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Abstract

Purpose Recycling of food waste fraction of municipal solid waste into compost for use in agriculture is seen as
an effective environmentally—friendly option. In developing countries, however, there are few commercial com-
posting facilities producing composts whose use in agriculture is low, mainly due to their low nutrient content
compared to chemical fertilizers.

Method This study investigated the effect of the food waste (FW) nutrient-amendment ratio on compost quality
using amendments such as Cocoa Pod Husk Ash (CPHA), poultry manure (PM), and cow manure (CM). Six treat-
ments (T1, T2, T3, T4, T5, and T6) and control were composted for 70 days.

Results The total Nitrogen, total Phosphorous, and total Potassium content ranged from 0.96—1.42%, 0.19-0.78%,
and 0.86-1.42%, respectively, for the different compost types. In all treatments, the C/N ratio reduced significant-
ly, while concentrations of heavy metals (Pb and Zn) were within the acceptable international limits. Toxicity of
composts to cucumber (Cucumis sativus) was ascertained. Germination index (GI) was the highest in TS (FW
amended with PM only) whereas the control (FW only) recorded the least GI.

Conclusion This study shows that the use of PM, CM, and CPHA seems to be beneficial for the enrichment of food

waste compost.

Keywords Food waste recycling, Composting, Compost quality, Nutrient amendments, Municipal solid waste

Introduction

Globally, about 1.3 billion tons of solid waste is cur-
rently generated per year with an expected increase to
2.2 billion tons by 2025. The rate of waste generation,
especially in low-income countries, is projected to dou-
ble over the next twenty years (Samwine et al. 2017).
In Ghana, the current rate of generation of solid waste
stands at 0.47 kg/person/day with 61% of the total
waste generated which is organic (Miezah et al. 2015).
Despite the increasing generation of food waste, the
utilization of food waste for material and energy con-
version remains challenging for several reasons that are
related to its inherent heterogeneous composition, high
moisture content, and low calorific value. These chal-
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lenges impede the development of the robust, large-
scale, and efficient industrial material and energy con-
version process (Adhikari et al. 2008). The application
of sustainable methods for waste management has led
to extensive research into options for food waste treat-
ment. Waste diversion by composting provides a city
with a unique opportunity to improve its overall waste
collection service. Composting stabilizes food waste,
destroys most parasites and pathogens as well as reduc-
es odour emissions by reducing levels of biodegradable
hydrocarbons (Barrington et al. 2002). Although most
composting facilities in many developing countries
have folded up over the years, those in operation cur-
rently are barely operating to their designed capacities
primarily due to high operational and maintenance costs
as well as unavailability of markets to absorb compost
produced (Zerbock 2003). Many researchers in their
quest to improve the quality of compost have used some
additives. Thus, they have used different feedstocks in
combination with sludge, manure, bulking agents, etc.
as amendments all to improve the quality of organic
waste compost. Similar works rather targeted the mini-
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mization of nitrogen loss, hence the addition of amend-
ments. Thus, the loss of nitrogen reduces the fertilizer
value of composts and constitutes an important eco-
nomic loss (Ogunwande et al. 2008). A study by lowa
State University Extension Service (2004) showed that
gypsum could reduce ammonia losses from dairy ma-
nure storage by 14%. Koenig et al. (2005) reported that
the addition of gypsum at rates of 4% and 12%, when
composting poultry manure with wood chips, signifi-
cantly decreased the evolution of ammonia.

Nakasaki et al. (2001) in their stud used biode-
gradable plastic that acted as a ‘reserve acid’ for de-
creasing pH to minimize NH, emissions during com-
posting. However, high doses of chemical additives
in composting become toxic to most microorganisms
(Liang et al. 2000). Torkashvand (2010) in his study
used different amounts of molasses, office paper, sulfu-
ric acid, and paper mill sludge as nutrient amendments
to improve the quality of compost from organic waste
as well as minimize the loss of nitrogen. He concluded
that sulfuric acid and paper mill sludge were suitable
amendments for increasing the agronomic value of the
produced compost quality, however, paper mill sludge
had a more impact on total nitrogen of the produced
compost than the sulfuric acid. Understanding the nu-
trient availability and transformation during and after
composting food waste will help composting facilities
to improve their technologies and processes, thereby
increasing the quality and use of compost products in
agriculture.

The purpose of this study was to evaluate the ef-
fect of organic additives as nutrient amendments on the
process conditions and the overall quality of the food
waste amended compost. This study sought to suggest
appropriate food waste feedstock—nutrient amendments
ratios that could best produce high-quality compost.

Materials and methods
Study Area

The study was conducted in the Kumasi Metropolis,
one of the thirty districts in the Ashanti Region of Gha-
na. It is located between Latitude 6.35 °N and 6.40 °S
and Longitude 1.30 °W and 1.35 °E and elevated 250 to
300 meters above sea level (Ghana Statistical Service
2014). The Metropolis falls within the wet sub-equa-
torial type. The population of Kumasi Metropolis is
1,730,249 represents 36.2% of the total population
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of Ashanti Region (Ghana Statistical Service 2014).
The dominant economic activities in the municipality
include civil service, sales work, skilled agricultural
forestry, and fishery workers. Out of the 37,456 house-
holds which are into agricultural activities, 91.6% are
into crop farming.

Experimental design

The experimental study was carried out under a con-
structed shed structure during January and April 2018.
Municipal food waste was source-separated from some
households, fast food restaurants, and markets within
the Kumasi metropolis and transported to the compost-
ing site. Manual sorting was then carried out to remove
non-biodegradable materials such as plastics. The nu-
trient amendment materials; cow manure (CM) and
poultry manure (PM) were obtained from the Kumasi
abattoir and KNUST Agricultural animal farm, respec-
tively. Fresh Cocoa pod husks were collected from a
nearby cocoa farm, dried, and subjected to a tempera-
ture of 550 °C to produce Ash. Characteristics of the
FW and nutrient amendments employed in this study
are presented in Table 1.

The nutrient amendment materials considered in
this study were selected based on their relatively high
nutrient levels and how readily available they were,
which are important considerations for any future large-
scale composting of food waste to be undertaken in Ku-
masi. The FW having a moisture content of 60-65%
was shredded to particle sizes ranging between approx-
imately 3-12 mm and well mixed to obtain a uniform
mixture before adding the amendment materials. The
composition of treatments (FW: nutrient amendments
ratios and control) is shown in Table 2.

Composting process

The Aerated-turned windrow composting method was
employed for the 10-week composting period. This ex-
periment was on a farm-scale in a completely random-
ized design (CRD) with two replications. Each treatment
consisted of an equal quantity (40 kg) of the source-sep-
arated FW combined with different quantities of the nu-
trient amendment materials. Ambient temperatures and
temperatures within each compost pile were measured
daily using a mercury-in-glass thermometer until the
full compost maturity stage was reached. Treatments
were aerated by turning piles twice every week manu-
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Table 1 Mean physicochemical characteristics of the component feedstock materials used in the compost pile for-

mulations for this experiment

Parameters Unit Fw CM PM CPHA
pH 5.53 7.63 7.84 6.69
MC % 63.50 62.88 54.55 0
TOC % 22.45 23.14 32.32 21.15
N % 1.19 1.51 3.64 0.01
C: N ratio 18.87 15.32 8.88 21.15
OM % 38.70 39.90 55.72 36.45
P % 0.98 0.47 1.16 1.21
K % 2.39 1.49 1.83 9.39
EC mS/cm 3.10 7.20 5.84 17.10
Ca % 5.60 1.48 3.20 4.92
Mg % 0.15 0.05 0.79 2.23
Zn mg/kg 0.52 0.26 0.56 1.34
Pb mg/kg 0.04 0.37 0.38 0.04
Faecal coliform CFU/g 1.9x10° 4.0x10° 4.6x10% 0

E. coli CFU/g 1.3x10° 2.1x103 3.4x10* 0
Helminth eggs g Q 14 15 0

*FW- Food Waste; CM- Cow Manure; PM- Poultry Manure; CPHA- Cocoa Pod Husk Ash

Table 2 Formulations (Kg) and compositions of treatments used for composting

Treatments (FW) (C™M) (PM) (CPHA) Total weight (kg) by dry
(Pile) weight

T1 40 15 15 0.3 70.3

T2 40 10 20 0.3 70.3

T3 40 20 10 0.3 70.3

T4 40 30 0 0 70

T5 40 0 30 0 70

T6 40 0 0 0.3 40.3

C 40 0 0 0 40

*FW- Food Waste; CM- Cow Manure; PM- Poultry Manure; CPHA- Cocoa Pod Husk Ash
Compositions (FW: CM: PM: CPHA) - T1 (40:15:15:0.03) kg; T2 (40:10:20:0.3) kg; T3 (40:20:10:0.3) kg; T4 (40:30:0:0) kg; T5 (40:0:30:0)

kg; T6 (40:0:0:0.3); C (40:0:0:0) kg

ally using a shovel, and moisture content was adjusted
to about 40-60% by adding water (Cooperband et al.
2003). The comparison of treatments and control was
focused on the following:

e Treatments (T1, T2, and T3) were compared with
each other to assess the effect of the CM to PM ra-
tios on the compost quality,

e Treatments T4, TS5, T6 were compared with each
other to assess the effect of the individual nutri-

ent-amendment material on the compost quality.

o All the treatments (T1 to T6) were compared with
the control to determine the best treatment and its
effect on compost quality.

Analysis of samples

A stratified sampling method was employed in this
study, where a compost pile was subdivided into sep-
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arate zones (top, middle, and bottom) and a series of
point samples were collected and composited within
each zone. Compost samples (100 g) consisted of mixed
composites taken immediately after turning (weekly)
from the beginning to the end of the experiment. The
samples were air-dried and ground to pass through a
Imm sieve. The physical, chemical, and microbiolog-
ical properties of the composts were ascertained. To-
tal Kjeldahl Nitrogen (TKN) and the Total Organic
Carbon (TOC) of the samples were determined using
the Kjeldahl method and Walkley and Black proce-
dure, respectively (Walkey and Black 1934; Singh and
Pradhan 1981). Phosphorus (P) was determined with
a spectrophotometer according to the phosphomolyb-
date blue method (Olsen and Sommers 1982). Potassi-
um, Calcium, Magnesium, Lead, and Zinc in composts
were measured with a flame photometer (Soltanpur and
Workman 1979).

The pH and EC were determined on a water extract
from compost using compost to water ratio of 1:5 by
weight. The microbiological assays (microbial activity
detection) were done for bacteria using the membrane
filtration technique. Parameters such as pH, C/N ratio,
and germination tests were used to determine the extent
of compost. A modified phytotoxicity (germination)
test described by Mendes et al. (2016) was used to test
the maturity of the compost samples. Cucumber seeds
(Cucumis sativus) were used in this study because they
have early germination properties and are easily attain-
able locally in Ghana than raddish, cress, or ryegrass,
which are also widely used for such maturity determi-
nations (Ofosu-Budu et al. 2010).

Ten seeds of cucumber (Cucumis sativus) acquired
from Agrimat Company Limited (viability as tested =
90%) were sown on filter paper moistened with differ-
ent concentrations of compost extract (50% and 100%)
and these were compared with the control (100% dis-
tilled water) for each type of treatment. This setup was
prepared in triplicates and kept at room temperature in
the laboratory. The germinated seeds were counted and
root length measured after 7 days of incubation. The
seeds’ responses to the compost treatments were calcu-
lated by a germination index (GI) based on the formula
below (Chen et al. 2011):

The results are generally expressed as an index.

XL ¥100
GoXLo

Gl=

where, G and L are Seed germination and Root
Length of Treatment, respectively, whereas G, and L,
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are the Seed germination and Root Length of the 100%
distilled water control.

Statistical analysis

The differences in chemical properties between treat-
ments and control ratios were statistically analyzed.
Shapiro-Wilk normality test was used to check the nor-
mality of the obtained data. For normally distributed
data, comparisons between the seven variables were
carried out using one-way ANOVA, whilst data not
conforming to normal distribution were compared us-
ing the Kruskall-Wallis in Graphpad prism 8. Results
with p < 0.05 were considered significant. To compare
the differences, Dunn’s test was used (p < 0.05). De-
scriptive analysis was used to determine the phytotox-
icity of the matured composts.

Results and discussion
Biodegradation (Mass and volume reduction)

The weight and volume of compost at the end of
composting were, on average, reduced by 46.1% and
45.3.5%, respectively (Tables 3 and 4). The biodegra-
dation rate was relatively higher in the treatments than
the control indicating that additional biodegradable nu-
trient source was provided by the amendment materials
in the treatments. This is because the additional carbon
and nitrogen provided by the nutrient amendments in
the treatments supported the increasing microbial bio-
mass and hence increased microbial activity resulting in
higher decomposition (Torkashvand 2010).

Also, further average weight and volume reductions
of about 28.9 and 27.4% were realized after sieving the
finished composts through a 2 mm sieve at the end of
the composting period (Table 4).

Quality of compost - Nutrient content

Effect of cow manure and poultry manure (T1, T2,
and T3) on compost quality

Effects of nutrient content on compost quality were
observed for piles T1, T2, and T3, which contained
equal amounts of the FW and CPHA (40 kg and 0.3
kg, respectively), with varying amounts of PM and
CM (Table 2). The effect of PM and CM on total nitro-
gen (TN) of compost is shown in Tables 5 and 6. Levels
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Table 3 Material flow in weight during composting

End of composting

After sieving

Compost ~ Weight at start of Weight (kg) Changein % Reduction =~ Weight  Change in % Reduction
piles composting (kg) weight (kg) (kg) weight (kg)
T1 70.3 35.6 34.7 49.4 20.9 14.7 41.3
T2 70.3 39.1 31.2 44.4 26.7 12.4 31.7
T3 70.3 36.2 34.1 48.5 28.8 7.4 20.4
T4 70 40.8 29.2 41.7 254 154 37.8
TS 70 26.7 433 61.9 21.4 5.3 19.9
T6 40.3 24.4 15.9 39.5 18.2 6.2 25.4
C 40 25.0 15.0 37.5 18.6 6.4 25.6
Table 4 Material flow in volume during composting
End of composting After sieving
Compost pile ~ Volume at start of  Volume Change in % Volume Change in %
composting (m®)  (m?) volume(m?) Reduction  (m®) volume(m?) Reduction
T1 0.048 0.025 0.023 47.9 0.015 0.01 40.0
T2 0.048 0.027 0.021 43.8 0.019 0.008 29.6
T3 0.048 0.025 0.023 47.9 0.02 0.005 20.0
T4 0.047 0.028 0.019 40.4 0.018 0.01 357
TS 0.047 0.018 0.029 61.7 0.015 0.003 16.7
T6 0.039 0.024 0.015 38.5 0.018 0.006 25.0
C 0.038 0.024 0.014 36.8 0.018 0.006 25.0

Compositions (FW: CM: PM: CPHA) - T1 (40:15:15:0.03) kg; T2 (40:10:20:0.3) kg; T3 (40:20:10:0.3) kg; T4 (40:30:0:0) kg; T5 (40:0:30:0)

kg; T6 (40:0:0:0.3); C (40:0:0:0) kg

of TN in the treatments and control were in the order
T2> T1> T3. Since TN content in PM was higher than
CM, the addition of 20 kg of PM to T2 may have pro-
moted better microbial activity and further immobiliza-
tion (Liang et al. 2006) resulting in the comparatively
higher level of total nitrogen recorded.

There was an obvious reduction in total carbon in
these treatments compared to the control, the highest
being in T2 having 61.42% reduction and lowest being
55.16% recorded for T1. Generally, the source of raw
material used during composting influences the humifi-
cation process (Chefetz et al. 1998). There was a direct
association between phytotoxicity and the content of
the compost extracts as all treatments were more tox-
ic than the control (Fig. 3). Thus, it was realized that
amongst all the treatments (T1, T2, and T3) and control
studied, major nutrients like TN and TK were highest in
compost T2 (Table 6). However, in terms of germina-
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tion Index (50%-extract), T2 recorded the least of 19.2
(Fig. 3) proving higher phytotoxicity.

Effect of CM, PM, and CPHA (T4, T5, and T6) on
compost quality

For temperature stabilization, the temperature was
highest in pile T5 recording 56 °C on the 7" day. This
pile reached maturity within the shortest period which
was prepared from FW amended with poultry manure
only. Among these treatments, it was observed that the
poultry manure effect on total nitrogen was greater than
treatments amended by CM and CPHA. This could be
as a result of pile TS5 having a higher nitrogen content
at the start of the composting process. Nutrient content
recorded at the end of the composting period was thus
the highest for T5 and reduced in the order of T4 and
T6 (lowest). This order was found to correspond with
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Table 5 Average (+ standard error) chemical properties of compost piles before composting

Parameter T1 T2 T3 T4 T5 Té6 C

Total N (%)  1.72+0.03 1.65+0.11 1.8340.01 1.5+0.04 2.27+0.01 1.28+0.05 1.19£0
Total P(%) 0624002  091£0.03  0.88£0.04  023+0.02  1.04£0.07  0.92+0.01  0.98+0.05
Total K (%)  1.49+0.04 1.84+0.02 1.42+0.02 1.26+0 1.04+0.01 2.44+0.13 2.39+0.02
(%) TOC 44.69+0.06  49.12+0.04  50.03+0.12  40.57+0.51 51.21£0.13  24.19+0.08  22.45+0.16
C:N 25.98+1.54  29.77+0.18  27.34+024  27.05+0.42  22.56+0.22 18.9+0.1 18.87+0.21
pH 6.58+0.04 6.4+0.01 6.38+0 6.17+0.1 6.46+0.03 6.01£0.06  5.53+0.02
EC(mS/em)  5.23+0.04 6.02+0.08 7.1240.01  5.44+£0.02  5.25+0.02 3.56+£0.05  3.1+0.04
MC (%) 64.95£0.01  68.74+0.06  58.0042.90  67.49+0.23  54.56£0.02  65.46+1.03  63.04+0.03
Table 6 Average (+ standard error) chemical properties of compost piles after composting

Parameter T1 T2 T3 T4 T5 T6 C P- Value
;l;zt)alN 1.240.13%  1.320.01%  1.19+0.02: 1,080 1.4240¢ 1.01£0.03%  0.96+0.01¢  0.000*
(T;:;‘IP 0.78£0.02*  0.66+0.03*  0.54£0% 0.1940.05% 1.06£0.0¢  0.71£0.03% 0.77:0.02 000"
g:)alK 0.86+ 0% 1.36+0.04% 0.97+0.01® 0.02+]1.07 0.88+0° 1426003 1312003 0000%
(Toi"))c 20044001 1895003 21.080.51 18.924:0.88 16.29%:0.04 19.621.12 1828040 002
C:N 17.13*£1.93  14.58+0.16 17.71:+0.15 17.57:£0.77 11.50:t0 19.39£0.56  19.04:+0.32 0.083
pH 8.5°+0.03  8.882+0.08 8.44°+0.01  8.74+0.09  7.9540.18  9.01+0.08  9.03*£0.01  0.920
(EH?S/cm) 8.42+0.12  5.63+0.024  7.03+0.1%  7.24+0.03* 3.42+0.07°  6.18£0.02¢  6.110 0.000*
MC (%) 14.80£0.05 27.95%0.03 28.20+0.56 35.90+0.05 25.95+0.12 20.40+0.02 19.66°+0 0.762

Levels in the rows (end of composting process) not connected by the same letter are significantly different using Dunn’s test.
* denotes statistical significance among the compost piles (P < 0.05). This implies that the compost treatments (compositions) studied had a
significant effect on the compost parameters measured and thus, values recorded were statistically different amongst

the nutrient content of the amendments. This suggests
that the quality of starting feedstock affects the quality
of the final compost produced at the end of the process.

The compost quality of the individual treatments
(T1-T6) compared with the control

Concentrations of plant nutrients in the composts as in-
fluenced by the amount and type of amendment mate-
rials are presented in Tables 5 and 6. TP concentrations
increased from an initial value of 0.62% and 1.04% in
treatments T1 and TS to 0.78% and 1.06%, respective-
ly. This increase is similar to results observed by Afi-
fi et al. (2012), who reported that the loss of organic
matter contributes to the increase in phosphorous in
composting. Khater (2015) observed similar results in
his study and attributed the increase to precipitation of
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phosphorus in solid forms which were not easily dis-
solved and leached out.

There was, however, a reduction in phosphorous re-
corded for piles T2, T3, T4, T6, and C. This conforms
to work done by Frossard et al. (2002) who reported
that only 2 to 16% of total phosphorus in finished com-
post is rapidly exchangeable, whereas about 40 -70% is
slowly exchangeable or not exchangeable. He empha-
sized the general assumption that a larger proportion
of phosphorus in finished compost may not be readily
available for plant uptake and use because it is incorpo-
rated in organic matter.

Potassium recorded was lowest in pile T1 (0.88%)
and highest in pile T6 (1.42%) at the end of the com-
posting process. Generally, Potassium decreased in
all composts due to microbial activities and watering,
causing the leaching of soluble potassium from the
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feedstocks during the composting process. This leach-
ing phenomenon occurs mostly in uncovered windrows
(Fricke and Vogymann 1994). Chatterjee et al. (2013)
attributed this decrease to the loss of potassium salts
through excessive leaching during the composting pe-
riod. The final potassium content (%) in all composts
though adequate constituted less than 3% of the total
weight (Table 6). All finished composts, except for pile
T4, contained a substantial amount of micronutrients
at the end of the composting period. Statistically, there
was a significant difference in TP and TK levels mea-
sured between the piles (p<0.05).

pH evolution

The pH in all piles generally showed an increasing
trend throughout the composting period varying be-
tween 6 to 9. Based on Fig. 1, the pH value levels
increased from day 1 until day 14. This increase in-
dicates the reduction of volatile acids and their fur-
ther combination with ammonia gas released during
denaturing of protein (Ramaswany et al. 2010). Results
indicated that the pH pattern of pile T2 in week 2 was

——T1 —8—T2 T3

9.5

8.5

slightly different from the other treatments and con-
trol where the value slightly dropped and later rose to
slightly alkaline conditions in week 4. As for the con-
trol, pH of 5.53 (explained by the acidic character of
the FW used) was comparatively the lowest amongst
all piles at the start of composting process, later rising
to neutral pH in week 4 and further rising and ending
the composting process with pH of 8.86. Sundberg et
al. (2004) noted that acidic pH affects the rate of respi-
ration of microbes and degradation during composting.
This assertion was observed in the control, which had
comparatively high acidity at the start of the process
(pH of 5.53), hence recording the lowest rate of deg-
radation amongst all the treatments studied at the end
of the process (Tables 3 and 4). The sharp increases of
pH values observed throughout the period, for instance,
from 7.56 in week 5 to 8.36 in week 6 in the control,
could be due to the frequency of turning (twice a week)
employed in this study (Zakarya et al. 2015).
According to Sundberg et al. (2004), the change of
mesophilic to thermophilic conditions of compost pile
results in the more alkalinity of pH. This was evident
in TS which achieved thermophilic temperatures in the

T4 —H=T5 —@=T6 =t=C

5

10

Time (weeks)

Fig. 1 Evolution of pH values during the composting process
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first two weeks of composting with an accompanying
pH rise from 6.46 to 7.45. Thus, maximum degrada-
tion is achieved by microbes in the pH range of 7 to 8
(Nakasaki et al. 2001). After week 6, all but pile T5
showed an increasing trend in pH recorded. The nota-
ble decline of pH registered in the case of TS (FW +
Poultry Manure only) started at 8.23 to finalize at 7.95
at the end of the composting process. Such a pH profile
can be explained by the action of acid-producing bac-
teria that breaks down complex organic materials (bio-
degradation of poly-carbohydrates by Krebs cycle) to
organic acid intermediates (Dumitrescu and Manciulea
2006). Zakarya et al. (2015) attributed this decrease to
the formation of carbon dioxide gas and organic acid
during organic matter decomposition an unstable frac-
tion of OM which was mineralized, and it can also be
directly related to the rate of microbial actions since mi-
croorganisms consume these organic elements during
the process.

At the end of the process, pH values for the con-
trol and all the treatments except T5 (7.95) were above
8, creating conditions for ammonia and amine-related
odour generation. Notwithstanding, all but T6 and con-
trol were within the pH acceptable range (6-9), thus
these composts are suitable as agricultural fertilizers
(Eklind and Kirchmann 2000). There was a statistical
difference for pH measured between piles at p< 0.05.

Electrical conductivity

EC reflects the degree of salinity in a composting mix-
ture, which shows its possible phytotoxic/ Phyto inhib-
itory effects such as low germination rate, withering,
etc. on the growth of plants after its application to soil
(Lin 2008). The control pile had the lowest EC value
of 3.10 mS/cm while pile T1 recorded the highest EC
(7.23 mS/cm) at the start of the composting process as
shown in Table 5. At the end of the composting peri-
od, the increase in EC observed in T1, T3, T4, T6 and
the control could be due to the accumulation of nitrate.
Although nitrate was not measured in this study, Smith
and Doran (1996) reported that the presence of nitrates
may be responsible for the high EC observed in agricul-
tural waste composts. Butler et al. (2001) reported that
a high EC value in composting indicates the high pres-
ence of nutrient elements or a slower decomposition of
the organic matter, therefore, a lower release of mineral
salts into the solution in the process of biodegradation
of biomass waste. Also, Composts with elevated EC
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values, however, can be especially rich in nutrients,
since nutrients are responsible for much of the mea-
sured conductivity (Crohn 2016).

EC levels in pile TS reduced fairly from week 7
to the end of the composting period. At the end of the
composting period, TS recorded the lowest salinity val-
ue of 3.42 mS/cm attributed to the precipitation of min-
eral salts and the production of metabolites such as am-
monium during the process (Valkili et al. 2012). This
EC value was thus slightly below the acceptable limit
of 4 mS/cm and hence, its application in agriculture can
support plant growth and remediate soils that are very
saline (Hargreaves et al. 2008). According to Noguera
et al. (2003), EC values less than 3.5 mS/cm, which in-
dicates low soluble salt levels, are suitable as potting
compost. Low EC values indicate a lack of available
salts, whereas high values indicate a high concentration
of soluble salts that may inhibit the biological activity
or may be unsuitable for land application if large quan-
tities of the composts are used (Tibu et al. 2019). Statis-
tically, the difference in the mean EC after composting
in all the piles was significant (p< 0.05).

Carbon: Nitrogen ratio

C:N ratio is considered as an objective indicator of
compost quality and measurement of compost maturi-
ty (Radovich et al. 2011). The C:N ratio of treatments
and control at the start of composting ranged from 18
to 30 and was lowest in pile C (18.87) and highest in
T2 (29.77). There was a decreasing trend of C: N ob-
served in all piles throughout the experimental period
indicating a reduction in carbon content and nitrogen by
microbial activities (Tibu et al. 2019). During compost-
ing, C:N ratio for all treatments decreased faster than
the control because the amendment materials especially
poultry manure provided additional nitrogen for micro-
bial use (Fig. 3). The reduced C:N ratio at the end of
the composting period observed is similar to findings
by Al-Bataina et al. (2016) who in his study stated that
as the age of compost increases, C:N ratio is decreased.
Pile TS had the highest Nitrogen content of 2.27% and
1.42% at the start and end of the composting period,
respectively (Tables 5 and 6). These results are similar
to those obtained by Benito et al. (2005) who found that
the total nitrogen rate ranged from 0.99 to 2.01% at the
end of his experimental period. Nitrogen loss in com-
post piles may be attributed to microbial and enzymatic
processes responsible for breaking down nitrogenous
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organic materials in the waste to ammonium (NH,+).
Under sufficiently alkaline conditions ammonium is
converted into ammonia gas, which tends to escape
into the atmosphere (Hubbe et al. 2010). However, this
ammonia gas was sufficiently retained in pile TS5 when
moist and cooler conditions were created as the highest
volume of water used in this study (50 L) was added to
the outer layer (Hubbe et al. 2010), explaining why TN
loss in pile TS was slower and fairly constant especially
from week 5 to week 10 (Fig. 2). Thus, the relatively
small particle size (powdery nature) of poultry manure
which was more in T5 required high amounts of water
to keep the moisture content within optimum range (40-
60%) during composting.

The addition of a high amount of PM (30 kg) to T5
may have led to the production of acidic intermediate
compounds due to microbial metabolism and hence re-
duction in pH value of the compost, retaining a great-
er percentage of ammonia as NH_+ ,thereby reducing

NH3 loss (Torkashvand 2010). Although C:N ratio in
all piles was < 25:1 at the end of the composting pro-
cess and thus considered matured for agriculture appli-
cation (Hong Kong Organic Resource Centre 2005),
only T5 was well matured as it recorded the lowest of
11.47. According to Gale et al. (2006), C: N ratio <15 in
final compost proves higher maturity above which net
nitrogen immobilization may occur soon after compost
addition to soil. Statistical analysis carried on the data
obtained for mean TOC, OM, TN and C:N contents in
all the compost piles at the end of the process were sig-
nificantly different (p< 0.05).

Stability and maturity
Germination test

One of the most important criteria used to assess the
suitability of compost in crops is its toxicity to plants
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Fig. 2 Total Nitrogen (%) observed throughout the composting period
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Fig. 3 Germination Index (%) recorded for compost
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Compositions of Treatments and control (FW: CM: PM: CPHA) - T1 (40:15:15:0.03) kg; T2 (40:10:20:0.3) kg; T3 (40:20:10:0.3)
kg; T4 (40:30:0:0) kg; T5 (40:0:30:0) kg; T6 (40:0:0:0.3); C (40:0:0:0) kg.
Bar not connected by the same letter are significantly different using Dunn’s test.
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(Cooperband et al. 2003). Germination index (GI) has
been frequently used to estimate phytotoxicity and thus
maturity of composts, which is an important criterion
for evaluating the suitability of composts for land ap-
plication. For instance, GI is itemized in the quality as-
sessment regulation of compost for commercialization
in Italy (Luo et al. 2018). Biomaturity of composts in
this study was determined using cucumber seeds, which
have early germination properties and are easily attain-
able locally in Ghana. It was observed that both extract
concentrations (50% and 100%) of all the treatments
caused better growth of the cucumber seeds and higher
GI than C (Fig. 3).

Many authors have concluded that composts with
GI values greater than 100% are considered non- phy-
totoxic (Piemonte 2001), whereas Zucconi et al. (1981)
reported that the compost is phytotoxin-free when GI
values are higher than 80%. Results showed that pile
T5 had a mean GI of 113.3% and 84.2% for its 50% and
100%-extracts respectively. This indicates that pile T5
investigated in this study contained low levels of toxic
factors such as salinity or phenolic compounds and there-
fore could be considered phytotoxin-free (Hargreaves
etal. 2008). The increase of the compost concentrations
generally affected GI. This was because GI values re-
corded for 50% compost-extract for piles T1, T2, T4,
T5, and C decreased when 100% compost-extract was
used (Fig. 3). The levels of phytotoxins such as volatile
fatty acids present in the 100% compost-extract were
higher than the 50% compost-extract, hence, inhibiting
growth and subsequent low GI (Bazrafshan et al. 2016).
On the other hand, for 50% compost-extract concen-
tration, GI values of 64.2% (T3) and 40.3 (T6) rather
increased for 100% compost-extract concentration to
65.8% (T3) and 52.1% (T6) 100%-extract). This may
have been due to the presence of adequate amounts of
NH," and other nutrients allowing better growth and GI
(Romero et al. 2013).

Table 7 Heavy metals content in the compost treatments

Generally, high inhibitory effects on cucumber
seeds were recorded for composts T1, T2, T3, T4, T6,
and C extracts, as GI (%) were all below 80%, which
probably meant that the respective composts may not
be matured, and there might be the presence of some
phytotoxic organic compounds (Estatin et al. 1985). GI
increases with composting time as phytotoxic organic
compounds are gradually eliminated during the com-
posting process (Safia and Oliva 1987). This indicates
that the ten weeks composting period and 2 weeks of
curing in this study were not enough in reducing these
phytotoxic compounds and therefore a longer com-
posting period is recommended. Zahrim et al (2016) in
their study used cabbage seeds (Brassica oleracea) and
found out that the germination index increases with the
age of composting. Thus, their results indicated that the
germination index increased gradually from 115.66%
to 157.61% on days 0 and 40, respectively. Conse-
quently, the germination index of composts produced in
this study over 70 days using cucumber seeds (Cucumis
sativus) was highest in pile TS5 (113.8%), which was
lower than germination indexes observed by Zahrim
et al (2016). These contrasting observations could be
attributed to the type of seed used for the germination
test. Emino and Warman (2004) in their study conclud-
ed that cabbage seed was more sensitive to phytotoxic-
ity than cucumber, hence comparatively better in deter-
mining the maturity of composts.

Heavy metals

The Level of Heavy metals present in compost is
among the crucial factors that limit its marketing and
use because of the bioaccumulation potential of these
metals. Compost samples were analyzed for Zinc (Zn)
and Lead (Pb) as shown in Table 7. The heavy met-
al concentration found to be the highest in all the fin-
ished composts was Zn recorded in pile C (0.52 mg/

Treatments
T1 T2 T3 T4 T5 T6 C
Pb Start  0.04+0.03  0.26+£0.02  0.30+0.03  0.37+0 0.36+0.04  0.04+1.78 0.04+0.05
(mg/kg)  End 0.03+0.01  0.26+0.03  0.23+0.04  0.05+0 0.07+0.01 0.04+0 0.02+0.01
Zn Start  0.60+0.02  0.44+0.03  0.52+0 0.48+0 0.55+0.04  0.71+0.02 0.52+0.05
(mg/kg)  End 0.17£0.01  0.13+0.03  0.12+0 0.22+0.04 0.16+0.01 0.46+0.03 0.49+0.01

Compositions of Treatments (FW: CM: PM: CPHA). T1 (40:15:15:0.03) kg; T2 (40:10:20:0.3) kg; T3 (40:20:10:0.3) kg; T4 (40:30:0:0) kg;

T5 (40:0:30:0) kg; T6 (40:0:0:0.3); C (40:0:0:0) kg
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kg), whereas pile T3 recorded the lowest Zn of 0.12
mg/kg. This observation is affirmed by Zheljazkov and
Warman (2004) who reported that Zn is the most abun-
dant heavy metal in the source-separated food waste.
Heavy metals are said to non-degradable throughout the
composting process, even in specialized separation sys-
tems (Richard and Woodbury 1992). Each compost pile
recorded a reduction in metal content at the end of the
composting period. The reduction might be attributed
to the formation of humic acids and their accompanying
complexing action (Wilson and Dalmat 1983).

The presence of high levels of heavy metals such as
Pb and Zn in compost poses an obvious concern when
it is to be applied to food crops. Notwithstanding that

Table 8 Microbial load in the treatments

organic substrates may experience some level of con-
tamination contributing to high heavy metal concentra-
tion by undergoing multiple handling processes before
they are applied for composting, which may further
cause some level of contamination in the final com-
post (Xiujin et al. 2008). Therefore, the production of
clean compost starts from the feedstock raw material
used (Rockson 2014). The highest Pb content recorded
was 0.26% (T2) and the least was 0.03% (T1). Pb lev-
els in all composts were generally lower than the rec-
ommended limit by Brinton (2000) probably due to the
use of source-separated feedstock (FW, PM, CM, and
Cocoa pod husks) which had minimal or no contami-
nation. The source-separation of the organic fraction of

Composts (Treatments) FC (CFU/g) E.coli (CFU/g) Helminth Eggs (g/TS)
T1 Start 3.7 x10* 3.0 x10° 12
End 2.7 x10° 5.6 x 102 6
Start 5.1 x10* 52x10° 7
2 End 8.3 x10? 1.6 x 10? 2
Start 6.8 x10* 1.2 x10° 8
13 End 9.8 x10° 5.0 x 10? 3
4 Start 4.3 x10° 7.6 x 10° 10
End 6.6 x10* 5.3 x10% 6
s Start 4.0 x10* 33x10° 10
End 4.8 x10% 1.0 x 10? 2
T6 Start 2.1 x10° 1.0 x 10? 8
End 1.5 x10° 0 4
Start 1.9 x10° 0 8
¢ End 1.6 x10° 0 5

municipal solid waste is a key process that helps in re-
ducing the non-organic content in bio-waste, and other
impurities such as heavy metals (Brinton 2000).

Microbial load in the composts

Pathogenic levels recorded for the various composts at
the end of the ten-week composting period were gener-
ally low. It can be inferred from Table 8 that there was a
significant reduction in the concentration of all the var-
ious pathogens in all the composts over the composting
period due to the high temperatures (Fig. 4) generated
although the thermophilic temperatures were not sus-
tained long enough for effective pathogen inactivation.
In general, values for Faecal Coliforms and E. coli in all
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composts (Treatments and control) were less than 10°.
Helminth eggs were not detectable in compost T5 and
T6. E-Coli was also not detected in composts T6 and
C at the end of the composting period (Table 8). All
values of E-Coli for all composts were below the ac-
ceptable standard of 1000 CFU/g (Hong Kong Organic
Resource Centre 2005).

Helminth eggs in compost are considered to be the
most resistant pathogens to extreme conditions and
therefore if their population reduces significantly by the
composting process, it could be considered that all oth-
er pathogens have been removed as well (Feachem et
al. 1983). However, this was not the case for this study
because although Helminth eggs were absent in T5 and
T6, TC and FC were detected in composts T5 and T6.
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This might be due to the short thermophilic phase that
was observed in the piles attributable to frequent turn-
ing (twice every week carried out in this study) and the
small size of piles (Ogunwande et al. 2008).

Operating conditions affecting compost quality
Temperature

The progress of the composting process is assessed by
monitoring temperatures generated over a period. Ac-
cording to Eusufzai et al. (2013), effective sanitization
of feedstock used and efficiency of the composting pro-
cess occurs during the period when piles go through the
three temperature phases; mesophilic phase where tem-
peratures range between 15 and 45 °C; the thermophilic
phase with temperatures ranging between 45 and 70 °C;
and cooling phase when the pile temperatures drop be-
low 60 °C. Although temperatures recorded throughout
the composting period as shown in Fig. 4 indicated that
all piles reached the mesophilic phase, only piles T1, T2
and TS reached the thermophilic phase.

Results further showed that the thermophilic stage
occurred in the first two weeks during composting for
most treatments. Pile TS recorded the highest mean
temperature of 56 °C on the 7" day, attributed to the

—fi— Ambient T1

60

Temperature (°C)

T2 =¥%=—T3

high levels of TOC and Nitrogen (51.21% and 2.27%
respectively) adequate for microbial utilization and
increased microbial activity. This temperature was,
however, not sustained for a long time and hence was
not adequate to ensure efficient pathogen inactivation.
Thus, maintaining a minimum temperature of 55 °C or
greater for at least 15 days during the composting peri-
od is recommended for effective pathogen inactivation
(De Bertoldi et al. 1983). Pile TS5 sustained the thermo-
philic phase from day 3 to day 10 (7 days), which was
the highest, followed by pile T2 (4 days) and pile T1
recording the lowest (1 day). The remaining treatments
and control rather exhibited a dominant mesophilic
phase over the composting period.

Generally, there was a gradual decline in mean
temperatures recorded for all piles as the process pro-
gressed. This observation could be as a result of the
exhaustion of available substrate (feedstock) and the
replacement of the thermophilic microflora by a me-
sophilic one, which partially degrades existing bio-re-
sistant compounds, essentially cellulose and to a lesser
degree, lignin (El-Housseini et al. 2002). Turning was
done twice every week throughout the study period. It
was observed that every turning caused a rise in tem-
perature for a short time, for instance in pile C, which
recorded a mean temperature increase of 8 °C (from 36

——T4 ——T5 =——T6 ——C

Time (Weeks)

20

1 3 5 7 911131517192123252729313335373941434547495153555759616365676971

Fig. 4 Daily average temperature readings for the compost piles over the composting period
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°C on day 21 to 42 °C on day 23). It was also observed
that most treatments experienced high temperatures
for an extended period compared to the control (Fig.
4). Statistical analysis carried out on all the composts
showed that there was no significant difference (P>
0.05) in the temperature readings in all the different
compost treatments (piles). Statistically, there was no
significant difference (p> 0.05) in the temperature read-
ings in all the different compost piles.

Moisture content

Moisture content is one of the essential factors in the
composting process that affects the degradation level
of organic matter making available a suitable medium
for microorganisms to stay alive and perform their ac-
tivities. A study carried out by Tirado (2008) indicated
that water provides a medium for the transportation of
dissolved nutrients required for metabolic and physio-
logical activities of microorganisms. Roughly, based on
the graph in Fig. 4, there was a general fluctuation and
decreasing trend in the amount of moisture content in
each of the compost medium over the composting peri-
od. Results indicate that all compost piles before com-
posting had moisture content ranging between 50-70
%. Moisture content between 40 and 60% (by weight)

——T1 —l—T2 T3
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provides adequate moisture without limiting aeration.
The highest moisture content recorded at the start and
end of the experimental period was in Pile T2 (68.74%)
and T4 (35.90%), respectively. Consequently, Pile T5
and T1 recorded the lowest moisture content of 54.55%
and 14.80% at the start and end of the process, respec-
tively. Generally, all moisture content values recorded
showed a general decreasing trend from the start-up to
the end of the process (Fig. 5). This reduction is due to
the evaporation of MC inside the materials by produced
heat from microbial activities and turning (Larney and
Blackshaw 2003). Thus, the proportion of moisture
losses during the composting process is an indication
of disintegration rates (Kalamdhad and Kazmi 2009).
Moisture content values recorded in some piles
increased as the composting process progressed. For
instance, Pile T4 (week 6) increased from 45.66% to
57.35%, which is attributable to the high quantity of
water that was added in that week (4.5 L). Pile TS main-
tained a fairly constant MC in the first 4 weeks before
declining in week 5. The constant MC could be attribut-
ed to the fact that the particle size of poultry manure
pile TS was relatively small and compressed together
anytime water was added. Thus, a high moisture con-
tent reduces the pore space available for air as well as
reducing its structural strength. This permits greater

T4 =H=T5 =—@=T6 ==p==(

10

Time (Weeks)

Fig.5 Moisture content (%) observed in the various treatments ihroﬁghout the corﬁpésting period
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compaction and less interstitial or air space in the pile
leading to a reduced loss of water by evaporation (Ur-
ban Composting 2014). At the end of the process, the
final amounts of MC in all composts were within the
optimum range for mature compost, suggested by Shi-
lev et al. (2007). Statistically, there was no significant
difference (p> 0.05) in the temperature readings in all
the different compost piles.

Turning

Turning of the compost pile is very critical in ensuring
rapid decomposition of organic matter and production
of high-quality compost (Kuo et al. 2013). In this study,
all piles and control were turned twice every week in
accordance with work done by Beck (1997) who sug-
gested that turning should be done twice a week with
the reason that more frequent turning may not be a good
investment of time and energy.

Rockson (2014) in his study observed that a 3-day
turning frequency (3DT) achieves a better process
efficiency and sanitization potential, organic matter
mineralization, and nutrients quality compared to
other turning frequencies (7-day turning frequency
and 14-day turning frequency); however, turning on a
weekly (7DT) basis ensures a better TN conservation
in the compost pile than the 3-day turning frequen-
cy. Although nitrogen losses were observed in all
treatments and control at the end of the process, pile
T5 had the highest nitrogen loss of 37.44% whiles
the control recorded the lowest of 19.33% (Table 6).
This implies that higher nitrogen losses are likely to
occur when starting feedstocks are high in nitrogen.

There were slight increases in pile temperatures im-
mediately after each turning operation in the early days
of the experiment. This was responsible for the rise and
fall pattern of the temperature profile observed in Fig.
4 as re-activation of the composting process occurred
by the incorporation of external material into the piles,
providing degradable substrate for the microbial bio-
mass (Ogunwande et al. 2008). However, this turning
frequency significantly decreased temperature build-up
and the short thermophilic observed in the piles during
the composting period (Tognetti et al. 2007).

Conclusion

It was observed that the final composts produced met
international standards set by Hong Kong Organic
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Resource Centre (2005). This suggests that the pro-
posed strategy for handling and recycling food waste
sources by co-composting with nutrients amendment
materials has demonstrated their feasibility to produce
composts of high quality for their increased usage in
agriculture. There were appreciable levels of Total Ni-
trogen, Total Phosphorus, and Total Potassium in final
composts; 0.96-1.42%, 0.19-0.78%, and 0.86-1.42%,
respectively. All treatments showed relatively higher
nutrients’ content and germination rates than the con-
trol (FW only) at the end of the composting period.
Generally, the development of this type of nutrient-en-
riched bio-inputs requires additional research and de-
velopment, not only in the scale (medium/ large) and
composting method but also the process conditions like
turning, temperature, etc.
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