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ABSTRACT 

Lipoxygenase (LOX) is an enzyme that catalyses the step-wise oxygenation of polyunsaturated fatty acids 

(PUFAs) to form fatty acid hydroperoxides within living tissues. In the present study, lipoxygenase was 

isolated from defatted and whole (full fat) conophor nut (Tetracarpidium conophorum) and purified to 

homogeneity using 60% ammonium sulphate precipitation, DEAE-sephadex A50 and sephadex G-200 

chromatography. The effects of pH and temperature on the activity and stability of LOX were investigated. 

The optimum pH and temperature of the purified lipoxygenase were 5.0 and 50 oC, respectively. Lipoxygenase 

activity was stable at 40 oC and 50 oC after an hour of incubation. The enzyme was stable at pH values of 5.0 

and 6.0. The activity of the enzyme was enhanced by Ca2+ while Zn2+, Fe2+ and Cu2+ inhibited its activity. The 

Km and Vmax values were 40.38 µM and 125 µmol/min/mg proteins, respectively. The molecular weight was 

estimated to be 67.83 kDa by SDS-PAGE. The findings reveal that conophor nut can be a cheap source of 

industrial lipoxygenase, which could be exploited in various biotechnological applications. The enzyme’s 

thermostability and adaptation in slightly acidic medium are factors that can help boost its acceptability in food 

systems.  
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INTRODUCTION 

Conophor plant (Tetracarpidium conophorum) has been 

identified as being an integral part of cocoa and kola 

plantations, as a pervasive climber with high medicinal 

properties (Enujiugha, 2008). It is widely cultivated for the 

production of nutritious nuts which are commonly cooked and 

consumed with boiled corn during the harvest season 

(Enujiugha, 2003). The conophor plant is a major component 

of the agro-ecological landscape of southern rainforest zones 

of Nigeria. Enujiugha (2017) has rightly observed that the 

forests and agro-forestry landscape of some African countries 

are richly blessed with a wide range of wild and underutilised 

oil-bearing seeds and nuts which have not been evaluated for 

their nutritional potentials and or toxicity risks. Some of the 

underexploited oilseeds that are found to be nutrient dense 

with a good compliment of bioactive components include 

melon seed (Babatuyi et al., 2022; Enujiugha et al., 2023), 

conophor nut (Talabi et al., 2023) and African oil bean seed 

(Enujiugha and Agbede, 2000; Oyinloye and Enujiugha, 

2019). Tetracarpidium Conophorum nut has been reported to 

be used as a male-fertility agent (Ajaiyeoba and Fadare, 

2006). T. conophorum is known among local consumers in 

western Cameroon as kaso or ngak and serves as an edible nut 

eaten between meals (Tchiegang et al., 2007). Conophor nut 

contains antinutritional factors such as oxalates, phytates and 

tannins which may constitute a limitation to its widespread 

utilisation. However, the presence of significant amounts of 

macro-nutrients such as protein, crude fibre, oil/fat and 

carbohydrate in Tetracarpidium conophorum has been 

reported (Enujiugha and Ayodele-Oni, 2003). The nut is noted 

for its high oil content which has been found to be unstable 

during frying owing to its high content of polyunsaturated 

fatty acids, especially linolenic acid (Oyinloye and Enujiugha, 

2017). Two isolectins, Agglutin I and Agglutin II were 

isolated and characterized from the seed extract of the plant 

(Animashaun et al, 1994). 

In Nigeria, conophor plant is found in south west Nigeria 

where it is cultivated primarily for the nuts which are cooked 

and widely consumed as snacks (Enujiugha, 2008). The 

leaves serve as male fertility agents and are usually employed 

in the treatment of dysentery (Sofowara, 1993). The oil from 

the nut is occasionally used as a source of energy for growing 

seedlings and has been observed to be useful in the 

formulation of wood varnish, stand oil and vulcanized oil 

(Ajaiyeoba and Fadare, 2006). T. Conophorum seed kernels 

which are noted for their high lipid contents are often eaten as 

nibbles in Cameroon (Tchiégang et al., 2007). Previous 

studies focused on the high nutrient potentials of the seeds as 

well as their functional properties (Akpuaka and Nwankwo, 

2000; Enujiugha, 2003) and antimicrobial activity of the 

extracts and fractions of the nut (Ajaiyeoba and Fadare, 

2006). There is, to our knowledge, currently no known work 

on the presence and behaviour of lipoxygenase in the nuts. 

Lipoxygenase (LOX) (EC 1.13.11) is an enzyme which is 

found in a wide variety of plant and animal tissues in more 

than 60 species, and catalyses the step-wise oxygenation of 

polyunsaturated fatty acids (PUFA) to yield fatty acid 

hydroperoxides in tissues (Eskin et al., 1977). They are 

present in abundance in grain legume seeds (beans, lentils and 

peas) as well as in potato tubers (Casey et al., 1996). The 

soybean lipoxygenases were the first to be characterized and 

are named sequentially beginning with soybean lipoxygenase 

1 (LOX1), which was also the first lipoxygenase isozyme to 

have its three dimensional X-ray crystal structure solved 

(Minor et al., 1996). 

Lipoxygenase is utilised extensively in food-related 

applications, such as in bread making (Casey et al., 1997) and 

aroma production (Whitehead et al., 1995), while at the same 

time showing negative implications for colour, off-flavour 

and antioxidant activity in plant-based food products (Casey 

et al., 1996). Lipoxygenase in vegetative tissues provides 

hydroperoxide substrates that are mostly metabolized to 

compounds that play remarkable roles in plant defence 
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(Pfeiffer et al., 1992) or pea (Forster et al., 1999). Although 

tree nuts and oilseeds have been used for food since dawn of 

civilisation, the potentials of most tree nuts and oilseeds have 

not been fully exploited. In the present study, lipoxygenase 

was isolated from defatted and whole (full fat) conophor nut 

(Tetracarpidium conophorum) with the specific objectives of 

purifying it and characterizing its quality and behaviour. 

 

MATERIALS AND METHODS 

Plant material collection and preparation 

Conophor nuts were purchased from a local market Ago-Alao 

in Ipele, Owo local government Area, Ondo State. Nigeria. 

The nuts were carefully cracked, sliced to about 1-2 cm 

thickness with a kitchen knife and dried at 30 oC for 6 h (to 

avoid denaturing the enzyme).This was milled into powder 

(fine flour) using laboratory hammer mill and kept at 4 °C 

prior to further analysis.Three hundred grams (300 g) of the 

flour was defatted with n-hexane using Soxhlet Extractor. The 

flours of the defatted and non-defatted seeds were stored in 

dried plastic containers tightly covered at 4 oC until used. 

 

Chemicals and reagents 

Linolenic acid, Tween 20, Ammonium sulphate, Sephadex G-

200, Phosphate titrate, SDS, acrylamide, Coomassie brilliant 

blue R250, Tris –HCl buffer, Bovine Serum Albumin (BSA), 

Calcium chloride, Magnesium chloride, Copper chloride, 

Zinc chloride, Iron chloride, Sodium acetate, Hydrogen 

Chloride and Sodium Hydroxide were all purchased from 

Sigma Chemical Company (USA). All reagents and 

chemicals used were of analytical grade. 

 

Preparation of crude enzyme 

Extraction of crude Lipoxygenase was performed as 

described by Clemente et al., (2000). Defatted and non -

defatted conophor flours (15 g eah) were extracted in each 

case with 150 mL of 50 mM sodium phosphate buffer, pH 6.8 

with constant stirring for 2 h. the mixture was separated by 

muslin cloth and the residue discarded. The filtrate was 

centrifuged at 6000 rpm for 30 min at 4 oC and the supernatant 

obtained was stored in aliquots at 4 oC. 

 

Lipoxygenase activity assay 

A stock solution of 10 mM sodium linoleate and Tween 20 

was prepared using the method of Axelrod et al., (1981) with 

some modifications. LOX activities in the sample extracts 

were determined using UV-Visible spectrophotometer. The 

standard assay mixture consisted of 3 mL of sodium 

phosphate buffer (50 mM, pH 6.8), 25 µL of substrate solution 

(10 mM linolenic acid), and an appropriate volume of the 

enzyme solution (0.5ml). The reaction was initiated by 

addition of the enzyme solution; and the subsequent formation 

of both hydroperoxides and ketodienes was followed by 

monitoring the change in absorbance at 234 nm for 3 min 

(Extinction value =2.5 x 104 M-1 cm-1) at 25 °C. One unit of 

LOX activity was defined as the amount of enzyme catalyzing 

the formation of 1µmol of the hydroperoxide per min under 

standard assay conditions. Protein concentration was 

determined by the method of Lowry et al., (1951). Bovine 

serum albumin (BSA) was used as standard.  

 

Enzyme purification procedures 

Ammonium sulphate precipitation 

The supernatant (crude enzyme) was gradually brought to 40-

60% saturation with ammonium sulphate at 4 oC with constant 

gentle stirring for 1h on magnetic stirrer for the complete 

dissolution of the ammonium sulphate. The precipitate was 

then centrifuged at 6,000 rpm for 30 min using refrigerated 

centrifuge. The pellet obtained was dissolved in 5 ml buffer 

and introduced into dialysis bag for dialysis against 50 mM 

potassium phosphate buffer (pH 6.8) for 24 hrs with three 

changes of buffer at 4 0C. The dialysate was assayed for 

enzymatic activity and protein concentration was determined.  

 

Ion exchange chromatography 

Further purification of lipoxygenase was carried out using 

DEAE-sephadex A50. The dialysate was loaded onto a 

DEAE-sephadex A50 column (2.5x 40 cm). Fractions of 5ml 

were collected until no protein was detected in the flow 

through fractions. The bound proteins were eluted using linear 

gradient of 1 M sodium chloride in 50 mM sodium phosphate 

pH 6.8, at a flow rate of 1 mL/min. Absorbance of the 

fractions were determined and LOX activity was then assayed 

in fraction containing protein. The fractions containing LOX 

activity were pooled and concentrated using 4 M sucrose 

solution at 4 0C.  

 

Gel filtration 

The concentrated enzyme solution was applied on a sephadex 

G-200 column (1.5x75 cm) equilibrated with 50 mM sodium 

phosphate buffer pH 6.8. The protein was eluted with the 

same buffer at a flow rate of 20 mL/h. Absorbance of the 

fractions was measured at 280 nm and fractions were assayed 

for LOX activity. The fractions containing enzymatic activity 

were pooled and used for further experiment. 

 

Molecular weight determination 

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE) was carried out following the method of 

Laemmli (1970). The standard protein marker consisted of: 

(I) Phosphorylase b, 103.14 kDa; (II) Bovine serum albumin, 

81.35 kDa; (III) Ovalbumin, 47.05 kDa; (IV) Carbonic 

anhydrase, 34.17 kDa; (V) Soybean trypsin inhibitor, 27.26 

kDa and (VI) Lysozyme, 17.67 kDa. Gels were stained with a 

0.05% (w/v) Coomassie brilliant Blue G-250 solution. 

Molecular mass of LOX was determined using molecular 

protein markers. 

 

Effect of pH on lipoxygenase activity and stability 

The pH-activity profile of lipoxygenase was determined 

spectrophotometrically by applying various pH values under 

conditions of constant ionic strength with linolenic-Tween 20 

substrate. The buffer systems (50 mM) used were as follows: 

sodium acetate pH 4-5; sodium phosphate, pH 6.0-7.0; Tris-

HC1, pH 8-10. Stock linolenic-Tween 20 was prepared with 

appropriate buffer prior to the assay. The initial substrate 

concentration was 2.56 mM linolenic while 0.1 mL of enzyme 

preparation was used. The pH stability of lipoxygenase was 

investigated by incubating 0.25 mL aliquots of enzyme 

preparation in 2.5 mL of 50 mM buffer solutions of various 

pH values. After l h incubation at 4 oC, l mL samples were 

removed and assayed spectrophotometrically. 

 

Effect of temperature on lipoxygenase activity and 

stability 

The effect of temperature on activity and stability of LOX was 

determined according to Greiner et al., (2001). The effect of 

temperature on the activity of purified lipoxygenase was 

determined in the temperature variation ranging from 30 oC to 

80 oC using the standard LOX assay. The thermal stability 

was investigated, whereby the purified enzyme was incubated 

for 2 h at different temperatures. At intervals of 20 min, 

aliquot of 0.5 ml of the incubated enzyme was assayed for 

residual LOX activity. 
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Effect of metal ions on lipoxygenase activity 

LOX was incubated with 1 mM of different metals ions 

solution was mixed with 2ml of enzyme solution for 5 min at 

room temperature (25 oC). A 0.5 ml of the mixture was 

withdrawn and assayed according to standard assay 

procedures. The metals ions used were: Ca2+, Mg2+, Zn2+, Fe2+ 

and Cu2+. The treated enzyme was assayed as described 

above. 

 

Determination of Km and Vmax 

Km and Vmax were determined by measuring the LOX activity 

at varied concentrations of linolenic acid 0-125 µM. Kinetic 

parameters were calculated from the Lineweaver-Burk plot 

(Sanni et al., 2019). The enzyme activity was determined 

according to the standard assay procedure. 

 

RESULTS AND DISCUSSION 

Lipoxygenase activity values were 60.0µmol/min/ml and 

39.11 µmol/min/ml for defatted and non-defatted samples, 

respectively; while the protein concentration obtained were 

19.72 mg/ml and 25.4 mg/ml for defatted and non-defatted 

sample, respectively. Since defatted crude extract LOX 

activity was higher than the non-defatted further experiments 

proceeded on the defatted sample. The summary of the result 

for purification of lipoxygenase from conophor nut was 

presented in Table 1. The single band obtained during 

purification in Figures 1 and 2 clearly suggests that the 

enzyme consists of one form of lipoxygenase which shows 

striking similarities to those obtained with immature English 

Pea lipoxygenase (Chen and Whitaker, 1986) and commercial 

soybean lipoxygenase (Stevens et al., 1970). The three step 

purification procedures resulted in a 6-fold purification of the 

conophor lipoxygenase with 11.4% recovery; this is lower 

compared to the recovery of lipoxygenase activity in banana 

leaf which was 11.7% with 83.9-fold purification (Kuo, et al., 

2006). However, this is higher when compared with the 

overall purification recovery performance of lipoxygenase 

from Pleurotus ostreatus (Kuribayashi et al., 2002). 

 

Table 1: Purification Table of lipoxygenase 

Purification 

Step 

Enzyme Activity 

(µmol/min/mL)     

Protein 

Conc. 

(mg/ml) 

Total 

Protein 

(mg) 

Total 

Activity 

(U)   

Specific 

Activity 

(U/mg)    

Yield 

%  

Fold 

CE 60 19.72 2958 9000 3.04 100 1 

ASP  58.22 18.4 828 2619.9 3.16 29.1 1.03 

IEC  81.77 7.95 206.7 2126.0 10.28 23.6 3.38 

GF  102.66 5.68 56.8 1026.6 18.07 11.4 5.94 

CE= Crude extract, ASP= Ammonium Sulphate Precipitation, IEC= Ion Exchange Chromatography, GF= Gel Filtration. 

 

 
Figure 1: Chromatogram of Lipoxygenase on ion exchange column (2.5x 40 cm). 
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Figure 2: Elution profile of Lipoxygenase on Gel filtration column (1.5x75 cm) of Sephadex G200. 

 

The optimum pH of the enzyme was pH 5.0 as shown on 

Figure 3. About 43% relative activity was obtained at pH 3.0 

with a gradual increase in enzymatic activity as the pH 

increase given the optimum at pH 5.0. However a marked 

activity was observed between pH 5.0 – pH 7.0 with 85% and 

74% relative activity at pH 6 and pH 7.0 respectively (Figure 

4). The result of this study is similar to values obtained for 

lipoxygenase isozymes partially purified from soybean leaves 

all leaf ages (Christopher et. al, 1972). Optimum pH for 

lipoxygenase activity of conophor nut is somewhat close to 

that of broad bean of pH 5.6 (Clemente et al., 2000), dried 

green pea seed pH 5.5 (Forster et al., 1999), but lower in 

comparison to eggplant pH 7.0 (Lopez-Nicolas et al., 2001). 

Wallace and Wheeler (1979) also reported an optimum pH of 

6.0-6.5 for all lipoxygenase isoenzymes. The two isoenzymes 

of LOX from Lasiodiplodia theobromae have optimum 

activity at pH 6.0 (Patel et al., 2014).

 

 
Figure 3: Effect of pH on activity of purified Lipoxygenase. Optimum activity was expressed at 100% 
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Figure 4: Stability of purified Lipoxygenase as affected by pH. Optimum activity was expressed as 100% 

 

The optimum temperature for LOX was 50 oC, while 

relatively high lipoxygenase activity values of 60.7% and 

69.6% were observed at 30 oC and 40 oC respectively as 

shown on Figure 5. Lipoxygenase activity was stable at 40 oC 

and 50 oC after an hour of incubation (Figure 6). At higher 

temperatures, there was rapid loss in the enzymatic activity. 

This result is similar to that of sweet corn with 50 oC 

(Yamamoto et al., 1970) and LOX1 from Lasiodiplodia 

theobromae with optimum temperature of 50 oC (Patel et al., 

2014). This result is somewhat lower than the purified LOX 

from thermophilic fungus with optimum temperature at 55 oC 

(Li et al., 2001), and higher than that of purified lipoxygenase 

from banana leaf (40 oC). Also the LOX optimal temperature 

of sea algae (E. intestinalis) was 35 °C as reported by Kuo et 

al., (2006) as well as for both millet gill (Hsu and Pan, 1996) 

and trout gill (Hsieh et al, 1988) which was 20 °C. This result 

reveals that LOX from conophor is more thermal stable when 

compared with that of soybeans (Ludikhuyze et al., 1998), 

 

 
Figure 5: Thermal effect on the activity of purified Lipoxygenase. Optimum activity was expressed as 100%. 
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Figure 6: Thermal stability of purified Lipoxygenase. Optimum activity expressed as 100%. 

 

Ca2+ enhanced Lipoxygenase activity with relative activity of 

110%, and Mg2+ did not significantly affect the activity of the 

enzyme; however, the activity was inhibited by Zn 2+, Fe 2+ 

and Cu 2+ with 52%, 33% and 25% remaining activity, 

respectively as shown on Figure 7. Calcium Chloride had a 

strong activating effect on the LOX activity with 110% 

relative activity, similar to soybean isozyme-1 and isozyme-2 

which were activated by Ca2+ although, Ca2+  inhibited peanut 

isozyme-1 and soybean isozyme-3 (Sander et al., 1975). This 

result is similar to that observed for lipoxygenase isoenzymes 

from different sources (Yamamoto et al, 1970; Truong et al., 

1982).

 

 
Figure 7: Effect of metallic ions on the purified Lipoxygenase activities. 
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Figure 8: Lineweaver-Burk plot of Lipoxygenase activity 

 

Polyacrylamide gel electrophoresis in the presence of a 

surfactant SDS produced a single protein band as represented 

on Figure 9. The molecular weight of the purified 

lipoxygenase from conophor nut was estimated to be 67.83 

kDa by SDS-PAGE. This result is similar to that of purified 

papaya LOX (~68 kDa) and Pea LOX-1 (67 kDa) obtained by 

ultracentrifugation (Eriksson and Svensson, 1970) and 

cowpea L-1(Truong et al., 1982). Purified LOX of cucumber 

and brinjal were each reported to share similarity of 95 kDa, 

respectively (Vozzo, 2002) and that of Olive fruit was 

reported as 98 kDa (Lorenzi et al., 2006), tomato fruit (95 

kDa), pea seeds (93 kDa) (Forster et al., 1999), and 97 kDa 

for mung bean LOX (Aanangi et al., 2016). Pearl millet 

lipoxygenase isozymes had molecular masses of 83 kDa, 77 

kDa and 73 kDa (Babitha et al., 2004). Generally, most of the 

plant sources contain lipoxygenases with molecular weights 

in the range of 94-104 kDa (Shibata et al., 1994).   

 
Figure 9: Electrophorectogram of purified lipoxygenase. The protein which was analyzed on 10% Bis –Tris gel showed a 

single band. 

 

CONCLUSION 

The results of the present study have highlighted the great 

potentials of lipoxygenase and its activity in conophor nut 

(Tetracarpidium conophorum). The purified enzyme showed 

high reactivity to linolenic acid, with optimal pH at 5.0 and 

optimum temperature 50 oC. About 5.94 purification fold and 

11.4% recovery were achieved. Ca2+ enhanced the 

lipoxygenase activity while Zn2+, Cu2+ and Fe2+ inhibited the 

enzyme activity, significantly. The molecular weight of 

conophor nut lipoxygenase was found to be 67.83 kDa. 

Therefore, it could be deduced from the results obtained that 

y = 0.3234x + 0.0087

0

0.005

0.01

0.015

0.02

0.025

-0.06 -0.04 -0.02 0 0.02 0.04 0.06

1
/V

o
 (

m
l/

m
M

/m
in

)

1/[S]



EXTRACTION, PURIFICATION AND CHAR…     Oguntoyinbo et al., FJS 

FUDMA Journal of Sciences (FJS) Vol. 7 No. 3, June (Special Issue), 2023, pp 198 - 206 205 

this underutilized nut is a potential source of lipoxygenase for 

various industrial purposes. 
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