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ABSTRACT

	 Cassava peels represent a significant agricultural waste with limited valorization pathways 
in many developing countries. In Côte d’Ivoire, substantial quantities of cassava peel (CP) waste 
are generated annually from processing activities. At the same time, increasing livestock production 
results in large amounts of animal manure such as cow dung (CD). These two waste streams can be 
converted into Volatile Fatty Acids (VFAs), which are very important intermediates with increasing 
demand in the chemical, pharmaceutical, and environmental industry. This study investigated 
VFA production through the co-digestion of cassava peels and cow dung. The effects of substrate 
composition and digestion time were evaluated to optimize VFA yield. Five substrate ratios of CP:CD 
(100:0, 75:25, 50:50, 25:75, and 0:100) were tested. Batch experiments were conducted in glass 
reactors over a digestion period of 1 to 7 days. Acidogenic fermentation was performed at 35°C with 
an initial pH of 9, and cow dung serving as both co-substrate and inoculum.
	 Results showed that co-digestion significantly enhanced VFA accumulation compared to 
mono-digestion. The optimal performance was achieved at a 25:75 CP:CD ratio, with a maximum 
VFA concentration of 3940 mg/L on day 6. This improvement is attributed to a balanced carbon-
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to-nitrogen ratio and improved buffering capacity. VFA production increased by 150% compared to 
cassava peels alone and by 16.6% compared to cow dung alone, demonstrating a clear synergistic 
effect.
	 Overall, co-digestion of CP and CD offers an effective strategy for waste valorization, 
environmental pollution reduction, and circular economy promotion.

Key words: Cassava peels; Cow dung; Co-digestion; Volatile fatty acids; 
Acidogenic fermentation; Waste valorization

INTRODUCTION

	 Volatile fatty acids (VFAs) are a set of 
carboxylic acids which have between 2 and 5 carbon 
atoms and function as building block chemicals1. 
VFAs are weak acids with pKa values typically 
around 4.8 2 and they do not donate protons very 
well3. They include acetic acid, propionic acid, 
isobutyric acid, butyric acid, iso-valeric and valeric 
acids. They are intermediate products of anaerobic 
digestion (AD)4 and have significant value due 
to their wide range of applications and higher 
added value compared to methane which is the 
end product of the AD process5. In recent years, 
VFA production has attracted increasing interest 
compared to biogas production. VFA, particularly 
waste-derived VFA is used as biological nutrient 
removal in wastewater treatment3,6, medium-chain 
fatty acids (MCFAs) production and also serves 
as feedstock for various products including biogas, 
biodiesel, biohydrogen, biofertilizer, biosurfactant, 
bioenergy and electricity through microbial fuel 
cells7 and bioplastics (polyhydroxyalkanoates, 
PHA)1. These PHA polymers could serve as good 
alternative to petrochemicaly derived plastics 
which create problems of pollution due to their 
disposal.The market value of volatile fatty acids 
(VFAs) is considerably higher than that of biogas. 
Depending on the specific acid type and carbon 
chain length, VFAs have been reported to range from 
approximately USD 600 to 3,850 per ton, whereas 
biogas has a comparatively lower market value of 
about USD 150 per ton. This economic advantage 
has contributed to increasing interest in redirecting 
anaerobic fermentation processes toward VFA 
production rather than methane generation4.

	 Conventionally, VFA are mainly synthesized 
from petroleum-based sources via petrochemical 
pathways8. However, continued dependence on fossil 
resources will eventually result in their depletion due 
to their non-renewable nature. Furthermore, these 
processes are expensive in terms of energy and 

labour force required, and also producesa lot of by-
products which is a problem3. Another route for the 
production of VFA is via thermochemical and pure 
culture processes which produce individual VFA 
in higher productivity with minimum generation of 
side products. However,this process is expensive 
because of the high cost of raw materials needed 
and the sterile operating conditions required9.Due 
to these setbacks, alternative approaches for VFA 
production, particularly through anaerobic digestion 
(AD), are increasingly being explored and developed. 
Anaerobic digestion is a biological process in 
which various microorganisms’ species breakdown 
complex organic matter into simpler chemical 
components in the absence of oxygen10.Anaerobic 
digestion (AD) is a fermentation process that utilizes 
mixed microbial cultures and is relatively cost-
effective because it does not require pure microbial 
strains or sterile operating conditions3. Furthermore, 
the operating parameters for AD are more flexible3. 
It is an environmentally and eco-friendly procedure 
for the transformation of organic waste materials into 
value added products such as biogas, volatile fatty 
acids, bio hydrogen, alcohols and bio manure11. The 
AD process occurs in four main stages as follows:
i)	 The hydrolytic stage: Here, the organic matter 

which includes proteins, carbohydrates, fats 
and oils are transformed by hydrolytic bacteria 
into simpler molecules (amino acids, simple 
sugars and fatty acids) to be readily available 
for other bacteria12.

ii)	 The acidogenic stage. Acidogenic bacteria 
degrade the products from the hydrolytic 
stage into volatile fatty acids (VFAs), alcohols, 
hydrogen, and carbon dioxide3, 8.

iii)	 The acetogenic stage. Here, acetogens 
conver t some VFAs into acetic acid, 
carbondioxide and hydrogen3, 8.

iv)	 The methanogenic stage. Here, methanogens 
consume VFAs to produce methane and 
carbondioxide3, 8.

	 Therefore, VFA production mainly occurs 
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during the acidogenic and acetogenic phases of the 
AD process1.

	 The microbial communities involved 
in the various stages of VFA production vary 
depending largely on the nature of the substrate. 
Consequently, substrate composition plays a critical 
role in determining the efficiency and pathway of VFA 
production from waste materials1. The Substrates 
used for VFA production via AD are mostly organic 
waste products. In this study, the waste products 
used as substrates were cassava peels (CP) and 
cow dung (CD). 

	 Despite extensive studies on VFA 
production through mixed digestion systems,they 
mostly focused on substrates such as food waste, 
sewage sludge, or industrial wastewater7, 13. Also, 
limited research has focused on the production of 
VFAs from cassava peel mixed digestion systems in 
West African contexts. Research done with cassava 
peels in combination with animal manure focused 
mainly on the production of biogas production rather 
than VFA production14, 15. For instance, in Nigeria and 
Ghana studies were conducted on cassava peels 
co-digested withpig dung, cow dung, or poultry 
droppings mainly for biomethane generation and 
energy recovery14, 15.

	 The principal goal of this study was to 
evaluate the effects of substrate composition 
and digestion time on VFA production during the 
anaerobic co-digestion of cassava peels and cow 
dung.

MATERIALS AND METHODS

Substrate collection and preparation 
	 Cassava peels (figure 1a) were collected 
from local attiéké production units in Yamoussoukro. 
The peels were washed, sun-dried for five days and 
then manually pounded into smaller pieces using a 
mortar. They were then ground into a fine powder 
(figure 1b) using a blender and sieved with a 400 µm 
mesh. The resulting cassava peel powder was then 
stored at 4 °C till usage time. Cow dung was gotten 
from the experimental cattle farm of the National 
Polytechnique Institute Felix Houphouet Boigny 
(INP-HB), sun-dried for 3 days and ground into a 
powder using a blender, and stored in plastic bags 
until use. Initial characterization of the substrates 

included total solids (TS), volatile solids (VS), pH, 
chemical oxygen demand (COD), lipid content, 
nitrogen and protein content, following standard 
procedures.

Experimental arrangement and procedures
	 A batch test system was implemented to 
assess the influence of substrate ratio and digestion 
time on the VFAs produced. Glass reactor bottles 
of 250 mL were used for digestion. The working 
volume was maintained at 200 mL and the 50mL left 
served as head space. The reactor bottles were filled 
with the substrates (cassava peel and cow dung)in 
different ratios of CP:CD (100:0, 75:25, 50:50, 25:75 
and 0:100) based on their volatile solids contents. 
Table 1 presents the experimental design while 
figure 2 shows a sample of the reactor bottles with 
substrates. The substrates were then diluted with 
150 mL of tap water and the reactants adjusted to 
a pH of 9 at the beginning of the experiment using 
Sodium hydroxide and not further controlled during 
digestion. A pH of 9 was chosen because the 
methanogenic stage of the AD process is inhibited 
at pH less than 6 and above 8 16. In the production of 
VFA, the methanogenic stage is hindered because 
it will convert VFA to biogas.

	 The bo t t les  were  then  manua l l y 
homogenized thoroughly and oxygen removed by 
sealing the reactors immediately after preparation 
and allowing anaerobic conditions to develop 
naturally. Each treatment was conducted in duplicate 
and digested over different durations from 1 to 7 
days without any further mixing. For each digestion 
time, separate bottles were used and so a total 
of 70 digesters were used (5 ratios × 7 digestion 
times × 2 replicates).  Cow dung served both as 
co-substrate and inoculum; therefore no other 
inoculum was added. Co-digestion was performed 
at a temperature of 35oC in an incubator and at the 
end of each incubation period; duplicate samples 
were withdrawn from the incubator and dipped in 
cool water to stop the digestion process. The entire 
content of each bottle was filtered using a filter cloth 
to obtain the liquid phase which was immediately 
analysed for VFA concentration.

Analytical methods
	 Total solids (TS) and Moisture content 
were determined using French standard NF ISO 
AFNOR X 90-029 (1994), Volatile solids (VS) were 
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measured according to AFNOR NF U 44-160 (1985). 
Lipid content was measured by Soxhlet extraction 
(AOAC, 1990). Nitrogen content was analysed using 
the Kjeldahl method (AOAC, 1990) and the ash 
content was measured using the muffle furnace 
method according to AOAC,1990. The chemical 
oxygen demand (COD) was determined following 
the NF T90-101 standard.The pH of the substrates 
was determined with the help of a calibrated digital 
pH meter.

	 VFA concentration in the fermentation 
broth obtained from batch experiments was 
measured using a quantitative analysis using on 
a titration method by Nsavyimana et al.,17 which 
provides comparable results to gas chromatography. 
The titration-based method was chosen due to 
its simplicity, rapidity, and cost-effectiveness for 
monitoring acidification during anaerobic digestion. 
The method was selected to evaluate overall 
VFA production trends under different substrate 
compositions and digestion periods.All analyses 
were performed in duplicate to ensure reproducibility 
of the measurements. Calibration and recovery 
analyses were not conducted; therefore, the reported 
values should be interpreted as estimations of total 
VFA concentration.

Statistical analysis
	 All experiments were conducted in 
duplicate and results were expressed as mean ± 
standard deviation. One-way analysis of variance 
(ANOVA) was performed to evaluate the effect of 
substrate ratio on volatile fatty acid (VFA) production 
at each digestion time. In addition, two-way ANOVA 
was used to determine the combined effects of 
substrate ratio and digestion time on VFA production. 
Mean comparisons were carried out using Tukey’s 
Honestly Significant Difference (HSD) test at a 
significance level of p < 0.05. Statistical analyses 
were performed using Python statistical packages.

RESULTS AND DISCUSSION

	 This section reports the results of VFA 
production obtained during the anaerobic co-
digestion of cassava peels and cow dung under 
varying substrate proportions and digestion times. 
It presents how these factors influenced the 
concentration of VFAs generated.

Physicochemical characteristics of substrates 

	 Table 2 presents the physicochemical 
properties of the substrates used for co-digestion 
during the evaluation of substrate ratio and digestion 
time effects on VFA production.

	 These values show that both substrates 
possess properties suitable for anaerobic digestion. 

	 The high volatile solid content of both 
substrates which represent the biodegradable organic 
fraction indicate that the substrates are suitable for 
VFA production, as it guarantees an ample source of 
carbon and energy for the microorganisms involved 
in the fermentation process. The values obtained 
are consistent with those found in studies using the 
same or similar substrates . Cassava peels revealed 
low nitrogen content (0.42%) indicating a high C/N 
ratio which is disfavourable for anaerobic digestion.  
This confirmed the need for cassava peels to be 
co-digested with cow dung which exhibited a higher 
nitrogen content (0.812%) which is profitable for 
enhancing microbial growth and hence maximizing 
VFA production1. The lignin content of 9.6% obtained 
for the cassava peels in this study falls within the 
range of 9.0–16.0% reported by Kayiwa21. Lignin is 
known to limit the biodegradability of lignocellulosic 
biomass because it forms a protective barrier around 
cellulose and hemicellulose, thereby restricting 
enzymatic hydrolysis during anaerobic digestion. 
The relatively low lignin content observed in this 
study suggests that the cassava peels may be 
more amenable to microbial degradation and 
therefore require less intensive pre-treatment prior 
to fermentation. This could enhance hydrolysis 
efficiency and reduce operational costs associated 
with substrate processing for VFA production.

	 Differences in the physicochemical 
properties of cassava peels reported across studies 
may be attributed to variations in cassava cultivar20, 
environmental conditions, soil characteristics, 
agricultural practices, and storage conditions22. 
Such factors can significantly influence the structural 
composition and biodegradability of lignocellulosic 
residues.

	 The cassava peels exhibited a slightly 
acidic pH of 6.48, whereas the cow dung was 
alkaline, with a pH of 9.39. The alkaline nature 
of cow dung likely played an important role in 
maintaining pH stability within the digestion system 
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through buffering action. Stable pH conditions are 
essential for maintaining the activity of hydrolytic 
and acidogenic microorganisms involved in VFA 
production. Without adequate buffering, rapid acid 
accumulation during fermentation may result in pH 
decline, leading to inhibition of microbial metabolism 
and reduced fermentation efficiency. Therefore, 
co-digestion with cow dung may have improved 
process stability and enhanced VFA accumulation 
by preventing excessive acidification of the reactors.

Effects of substrate proportion on VFA 
production
	 Batch tests were carried out with different 
ratios of CP:CD for a period of 1 to 7 days, to test the 
influence of CP:CD ratio on the production of VFAs. 
Figure 3 shows how the VFA concentration varied 
with the different substrate ratios for each digestion 
time. One-way ANOVA revealed a significant effect 
of substrate ratio on VFA production (p < 0.05). The 
25:75 CP:CD mixture yielded the highest mean VFA 

Table 1: Layout of experimental design

Treatment	 Ratio	 Mass of 	 Mass of CD	 VS (g)	 Solution 	 Organic loading 
		  CP (g)	  (g)		  volume (mL)	 concentration (gVS/L)

A(CP:CD)	 100:0	 22	 0	 21.13	 150	 105.65
B(CP:CD)	 75:25	 16.5	 7.64	 21.28	 150	 106.40
C(CP:CD)	 50:50	 10.99	 15.28	 21.43	 150	 107.15
D(CP:CD)	 25:75	 5.49	 22.91	 21.58	 150	 107.90
E(CP:CD)	 0:100	 0	 30.58	 21.77	 150	 108.85

Table 2: Key physicochemical characteristics of cassava peels and cow dung

Parameter	 Cassava peels	 Cow dung

Total solids (%)	 94,0	 91.2
% Moisture	 6.05	 8.8
Volatile solids(%TS)	 96.03	 71.2
Chemical oxygen demand (mgL-1)  (On dry basis)	 11,854.08	 18,707.69
Fat content (%)	 4.99	 3.22
Nitrogen content (%)	 0.42	 0.812
Protein content (%)	 2.625	 5.075
pH	 6.48	 9.39
Lignin (%)	 9.0	 -
Carbohydrate (%)	 82	 -
Ash content (g (100g)-1 dry matter)	 3.801	   -

Table 3: Peak VFA concentration and corresponding 
digestion day for each treatment

CP:CD ratio	 Peak day	 Peak VFA concentration (mg/L)

100:0	 6	 1625.18 ± 40.4
75:25	 6	 2362.79 ± 5.9
50:50	 2	 2405.77 ± 66.7
25:75	 6	 3940.99 ± 76.9
0:100	 4	 3171.39 ± 147.2

Values are expressed as mean ± standard deviation of duplicate experiments.
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Table 4: Total volatile fatty acid (VFA) concentration (mg/L) during anaerobic 
co-digestion of cassava peels (CP) and cow dung (CD) over 7 days

Day	 100:0	 75:25	 50:50	 25:75	 0:100

1	 1419.30 ± 2.05d	 1849.41 ± 19.80c	 2351.66 ± 56.94b	 3067.30 ± 19.39a	 2307.11 ± 135.64b
2	 1274.39 ± 16.70e	 1662.26 ± 60.49d	 2405.77 ± 66.67c	 3283.67 ± 42.56a	 2884.70 ± 44.71b
3	 1168.77 ± 19.09d	 1682.32 ± 20.04c	 2116.30 ± 39.53b	 3200.20 ± 44.53a	 3105.69 ± 7.75a
4	 1404.77 ± 6.17d	 1859.39 ± 41.91c	 2287.63 ± 143.57b	 3261.79 ± 19.35a	 3171.39 ± 147.20a
5	 1102.36 ± 15.04b	 1560.73 ± 42.63b	 2076.88 ± 182.08a	2967.72 ± 481.65a	3075.79 ± 575.94a
6	 1625.18 ± 40.42d	 2362.79 ± 5.89c	 2159.09 ± 262.55c	 3940.99 ± 76.94a	 2945.14 ± 79.64b
7	 1254.58 ± 131.95c	 2086.95 ± 33.63b	 2180.50 ± 71.01b	 3443.59 ± 1.92a	 2380.84 ± 480.95b

Values are expressed as mean ± standard deviation of duplicate experiments. Means with different superscript lowercase 

letters within the same row are significantly different according to Tukey’s HSD test (p < 0.05).

Table 5: One-way ANOVA showing the effect of cassava peel:cow 
dung substrate ratios on VFA production at different digestion times

Day	 DF	 F-value	 p-value	 Interpretation

1	 4, 5	 169.45	 < 0.001	 Significant effect of substrate ratio
2	 4, 5	 569.82	 < 0.001	 Significant effect of substrate ratio
3	 4, 5	 1798.02	 < 0.001	 Significant effect of substrate ratio
4	 4, 5	 148.09	 < 0.001	 Significant effect of substrate ratio
5	 4, 5	 12.42	 0.008	 Significant effect of substrate ratio
6	 4, 5	 94.07	 < 0.001	 Significant effect of substrate ratio
7	 4, 5	 24.15	 0.002	 Significant effect of substrate ratio

Table 6: Two-way ANOVA results showing effects of 
substrate ratio and digestion time on VFA concentration

Source of variation	 df	 F-value	 p-value	 Significance

Substrate ratio	 4	 295.37	 < 0.0001	 Significant
Digestion time	 6	 7.79	 < 0.0001	 Significant
Ratio × Digestion time	 24	 4.04	 < 0.0001	 Significant
Residual	 35	 -	 -	 -

concentration (3940 mg/L), which was significantly 
higher than the mono-digestion treatments. The 
100:0 CP:CD ratio recorded the lowest VFA yield 
(1321 mg/L), confirming the superiority of co-
digestion over mono-substrate systems. The optimal 
VFA production at the 25:75 CP:CD ratio can be 
explained by the following points:

Carbon-Nitrogen balance1

	  Cassava peels are r ich in readily 
biodegradable carbohydrates carbon content, but 
poor in nutrients. On the other hand, Cow dung 
provides nitrogen, phosphorus, and trace elements 
giving a more balanced C/N ratio. Therefore, at the 
ratio 25:75, cow dung supplies sufficient nutrients 
to support rapid acidogenic microbial growth, while 
cassava peels provide enough fermentable carbon 
without causing excessive acidification. At higher 
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CP proportions, nutrient limitation and acid stress 
likely restricted VFA production. It has been shown 
that co-digestion enhances the production VFA by 
creating a better balance for the C/N ratio23.

	 Better buffering capacity and pH stability. 
Cow dung contains Bicarbonates and ammonium 
compounds which are natural buffering agents. 
These buffering agents prevent excessive pH 
drops caused by rapid fermentation of cassava 
peels hence maintaining the pH within the optimal 
range for acidogenic bacteria activities24-26.pH plays 
a critical role in regulating microbial metabolism 
during anaerobic digestion7. Slightly alkaline 
conditions may enhance hydrolysis by promoting 
lignocellulosic solubilization and extracellular 
enzymatic activity during anaerobic fermentation2. 

However, excessively high pH may inhibit certain 
acidogenic microorganisms and alter metabolic 
pathways.Changes in pH influence enzyme activity, 
substrate solubility, microbial growth, and the balance 
between acidogenesis and methanogenesis, as 
acidogenesis rely heavily on controlling or buffering 
pH1.

	 Enhanced microbial community [1]. In this 
experiment, cow dung acted both as a co-substrate 
and inoculum. The hydrolytic and acidogenic bacteria 
contained in it helped in facilitating polysaccharide 
breakdown. Therefore at the ratio 25:75, the 
microbial populations are dense and diverse and 
promote hydrolysis and acidogenesis producing 
more VFA.

	 Inhibition of methanogenesis. The higher 

Fig. 1: Cassava peelings (a) fresh peelings (b) Ground peelings

		  (a)							       (b)

Fig. 2: Reactor bottles containing substrates

concentration of VFA that was produced as the 
CDproportion increased can be attributed to the 
inhibition of the methanogenic stage in the reactors 
with higher percentages of CD28.The high pH of CD 
is unfavourable for methanogenesis.

	 Therefore, the optimal performance of 
the 25:75 CP:CD ratio is attributed to an improved 
carbon–nitrogen balance, enhanced buffering 
capacity, greater microbial diversity, which together 
promoted stable and efficient acidogenesis and 
acetogenesis, leading to higher VFA concentration.
Overall, co-digestion of cassava peels and cow 
dung resulted in higher VFA production compared 
to mono-digestion of cassava peels alone (100:0), 
indicating the beneficial effect of substrate synergy 
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during anaerobic fermentation.The consistently 
low VFA production observed in the cassava peel 
mono-digestion system suggests that cassava 
peels alone may not provide optimal conditions 
for efficient acidogenic fermentation. This could be 
attributed to several factors, including the recalcitrant 
lignocellulosic structure of cassava peels; nutrient 
imbalance associated with high carbon-to-nitrogen 
ratios and limited buffering capacity1,16. Furthermore, 
the absence of sufficient microbial inoculum may 
have restricted the establishment of an active 
anaerobic microbial community29. The improved 
performance observed as the substrate ratios 
moved from zero CD to a higher CD percentage 
may be attributed to synergistic interactions between 
cassava peels and cow dung, including improved 
nutrient balance, enhanced microbial diversity, 
and increased availability of biodegradable organic 
matter for acidogenic microorganisms. In addition, 
the high carbohydrate content of cassava peels 
likely promoted rapid hydrolysis and acidogenesis, 
resulting in increased accumulation of VFAs13,27,30.
Similar findings have been reported in previous 
studies on lignocellulosic biomass digestion, where 
co-digestion with animal manure significantly 
improved substrate biodegradability, microbial 
stability, and VFA production efficiency31.

	 For instance a study by Owusu-Agyeman 
et al.4 on the production of VFA through co-digestion 
of sewage sludge and external organic waste 
resulted in optimal performance by the co-digested 

samples over mono digested samples. Also, Feng 
et al.23 discovered that adding rice (carbohydrate-
rich substrate) to waste activated sludge (protein-
rich substrate) improved on the production of VFA 
compared with the fermentation of waste activated 
sludge only. 

Evolution of VFA concentration over time
	 Figure 4 presents the evolution of total 
VFA concentration in the fermentation liquid 
of reactor bottles during the 7-day anaerobic 
digestion period for the various CP:CD ratios.
Most of the batch reactors exhibited minimum 
VFA concentrations on day 5, followed by a sharp 
increase that resulted in peak VFA accumulation 
on day 6 for all treatment ratios except the 50:50 
CP:CD ratio, which reached its maximum VFA 
concentration on day 2. The earlier peak observed 
in the 50:50 ratio may indicate more rapid substrate 
biodegradation and enhanced microbial activity 
due to improved nutrient balance between cassava 
peels and cow dung. Cow dung served not 
only as a co-substrate but also as an inoculum, 
supplying active anaerobic microorganisms and 
buffering capacity that supported the fermentation 
process.The rapid increase in VFA concentration 
during the initial digestion period suggests that 
hydrolysis and acidogenesis occurred actively 
during the early stages of fermentation,resulting in 
increased conversion of organic matter into soluble 
intermediates that were subsequently fermented 
into VFAs by acidogenic bacteria. However, after 

Fig. 3: Variation of total volatile fatty acid (VFA) concentration during anaerobic 
co-digestion of cassava peels and cow dung at different substrate ratios for each 
digestion time. Error bars represent standard deviation of duplicate experiments
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maximum VFA accumulation was reached on 
day 6 for most treatment ratios, the subsequent 
decline in VFA concentration may be explained 
by changes in anaerobic digestion kinetics and 
microbial succession within the reactors. At this 
stage, the readily biodegradable organic matter 
available for hydrolysis and acidogenesis was likely 
reduced, thereby limiting substrate availability for 
acidogenic bacteria. In addition, the accumulation 
of intermediate metabolites and changes in pH may 
have adversely affected microbial activity32. The 
decrease in VFA concentration could also indicate 
the onset of methanogenic activity, during which 
methanogenic archaea utilized VFAs, particularly 
acetate, as precursors for methane production. This 
suggests a gradual shift of the digestion process 
from acidogenesis toward methanogenesis with 
increasing digestion time.Similar trends have been 
reported in anaerobic co-digestion systems where 
VFA accumulation peaks during the early acidogenic 
phase before declining as methanogens become 
more active and soluble organic substrates become 
depleted. Such as the results reported by Sanchez-
Ledesma33, who observed maximum VFA production 
from cassava wastewater fermentation on day 6 
with a decline after day 6. Similarly, Lim34 in their 
investigation of effects of hydraulic retention time 
(HRT) on VFA production from food wastes,reported 
that total VFA concentration increased with hydraulic 
retention time before declining at prolonged digestion 
periods. The similarity in trends suggests that VFA 
accumulation is strongly influenced by digestion 
time, substrate biodegradability, and microbial 
dynamics during anaerobic fermentation. 

	 Generally, VFA concentrations increased 
progressively until Day 6, after which a decline 
was observed. This suggests substrate depletion, 
chain elongation, methanogenic activity starting 
and potential VFA consumption by secondary 
fermentative pathways. The 25:75 ratio exhibited 
the highest peak VFA concentration (3940.99 mg/L), 
confirming the synergistic advantage of co-digestion.

Statistical analysis of treatment effects	
	 The one-way ANOVA results indicated 
significant differences in VFA production among 
the substrate ratios on all digestion days (p < 0.05), 
demonstrating that substrate composition played 
an important role in the acidogenic fermentation 
process.

	 Two-way ANOVA revealed that substrate 
ratio significantly affected VFA concentration (F 
= 295.37, p < 0.0001). Digestion time also had a 
significant effect on VFA production (F = 7.79, p 
< 0.0001). Furthermore, the interaction between 
substrate ratio and digestion time was statistically 
significant (F = 4.04, p < 0.0001), indicating that 
the effect of digestion time varied depending on the 
substrate composition.

CONCLUSION

	 This study evaluated the production of 
volatile fatty acids (VFAs) through anaerobic co-
digestion of cassava peels and cow dung at different 
substrate ratios and digestion times. The results 

Fig. 4: Effect of digestion time on volatile fatty acid (VFA) concentration during anaerobic co-digestion 
of cassava peels and cow dung. Error bars represent standard deviation of duplicate experiment 
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demonstrated that co-digestion enhanced VFA 
production compared to mono-digestion of cassava 
peels, highlighting the beneficial effects of improved 
nutrient balance, microbial synergy, and buffering 
capacity provided by cow dung. Among the ratios 
tested, 25:75 (cassava peels: cow dung) mixture 
yielded the highest VFA concentration (3940 mgL-1). 
Most treatment ratios achieved peak VFA production 
on day 6, indicating that digestion time significantly 
influenced acidogenic fermentation performance. 
The low VFA yield observed in the cassava peel 
mono-digestion system was attributed to the 
lignocellulosic nature of the substrate and possible 
microbial inhibition effects. From an environmental 
and practical perspective, this study provides 
important insights into the sustainable management 
of agricultural wastes in cassava-producing regions. 
The conversion of cassava peels and animal manure 
into value-added products such as VFAs contributes 
to waste reduction, resource recovery, and the 
development of circular bio economy systems.

	 A limitation of this study is that only 
total VFA concentration was determined, without 
characterization of individual acids such as acetic, 
propionic, and butyric acids. Consequently, detailed 
interpretation of fermentation pathways and specific 
industrial applications of the produced VFAs could 
not be established.

	 Future research should focus on 
characterizing individual VFA components and 
exploring downstream applications of the produced 
VFAs. 
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