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Abstract

Hifizah, A., Asati, Qurniawan, A., Paly, B., Sutomo, Saking, N. & Suriani (2026). The investigation of the efficacy
of horticultural by-product on the feed nutritive values and the performance of Bali cattle in regency of Barru,
South Sulawesi. Bulg. J. Agric. Sci., 32(1), 186—192

The regency of Barru is one of the breeding centers of Bali cattle in the province of South Sulawesi, Indonesia. It is rich of
horticultural by-products that are potential. The aim of the study is to investigate the efficacy of the horticultural by-product
on the performance of Bali cattle, and the income over feed cost in the regency of Barru, Province of South Sulawesi, Indone-
sia. The study applied completely randomized design with four treatments and three replicates each. The treatments were TO
(100% Elephant Grass); T1 (70% Elephant Grass+30% By-product); T2 (40% Elephant Grass+60% By-product); T3 (100%
By-product). The study showed that there was a significant effect on the content of crude protein, ash, fat, nitrogen free extract,
NDF, ADF, cellulose, hemicellulose and undissolved ash, except for lignin. Crude Protein content ranged from 6.68 to 13.86%
DM The treatment T3 was with the highest value. Crude fat and ash content ranged from 3.30 to 4.08 % DM, and 12.27
to 14.41 % DM, respectively, with the least amount on the treatment T2, that contained horticultural by-product. The value
of nitrogen free extract tent to increase with the increase amount of the horticultural by-product in the mixture. The highly
significant difference in the value of NDF, ADF and hemicellulose was noticeable in T3 to T2 and T1. There was a significant
effect (P < 0.05) on the daily weight gain with the highest one on T3, then followed by T2. The high value of income over feed
cost was on T1 and T2, respectively.
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Introduction the benefit of the animals and plants (Hai et al., 2020). Farm-
ers are expected to maximize the utilization of by-products

The zero-waste farming system pattern provides feed from food crops in their respective areas, so that in the end,
sourced from by-products of food crops, while utilizing ani- not only sustainability in livestock farming is achieved, but
mal manure for plant growth, thus leaving no waste behind. also feed independence, with consideration given to emission
The hope is that carbon emissions produced from food crops mitigation from livestock farms (Eisler et al., 2014).This is

and livestock will be balanced with the carbon utilization for in accordance with the commitment already proclaimed by
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the Ministry of Agriculture to promote feed self-sufficiency
in Indonesia while still prioritizing the principle of animal
welfare. In other words, processed feed must be digestible,
contain complete nutrients according to the needs of the live-
stock, and ensure the health of the animals consuming it.

Barru regency is one of the regencies in the South Su-
lawesi province, which serves as a center for Bali cattle
breeding. The total area is 1,174.72 square kilometers, with
a population of 185,525 people (Misbahuddin and Harjanti,
2022). The distance from Barru regency to Makassar, which
is the capital of South Sulawesi province, is approximate-
ly 1.5 hours, while the distance to Pare-pare city, which is
a port area, is only 45 minutes. In terms of location, Barru
regency is a strategically positioned area for marketing its
flagship products, which would significantly support the re-
gion’s development acceleration. Moreover, Barru regency
is a fertile area with abundant natural resources potential.

Bali cattle is the dominant ruminant livestock in Bar-
ru regency, with a total population of 61,812 heads in 2021,
showing an increase of 0.4%, compared to 2019. In terms of
the livestock feed source, Barru regency is potential supplier
as it has various agricultural plants and food crops. The most
prevalent food commodities in Barru regency are rice, corn,
peanuts, rambutan, soursop, oranges, and bananas, with sever-
al horticultural crops being available abundantly, based on the
season (Misbahuddin and Harjanti, 2022). The by-products
from these food crops have great potential to be used as sup-
plementary feed in the diet of Bali cattle, and can even serve
as substitutes for conventional green fodder during the dry
season. If processed correctly, this local potential can reduce
feed costs, and also contribute to efforts to reduce emissions
generated from the burning of waste from these food crops.

Mostly, the local farmers in Barru regency have lack of
experience and knowledge on how to process the horticul-
tural by-product to be converted to feed for their livestock.
Apparently, cattle is just fed by dried forage and dried rice
straw, or anything available nearby, and the cattle ends up
losing lots of weight, because of this less nutritious feed.
This influences the livestock productivity and eventually the
farmers income.

This research aimed to investigate the efficacy of the
horticultural by-products in the regency of Barru, that have
the potential as livestock feed. The efficacy in terms of the
nutritional value including crude protein, crude fat, ash and
nitrogen free-extract, and the fiber fractions, which are NDF,
ADF, cellulose, hemicellulose, tannin and ATL (undissolved
ash). The efficacy of the by-products was also continued to the
animal trial, to see the effect of the feed to weight gain and the
income over feed cost. All of this information is very valuable
for the local farmers. The innovative and practical research is

highly necessary, especially in Barru regency, as this is one of
the breeding centers for Bali cattle in South Sulawesi prov-
ince, and is highly potential to support the national GDP. This
research can provide a triple benefit impact, not only for the
environment and livestock, but also benefits for the farmers.

Materials and Methods

Location, study design, sample collection and prepara-
tion

This research was conducted from June to December,
2023. The samples were collected from the district of Ta-
nete Riaja, Lempang village, Barru regency, province of
South Sulawesi, Indonesia. Geographically, it was located
on 119.649071 LS/LU. -4.486865 BT/BB. The total area of
Lempang village is 17.714,84 Ha with majority hilly area.

A total of 18 samples were collected, consisted of five
different types with triplicates each type: banana stem (Musa
paradisiaca var. Cavendish), corn straw (Zea mays), Glir-
icidia maculata, rice bran, Elephant Grass (Pennisetum
purpureum), Brachiaria Grass (Brachiaria decumbens). We
collected approximately 1 kg fresh weight of the edible parts
(leaf; stems less than 3 mm in diameter). Upon collection,
samples were placed in a sealed plastic bag and stored in a
cooled insulated container for transfer to the laboratory of
Basic Animal Science, Department of Animal Science, Fac-
ulty of Science and Technology, UIN Alauddin Makassar.
The feed samples were ground through a 1 mm screen and
kept in sealed bags. Then, they were stored in a freezer at a
temperature of —20°C until needed for analyses. The control
was Elephant grass, because this is the basal diet for cattle in
the regency of Barru.

The nutritional content of the individual feed source was
analyzed as well as in the mixed ration.

There were four different treatments with three replicates
each:

TO: 100% Elephant grass (control);

T1: 70% Elephant grass + 30% horticultural by-product

mixture;
T2: 40% Elephant grass + 60% horticultural by-product
mixture;
T3: 100% horticultural by-product mixture.

The formulation of the feed source from horticultural
by-products was formulated based on the nutritional content
and the nutritional requirement of the experimental animal,
weighed 100-120 kg, 12 male, 1.5 years of age (NEm =
2200-2500 Kcal; CP = 14-18.0%DM). The cattle were on
treatment for 3 consecutive months, including 1 month as the
pre-experimental period.
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Proxymate analysis

Crude protein (CP), crude fat (CF), ash and nitrogen free
extract components of samples were collected, and the ra-
tion were analyzed using standard methods, described by the
Association of Official Analytical Chemists (AOAC, 1990).

Fiber fraction analyses

The content of acid detergent fibre (ADF), neutral deter-
gent fibre (NDF), cellulose, hemicellulose, lignin and un-
dissolved ash (ATL) of the samples were collected, and the
ration were analyzed using a modification of the Van Soest
procedures (Van Soest, 1993), described by Ankom Technol-
ogy Corporation.

Daily weight gain
The daily weight gain was calculated following Kunda
modified method (Kunda et al., 2017):

DWG (Kg) = WG, — WG,

where: DWG = daily weight gain;
WGO = weight at the first day of the experiment;
WGE = weight at the last day of the experiment.

Feed conversion
Feed conversion ratio was also calculated based on Jo-
hansen (Johansen et al., 2024):

FCR = total DMI/total WG

where FCR Feed Conversion Ratio;
DMI Dry Matter Intake;
WG Weight Gain.

Income over feed cost
The calculation of the income over feed cost was follow-
ing Buza (Buza et al., 2014a):

IOFC =AR - AFC

where: IOFC Income Over Feed Cost;
AR = average revenue per head of cattle sold;
AFC = average feed cost per head of cattle.

Statistical analysis
The treatments as fixed effect was analyzed by using
Statistical Tool for Agricultural Research (STAR) Software/

Table 1. Nutritional values of the single substrate of the feed source for cattle in the regency of Barru, South Sulawesi

No | Component Musa Zea mays Gliricidia Concentrate Pennisetum Brachiaria

paradisiaca (leaves) maculata (mix rice bran purpureum decumbens
(stem) (leaves) and tofu waste)

1 | Moisture 8.47 6.98 8.99 8.35 6.61 6.85

2 | Ash 14.49 19.82 10.76 11.37 14.72 14.17

3 | Crude protein 2.49 10.78 21.81 10.38 6.68 11.32

4 |Fat 1.77 4.06 5.83 9.50 3.72 2.45

5 |NDF 47.04 56.12 23.41 34.25 68.63 63.3

6 |ADF 33.0 34.45 15.79 23.46 39.88 32.34

7 | Cellulose 28.07 19.69 9.98 12.99 30.66 21.65

8 | Hemicellulose 14.05 21.68 7.62 10.79 28.75 30.96

9 | Nitrogen free extract 29.09 43.04 52.34 27.56 34.38 33.24

10 |Lignin 4.69 4.98 5.21 7.26 5.3 6.81

11 | Undissolved ash 0.25 9.78 0.6 3.21 3.93 3.88

Source: Laboratory of Feed Chemistry, Department of Nutrition and Feed, Faculty of Animal Science, Hasanuddin University, 2023.

Table 2. Nutritional values of the complete experimental feed for cattle in the regfency of Barru, South Sulawesi

Nutritional content and fiber fraction (%DM)
Treatment |\ b cp Fat BETN NDF ADF | Cellulose HGT;:Z”“' Lignin ATL
T0 12.2740.06" | 6.68+0.05¢ | 3.3£0.08° | 45.2440.06° | 68.36+0.65" | 38.20£0.49* | 31.19+0.18* | 30.16+0.50* | 5.69+0.17 | 1.32+0.20°
Tl 14.08+0.16° | 8.61+0.23¢ | 4.08+0.04* | 45.80+048b¢ | 56.73+0.67° | 33.81£0.52° | 25.19+0.25 | 22.924+0.16° | 5.55+0.40 | 3.08+0.25
T2 13.68+0.12¢ | 11.08+0.28" | 3.86+0.06° | 47.62+2.02® | 48.33£014¢ | 30.26+0.22¢ | 21.80+0.29¢ | 18.07+0.34° | 6.00+£0.49 | 2.46+0.19"
T3 14.41+0.24* | 13.86+0.02¢ | 4.02+0.17* | 48.50+0.66° | 38.13+0.05¢ | 25.30+0.14¢ | 17.5340.36¢ | 12.82+0.17¢| 5.58+0.26 | 2.19+0.49"
Signiﬁcance kk kk ok ok ok 3k K3k kk ns 3k

Source: Laboratory of Feed Chemistry, Department of Nutrition and Feed, Faculty of Animal Science, Hasanuddin University, 2023.
Notes: Means + Deviation Standard; Means with a similar superscript letter in the same column are not significantly different. Least Significant Difference
(LSD) Test level of significance = 1%.** significant at p(a) 0.01; ns non-significant
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STAR Vers 2.0.1. If the result was significant, it would be
continued to LSD test to observe the difference among the
treatments.

Results and Discussion

Results

The nutritive values of the experimental feed, both as the
single feed source or as a complete experimental feed, are
presented in tables 1 and 2.

Discussions

The nutritive values

The conventional forage that has been fed to local beef
cattle in the district of Tanete Riaja is Pennisetum purpu-
reum, which has less protein content that was averagely
6,68%DM. There are various reports of the crude protein
content of Pennisetum purpureum, ranged from 10-18%DM.
The various amount reportedly due to the time of harvesting,
the plant’s age, the season and the plant’s variety (Woli et al.,
2023). Sometimes, local farmers fed their cattle with Bra-
chiaria decumbens, which naturally grown in the area. Based
on our result, the crude protein content is lower than Penn-
isetum purpureum, but the value of the other component is
comparable to Pennisetum purpureum. Gliricidia maculata
is the conventional legum, that is highly nutritious, so we
include it increase the nutritional value of the total feed, and
it is easily accessible in the regency of Barru.

The by-products that we used are all easily accessible
and continuously available, eventhough has various pluses
and minuses. For example, the stem of Musa paradisiaca
is a good source of fiber for ruminants (Azar et al., 2022),
but the downside is the crude protein content. The leaves of
Zea mays has much higher crude protein content, compared
to the stem of Musa paradisiaca, and comparable value to
the consentrate, and also a good source of fiber and nitro-
gen free extract, however it contained high value of ash and
undissolved ash, which is an indication of longer stay in the
barn (MLA Administration, 2019). It appears that rice bran
has been used by the local farmers in the regency of Barru.
They has been stored longer time in the barn, showed by
the content of high value of ash. Additionally, it was indi-
cated that the consentrate was mixed somehow with husk,
showing from the high content of lignin, and lower content
of crude protein, compared to the general rice bran that has
averagely 12%DM of crude protein (Wu et al., 2024). Ash
content reflects the anorganik compound mainly minerals in
the substrate, which is not required in high amount for the
livestock (MLA Administration, 2019), because it will influ-

ence the nutritional absorbsion of livestock feed (Aliahmadi
et al., 2025).

The statistical analysis showed that the complete feed for
all the treatment significantly affect the component of crude
protein, ash content, fat content, NDF and ADF content, cel-
lulose and hemicellulose content, nitrogen free extract and
undissolved ash. The crude protein content ranged from 6.82-
13.86%DM, with the highest content on T3 (100% complete
feed). The value is 51.8% higher than crude protein content
of control, indicated that this formula is potentially fed to
the local cattle as the substitution of Pennisetum purpureum,
when there is not much availabel. The high value of crude
protein in the complete feed is because of the portion of the
highly nutritious feed source, that contained in the formula-
tion (Henry et al., 2019). Protein is the main source of amino
acid that has important roles in the living cells, the function
of enzymes and hormones that are important for metabolism
in ruminants. Feed protein will be degraded in to ammonia
in rumen, and the rumen microbes will utilize N from the
compound (Soliva et al., 2008). Crude protein content is also
influenced by the type of the forage, the feed processing both
at the drying and the grinding (Xia et al., 2018). The quality
of the feed is mainly determined by the quality of the feed
component.

Fat content in our data ranged from 3.29% — 4.02% with
the highest value was on T3, but it still in the safe range
based on national standard in Indonesia for feed, which is
not exceed 6%DM (Zullaikah et al., 2022). The fluctuation
of fat content in feed is due to the presence of moisture, oil,
air exposure, catalist and light. Water content, moisture and
temperature are the main factors that increase the process of
destruction by the microorganism (Getachew et al., 2004).

Fiber content in all the treatments ranged from 18.95—
31.98 %DM. T3 has low fiber content compared to the other
treatment, might due to the feed components that have less
fibre but high crude protein. Fiber is an important compo-
nent in ruminant feed to ensure the normal function in ru-
men. Low fibre content in feed will improve the feed quality
for ruminant, so the feed will be easily degraded in rumen.
On the contrary, if the fibre contet in feed is high (exceed
36%DM of the TMR), then it will reduce the outflow of feed
particle leaving the rumen, and will affect the digestion pro-
cess of the feed (Carro et al., 2005). High fiber in feed will
reduce feed intake, the total nutrition of the feed, and the
digestibility (Bedford et al., 2023).

The daily weight gain

The average daily weight gain of Bali cattle treated in
this study, and the income over feed cost for the farmers, are
presented in table 3.
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Table 3. The average daily weight gain of Bali cattle and the income over feed cost

Parameters Treatments

TO T1 T2 T3
Consumption (kg/h/d) 10.00£0.00* 9.99+0.01 9.70+0.31° 9.02+0.34¢
FCR 0.49 1.54 0.84 0.46
DWG (kg/h/d) 0.19+0.11° 0.06+0.01¢ 0.11£0.03¢ 0.20+0.08°
IOFC (IDR/h) 17.222.800,- 21.800.144,- 17.305.900,- 17.819.984,-

Source: Authors’ own elaboration

Based on our results, the treatments significant-
ly (P < 0.05) affected feed consumption with the highest
amount for T1, which might due to the presence of 70%
Elephant grass, that the cattle has already used to it, and the
mixture of by-product (30%). As reported by another study,
that the factors that can affect feed consumption in Bali cat-
tle include the feed provided, temperature and humidity,
the cattle themselves, body weight, palatability, physiolog-
ical status, and rumen capacity, the feed chemical struc-
ture, nutritional composition, taste, and texture (Munier,
2008),and the type of the feed component and the feed pro-
cessing technique (Getachew et al., 2004). Another aspect
that probably caused the variation in the feed consumption,
is the protein and fiber content that has good tolerance to
support rumen activity in degrading the feed. The feed be-
comes palatable, which in turn affects the weight gain of the
cattle. This is in line with the opinion of Soufizadeh (Sou-
fizadeh et al., 2018), who stated that the cattle weight gain
is influenced by feed quality, and cattle type the better the
feed quality, the more efficient the energy formation used,
resulting in higher weight gain. The improvement in the
quality and quantity of feed will greatly influence the rate
of metabolism and the flow of nutrients in the livestock’s
body, enabling optimal utilization to promote growth and
development. Livestock with high feed consumption and
good digestion of nutrients will result in high weight gain
(Hasan et al., 2022).

Utilizing by-products can lower the feed costs for farm-
ers, improving profitability, reducing horticultural waste,
and promoting circular economy principles (Harkness et al.,
2021). However, if the by-product is not properly processed,
the animal might experience nutrient deficiencies or excess-
es, digestion problem and lower palatability, thus affecting
feed intake (Skwarek and Karwowska, 2023). Therefore, in
this study we started with analyzing the type of the by-prod-
uct that we were using, to prevent the toxic compound and
the excess anti nutrition compound that might be consumed.
Another treatment to the by-product that was conducted in
this study was the process of drying and grinding, and the
mixture with other feed source that call can affect nutrient
content and digestibility.

This study covered the initial process of the selection of
the feed source until the last process, which was the feed for-
mulation prior to fed it to the experimental animals. When the
experimental feed was on trial, the animals were monitored
continuously in terms of the animal health, the consumption,
feed conversion and the weight gain. This is crucial to pre-
vent all those negative impacts that could have influenced
the digestion process. This reflects the green farming in ru-
minant farm, and is potentially applie to the local farmers in
the regency of Barru.

The income over feed cost

Based on our result, the average income over feed cost
was: (T0) Rp. 17,222,800, (T1) Rp. 21,800,144, (T2) Rp.
17,305,900, (T3) Rp. 17,819,984. This refers to the amount
of the feed consumption; the more feed consumed, the better
the growth and weight gain, impacting the sale value of Bali
cattle or generating profit. The profit from Bali cattle main-
tenance is related to the IOFC value, because the profit is the
difference between income and expenditure (Bach, 2023).
The IOFC in the T3 trial livestock was lower than in T1, al-
though the average daily weight gain (PBBH) of the T3 trial
livestock was significantly higher than the livestock in T1.
This is due to the lower initial body weight of the livestock
in T3 compared to the livestock in T1. The feed experimen-
tal treatment was based on horticultural by-product, which
does not require high costs for procurement and processing,
thus reducing operational costs. The treatment research re-
sults showed a significant difference in the value of income
over feed cost, due to the low feed treatment capital, while
the selling price of Bali cattle increased, because consumer
demand rises during major holidays. Efficient feed usage can
reduce feed costs.

The income over feed cost (IOFC) is the difference be-
tween the income from the sale of Bali cattle and the expen-
diture on feed consumption used during maintenance, related
to the feed consumption of beef cattle (Buza et al., 2014b).
A high value of the income over feed cost will increase the
profit from Bali cattle farming. The profit generated from the
difference between the income from the sale of each head of
cattle, and the average feed consumption cost of each head.
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This high value requires good feed efficiency to achieve a
high IOFC value.

Perhaps if the acclimatization period is extended to 2
months, all experimental livestock will become more palat-
able with the new feed formulation, thereby increasing feed
consumption and significantly improving FCR.

Conclusions

The incorporation of horticultural by-products into cattle
feed rations demonstrated a positive impact on feed quali-
ty, animal performance, and economic returns for farmers
in Barru regency, South Sulawesi. It is suggested that the
feed formulation is possible to be used from 30% mixed with
70% conventional Pennisetum purpureum, or 100% substi-
tuted conventional Pennisetum purpureum.
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