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Abstract

This study evaluated the chemical composition, dry matter degradability, and invitro gas production of
selected fruit and vegetable by-products to determine their suitability as ruminant feed. Dry matter
content ranged from 80.07% to 94.50%, suggesting good shelf-life. Crude protein levels (5.15-16.65%)
showed that many by-products met the minimum protein requirement for ruminant maintenance. Dry
matter degradability varied significantly, with some by-products exceeding 50% after 48 hours,
indicating high digestibility. Invitro gas production also varied, with orange peel producing the highest
volume (70.10 mL at 48 h), followed by carrot tops and cabbage waste, demonstrating strong
fermentability. Conversely, pawpaw and banana peels had the lowest gas volumes. Overall, orange peel,
carrot tops, and cabbage waste show promise as alternative energy sources in ruminant diets, while less
fermentable by-products may need to be part of mixed rations to enhance their utility.
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Description of the Problem as a sustainable feed alternative in semi-arid
In semi-arid regions like northern Nigeria, Nigeria.
I|vestoc_k is V|_tal f_or _rural livelihoods, but its Materials and Methods
productivity is limited by seasonal feed . .
Experimental site

:zgé;ageess e?:?gllthcejurilr?h tﬁgséroze(;gg\éeg;or}a; The experiment was carried out at the Livestock
» &SP y g y ‘ Teaching and Research Farm, Department of

overcome these challenges, the use of fruit and Animal  Science, Faculty of Agriculture,

vegetable wastg (FV.W) Is gaini_ng attention as University of Maiduguri, Borno State, Nigeria.
I%I:;)v\:/\le-\s(e)rsn;t:grlt?)ntt-r:gizr ?]Iite;nag:/iigzggjlioura%% Maiduguri is situated at latitude 11.015°N,
short she’lf—life large ua%titlioes of fruit)é and longitude 30.05°E, and an altitude of 354

, large q meters above sea level. The region lies within

vegetables are fost, leading to significant the semi-arid zone of West Africa, known for

economic, social, and environmental waste (2). C . .
These by-products, which are often abundant |('Zs)br|ef rainy season and prolonged dry periods

and underutilized, are rich in energy, vitamins, Sample preparation

nd mineral n n enhan liv k -
and erals, and can enhance estoc Fresh samples were sourced locally within

nutrition and productivity when included in . . ; ;
. . Maiduguri and properly sundried for a period of
rations (2). Nonetheless, proper evaluation of 7 days. All samples were ground to pass

e aPCSor o e MESTCE g L and 2 rm sieve and sored
polyethene bags for the study.

oxalates is crucial. To determine their . .
Chemical analysis

d;%esutr)(')gngﬂ fetggﬁmaﬂg: p;):snt:aarlr; IIT) w;rdo Samples were analysed for dry matter (DM),
gfferiﬁ insights into thgir ruminal nut[r)itignai crude protein (CP), crude fibre (CF), ether
g g extract (EE), nitrogen free-extract (NFE) and

avallablllt_y (3). The_ use of FVW not only ash, using the standard methods (5), while fibre
supports improved livestock performance but fraction was determined according to the

also promotes environmental sustainability
through food waste reduction. Therefore, this procedure of (6). .
Rumen degradability study

study aims to investigate the potential of FVW Rumen degradability was evaluated using three
rumen-cannulated bulls fed a basal diet of grass
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hay with a daily supplement of 2 kg of a
concentrate mix (50% wheat bran, 40% cowpea
husk, 10% cottonseed cake). Nylon bag
technique was applied by incubating 5 g of each
test feed in the rumen at different time intervals
(3, 6, 12, 24, 48, 72, and 96 hours) as outlined
by (7). The dry matter degradability (DMD)
was calculated, and degradability data were
fitted to the model P=a + b (1 —e ) (8).

Invitro study
An invitro gas production technique was

employed following the method of (9). About
200 mg of feed sample was incubated in 100 ml
glass syringes containing a buffered mineral
solution and rumen fluid (mixed at a 1:2 ratio),
maintained at 39 °C under CO, flushing. Gas
production was recorded at 3, 6, 12, 24, and 48
hours. Blank syringes containing only buffered
rumen fluid were also incubated. Metabolizable
energy (ME) and organic matter digestibility
(OMD) were estimated using the equations of

(3), while short-chain fatty acids (SCFA) were
determined based on the method of (10).
Statistical Analysis

Data obtained were subjected to analysis of
variance (ANOVA) using Statistix (10.0) in a
Completely Randomized Design and means
were separated using Least Significant
Differences (LSD).

Results and Discussion

Chemical composition

The chemical composition of the fruit and
vegetable by-products revealed significantly
high dry matter (DM) content (80.07-94.50%),
surpassing the typical range (11.9-23.3%) for
fresh fruit and vegetable waste as reported by
(11), indicating improved storage potential
(12). Crude protein (CP) values ranged from
5.15 to 16.65%, aligning with earlier values
reported for pineapple peels (13), and
suggesting  their suitability as protein
supplements, given that ruminants require a CP
level of 7-8% for maintenance.

Table 1: Chemical composition (%0) of fruits and vegetable wastes

FEED DM CP CF EE Ash NFE

PAP 94.50? 5.15° 21.17° 3.12¢ 4.66° 65.90%
BP 86.72° 7.77¢ 17.02¢ 7.93° 10.05P 57.23°
WMP 94.00? 11.11° 27.66% 9.82% 4.92¢ 46.49°
oP 89.32° 7.92¢ 13.69f 2.43° 6.09° 69.87%
CT 94.90? 9.00° 15.70¢ 3.80« 17.80? 53.70
CwW 80.07¢ 16.45? 20.24° 4.11° 9.54° 49.67%
PPP 94.20? 16.65% 23.11° 4.00° 4.14° 52.10%
SEM 0.392* 0.312* 0.311* 0.241* 0.275* 1.326*

Key: - DM = dry matter, CP = crude protein, CF = crude fibre, EE = ether extract, NFE = nitrogen-free extract, PAP= pineapple
peels, BP = banana peels, WMP= watermelon peels, OP= orange peels, CT= carrot tops, CW= cabbage waste, PPP= pawpaw
peels SEM = standard error of means, ® ¢ 9. means in the same column bearing different superscripts are significantly

(p<0.05) different, * = significant (p<0.05).

Dry matter degradability and characteristics
of fruits and vegetable waste

The DMD data showed significant (P<0.05)
differences among by-products, with increased
DM disappearance over time. After 48 hours of
incubation, some by-products (e.g., banana
peels (BP), watermelon peels (WMP), orange
peels (OP), and carrot tops (CT)) had DMD
values exceeding 50%, indicating good
digestibility (14). The soluble fraction (‘a’) was
highest in BP (33.11%) and lowest in inner
pineapple peels (IPP) at 8.36%, similar with
earlier findings by (15). The insoluble but
fermentable fraction (‘b’) was highest in OP

736

(59.40%) and lowest in BP (9.42%), while the
degradation rate constant (‘c’) ranged from
0.017/h to 0.079/h.

Invitro gas production, characteristics and
estimated parameters of fruits and vegetable
waste

The invitro gas production, characteristics and
estimated parameters (Table 3) showed
significant differences (P<0.05) among the
tested fruit and vegetable by-products. Gas
production at 24 hours is indirectly related to
the metabolizable energy (ME) of the feed,
increasing due to microbial fermentation
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activity. Pineapple peels (PPP) had the lowest
gas volume, likely due to high lignin content
that delays microbial colonization. The
insoluble but fermentable fraction ‘b’ varied
from 55.59 ml in PPP to 103.3 ml in PAP, while
OP recorded a higher ‘b’ value (72.38 ml) than
previously reported (57.66 ml) by (16). As
noted by (9), gas production Kkinetics are
influenced by the proportion of soluble,
degradable, and undegradable feed
components. The fractional rate of gas
production ‘c’ ranged from 0.014/h in PAP to
0.09/h in OP, with the rapid fermentation rate in

OP likely due to its high soluble carbohydrate
content. Organic matter digestibility (OMD)
ranged from 38.34% in BP to 79.93% in OP,
aligning with the range (54.10-76.12%)
reported by (16). The higher OMD in OP, CT,
and WMP may result from easily fermentable
carbohydrates utilized by amylolytic microbes
(17). Short-chain fatty acid levels ranged from
0.301 mmol in BP to 1.486 mmol in OP,
exceeding the 1.12 mmol previously recorded
for orange peels by (16), which reflects higher
gas production and fermentation activity after
24 hours.

Table 2: Dry matter degradation and characteristics of fruits and vegetable by-products

Fruits and vegetable waste

Incubation hour PAP BP WMP OP CT CW PPP SEM
3 25.14b  36.00a 15.80d 21.80c 37.40a 16.17d 10.90e  2.123*
6 29.59d 42.05a 24.50e 32.70c 37.85b  20.70f  13.10g  2.085*
12 35.27cd 44.00b 33.95d 48.5la 49.00a 36.51c  19.40e  2.145*
24 4159  46.60c  44.18d 66.10a 53.00b 53.00b  23.00f  2.745*
48 52.20e  55.60d 50.60e 71.80a 64.50b 59.50c  44.90f  1.887*
72 57.76d 58.80d 53.57e 74.15a 70.10b 61.00c  46.00f  1.985*
96 62.95c 60.40d 55.40e 7490b 86.50a 63.18c 56.00e  2.336*
Dry Matter Degradation Characteristics

a% 23.50c 33.11a 12.25e  15.95d 32.10b  9.45f 8.89f 2.137*
b% 43.62e  29.429 42.49f 59.40b 57.03c 53.81d 63.52a 2.475*
ch 0.023bc 0.028b  0.056a 0.064a 0.028b  0.057a 0.014c  0.004*
a+b% 67.12d  62.53e  54.74f 75.35b 89.13a 63.26e  72.41c  2.299*

Key: - a = soluble fraction, b = insoluble but degradable fraction, ¢ = rate of degradation of b, a+b = potential degradability,
SEM = standard error of means, &2 ¢ 9. means in the same column bearing different superscripts are significantly (p<0.05)

different, * = significant (p<0.05).

Table 3: Invitro gas production, characteristics and estimated parameters of fruits and vegetable

waste

Fruits and Vegetable Waste

Incubation Hours  PAP BP WMP  OP CT CW PPP SEM
3 3.50d 8.10c 10.00b 16.50a 10.20b  10.20b  4.20d 0.913*
6 6.70e 9.70d 23.80b 32.20a 2450b  20.20c  6.90e 2.076*
12 9.85f 12.00e  31.40d 46.00a 37.40b  34.00c 10.50f 3.074*
24 29.00e  15.10f 42.90d 64.70a 53.30b  51.40c 15.00f  4.025*
48 51.50d 43.90f  49.00e 70.10a 58.60b  57.00c  39.50g 2.116*
Invitro gas production, characteristics and estimated parameters

b(ml) 103.30a 56.16cd 51.26d 72.38b 61.66c  59.91cd 55.59cd 3.79*
C(/h) 0.014g 0.022b  0.083a 0.090a 0.078a  0.071a  0.019p  0.007*
OMD (%) 46.01d 38.34e  61.22c 79.93a 77.90a 74.19b  38.20e  3.821*
SCFA (mmol) 0.633e  0.301f 0.965d 1.486a 1.214b  1.168c  0.298f 0.096 *
ME (MJ/kg DM)  6.50c 4.75e 8.75p 11.49a 10.01ab 10.19ab 5.23cd  0.571*

Key: b = insoluble but fermentable fraction, C = rate of gas production, OMD = organic matter digestibility, SCFA = short
chain fatty acid, ME = metabolisable energy, SEM = standard error of means, 2 ¢ 9. means in the same row bearing different
superscripts are significantly different (p<0.05),*= significant (p<0.05).
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Conclusion and Application

The chemical composition and degradability of
FVW reveal their potential as feed resources for
ruminants. The invitro gas production
effectively assessed their fermentability.
Orange peel, carrot tops and cabbage waste
showing the highest fermentation, making them
suitable energy sources in ruminant nutrition.
However, pineapple, banana, and pawpaw peels
showed lower fermentability, suggesting they
should be blended with more digestible feeds.
These by-products can help reduce feeding
costs and promote sustainable ruminant
production.
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