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Abstract. An integrated bioindustry agricultural system of sustainable bio-
industrial agricultural system based on the integration of corn and beef cattle 
has been developed in Gowa Experimental Station, The Assessment Institute 
of Agriculture Technology South Sulawesi. The aim of this study was to 
build a waste-free agricultural system, using minimum input of production 
and energy from outside, the biomass and waste processing system into new 
high-value, environmentally friendly bio-products. Implementation stages 
consisted of two parts i.e., corn planting, and maintenance of beef cattle. 
Corn was planted on area of 1.5 ha by implementing Integrated Crop 
Management, while eighteen cows were used which were divided into three 
treatments with six replications. A completely randomized design was used 
in the study. The results indicated that the integration of corn-beef cattle at 
the Experimental Station was able to produce 5 tons/ha of shelled corn. Corn 
straw produced was as much as 3751 kg/ha and corn cob up to 1289 kg/ha 
for animal feed. The use of fermented corn straw and corn cob as a 
concentrate was able to increase body weight of cattle by 0.28 kg/head/day. 
The integration of corn-beef cattle based on bioindustry is potential to 
increase corn production and improve performance of beef cattle.  

1 Introduction 
Sustainable agricultural development (including rural development) is a strategically 
important issue that is of concern and discussion in all countries today. Sustainable 
agricultural development is not only a goal, but also a paradigm for agricultural development 
[1]. 

Sustainable bioindustry is a bioindustry that meets the requirements of sustainable 
economic activities in general [2]. The main characteristic of sustainable bioindustry is to 
apply the 3R principles: reduce, reuse and recycle. The concept of sustainable agricultural 
bioindustry is to integrate food crops with livestock. Plant-livestock integration system is an 
agricultural system characterized by a close relationship between plant and livestock 
components in a farm or in an area. This linkage is a triggering factor in encouraging the 
income growth of farming communities and regional economic growth in a sustainable way. 
Through the concept of zero waste agriculture, livestock waste can be used as compost, bio 
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gas, and bio urine. In contrast, agricultural waste is converted into feed and other derivative 
products [3].  

Crop-livestock integration is a model of sustainable bio-industrial agriculture. The 
concept of bioindustrial agriculture refers to an ecological approach that is not exploitative. 
Crop-livestock integration system is environmentally friendly and sustainable by integrating 
rainfed rice crops, livestock management, livestock manure management for biogas and 
organic fertilizers, and environmentally friendly technology components such as the 
manufacture of charcoal to reduce residues of agrochemicals (pesticides, fertilizers, heavy 
metals) which uses biogas as fuel [4]. 

Corn has a very strategic utility, both in the food security system and its role as a driving 
force for national economy. Corn is used as food, feed, fuel, and polymer. The demand for 
corn for food, feed and other industrial needs in the next five years is projected to continue 
to increase in line with the increasing population [5]. Based on the report of the Ministry of 
Agriculture's Data and Information System, national corn planted area for period October 
2019 - September 2020 reached 5.5 million hectares. National corn harvested area from 
January to December 2020 reached 5.16 million hectares. The first order is East Java with a 
harvested area of 11.9 million hectares producing 5.37 million tons. South Sulawesi is in fifth 
place with a harvested area of 377.7 thousand hectares producing 1.82 million tons [6]. 
Besides being known as a corn producer, South Sulawesi is the largest center for beef cattle 
development outside Java. The beef cattle population in Indonesia has reached 17,466,792 
heads, and beef cattle population in South Sulawesi has reached 1,431,533 heads [7]. Large 
potential of corn and beef cattle in Indonesia, especially in South Sulawesi, will have an 
impact on the production of very large amounts of biomass waste. Proper management and 
utilization of biomass waste is needed to support zero waste agriculture and bioindustry in a 
sustainable way, while preventing the impact of environmental pollution and the effects of 
greenhouse gas emissions that can damage the ozone layer. 

The aim of this study was to build a zero-waste agricultural system, using minimal inputs 
of production and energy from outside the system, processing biomass and waste into new 
bio-products of high value and environmentally friendly. 

2 Materials and methods  
This study was carried out at Gowa Experimental Station, The Assessment Institute of 
Agriculture Technology South Sulawesi in Pa'bentengan Village, Bajeng District, Gowa 
Regency. Stages of implementing the activity consist of two parts, i.e., 1) Corn planting and 
2) Maintenance of beef cattle. The components of hybrid corn technology used in this study 
is presented in Table 1. 

Table 1. Hybrid corn technology components. 

Technology components Description 
Superior varieties Bisi 18 
Soil Cultivation No tillage 
Planting system Monoculture 

Planting distance 75 x 25 cm 
Number of planting hole seeds 1 seed 

Fertilization method Tugal 3 times 
Weeding 2 times 

Disease pest control Integrated pest control 
Harvest system Manual 
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Corn planting was carried out on an area of 1.5 ha using hybrid corn seeds of Bisi 18 
variety. Fertilizer doses for corn were urea 300 kg/ha, SP-36 100 kg/ha, KCL 50 kg/ha and 
manure (organic) 2,000 kg /ha before planting. 

Corn waste in the form of straw was used as feed for eighteen cows which were divided 
into three feed treatments each with six replications, namely: 

P1 : Fermented corn straw 50% + fresh elephant grass 50% + concentrate 2 
kg/head/day. 

P2 : Non-fermented corn straw 50% + fresh elephant grass 50% + concentrate 2 
kg/head/day. 

P3 : Fresh elephant grass 100% + concentrate 2 kg/head/day. 
 
The concentrate used consisted of a mixture of bran, corn cob flour, milled corn, fish 

meal, coconut cake, pikuten, and salt. Table 2 shows the percentage of concentrate 
formulation given to cows.  

Table 2. Concentrate formulation. 

Composition Percentage 
Bran 50 
Corn cob flour 10 
Ground corn 19 
Fish flour 10 
Coconut meal 10 
Pikuten 0.5 
Salt 0.5 
Total 100 

 
Giving forage is 10% of body weight. Drinking water is provided at libitum. Feed and 

feed residues were weighed daily. The study was conducted by providing treatment rations 
during the maintenance period for 3 months. Body weight gain data was designed using a 
completely randomized design [8]. Data obtained were analyzed by analysis of variance 
(ANOVA), using the General Linear Model procedure according to SPSS instructions 
(version 23). If the results of the variance analysis show a significant effect, it will be 
continued with Duncan's multiple distance test [9]. 

3 Results and discussion  

3.1 Corn planting and potential corn waste   

Hybrid corn plantations on an area of 1.5 ha apply the integrated crop management which 
has been developed by the Indonesian Agency for Agricultural Research and Development. 
Integrated crop management is very helpful to prioritize increasing yield productivity, 
facilitating pest and disease control, using fertilizer more efficiently, and increasing farm 
income [10]. Technology components defined in integrated crop management are grouped 
into basic and optional technologies. Basic technology components implemented are: (1) 
New superior varieties, hybrids or composites, (2) Quality and labeled seeds, (3) Population 
66,000-75,000 plants/ha, (4) Fertilization based on plant needs and soil nutrient status [11]. 

Corn planting at Gowa Experimental Station used manure from cow waste treatment of 2 
tons/ha which was given before planting. The use of manure was aimed to improve soil 
structure before planting corn. This is in accordance with what was stated by Septian et al. 
[12], that the use of organic materials such as cow dung compost is useful for repairing 
damaged soil structures due to excessive use of chemical fertilizers. More Basuni et al. [13] 
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argues that the addition of organic fertilizers can reduce the use of urea by 71.43%, TSP 50%, 
and KCl 50% per growing season. 

The average yield of shelled corn before integration was 4200 kg/ha and after integration 
increased to 5000 kg/ha. Corn production had increased by 800 kg/ha. However, this result 
was still lower than that of Mustikawati and Pujiharti [14] which shows the dry shelled 
production of Bima variety reached 5.66 t/ha dry shelled production. This is probably due to 
the long dry season at the time of planting corn and the presence of rat pests that often hit the 
corn plantations at Gowa Experimental Station so that corn production is lower. Comparison 
of hybrid corn waste production before and after integration can be seen in Table 3. 

Table 3. Production of hybrid corn waste before and after integration (kg/ha) 

Production Before integration After integration 
Corn straw  (kg/ha) 3000 3751 
Corn cob (kg/ha) 1100 1280 
Corn husk (kg/ha) 1500 1600 

 
The results of hybrid corn waste production that can be used as feed were corn straws, 

corn cobs and corn husk. Corn straw/stover is part of the stems and leaves of corn that have 
been dried in the field and are harvested when the corn cobs are picked. This kind of corn 
straw is mostly obtained in the center area of corn plantations with the aim of producing corn 
seeds or corn for feed industry, not for consumption as vegetables [15]. Corn straw 
production before integration was 3000 kg/ha and after integration increased up to 3751 
kg/ha. The increase in corn straw production was due to the increase in corn production. Corn 
cobs are waste obtained when corn kernels are threshed from fruit. Shelled corn is the main 
product and the rest of the fruit called cobs or janggel [16]. Corn cobs also increased after 
integration, up to 1280 kg/ha where before integration was 1100 kg/ha. Corn husk/klobot is 
the outer skin of corn fruit that is usually discarded [15]. Corn husk is very potential to be 
used as silage because the sugar content is quite high. Corn husk production before 
integration was 1500 kg/ha and after integration increased to 1600 kg/ha. 

The results of corn straw proximate analysis on integration activities of corn-beef cattle 
can be seen on table 4. 

Table 4. Corn straw proximate analysis corn-beef cattle integration in Gowa Experimental Station 

Parameters Fresh corn 
straw  

Fermented 
corn straw 

Crude protein (%) 5.56 10.25 
Crude fat (%) 1.25 4.0 
Crude fiber (%) 33.58 24.29 
Ash (%) 7.28 11.10 
BETN (%) 50.20 27.67 
Ca (%) 0.5 0.37 

Source: Laboratory Analysis. Animal Feed Nutrition, Faculty of Animal Husbandry, Hasanuddin 
University, 2017. 
 

The results of the proximate analysis before and after fermentation (Table 4) showed that 
the nutrient content of corn straw increased after fermentation. Crude protein content before 
fermentation was 5.56% increased to 10.25% after fermentation. Crude fiber content 
decreased from 33.58% to 24.19%. An increase in protein and a decrease in crude fiber 
content is very supportive in its use as animal feed, because in general the limiting factor in 
the use of agricultural waste as animal feed is the low nutritional value. 
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3.2 Cattle waste potential  

Gowa Experimental Station has great potential to become a center for beef cattle breeding 
with a bio-industry-based agricultural concept in South Sulawesi. Besides having a fairly 
large area of land, it also has a large number of beef cattle, namely 249 heads [17]. The model 
for breeding beef cattle at Gowa Experimental Station is integrated with food crops (corn) 
and will apply technological innovations by Indonesian Agency for Agricultural Research 
and Development so that it can increase the value of production for cattle, such as producing 
quality calf, increasing food production, increasing raw materials for bio-industry and 
bioenergy. 

By-product of the cattle breeding process is recycling the use of cow manure through 
fermentation into quality compost. The number of cows in the integration of corn-beef cattle 
based on bioindustry at Gowa Experimental Station is 18 heads, if one cow every day 
produces feces (dung) ranging from 8-10 kg per day or 2.8 - 3.6 tons per year or equivalent 
with 1.5-2 tons of organic fertilizer, the integration of corn-beef cattle based on bioindustry 
is able to produce manure as much as 50.4 tons/year to 64.8 tons/year [18]. The need for 
manure for corn land itself is 2 tons/ha, besides being used for corn plants, manure is also 
used for other crops in the Experimental Station, such as planting rice, citronella, forage grass 
and others. The content of compost used can be seen in Table 5. 

Table 5. Compost organic fertilizer content in Gowa Experimental Station. 

Nutrient Results 

N-total (%) 2.78 
P2O5 (%) 0.89 
K2O (%) 2.11 
pH (%) 8.01 

C-Organik (%) 14.50 
Water content (%) 20.11 

C/N 5 
Fe, ppm 8261 
Mn, ppm 3711 
Cu, ppm 98 
Zn, ppm 116 
Pb, ppm 20 
Cd, ppm Tt 

Source: Maros Installation Laboratory, 2018. 
 

The results of manure analysis showed that the total N of 2.78% was a fairly good value 
above the SNI 19-7030-2004 standard with a nitrogen value of > 0.40% [19]. The content of 
P205 is 0.89 above the SNI standard of > 0.10%. According to Stofella and Khan [20] that 
element P is needed by microorganisms to build their cells such as protoplasm and cell nuclei. 
The C-Organic content of 14.50% also meets the standards of SNI 19-7030-2004 (9.8-32%). 
The C/N ratio value of 5% is still below the standard of SNI 19-7030-2004, namely (10-
20%). The pH value of 8.01 is slightly higher than according to SNI 19-7030-2004 (6.8-7.49). 

3.3 Utilization of corn straw as beef cattle feed 

The potential of corn straw is quite abundant, but it has not been used as cattle feed. The main 
obstacle to the use of corn straw as animal feed is the high crude fiber and protein content 
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and low digestibility. The use of corn straw directly or as a sole feed cannot meet the supply 
of nutrients needed by livestock [21]. Quality of corn straw can be increased by biological 
treatment such as fermentation, due to the involvement of microorganisms in degrading crude 
fiber, reducing levels of lignin and anti-nutrient compounds, so that the digestibility value of 
feed from waste such as rice straw can increase [22]. 

Production of corn waste from the integration activities of corn-beef cattle at Gowa 
Experimental Station is 3751 kg/ha corn straw, 1280 kg/ha corn cobs and 1600 kg/ha corn 
husks (Table 4). Before being used as feed, corn straw is fermented to increase protein value, 
reduce crude fiber and increase digestibility value. Corn straw fermentation is a process of 
overhauling a complex structure so that it becomes simpler, and this causes the digestibility 
of livestock to be more efficient [23]. After the fermentation process, corn straw is given to 
the cow as a substitute for elephant grass to improve the condition of cow's body and help 
the growth of the calf. 

Analysis of variance showed that the administration of fermented corn straw as a 
substitute for elephant grass had a significant effect (P<0.05) on the average daily body 
weight gain of cows. Duncan's test (Table 6) showed that treatment P1 was significantly 
higher than treatment P2 and P3, while treatment P2 was significantly lower than other 
treatments but not significantly different from P3. These results indicate that cows fed 
fermented corn straw feed gave better daily body weight gain than those given unfermented 
corn straw and cows fed only elephant grass without corn straw. The increase in body weight 
was due to the nutritional content of fermented corn straw combined with elephant grass plus 
concentrate according to the needs of the cow so that the performance was much better. This 
is in accordance with the results of research by Mastika and Puger [24] that feed quality is a 
factor that greatly determines the growth and quality of meat. Improving the quality of feed, 
even though it comes from waste, was able to increase body weight gain better than that given 
by field grass. Improvement of feed for cows at Gowa Experimental Station by providing 
fermented corn straw plus concentrate as a feed supplement has a positive impact on calf 
growth. This is in accordance with what was stated by Rohmah et al. [25], that 
supplementation is in the form of feed that contains sufficient nutrients to support the 
production and reproduction of beef cattle so that the cow are ready to carry out the 
reproductive process, including pregnancy, giving birth and breastfeeding calves. Improving 
the body condition of beef cows before mating can optimize the livestock reproduction 
process so that it can reduce the number of repeated matings.  

Table 6. The average body weight gain of cows in the Corn-Beef Cattle Integration at Gowa 
Experimental Station 

Description Treatments 
P1 P2 P3 

Initial weight (kg/head/day) 170.1 169.5 170.5 
Final weight (kg/head/day) 195.6 186.8 191.3 
Daily weight gain (kg/head/day) 0.28b 0.19a 0.23a 

P1 = fermented corn straw 50% + fresh elephant grass 50% + concentrate 2 kg/head/day; P2 = non-
fermented corn straw 50% + fresh elephant grass 50% + concentrate 2 kg/head/day; P3 = fresh elephant 
grass 100% + concentrate 2 kg/head/day. Superscripts following the same values on the same line 
showed significant differences (P < 0.05). 

4 Conclusions 
Base on this study, it can be concluded that corn-beef cattle system integration model based 
on agricultural bioindustry at Gowa Experimental Station can increase corn production (5000 
kg/ha) and can improve the performance of cows (0.28 kg/head/day) and livestock waste into 
organic fertilizer to increase soil fertility. 
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