid-liquid phase by 

centrifugation which results in decrease in the oil yield. It may also result in deterioration of oil quality 

through saponification [27] and cause several changes to the amino acids, such as the formation of 

lysinoalanine and lanthionine [28].  

 
3.2.3 Effect of enzyme dosage on oil recovery  

Fig. 6 illustrates the effect of enzyme dosage on oil yield from shea seeds. The optimum enzyme dosage for 

crude Pectinase was 1.20 % while commercial Pectinex and commercial Viscozyme were found to be 0.80 

%. It has been observed that the oil yield increases with little increment in enzyme dosage [29]. The high 

enzyme cost associated with high enzyme dosage is a major obstacle for the economy of the process. 

Depending on the enzyme and the experimental conditions, different oil yields were obtained. Previous 

studies showed that only 0.02 % of the local pectinase was the dosage required for optimal pineapple juice, 

pawpaw juice and cassava starch extraction [18, 19, 30]. Thus the high dosage of 1.20 % observed for shea 

fat extraction could be attributed to the cell wall structure of the shea kernel.  

  

  
Fig ure   6 :   Effect of pH on oil recovery from shea seeds during EAAE.   
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Enzyme mixtures were found to be more effective than the single enzyme crude pectinase used as shown 

in Fig. 6. Tano-Debrah and Ohta [31] also examined combined enzymatic effects of acid protease, cellulase, 

hemicellulase and glucanase, and Sumizymes LP (protease), cellulase and hemicellulase and obtained 

recoveries of 74.1 and 72.7 % for the extraction of shea and cocoa fat, respectively. A 70.0 % recovery 

during aqueousenzymatic extraction of sunflower kernel oil was obtained by using a combination of 

cellulase and pectinase (Novozymes) [32].   

3.2.4 Effect of shea meal hydrolysis time on oil recovery  

The effect of hydrolysis time on EAAE is shown in Fig. 7. It can be seen that hydrolysis time beyond 30 min 

had appreciable effect on oil recovery, but the oil yield decreased after 2.5 h. As evident in Fig. 7, an increase 

in the incubation time from 1.5 h to 2.5 h did not improve oil yield. It can be seen that oil yields increased 

slightly when extraction time increased. The maximum oil yield for crude Pectinase and commercial 

Pectinex were observed at hydrolysis time of 90 min and that of Viscozyme and the control gave their 

  
Fig ure   7 :   Effect of Enzyme Dosage on Oil Recovery from shea seeds during EAAE .   

           
Fig ure   8 :   Effect of shea meal hydrolysis time on  oil recovery from shea seeds.   
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maximum yield at 60 min of hydrolysis. Kim [33] reported 30 min period as an optimum time for palm oil 

extraction, and 40 min period for extracting both soybean oil and protein [34].   

3.2.5 Effect of temperature on oil recovery from shea seeds  

The effect of temperature on oil yields during EAAE is shown in Fig. 8. When the extraction temperature 

was raised from 30 to 50 oC, the oil yield increased significantly. All the enzymes gave maximum oil 

recovery at 50 oC. No enhancement in the oil yield was observed above 50 0C. At high temperatures it was 

difficult to maintain homogeneity during extraction and this resulted in protein denaturation. Therefore, a 

temperature range of 40-50 oC was deemed to be satisfactory for the extraction. Temperature exhibits 

considerable effect on oil yields from different oilseeds during hot water floatation method [44]. Lusas et 

al. [34] reported that the temperature is critical for oil extraction from soybeans during aqueous extraction 

process.  

They observed maximum oil recovery between 40 oC  

 

 
Optimum conditions  

  
Fig ure   9 :   Effect of temperature on oil recovery from shea seeds.   

3.2.6   Oil recovered after optimization of all parameters   

  
Figure   10 :   Performance of crude pectinase verses commercial enzymes in shea fat extraction under    
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The enzyme pre-treatment appreciably increased the oil yields at optimized set of experimental conditions 

as shown in Fig. 10. Viscozyme gave the highest amount of oil recovery of 72.00 % followed by Pectinex 

which gave 58.60 %. The oil recovered by the application of the crude pectinase was significantly (P ≤ 0.05) 

different from that of the control. The crude pectinase gave 44.00 % oil recovery while that of the control 

was 40.00 %. Enzyme mixtures offered higher oil recovery due to their combined effect on colloidal and 

lipoprotein seed structures [36]. This can be attributed to the presence of several potent components in 

these enzyme mixtures, e.g. arabanase, cellulase, β-glucanase, hemicellulase, xylanase and pectinase (in 

Viscozyme), and polygalacturonase activity as well as arabinase side activity in Pectinex. Similar results in 

this study have also been reported by Hernandez et al. [37] for rice bran.   

In agreement to the results in this study, enzyme mixtures were found to be more effective than the single 

enzyme. Tano-Debrah and Ohta [31] also examined combined enzymatic effects of acid protease, cellulase, 

hemicellulase and glucanase, and Sumizymes LP (protease), cellulase and hemicellulase and obtained 

recoveries of 74.1 and 72.7 % for the extraction of shea and cocoa fat, respectively. A 70.0 % recovery 

during aqueous-enzymatic extraction of sunflower-kernel oil was obtained by using a combination of 

cellulase and pectinase (Novozymes) [32]. The palm mesocarp was treated with cellulase preparation and 

57.0 % palm oil was recovered during the aqueous process [38]. Lanzani [39] reported peanut oil yields of 

74.0-78.0 % by aqueous extraction using protease, cellulase, and α-1,4-galacturonide glycano hydrolase as 

compared to the control (72.0 %). Olsen [40] utilized pectinase, cellulase, and hemicellulase combinations 

to degrade rapeseed during aqueous extraction process. By using cellulolytic enzymes on steamed 

rapeseed flour, 35.0 % of the oil was extracted [41]. Dominguez et al. [32] observed an enhancement up to 

30.0 % in the sunflower oil recovery during aqueous extraction by using mixtures of cellulase and 

pectinase. A carbohydrase complex was found to be the most effective enzyme when a group of commercial 

enzymes were utilized for aqueous extraction of corn germ oil [42]. Similarly, 80.0 % oil recovery has been 

reported by using a commercial carbohydrase complex in the aqueous process of rapeseed [43]. The low 

effect of the crude pectinase can also be due to the fact that this has not been purified in any way and thus 

the Specific Activity was as low as 0.130 U/ml.  

3.3 Comparison of the Quality of Extracted Shea Butter and Residues   

3.3.1 Proximate composition of shea butter  

Table 1 shows comparison of proximate composition of Enzyme-assisted Aqueous Extracted Shea butter. 

The commercial enzyme-assisted aqueous (EAA)-extracted oil yield was found to be significantly (P < 0.05) 

higher than the control (without enzyme) and the use of crude Pectinase. The oil yield obtained by the 

application of the crude Pectinase was also found to be significantly (P < 0.05) higher than the control. 

Pectinex and Viscozyme were found to be the most efficient enzymes for shea oil recovery from shea kernel 

seeds, offering 36.40 %, and 45.00 % respectively. Crude protein content from the residue of the 

application of the  

Pectinex and Viscozyme are very close (12.98 % and 12.06 %), but higher than that of the control and the 

crude enzyme. Protein was significantly (P ≤ 0.05) different from one residue to the other as shown in 
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Table 1.The highest protein in the aqueous phases of shea seeds was extracted with Pectinex and 

Viscozyme and this could be due to the fact that they are commercial enzymes with high enzyme activities.  

No significant (P > 0.05) variations were observed for the fiber and ash contents among enzyme-treated 

and control oilseed residues.  The statistical analysis of the crude fibre content indicated that it was not 

different (P ≥ 0.05) across the various residues. The crude fibre content ranged from 19.82 from residues 

extracted using Pectinex to 22.13 from the residue of the control.   

The total ash content presented in Table 1 did not vary significantly among samples across the residues. 

The total ash content ranged from a minimum of 1.61 % with the control and a maximum value of 2.20 % 

with residue from Pectinex. The total ash content was statistically (p ≥ 0.05) not different between the 

residues from the application of different enzymes although it was higher in the residue of the Pectinex.  

Table 1: Comparison of Proximate Composition of Enzyme-assisted Aqueous Extracted Shea butter  

  

  

Control (%)  Local Pectinase 

(%)  

Commercial 

Pectinex (%)  

Commercial  

Viscozyme (%)   

Oil content  25.33± 1.40 a  26.43 ± 0.38 b  36.35± 1.02 c  44.52± 0.63 d  

Protein content  10.54± 0.49 b  10.46 ± 0.49 b  12.98± 0.47 a  12.06 ± 0.31 a  

Fiber content  22.13 ± 0.32 a  20.78 ± 0.19 bc  19.817 ± 0.64 c  21.38 ± 0.77 ab  

Ash content  1.61 ± 0.13 b  1.88 ± 0.13 b  2.20 ± 0.26 a  1.75 ± 0.05 b  

*Values are mean ± SD, calculated as percentage on dry seed weight basis for three shea kernel seed 

samples for each enzyme, analyzed individually in triplicate. Mean values in the same row followed by the 

same superscript letters are not significantly different (P > 0.05)  

  

  
3.3.2 Physicochemical characteristics of oils  

Various physical and chemical parameters were investigated on the oil obtained from the extraction  

Using the various enzymes and the control as shown in Table 2.   

Table 2: Comparison of Physico-chemical Properties of Enzyme-assisted Aqueous Extracted Shea butter 

Values are means of duplicate ± standard deviation.  The superscript showed that at P < 0.05, a significant 

difference exists. Means within each column that do not share a letter are significantly different. FFA, free 

fatty acid, PV, peroxide value, SMP, sample melting point, UM, unsaponifiable matter content.  

There were no significant (P > 0.05) differences for the moisture, density, and sample temperature values 

between the crude enzyme-assisted-extracted oils and the commercial enzyme assisted extracted oil. The 

level of free fatty acids was found to be significantly (P < 0.05) higher in all the enzyme-extracted seed oils 

as compared to the control. This increase in the free fatty acids may be attributed to the longer hydrolysis 

time and enzymatic effect during the Enzyme-Assisted Extraction.  
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Conclusions  

The study showed that crude pectinase, produced from the fermentation of corn cob using Saccharomyces 

cerevisiae can be used to extract shea fat, but not as efficiently as combination of enzyme mixtures. 

Whereas commercial enzyme mixtures required 0.8 % dosage for optimal yield, the use of crude pectinase 

alone was at a dosage of 1.2 % for optimal results.  

With the exception of free fatty acids and peroxide value, enzyme treatment has no significant effect on the 

physic-chemical properties of the butter.  

The application of enzymes released protein in the aqueous extraction processes, it is therefore very  

Important that crude enzymes are produced and applied in the shea fat extraction processes.  
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