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Abstract 
Food waste is an important environmental and resource-management issue, thus triggering a 
new interest in its valorisation into biotechnological products in the context of a circular 
bioeconomy. In the context of managing metabolic diseases, the inhibition of digestive 
enzymes, including α-amylase and lipase, has been well developed; however, concerns about 
synthetic inhibitors have led to the search for alternatives based on plant-derived compounds.  
Sweet potato peel (SPP) and tiger nut chaff (TNC) are abundant Nigerian food wastes rich in 
the nutrients needed for the target enzymes. SPP is rich in carbohydrate (primarily starch), 
and TNC is high in fibre and contains residual lipids, offering sustainable substrates for enzyme 
biotechnology and nutraceutical development through the transformation of agricultural 
waste into high-value bioproducts. 
This study measured the proximate composition of sweet potato peel (SPP) and tiger-nut chaff 
(TNC), produced α-amylase and lipase from SPP and TNC, respectively, using solid-state 
fermentation (SSF) with Aspergillus niger, evaluated the inhibitory activity of Cola acuminata 
seed fractions against the enzymes, and characterised the n-hexane fraction by gas 
chromatography–mass spectrometry (GC–MS). Proximate analysis was conducted on SPP and 
TNC, which were used as substrates for α-amylase and lipase production via solid-state 
fermentation using Aspergillus niger. Enzyme activities were assessed after 3 and 7 days 
under different fermentation conditions. α-Amylase and lipase activities were determined 
using the DNSA and titration methods, respectively. Enzyme inhibition was evaluated using 
starch–iodine colourimetric and p-nitrophenyl butyrate assays, with acarbose and orlistat as 
reference inhibitors. SPP, with higher carbohydrate content (76.42%), yielded peak α-
amylase activity (0.480U/mL) after 3 days of fermentation, while TNC, with higher fibre 
(25.00%) and lipid (8.20%) contents, yielded peak lipase activity (7.3U/mL) after 7 days 
when supplemented with olive oil/Tween-80 emulsion. The n-hexane extract of C. acuminata 
showed the highest inhibition of both enzymes (48% α-amylase; 49% lipase), although lower 
than acarbose (99%) and orlistat (76%). GC–MS analysis identified twenty-one compounds, 
with ethyl oleate (32.45%), 9,12-octadecadienoic acid ethyl ester (13.71%), and supraene 
(8.10%) as the major constituents. Overall, SPP and TNC are effective, inexpensive substrates 
for enzyme production, while C. acuminata demonstrates digestive enzyme inhibition of both 
alpha amylase and lipase, reinforcing its potential as a natural anti-obesity agent and 
supporting food-waste valorisation as a sustainable framework for enzyme and nutraceutical 
development. 
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Introduction 
Food waste (FW), which includes leftovers, 
partially consumed meals, and pre-cooked or 
processed food residues, is one of the world’s 
serious environmental and resource management 
menaces. Globally, over a third of the food that is 
grown for people to eat, or 1.3 billion tonnes per 
annum, is lost or wasted (Barrera & Hertel, 2021). 
This happens at each level of the food chain, from 
pre-production and post-harvest handling, 
through distribution up to consumption, with 
serious consequences for food security and 
sustainability. There is a projection that food-
waste-related emissions contribute 
approximately 6–8% of anthropogenic 
greenhouse-gas emissions while wasting water, 
soil nutrients and polluting the ecosystem 
(Amicarelli et al., 2021; Zhu et al., 2023). 
Conventional treatments such as landfill and 
incineration contribute to increased emissions 
and waste valuable reusable materials (Wu et al., 
2022). 
In this context, valorisation of food waste has 
emerged as a sustainable solution to manage and 
convert FW into a renewable resource for 
industrial and biotechnological applications 
(Ansari et al., 2024). Emerging valorisation 
methods such as microbial fermentation, 
enzymatic bioprocesses, anaerobic digestion, 
ultrasonic treatment, and pyrolysis allow for the 
extraction of high-value bio-products, including 
microbial enzymes, biofuels, nutraceuticals, and 
bioactive substances (Chilakamarry et al., 2022; 
Arya et al., 2022; Wu et al., 2022). These 
strategies form the foundation on which the 
framework of a circular bio-based economy as a 
means towards environmental preservation, 
resource optimisation and development of green 
economic avenues is based (Kaur et al., 2023). 
Sweet-potato (Ipomoea batatas) peel (SPP) and 
tiger-nut (Cyperus esculentus) chaff (TNC) are 
two residues of food processing that are locally 
abundant in Nigeria and hold a lot of 
biotechnological potential but are currently 
massively underutilised. Sweet potato (Ipomoea 
batatas), which is the seventh most important 
food crop globally and a key staple in Nigeria, 
produces large quantities of peels in post-harvest 
operations such as sorting, cleaning, peeling, 
slicing, drying, and storage (Yigezu Wendimu, 
2021; Vithu et al., 2019). These peels have a high 

carbohydrate content of starch, fermentable 
sugars, and dietary fibres, which provide a 
convenient low-cost carbon source and make 
them good substrates for enzyme synthesis, 
especially for α-amylase, in solid-state 
fermentation (SSF) systems. Their natural 
moisture levels also promote the growth of 
microorganisms and make fermentation efficient 
(Tlais et al., 2020).  
Tiger nut (Cyperus esculentus) is an underutilised 
perennial tuber that is cultivated in Africa, 
Europe, and Asia, and is notably rich in dietary 
fibre, minerals, vitamins, and carbohydrates, and 
its oil composition is comparable to that of olive 
oil (Abdelkader et al., 2017; Ayeni, 2022; Oladele 
& Aina, 2007). During tiger nut milk production, 
a fibrous residue known as tiger nut chaff (TNC) 
is produced after soaking, grinding, and filtration. 
This residue is either usually discarded or burnt; 
however, the high fibre and lipid content of TNC 
provides a locally available good fermentation 
substrate to be used in the production of lipase 
and other biotechnological processes, converting 
waste into a renewable output (Oluseye et al., 
2024; Rebezov et al., 2023).  
Digestive enzymes such as α-amylase and lipase 
play essential roles in carbohydrate and lipid 
metabolism, respectively, and have broad 
industrial and biomedical relevance. α-Amylase 
catalyses the hydrolysis of α-1,4 glycosidic bonds 
in starch and glycogen and is widely used in food, 
brewing, baking, and biofuel industries (Farooq et 
al., 2021; Sheela et al., 2021). Lipase catalyses 
the breakdown of triglycerides into free fatty 
acids and glycerol and plays a central role in lipid 
catabolism and energy homeostasis. 
Dysregulation of lipase activity contributes to 
abnormal fat metabolism, which has been linked 
to obesity and cardiovascular diseases, while 
lipases are also extensively utilised in food, 
pharmaceutical, detergent, and biodiesel 
industries (Badraoui et al., 2020; Li & Zhang, 
2019; Chandra et al., 2020; Costa et al., 2017).  
Microbial fermentation, especially using 
Aspergillus niger on food-waste substrates, has 
been shown to offer a cheap and ecologically 
harmless method for enzyme production. Solid-
state fermentation (SSF) is especially beneficial, 
offering high yields when optimised for substrate 
composition, pH, temperature, and moisture 
content while complying with the idea of circular 
bioeconomy (Putri et al., 2020; Makeri et al., 
2021). 
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In the biomedical setting, inhibiting the activity of 
α-amylase and lipase is an established approach 
in the control of metabolic-related diseases, 
including type 2 diabetes mellitus and obesity. By 
slowing carbohydrate and lipid digestion, enzyme 
inhibitors reduce energy absorption and 
contribute to weight management (Rajan et al., 
2020; Haguet et al., 2023). Although synthetic 
inhibitors such as acarbose and orlistat are 
effective, concerns regarding their toxicity have 
driven increasing interest in plant-based 
alternatives rich in bioactive phytochemicals, 
including flavonoids, alkaloids, and saponins, 
which possess enzyme-inhibitory and metabolic-
regulating properties (Oluwagunwa et al., 2021; 
Anyanwu et al., 2021; Anyanwu et al., 2023). 
Cola acuminata (kola nut) tree is a culturally and 
economically valued West African tree known for 
its pharmacological potential. Its fruit is rich in 
caffeine, theobromine, and theophylline, as well 
as phenolic and flavonoid compounds that play 
antioxidant, anti-inflammatory, antimicrobial, and 
antidiabetic roles (Ekalu et al., 2020; Chukwuma 
et al., 2023). Although little investigation has 
been conducted on its inhibition of α-amylase and 
lipase. 
While sustainable biotechnological processes and 
natural therapeutics are in high demand, the 
present study aimed to evaluate the enzyme-
inhibitory properties of Cola acuminata seed 
extracts on α-amylase and lipase synthesised 
from sweet-potato peel (SPP) and tiger-nut chaff 
(TNC), using Aspergillus niger under solid-state 
fermentation (SSF), thereby incorporating food-
waste valorisation with enzyme biotechnology 
and plant-based anti-obesity studies. 
 
Material and Methods 
 
Collection and Identification of Plants 
Fresh sweet potato (Ipomoea batatas) tubers, 
dried tiger nut (Cyperus esculentus) and seed of 
Cola acuminata were bought from Zuba Fruit 
Market, FCT Abuja, Nigeria. Identification and 
authentication of the samples were done by Mr 
Akeem A. Lateef in the Herbarium Department of 
the National Institute for Pharmaceutical 
Research and Development (NIPRD), Idu, Abuja. 
Voucher specimen numbers NIPRD/H/7478, 
NIPRD/H/7479 and NIPRD/H/7481 were 
assigned, and the authenticated samples were 
kept in the National Institute for Pharmaceutical 
Research and Development (NIPRD) herbarium. 

 
Preparation of food waste 
The fresh tubers of sweet potato (Ipomoea 
batatas) were washed and peeled, and the peels 
were utilised as a source of substrate. Brown 
dried tiger nut (Cyperus esculentus) tubers were 
processed by sorting to remove all broken pieces, 
rot, stones and other impurities, followed by 
washing and soaking for 3 hours before blending. 
The milk was filtered through a muslin cloth, and 
the chaff obtained after filtering was collected as 
substrate. Peels of both sweet potato and tiger 
nut chaff were air-dried independently for 14 
days to lower their moisture level. The dried 
sweet potato peels were then crushed into 
powder and kept in Ziploc bags at room 
temperature; the tiger nut chaff was also stored 
similarly until further analysis. 
 
Proximate composition for food waste substrate 
The proximate composition of SPP and TNC 
substrates was estimated using the AOAC (2000) 
procedures, assessing the moisture, fat, protein, 
ash, fibre and carbohydrate content. 
 
Culture of Aspergillus niger 
A fungal strain of A. niger ATCC 16888 was 
sourced from the Microbiology and Biotechnology 
Department, National Institute for 
Pharmaceutical Research and Development 
(NIPRD), Idu-Abuja, Nigeria. The organism was 
cultured on Potato Dextrose Agar (PDA) slants at 
30 °C for 5 days before being kept at 4°C 
(Mahmood et al., 2016).  
 
Inoculum preparation 
The inoculum was prepared by adding 60 mL of 
sterile distilled water to a sporulated 5-day-old 
slant. A dry cotton swab was used to remove the 
spores under sterile conditions, which was 
agitated for uniform suspension of the spores for 
substrate inoculation. The spore suspension was 
standardised to approximately 1.0 × 10⁷ 
spores/mL, resulting in an estimated total spore 
load of 6.0 × 10⁸ spores in the 60 mL inoculum. 
 
Solid-state fermentation for α-amylase activity 
A mineral salt solution was formulated using the 
procedure detailed by Mahmood et al. (2016), 
with minor changes. The solution contained 
KH₂PO₄ (10 g/L), MgSO₄ (2.0 g/L), NaCl (2.0 
g/L), and MnSO₄ (0.5 g/L) in 250 mL of distilled 
water. 



  96-115 

Table 1: Experimental Design for α-Amylase Production using Sweet potato peel (SPP) 

Groups Base Microorganism inoculum Incubation 
period 

Incubation 
period 

Flask 1 
(Control) 

20 g SPP + 10 mL 
mineral salt solution 

Starch (0.25g) + Peptone 
(0.3g) + 5 mL A. niger 

3 days 7 days 

Flask 2 
(Group 1) 

20 g SPP + 10 mL 
mineral salt solution 

5 mL A. niger 3 days 7 days 

Flask 3 
(Group 2) 

10 g SPP + 10 mL 
mineral salt solution 

5 mL A. niger 3 days 7 days 

Flask 4 
(Group 3) 

20 g SPP + 10 mL 
mineral salt solution 

10 mL A. niger 3 days 7 days 

 
The substrate mixture was homogenised, sterilised in an autoclave at 121 °C for 15 minutes, cooled, 
inoculated, and incubated at 30 °C for 3 and 7 days, respectively. 
 
Solid-state fermentation for lipase activity 
A diluent solution was prepared using the 
procedure detailed by Mukhtar et al. (2015) with 
slight changes: MgSO₄ (0.5 g), KH₂PO₄ (1.0 g), 

FeSO₄ (0.01 g), KCl (0.05 g), glucose (0.8 g) and 
peptone 20g were dissolved in 250 ml of distilled 
water.  

 
Table 2: Experimental Design for Lipase Production using Tiger nut chaff (TNC) 

Groups Base Microorganism inoculum Incubation 
period 

Incubation 
period 

Flask 1 
(Control) 

10 g of TNC + 10 
mL diluent 

2 mL of Tween 80: olive oil (1:1) 
+ 1.0 mL A. niger 

3 days 7 days 

Flask 2 
(Group 1) 

15 g of TNC + 10 
mL diluent 

2 mL of Tween 80: olive oil (1:1) 
+ 1.0 mL A. niger 

3 days 7 days 

Flask 3 
(Group 2) 

10 g of TNC + 10 
mL diluent 

1.0 mL A. niger 3 days 7 days 

Flask 4 
(Group 3) 

15 g of TNC + 10 
mL diluent 

1.0 mL A. niger 3 days 7 days 

 
 The substrate mixture was homogenised, sterilised in an autoclave at 121 °C for 15 minutes, cooled, 
inoculated, and incubated at 30 °C for 3 and 7 days, respectively. 
 
Alpha-Amylase Extraction 
The extraction of enzymes followed the protocol 
of Mahmood et al. (2016), slightly modified. 
Fermentation was achieved after 3 and 7 days, 
respectively, and 75 mL of citrate buffer (pH 5.0) 
was added to both flasks, which were then 
shaken using a Stuart orbital shaker at a rate of 
200 rpm over 60 minutes. The extract was filtered 
using muslin cloth and filter paper, followed by 
centrifugation at 4,000 rpm for 15 minutes. To 

determine α-amylase activity, the supernatant 
was taken as a crude enzyme extract.  
 
Lipase Extraction 
The extraction of enzymes followed the protocol 
of Mukhtar et al. (2015), slightly modified. 
Fermentation was achieved after 3 and 7 days, 
respectively, and 100 mL of phosphate buffer (pH 
6.5) was added to both flasks, which were then 
shaken using a Stuart orbital shaker at a rate of 
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200 rpm over 60 minutes. The extract was filtered 
using muslin cloth and filter paper, followed by 
centrifugation at 4,000 rpm for 15 minutes. To 
determine lipase activity, the supernatant was 
taken as a crude enzyme extract.  
 
Alpha-Amylase Activity 
The activity of α-amylase was measured using the 
modified procedures of Okolo et al. (1995), 
Okonji et al. (2019) and Miller (1959). A mixture 
of 1 mL of crude enzyme extract and 1 mL of 2% 
soluble starch was incubated at 50°C for 10 
minutes in the reaction mixture. To stop the 
reaction, 1 mL DNSA reagent was added and 
boiled for 5 minutes. Then the mixture was 
cooled and pipetted 200 μL onto a 96-well plate, 
and the absorbance at 492 nm was measured 
using a microplate reader. The enzyme amount 
was evaluated using one unit (IU) of α-amylase 
activity. The enzyme's activity was measured as 
one unit (IU) of α-amylase necessary to release 
one µg of glucose/min as measured using a 
glucose standard curve.  
 
Lipase Activity 
To assess the lipase activity, a titrimetric assay 
was performed following the procedure given by 
Mukhtar et al. (2015), with slight changes. The 
mixture reaction was composed of 2 mL of an 
olive oil emulsion, 1 mL of phosphate buffer (pH 
7.0), and 1 mL of the enzyme extract and 
incubated for 15 minutes at 37 °C. Hydrolysis was 
terminated with the addition of 4 mL of ethanol 
and three drops of phenolphthalein indicator. The 
freed fatty acids were titrated using 0.01N NaOH 
until a light pink colour developed. The activity of 
lipases was determined as a record of the amount 
of fatty acid released, where one unit (U) is the 
ability of the enzyme to liberate one 1 μmol of 
fatty acid per minute under the experimental 
conditions.  
 
Preparation of Cola acuminata Extract and 
Fractions 
Fresh C. acuminata seeds were sliced, allowed to 
air-dry, ground, and then soaked for 3 days with 
frequent shaking in ethanol. The filtrate was 
filtered through muslin cloth and then filter paper 
and concentrated using a rotary evaporator at 70 
°C (Anyanwu et al., 2020). The crude extract was 
partitioned in water and organic solvents, hexane 
and ethyl acetate, respectively, following 
Hostettmann et al. (1991) with minor changes in 

order to obtain n-hexane, ethyl acetate, and 
aqueous fractions. The hexane and ethyl acetate 
fractions were concentrated at 40 °C, and the 
aqueous fraction was concentrated at 70 °C, 
again using a rotary evaporator.  
 
Alpha-Amylase Inhibition Assay (starch-iodine 
colour assay) 
The α-amylase inhibitory assay was conducted in 
a 96-well microtiter plate using the procedure of 
Xiao et al. (2006), with minor changes. The 
reaction mixture included 25 µL of 0.02 M sodium 
phosphate buffer (pH 6.9, 6 mM NaCl), 20 µL of 
2% soluble starch, and 20 µL of plant extract or 
acarbose (0-2000 µg/mL) as substrates.  After 5 
minutes of incubation at 37°C, 40 µL of crude α-
amylase extract was added and incubated for 
another 8 minutes at the same temperature. The 
enzymatic process was then stopped with 20 µL 
of 1 M HCl, followed by 100 µL of Iodine reagent.  
Absorbance readings were taken at 620 nm; dark 
blue showed strong inhibition, brown partial 
inhibition, and yellow no inhibition. The positive 
control for the assay was acarbose, with blanks 
containing no enzyme or extract.  
The percentage inhibition of α-amylase activity 
was calculated as follows:   
% Inhibition =  
!!"#$%"&'()	$+	,$'-%$./!"#$%"&'()	$+	0&12.)

34567489:;	6<	=69>76?			
"	× 100 

 
Lipase Inhibition Assay 
The lipase inhibitory effect was measured using 
the modified method described by Kim et al. 
(2009). Each well contained a total volume of 200 
μL of Tris buffer (100 mM TrisHCl, 5 mM CaCl₂, 
pH 7.0), 10 μL crude lipase, and plant extract or 
orlistat (0-2000 μg/mL). The substrate (10 mM p-
NPB) 10 μL, was added after 5 minutes at 37°C, 
and 15 minutes at 37°C allowed additional 
incubation. At 405 nm, absorbance was 
measured using a microplate reader. The effect 
of the plant constituents on the inhibition of lipase 
activity was then calculated using the following 
equation: Lipase inhibition (%) =		100 − ! @/"

3/8			
) ×

100".  
Where: A = activity without inhibitor, a = 
negative control without inhibitor, B = activity 
with inhibitor and b = negative control with 
inhibitor. 
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Gas Chromatography Mass Spectrometry (GC-
MS) analysis of the n-hexane fraction of Cola 
acuminata 
The n-hexane fraction of C. acuminata was 
analysed by GC-MS using a Shimadzu GC-MS-
QP2010 Ultra system with an AOC-20i auto 
injector and an OPTIMA 5MS capillary column (60 
m × 0.25 mm × 0.25 µm).  Helium was employed 
as a carrier gas at a constant pressure. The oven 
was programmed from 60 °C to 280 °C at a rate, 
which was connected to a FID detector 
(split:10.1:1) and operated in split mode with an 
injection volume of 1 µL. Compounds were 
identified with a quadrupole mass spectrometer 
operating in EI mode at 70 eV and comparing 
their spectra against the NIST11 library. 
2.16 Statistical Analysis 
The data are expressed as the mean ± SEM of 
three replicates.  The data were analysed using a 
one-way ANOVA in SPSS version 27.  Duncan's 
multiple range test was used to compare mean 
differences at a P-value < 0.05.  The graphs were 
created using GraphPad Prism (version 10). 
 
Results 
Proximate Composition of Sweet potato peel 
(SPP) and Tiger nut chaff (TNC) 

The proximate composition of SPP and TNC is 
given in Table 1, confirming that there are 
apparent differences in nutritional contents 
between the two substrates. The moisture 
content (12.7%) of SPP was slightly higher than 
that of TNC; however, the observed difference 
was not statistically significant (p > 0.05). The 
ash (3.40%) and carbohydrate (76.42%) 
concentrations were significantly higher (p ≤ 
0.05) in SPP, indicating its higher energy and 
mineral potential. Conversely, TNC had a slightly 
higher crude protein content (5.26%) than SPP; 
the observed difference was not statistically 
significant (p > 0.05). However, TNC had 
significantly higher (p ≤ 0.05) crude fibre 
(25.00%) and lipid (8.20%) content, suggesting 
that it has more nutritional value and can be 
converted into lipase. Therefore, SPP is more 
favourable in the production of α-amylase 
because of its high carbohydrate content. In 
contrast, TNC is more appropriate in the 
production of lipase because of its high fibre and 
fat content. 
 
 

 
 
 
Table 3: Proximate Composition of Sweet potato peel (SPP) and Tiger nut chaff (TNC) 
Parameters Sweet potato peel (SPP) Tiger nut chaff (TNC) 
Moisture content (%) 
Crude protein (%) 
Crude fibre (%) 
Crude lipid (%) 
Ash (%) 
Carbohydrate (%) 

 

12.7 ± 0.75a 
4.38 ± 0.23a 
2.20 ± 0.12b 
0.90 ± 0.06b 
3.40 ±0.17a 
76.42 ± 2.90a 

 

10.25 ± 0.60a 
5.26 ± 0.30a 
25.00 ± 1.44a 
8.20 ± 0.50a 
1.55 ± 0.12b 
49.74 ± 2.90b 

 

The values presented are expressed as mean ± SEM. Mean values within the same row with different 
superscript letters are significantly different (p ≤ 0.05) according to an independent-samples t-test. 
 
Alpha-amylase activity 
Figure 1 illustrates the α-amylase activity of A. 
niger cultured on SPP after 3 days of fermentation 
under different inoculum and supplementation 
conditions. The highest activity (0.480 U/mL) 
occurred in Group 3 (20 g SPP + 10 mL 
inoculum), followed by the control (0.420 U/mL), 
Group 1 (0.300 U/mL), and Group 2 (0.240 
U/mL). 

Figure 2 shows the α-amylase activity of A. niger 
cultured on SPP after 7 days of fermentation. 
Enzyme activity declined across all groups 
compared to day 3, with Group 3 (0.333 U/mL) 
and the control (0.320 U/mL) showing the 
highest values, though not statistically different, 
while Groups 1 and 2 recorded lower activities of 
0.260 U/mL and 0.230 U/mL, respectively. 
Overall, α-amylase production was highest at day 
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3 and decreased by day 7, with reduced variation 
among the groups. 

Figure 1: Alpha amylase activity obtained using SPP at 3 days of fermentation. 
The data are shown as mean ± SEM. Statistically significant differences are shown by the unique letters 
above the bars (p < 0.05). SPP stands for sweet potato peel; AN represents A. niger; SSF is an abbreviation 
for solid-state fermentation. The experimental groups are Control, Group 1, Group 2, and Group 3. 
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Figure 2: Alpha amylase activity obtained using SPP at 7 days of fermentation. 
The data are shown as mean ± SEM. Statistically significant differences are shown by the unique letters 
above the bars (p < 0.05). SPP stands for sweet potato peel; AN represents A. niger; SSF is an abbreviation 
for solid-state fermentation. The experimental groups are Control, Group 1, Group 2, and Group 3. 
 
 
 
Lipase activity 
Figure 3 presents the lipase activity of A. niger 
cultured on TNC under different substrate loads 
and supplementation conditions. After 3 days of 
incubation, the highest activity was observed in 
Group 3 (15 g TNC without emulsion, 5.1 U/mL), 
followed closely by the control (10 g TNC + 1 mL 
inoculum + 2 mL emulsion, 4.8 U/mL), while 
Groups 1 and 2 showed lower activities of 3.3 
U/mL and 3.9 U/mL, respectively. Overall, lipase 
production increased with higher substrate load, 
whereas emulsion addition did not significantly 
enhance enzyme activity at this stage.  

Figure 4 presents the lipase activity of A. niger 
cultured on TNC after 7 days of fermentation. At 
this stage, Group 1 (15 g TNC with emulsion) 
showed the highest activity (7.3 U/mL), 
significantly higher (p<0.05) than the control (4.0 
U/mL) and Group 3 (15 g TNC without emulsion, 
4.3 U/mL), while Group 2 (10 g TNC without 
emulsion) exhibited the lowest activity (2.0 
U/mL). These results indicate that the addition of 
emulsion enhanced lipase production during 
extended fermentation. 
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Figure 3: Lipase activity obtained using TNC at 3 days of fermentation. 
The data are shown as mean ± SEM. Statistically significant differences are shown by the unique letters 
above the bars (p < 0.05). TNC stands for Tiger nut chaff; AN, A. niger; SSF, Solid-state fermentation; 
Emulsion denotes olive/tween 80 (1:1); Control; Group 1; Group 2; Group 3. 
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Figure 4: Lipase activity obtained using TNC at 7 days of fermentation. 
The data are shown as mean ± SEM. Statistically significant differences are shown by the unique letters 
above the bars (p < 0.05). TNC stands for Tiger nut chaff; AN, A. niger; SSF, Solid-state fermentation; 
Emulsion denotes olive/tween 80 (1:1); Control; Group 1; Group 2; Group 3. 
 
 
 
Inhibition of Crude α-Amylase and Lipase by n-
hexane fraction of Cola acuminata 
Figures 5 & 6 show the percentage inhibitory 
activities of the aqueous, n-hexane, and ethyl 
acetate fractions of Cola acuminata against crude 
α-amylase and lipase, compared with the 
standard inhibitors acarbose and orlistat. The n-
hexane fraction showed the highest inhibition for 

both enzymes, 48% for α-amylase and 49% for 
lipase, while the aqueous (15% and 22%) and 
ethyl acetate (17% and 9%) fractions showed 
considerably lower activities. Although none of 
the fractions matched the potency of the 
standards (acarbose 99% or orlistat 76%), the n-
hexane fraction showed notable lipase inhibition. 
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Figure 5: Percentage Inhibition of Crude α-Amylase by C. acuminata Fractions 
Data are expressed as mean ± SEM. AQ, Aqueous; HX, Hexane; ETHA, Ethyl acetate; C.a, C. acuminata. 
 
 

 
Figure 6: Percentage Inhibition of Crude Lipase by C. acuminata Fractions 
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Data are expressed as mean ± SEM. ORL, Orlistat; AQ, Aqueous; HX, Hexane; ETHA, Ethyl acetate; C.a, 
C. acuminata. 
  
 
 
GC-MS analysis of the hexane fraction of C. 
acuminata 
Table 2 and Figure 7 present the GC-MS 
chromatogram and result of the n-hexane 
fraction of Cola acuminata, revealing twenty-one 
(21) volatile compounds. The major constituents 

identified were Ethyl oleate (32.45%), 9,12-
Octadecadienoic acid ethyl ester (13.71%), and 
Supraene (8.10%), while Heptadecanoic acid 
ethyl ester (0.61%) was the least abundant 
compound in the fraction. 

 
 
 
Table 2: GC-MS analysis of the n-hexane fraction of Cola acuminata 
Peak Retention 

time 

Area 
% 

Compounds in n-hexane fractions Molecular 
formula 

1 10.318 0.91 1-Decyne C10H18 

2 13.184 3.06 Ethyl 9-hexadecenoate C18H34O2 

3 14.147 6.35 Eicosanoic acid, ethyl ester C22H42O2 

4 15.775 2.61 2-Dodecen-1-yl (-) succinic anhydride C16H26O3 

5 17.449 1.66 1, 3-Dipalmitin trimethylsilyl ether C38H76O5Si 

6 17.991 3.18 Fumaric acid, allyl octadecyl ester C25H44O4 

7 19.524 1.17 Diisooctyl phthalate C24H38O4 

8 20.137 3.07 Nonadecanoic acid, ethyl ester C21H42O2 

9 20.385 1.45 Octadecanoic acid, 2-propenyl ester C21H40O2 

10 21.654 4.36 Hexadecanoic acid, ethyl ester C18H36O2 

11 22.324 0.69 Nonadecanoic acid, ethyl ester C21H42O2 

12 22.651 0.61 Heptadecanoic acid, ethyl ester C19H38O2 

13 23.121 13.71 9, 12-Octadecadienoic acid, ethyl ester C20H36O2 

14 23.498 32.45 Ethyl Oleate C20H38O2 

15 23.686 3.30 Hexadecanoic acid, ethyl ester C18H36O2 
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Figure 7: Chromatographic result of the hexane fraction of Cola acuminata 
 
Discussions 
The current study shows that food waste 
substrates, such as SPP and TNC, can be utilised 
as effective, low-cost substrates for microbial 
enzyme production via SSF with A. niger. The α-
amylase activity observed at both 3 and 7 days 
further justified the use of SPP, given its high 
carbohydrate content (76.42%) and the strong 
inducers of amylase, starch and fermentable 
sugars (Pereira et al., 2017; Tlais et al., 2020). 
Maximum α-amylase production (0.480 U/mL) 
was attained on day 3 with 20 g SPP and 10 mL 
inoculum, while supplementation with starch and 

peptone further enhanced enzyme production (Li 
et al., 2012). However, the activity decreased 
after day 3 due to nutrient depletion and 
proteolytic degradation (Perwez & Al Asheh, 
2025; da Silva-López et al., 2022), indicating that 
the fermentation time could be optimised. 
Essentially, TNC, a lipid-rich by-product of milk 
extraction, exhibited the highest lipase activity 
(7.3 U/mL) after 7 days when 15 g of substrate 
was combined with an olive oil/Tween-80 
emulsion. This demonstrates that the quantity of 
substrate and the nature of the emulsifier actually 
influence the quantity of enzyme obtained 

16 24.131 4.64 9, 12-Octadecadienoic acid (Z, Z)- C18H32O2 

17 24.180 2.72 Z, Z-4, 15-Octadecadien-1-ol acetate C20H36O2 

18 24.601 1.46 Ethyl 9-hexadecenoate C18H34O2 

19 24.783 3.83 Ethyl tetracosanoate C26H52O2 

20 25.346 8.10 Supraene C30H50 

21 25.800 0.66 Eicosanoic acid, ethyl ester C22H44O2 
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(Mukhtar et al., 2015; Costa et al., 2017). That 
the maximum activity was subsequent to the 
addition of the emulsifier may be due to the 
increased time in the induction phase, which is 
likely due to the increased accessibility of the 
lipids (Mahadik et al., 2002; Colla et al., 2015). 
Overall, this indicates that SPP and TNC are 
potentially promising, less damaging sources for 
producing α-amylase and lipase, which may assist 
in using waste in a circular bio-economy (Sharma 
et al., 2022; Sarker et al., 2024).  
The screening of crude α-amylase and lipase from 
food-waste substrates revealed varied inhibitory 
activities from Cola acuminata seed fractions. The 
most potent fraction was the n-hexane extract, 
which inhibited 48% and 49% of α-amylase and 
lipase, respectively. This indicates that the non-
polar, lipophilic compounds are primarily 
responsible for enzyme inhibition. This 
observation is consistent with the growing 
evidence that lipophilic phytochemicals exhibit 
stronger affinity for digestive enzymes due to 
their ability to interact with hydrophobic pockets 
within the enzyme active sites (Itoh et al., 2019; 
Anyanwu et al., 2021; Jawed et al., 2019; Haguet 
et al., 2023).  
Although the inhibition of C. acuminata was lower 
than that of standard drugs acarbose (99%) and 
orlistat (76%), the moderate inhibition observed 
is pharmacologically relevant. Natural inhibitors 
are often less potent but safer, with fewer 
gastrointestinal side effects, making them 
suitable for long-term dietary management of 
obesity (Rajan et al., 2020). Similar moderate 
inhibition profiles have been reported for other 
Nigerian plant extracts such as Piper guineense 
and Mucuna flagellipes, which also demonstrate 
multi-target metabolic effects (Anyanwu et al., 
2021). 
The molecular mechanisms of lipase and α-
amylase inhibition by lipophilic compounds are 
mostly controlled by hydrophobic forces, 
competition, and conformational equilibrium of 
catalytic sites.  
Ethyl oleate, the dominant compound (32.45%) 
identified, is a long-chain fatty acid ester with a 
structure similar to natural lipase substrates 
(triglycerides). This structural similarity allows it 
to serve as a competitive or pseudo-substrate 
inhibitor, binding to the active site in the enzyme 
and blocking access to actual substrates. Studies 
have demonstrated that the catalytic triad (Ser–
His–Asp) of the pancreatic lipase can be occupied 

by fatty acid esters, thus inhibiting hydrolysis 
(Rajan et al., 2020; Itoh et al., 2019). Also, the 
hydrophobic chains increase binding affinity due 
to van der Waals interactions in the lipid-binding 
domain of the enzyme. 
In the case of α-amylase, lipophilic compounds 
can inhibit the enzyme through allosteric 
modulation, where the compounds bind to the 
enzyme not at its catalytic site but instead to 
change the enzyme conformation and decrease 
the proximity of substrates to the catalytic site 
(Haguet et al., 2023). The unsaturated fatty acid 
esters, such as 9,12-octadecadienoic acid ethyl 
ester (13.71%), can further promote the 
inhibition due to their structural flexibility and can 
thus better fit in the enzyme pockets. 
Additionally, molecular docking studies on similar 
compounds have revealed that lipophilic 
phytochemicals have high binding energies and 
stability in enzyme active sites compared to polar 
ones, which further supports the superiority of 
the hexane fraction (Anyanwu et al., 2023). Thus, 
the inhibitory effect of the C. acuminata could be 
due to the synergistic action of fatty acid esters 
through competitive and hydrophobic 
attachment. 
While C. acuminata showed moderate enzyme 
inhibition, it is necessary to place the efficacy of 
C. acuminata relative to other Nigerian medicinal 
plants traditionally used for obesity and metabolic 
disorders. Studies on native plants such as 
Ceratotheca sesamoides, Jatropha tanjorensis, 
Pterocarpus mildbraedii and Vernonia amygdalina 
have been reported with an increased inhibitory 
efficiency, usually over 60-80% against lipase 
and α-amylase (Anyanwu et al., 2021; 
Oluwagunwa et al., 2021). Polyphenols and 
flavonoids present in these plants typically exhibit 
strong enzyme inhibition through hydrogen 
bonding and metal ion binding. 
However, comparable findings from C. nitida, 
another Cola species, revealed the presence of 
palmitic, oleic, linoleic, and stearic acids in 
dichloromethane extracts, which have shown 
stronger antioxidant and antimicrobial properties 
(Adesanwo et al., 2017), corroborating the 
presence of related bioactive lipophilic esters in 
C. acuminata. While most previous studies on C. 
acuminata and related Cola species have focused 
on alkaloids and phenolics (Osaro et al., 2024), 
limited GC–MS data exist on their hexane 
fractions, and this shows that C. acuminata 
demonstrates a unique profile of fatty acid esters, 
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indicating species-specific phytochemical 
variability.  
 
Conclusions 
This study demonstrates that the carbohydrate 
(76.42%) and lipid (8.20%) content of sweet 
potato peel (SPP) and tiger nut chaff (TNC), 
respectively, makes them effective, low-cost food 
waste substrates for α-amylase and lipase 
production by A. niger under solid-state 
fermentation. Maximum enzyme yields were 
obtained with SPP (0.480 U/mL for α-amylase) 
and TNC (7.3 U/mL for lipase), confirming their 
suitability for microbial enzyme biosynthesis. The 
n-hexane fraction of Cola acuminata exhibited the 
most potent inhibitory activity against both 
enzymes, with 48% inhibition for α-amylase and 
53% inhibition for lipase, attributed to its 
lipophilic compounds, including ethyl oleate, 
9,12-octadecadienoic acid ethyl ester, and 
supraene. In particular, the GC-MS results shed 
new light on the composition of the n-hexane 
portion of C. acuminata, which has barely been 
documented. On the whole, the research 
highlights the two-fold importance of food-waste 
valorisation and C. acuminata bioactives in the 
creation of natural enzyme inhibitors, which may 
find application in obesity management. 
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