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Abstract

Aim: The study evaluated the effect of feeding a graded levels of the extruded jack bean on nutritional
status, production performances and economic performance of beef cattle.

Materials and Methods: KOROPASS was prepared from the extruded jack bean. Sixteen male of
Friesian Holstein crossbred cattle were divided into four groups, including Ro= total mixed ration (TMR)
without KOROPASS, R:= TMR supplemented with 3% KOROPASS, R.= TMR supplemented with 6%
KOROPASS and R:= TMR supplemented with 9% KOROPASS. The in vivo experiment lasted 44 days.
The TMR contained 12% crude protein and 60% total digestible nutrient (TDN). The consumption and
digestibility of dry matter (DM), organic matter (OM) and total protein (TP), feed efficiency, average
daily gain and income over feed cost (IOFC) were evaluated.

Results: KOROPASS supplementation increased (p<0.05) the consumption of DM, OM and TP of beef
cattle. The levels of DM, OM and TP digestibility also increased (p<0.05) with the elevated levels of
KOROPASS in the rations. Dietary supplementation of KOROPASS increased (p<0.05) the
metabolizable protein of cattle. Feeding rations supplemented with KOROPASS improved (p<0.05)
average daily gain and feed efficiency of beef cattle. Dietary supplementation of KOROPASS especially

at the level of 9% resulted in the highest (p<0.05) IOFC value of beef cattle.
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Conclusion: Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as
reflected by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS
supplementation also improve feed efficiency, growth and economic performance of cattle.

Keywords: beef cattle, feed utilization, growth, extruded jack bean

Introduction

To date, the increasing demand for beef have not been fulfilled by the local beef farmers in
Indonesia. The latest data show that in 2018 Indonesia had to import 400,000 head of beef cattle and 93,000
tons of beef [1]. Low livestock productivity, which leads to low economic performance, is one of the main
factors that inhibits the expansion of cattle farming in Indonesia. Indeed, the low quality and quantity of
feed consumed has been linked to the low growth performance of beef cattle. In general, the inability of
farmers to provide standard feed for beef cattle is mainly caused by the price of high-quality feed that is not
affordable, especially feed ingredients that contain high protein such as soybeans, which are still imported.
In fact, Indonesia has a variety and easy to get vegetation that prospectively meets the availability of protein
needed for feed supplementation, among them are jack bean (Canavalia ensiformis) [2]. Nonetheless, the
dietary incorporation of jack bean in beef cattle rations has not been practiced so far.

Literatures show that jack bean contains relatively high protein which is around 34.6%, but protein
degradation that occurs in the rumen of beef cattle is also high [3]. In addition, jack beans contain hydrogen
cyanide (HCN), around 11.05 mg/100 g, which may harm rumen ecosystem of ruminant animals [4]. In the
in vitro study by Prasetiyono et al. [2], the extrusion heating process can improve the rumen-protected
protein (RPP) of jack bean. Through the latter method, the RPP level increased from 43.35% to 59.16%
and the NHs level in the rumen decreased from 5.28% mM to 2.71 mM. In general, heating of protein-rich
feed ingredients using extrusion heating techniques creates a Mailard reaction (browning reaction), which
is the reaction between the reducing sugars and protein [5]. Through the reaction, the extruded feedstuffs
will be protected from degradation that occurs in the rumen and escape into the post rumen so that the

feedstuffs are absorbed in the small intestine. Hence, feed protein that escapes from rumen degradation will
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increase the availability of essential amino acids in the small intestine [6,7]. This would eventually increase
the efficiency of protein biosynthesis which is reflected by the improvement in the performance of beef
cattle. To best of our knowledge, the use of extruded jack bean to improve the productivity and economic
performance of beef cattle has, however, never been studied.

In the current study, jack bean was employed as the source of RPP and was extruded prior to
incorporation into corn cobs-based total mixed ration (TMR). The present study aimed to investigate the
effect of feeding a graded levels of the extruded jack bean on nutritional status, production performances

and economic performance of beef cattle.

Materials and Methods

Jack bean was purchased from Temanggung regency, Central Java Province, Indonesia. To
prepare KOROPASS, jack bean was extruded according to the extrusion heating process as described by
Prasetiyono et al. [2].

The in vivo experiment was carried out in comply to the standard protocol of raising of livestock
stated in law of the Republic of Indonesia number 18, 2009 concerning animal husbandry and health.
Sixteen male of Friesian Holstein crossbred cattle (around 1.5 years old with an average body weight of
350 kg) were employed in this present study. They were divided according to their body weight into four
treatment groups, each of which consisted of 4 heads. The cattle were placed in the individual pen that
had previously been disinfected and treated with albendazole. The treatment groups included: Ro= total
mixed ration (TMR) without KOROPASS as control, Ri1= TMR supplemented with 3% KOROPASS, R>=
TMR supplemented with 6% KOROPASS and Rs= TMR supplemented with 9% KOROPASS. The in
vivo experiment lasted 44 days. Adaptation to the TMR was applied to all beef cattle for 2 weeks prior to
the in vivo experiment. The ingredients and chemical composition of TMR are listed in Table 1. The
ration contained 12% crude protein and 60% total digestible nutrient (TDN). The consumption and

digestibility of dry matter (DM), organic matter (OM) and total protein (TP), feed efficiency as well as
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average daily gain were determined according to the standard procedure as described by Harris [8]. In
addition, income over feed cost (IOFC) was also measured based on Prasetiyono et al. [9].
The data collected were analyzed using ANOVA on the basis of randomized completely block design

following Steel and Torie [10].

Results and Discussion

Our present finding showed that KOROPASS supplementation as the source of RPP increased
(p<0.05) the consumption of DM, OM and TP of beef cattle (Table 2). This current finding may therefore
suggested that dietary supplementation of KOROPASS improved the palatability of corn cobs-based total
mixed ration, which is actually the agricultural by-product. The increased protein content of the rations due

to supplementation with KOROPASS seemed to be responsible for the increased palatability and thus feed

consumption of beef cattle. Indeed,|Distel|and|Villalba[[11] revealed that feed consumption can be affected

by dietary supplementation, feed quality and the availability of particular food components such as protein.
In line with this, Gardinal et al. [12] found that dietary supplementation of urea (non-protein nitrogen)
increased feed consumption in beef steers. In this study, the increased levels of the KOROPASS
supplementation was attributed to the increased contents of protein in the rations and thus the intake of DM,
OM and TP of beef cattle.

Our present data (Table 2) revealed that the level of DM and OM digestibility increased (p<0.05)
with the elevated levels of KOROPASS supplementation in the rations. It was most likely that dietary
supplementation with KOROPASS, which is rich in protein, increased rumen microbial proliferation and
activity leading to the increased fermentation rate in the rumen [13]. The latter condition may consequently
increase the digestibility of DM and OM of cattle [13,14]. Our current finding also demonstrated that crude
protein digestibility increased (p<0.05) with the increased KOROPASS supplementation in the cattle
rations. As previously discussed, KOROPASS incorporation may increase rumen bacterial proliferation
resulting in increased microbial protein (bacterial biomass) in the rumen. Moreover, KOROPASS

supplementation may increase the availability and utilization of protein in the intestine as most of protein
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in the jack bean could escape from the ruminal fermentation. With regard to the potential of KOROPASS
in increasing the rumen bacterial proliferation, this may indicate that KOROPASS which is RPP-based
protein may increase the supply of nitrogen for the rumen microbes [15].

Dietary supplementation of KOROPASS increased (p<0.05) the metabolizable protein of cattle in
the present study (Table 2). Theoretically, the metabolizable protein is the total of protein available to be
digested in the post rumen digestive tract and the amount of feed protein escaping from being degraded in
rumen as well as microbial protein [16]. On this basis, the increased metabolizable protein in the treated
cattle seemed to be contributed by the increased microbial protein (bacterial biomass) as well as protein
from the KOROPASS escaping from rumen fermentation. Also, KOROPASS may increase non-ammonia
nitrogen compounds, which can enter post rumen digestive tract [17] resulting in increased metabolizable
protein [16].

The data (Table 2) in the present study showed that feeding rations supplemented with KOROPASS
increased (p<0.05) average daily gain of beef cattle. This may imply that KOROPASS supplementation
increase tissue biosynthesis in beef cattle. A number of factors may be attributed to the improvement in
daily gain of cattle, including the increased consumption and digestibility of DM, OM and protein. Also,
the increased metabolizable protein seemed to increase the growth performance of cattle. Indeed, protein is
the most important nutrients for tissue biosynthesis and thus the increase in intake and digestibility of
protein may positively affected the daily gain of cattle [13]. Energy is another factor that may determine
the rate of growth of cattle [18]. In this present study, the increase in DM and OM consumption and
digestibility in the KOROPASS treated cattle could be attributed to the increased energy supply for growth.

Dietary supplementation of KOROPASS was associated with the improved (p<0.05) feed
efficiency of cattle in the present study. It was apparent that dietary supplementation with KOROPASS
increased the digestibility of DM, OM and protein and thereby increased the nutrient utilization and feed
efficiency of cattle. This present finding was in line with that of previously documented by Uddin et al.
[13], in which protein supplementation may be associated with the increased nutrient utilization and growth,

and thus improved feed efficiency of cattle.
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Income over feed cost has commonly been used to evaluate the profitability and sustainability of
cattle farm. In this present study, dietary supplementation of KOROPASS especially at the level of 9%
resulted in the highest (p<0.05) IOFC value of cattle. On the basis of parameters measured in the present
study, it was convincingly proven that RPP derived from KOROPASS increased feed utilization and
efficiency as well as growth performance of cattle. In Indonesia, jack bean is abundantly available and has
not been widely utilized. This make jack bean affordable as feed component for cattle. With the relatively

low price, the application of extruded jack bean as RPP may therefore improve then IOFC of cattle farms.

Conclusion
Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as reflected
by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS supplementation

also improve feed efficiency, growth and economic performance of cattle.
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Table-1: Ingredients and nutrient composition of TMR

Ingredients Proportion (%)
Corncob 20.0
Mineral mix “StV” 1.00
Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten feed 26.0
Nutrient composition:
Dry matter 86.0
Ash 7.18
Crude protein 12.2
Ether extract 1.92
Crude fibre 18.0
Total digestible nutrient 60.0
Ca 0.90
P 0.60

Table-2: Effect of KOROPASS supplementation in the TMR on variables measured

Variables Treatments SEM p value
Ro R; R R3
DM consumption (kg/day) 7.83¢ 8.33° 8.91° 9.69° 0.07 <0.05
OM consumption (kg/day) 6.72¢ 7.17° 7.69° 8.38? 0.07 <0.05
TP consumption (g/day) 892¢ 1,020¢ 1,182° 1,406° 0.04 <0.05
DM digestibility (%) 42.9¢ 50.6° 58.0° 63.6° 1.16 <0.05
OM digestibility (%) 54,3 59.6° 66.3° 70.6° 0.94 <0.05
Crude protein digestibility (%) 65.0P 67.1° 75.0% 80.72 1.86 <0.05
Metabolizable protein (%) 49.0° 52.2° 55.0° 65.22 3.10 <0.05
Average daily gain (kg/day) 0.72¢ 0.83° 0.99° 1.242 0.05 <0.05
Feed efficiency (%) 9.50°¢ 10.24%¢ 11.53® 13.142 0.51 <0.05
IOFC (IDR/head/day)* 6,832° 8888  13,151° 20,933 1,996 <0.05

Numbers with different letters on the same row show difference at p<0.05.
Price (at the time of study) per kg of TMR= IDR 2,900; KOROPASS= IDR 7,000; beef cattle= IDR

46,000 (price per kg live weight).

DM: dry matter, OM: organic matter, TP: total protein, IOFC: income over feed cost, TMR: total mixed
ration, IDR: Indonesian rupiah (Indonesian currency), SEM: standard error of the mean
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Abstract

Aim: The study evaluated the effect of feeding a graded levels of the extruded jack bean on nutritional
status, production performances and economic performance of beef cattle.

Materials and Methods: KOROPASS was prepared from the extruded jack bean. Sixteen male of
Friesian Holstein crossbred cattle were divided into four groups, including Ro= total mixed ration (TMR)
without KOROPASS, Ri:= TMR supplemented with 3% KOROPASS, R,= TMR supplemented with 6%
KOROPASS and R3;= TMR supplemented with 9% KOROPASS. The in vivo experiment lasted 44 days.
The TMR contained 12% crude protein and 60% total digestible nutrient (TDN). The consumption and
digestibility of dry matter (DM), organic matter (OM) and total protein (TP), feed efficiency, average
daily gain and income over feed cost (IOFC) were evaluated.

Results: KOROPASS supplementation increased (p<0.05) the consumption of DM, OM and TP of beef
cattle. The levels of DM, OM and TP digestibility also increased (p<0.05) with the elevated levels of
KOROPASS in the rations. Dietary supplementation of KOROPASS increased (p<0.05) the
metabolizable protein of cattle. Feeding rations supplemented with KOROPASS improved (p<0.05)
average daily gain and feed efficiency of beef cattle. Dietary supplementation of KOROPASS especially

at the level of 9% resulted in the highest (p<0.05) IOFC value of beef cattle.
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Conclusion: Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as
reflected by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS
supplementation also improve feed efficiency, growth and economic performance of cattle.

Keywords: beef cattle, feed utilization, growth, extruded jack bean

Introduction

To date, the increasing demand for beef have not been fulfilled by the local beef farmers in
Indonesia. The latest data show that in 2018 Indonesia had to import 400,000 head of beef cattle and 93,000
tons of beef [1]. Low livestock productivity, which leads to low economic performance, is one of the main
factors that inhibits the expansion of cattle farming in Indonesia. Indeed, the low quality and quantity of
feed consumed has been linked to the low growth performance of beef cattle. In general, the inability of
farmers to provide standard feed for beef cattle is mainly caused by the price of high-quality feed that is not
affordable, especially feed ingredients that contain high protein such as soybeans, which are still imported.
In fact, Indonesia has a variety and easy to get vegetation that prospectively meets the availability of protein
needed for feed supplementation, among them are jack bean (Canavalia ensiformis) [2]. Nonetheless, the
dietary incorporation of jack bean in beef cattle rations has not been practiced so far.

Literatures show that jack bean contains relatively high protein which is around 34.6%, but protein
degradation that occurs in the rumen of beef cattle is also high [3]. In addition, jack beans contain hydrogen
cyanide (HCN), around 11.05 mg/100 g, which may harm rumen ecosystem of ruminant animals [4]. In the
in vitro study by Prasetiyono et al. [2], the extrusion heating process can improve the rumen-protected
protein (RPP) of jack bean. Through the latter method, the RPP level increased from 43.35% to 59.16%
and the NHjs level in the rumen decreased from 5.28% mM to 2.71 mM. In general, heating of protein-rich
feed ingredients using extrusion heating techniques creates a Mailard reaction (browning reaction), which
is the reaction between the reducing sugars and protein [5]. Through the reaction, the extruded feedstuffs
will be protected from degradation that occurs in the rumen and escape into the post rumen so that the

feedstuffs are absorbed in the small intestine. Hence, feed protein that escapes from rumen degradation will
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increase the availability of essential amino acids in the small intestine [6,7]. This would eventually increase
the efficiency of protein biosynthesis which is reflected by the improvement in the performance of beef
cattle. To best of our knowledge, the use of extruded jack bean to improve the productivity and economic
performance of beef cattle has, however, never been studied.

In the current study, jack bean was employed as the source of RPP and was extruded prior to
incorporation into corn cobs-based total mixed ration (TMR). The present study aimed to investigate the
effect of feeding a graded levels of the extruded jack bean on nutritional status, production performances

and economic performance of beef cattle.

Materials and Methods

Jack bean was purchased from Temanggung regency, Central Java Province, Indonesia. To
prepare KOROPASS, jack bean was extruded according to the extrusion heating process as described by
Prasetiyono et al. [2].

The in vivo experiment was carried out in comply to the standard protocol of raising of livestock
stated in law of the Republic of Indonesia number 18, 2009 concerning animal husbandry and health.
Sixteen male of Friesian Holstein crossbred cattle (around 1.5 years old with an average body weight of
350 kg) were employed in this present study. They were divided according to their body weight into four
treatment groups, each of which consisted of 4 heads. The cattle were placed in the individual pen that
had previously been disinfected and treated with albendazole. The treatment groups included: Ro= total
mixed ration (TMR) without KOROPASS as control, Ri= TMR supplemented with 3% KOROPASS, R,=
TMR supplemented with 6% KOROPASS and Rs= TMR supplemented with 9% KOROPASS. The in
vivo experiment lasted 44 days. Adaptation to the TMR was applied to all beef cattle for 2 weeks prior to
the in vivo experiment. The ingredients and chemical composition of TMR are listed in Table 1. The
ration contained 12% crude protein and 60% total digestible nutrient (TDN). The consumption and

digestibility of dry matter (DM), organic matter (OM) and total protein (TP), feed efficiency as well as
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average daily gain were determined according to the standard procedure as described by Harris [8]. In
addition, income over feed cost (IOFC) was also measured based on Prasetiyono et al. [9].
The data collected were analyzed using ANOVA on the basis of randomized completely block design

following Steel and Torie [10].

Results and Discussion

Our present finding showed that KOROPASS supplementation as the source of RPP increased
(p<0.05) the consumption of DM, OM and TP of beef cattle (Table 2). This current finding may therefore
suggested that dietary supplementation of KOROPASS improved the palatability of corn cobs-based total
mixed ration, which is actually the agricultural by-product. The increased protein content of the rations due

to supplementation with KOROPASS seemed to be responsible for the increased palatability and thus feed

consumption of beef cattle. Indeed,| Distel|and| Villalba[[11] revealed that feed consumption can be affected

by dietary supplementation, feed quality and the availability of particular food components such as protein.
In line with this, Gardinal et al. [12] found that dietary supplementation of urea (non-protein nitrogen)
increased feed consumption in beef steers. In this study, the increased levels of the KOROPASS
supplementation was attributed to the increased contents of protein in the rations and thus the intake of DM,
OM and TP of beef cattle.

Our present data (Table 2) revealed that the level of DM and OM digestibility increased (p<0.05)
with the elevated levels of KOROPASS supplementation in the rations. It was most likely that dietary
supplementation with KOROPASS, which is rich in protein, increased rumen microbial proliferation and
activity leading to the increased fermentation rate in the rumen [13]. The latter condition may consequently
increase the digestibility of DM and OM of cattle [13,14]. Our current finding also demonstrated that crude
protein digestibility increased (p<0.05) with the increased KOROPASS supplementation in the cattle
rations. As previously discussed, KOROPASS incorporation may increase rumen bacterial proliferation
resulting in increased microbial protein (bacterial biomass) in the rumen. Moreover, KOROPASS

supplementation may increase the availability and utilization of protein in the intestine as most of protein
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in the jack bean could escape from the ruminal fermentation. With regard to the potential of KOROPASS
in increasing the rumen bacterial proliferation, this may indicate that KOROPASS which is RPP-based
protein may increase the supply of nitrogen for the rumen microbes [15].

Dietary supplementation of KOROPASS increased (p<0.05) the metabolizable protein of cattle in
the present study (Table 2). Theoretically, the metabolizable protein is the total of protein available to be
digested in the post rumen digestive tract and the amount of feed protein escaping from being degraded in
rumen as well as microbial protein [16]. On this basis, the increased metabolizable protein in the treated
cattle seemed to be contributed by the increased microbial protein (bacterial biomass) as well as protein
from the KOROPASS escaping from rumen fermentation. Also, KOROPASS may increase non-ammonia
nitrogen compounds, which can enter post rumen digestive tract [17] resulting in increased metabolizable
protein [16].

The data (Table 2) in the present study showed that feeding rations supplemented with KOROPASS
increased (p<0.05) average daily gain of beef cattle. This may imply that KOROPASS supplementation
increase tissue biosynthesis in beef cattle. A number of factors may be attributed to the improvement in
daily gain of cattle, including the increased consumption and digestibility of DM, OM and protein. Also,
the increased metabolizable protein seemed to increase the growth performance of cattle. Indeed, protein is
the most important nutrients for tissue biosynthesis and thus the increase in intake and digestibility of
protein may positively affected the daily gain of cattle [13]. Energy is another factor that may determine
the rate of growth of cattle [18]. In this present study, the increase in DM and OM consumption and
digestibility in the KOROPASS treated cattle could be attributed to the increased energy supply for growth.

Dietary supplementation of KOROPASS was associated with the improved (p<0.05) feed
efficiency of cattle in the present study. It was apparent that dietary supplementation with KOROPASS
increased the digestibility of DM, OM and protein and thereby increased the nutrient utilization and feed
efficiency of cattle. This present finding was in line with that of previously documented by Uddin et al.
[13], in which protein supplementation may be associated with the increased nutrient utilization and growth,

and thus improved feed efficiency of cattle.
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Income over feed cost has commonly been used to evaluate the profitability and sustainability of
cattle farm. In this present study, dietary supplementation of KOROPASS especially at the level of 9%
resulted in the highest (p<0.05) IOFC value of cattle. On the basis of parameters measured in the present
study, it was convincingly proven that RPP derived from KOROPASS increased feed utilization and
efficiency as well as growth performance of cattle. In Indonesia, jack bean is abundantly available and has
not been widely utilized. This make jack bean affordable as feed component for cattle. With the relatively

low price, the application of extruded jack bean as RPP may therefore improve then IOFC of cattle farms.

Conclusion
Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as reflected
by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS supplementation

also improve feed efficiency, growth and economic performance of cattle.
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Table-1: Ingredients and nutrient composition of TMR

Ingredients Proportion (%)
Corncob 20.0
Mineral mix “StV” 1.00
Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten feed 26.0
Nutrient composition:
Dry matter 86.0
Ash 7.18
Crude protein 12.2
Ether extract 1.92
Crude fibre 18.0
Total digestible nutrient 60.0
Ca 0.90
P 0.60

Table-2: Effect of KOROPASS supplementation in the TMR on variables measured

Variables Treatments SEM p value
Ro R; R R3
DM consumption (kg/day) 7.83¢ 8.33° 8.91° 9.69° 0.07 <0.05
OM consumption (kg/day) 6.72¢ 7.17° 7.69° 8.38? 0.07 <0.05
TP consumption (g/day) 892¢ 1,020¢ 1,182° 1,406° 0.04 <0.05
DM digestibility (%) 42.9¢ 50.6° 58.0° 63.6° 1.16 <0.05
OM digestibility (%) 54,3 59.6° 66.3° 70.6° 0.94 <0.05
Crude protein digestibility (%) 65.0P 67.1° 75.0% 80.72 1.86 <0.05
Metabolizable protein (%) 49.0° 52.2° 55.0° 65.22 3.10 <0.05
Average daily gain (kg/day) 0.72¢ 0.83° 0.99° 1.242 0.05 <0.05
Feed efficiency (%) 9.50°¢ 10.24°%¢ 11.53® 13.142 0.51 <0.05
|OFC (IDR/head/day)* 6,832° 8888  13,151° 20,933 1,996 <0.05

Numbers with different letters on the same row show difference at p<0.05.
Price (at the time of study) per kg of TMR= IDR 2,900; KOROPASS= IDR 7,000; beef cattle= IDR

46,000 (price per kg live weight).

DM: dry matter, OM: organic matter, TP: total protein, IOFC: income over feed cost, TMR: total mixed
ration, IDR: Indonesian rupiah (Indonesian currency), SEM: standard error of the mean
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Abstract

Aim: The study evaluated the effect of feeding a graded-levels-ofthe-extrudedjack-beangraded level of

the extruded jack bean on nutritional status, production performances and economic performance of beef

cattle.

Materials and Methods: KOROPASS was prepared from the lextruded jack bean|. Sixteen male of

Friesian Holstein crossbred cattle were divided into four groups, including Ro= total mixed ration (TMR)
without KOROPASS, R:= TMR supplemented with 3% KOROPASS, R,= TMR supplemented with 6%
KOROPASS and Rs= TMR supplemented with 9% KOROPASS. The jin vivo experiment lasted 44 days.
The TMR contained 12% crude protein and 60% total digestible nutrient (TDN). The consumption and
digestibility of dry matter (DM), organic matter (OM) and total protein (TP), feed efficiency, average
daily gain and income over feed cost (IOFC) were evaluated.

Results: KOROPASS supplementation increased (p<0.05) the consumption of DM, OM and TP of beef
cattle[. h’he levels of DM, OM and TP digestibility also increased (p<0.05) with the elevated levels of
KOROPASS in the rationsl. Dietary supplementation of KOROPASS increased (p<0.05) the
metabolizable protein of cattle. Feeding rations supplemented with KOROPASS improved (p<0.05)
average daily gain and feed efficiency of beef cattle. Dietary supplementation of KOROPASS especially

at the level of 9% resulted in the highest (p<0.05) IOFC value of beef cattle.
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Conclusion: Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as
reflected by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS
supplementation also improve feed efficiency, growth and economic performance of cattle.

Keywords: beef cattle, feed utilization, growth, extruded jack bean

Introduction

To date, the increasing demand for beef have not been fulfilled by the local beef farmers in
Indonesia. The latest data show that in 2018 Indonesia had to import 400,000 head of beef cattle and 93,000
tons of beef [1]. Low livestock productivity, which leads to low economic performance, is one of the main
factors that inhibits the expansion of cattle farming in Indonesia. Indeed, the low quality and quantity of
feed consumed has been linked to the low growth performance of beef cattle. In general, the inability of
farmers to provide standard feed for beef cattle is mainly caused by the price of high-quality feed that is not
affordable, especially feed ingredients that contain high protein such as soybeans, which are still imported.
In fact, Indonesia has a variety and easy to get vegetation that prospectively meets the availability of protein
needed for feed supplementation, among them are jack bean (Canavalia ensiformis) [2]. Nonetheless, the
dietary incorporation of jack bean in beef cattle rations has not been practiced so far.

Literatures show that jack bean contains relatively high protein which is around 34.6%, butlprotein
degradation that occurs in the rumen of beef cattle is also higH [3]. In addition, jack beans contain hydrogen
cyanide (HCN), around 11.05 mg/100 g, which may harm rumen ecosystem of ruminant animals [4]. In the
in vitro study by Prasetiyono et al. [2], the extrusion heating process can improve the rumen-protected
protein (RPP) of jack bean. Through the latter method, the RPP level increased from 43.35% to 59.16%
and the NHj level in the rumen decreased from 5.28% mM to 2.71 mM, In general, heating of protein-rich
feed ingredients using extrusion heating techniques creates a Mailard reaction (browning reaction), which
is the reaction between the reducing sugars and protein [5]. Through the reaction, the extruded feedstuffs
will be protected from degradation that occurs in the rumen and escape into the post rumen so that the

feedstuffs are absorbed in the small intestine. Hence, feed protein that escapes from rumen degradation will
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increase the availability of essential amino acids in the small intestine [6,7]. This would eventually increase
the efficiency of protein biosynthesis which is reflected by the improvement in the performance of beef
cattle. To best of our knowledge, the use of extruded jack bean to improve the productivity and economic
performance of beef cattle has, however, never been studied.

In the current study, jack bean was employed as the source of RPP and was extruded prior to
incorporation into corn cobs-based total mixed ration (TMR). The present study aimed to investigate the

effect of feeding a graded-levels—of-the-extruded-jack—beangraded level of the extruded jack bean on

nutritional status, production performances and economic performance of beef cattle.

Materials and Methods

Jack bean was purchased from Temanggung regency, Central Java Province, Indonesia. To
prepare KOROPASS, jack bean was extruded according to the extrusion heating process as described by
Prasetiyono et al. [2].

The in vivo experiment was carried out in comply to the standard protocol of raising of livestock
stated in law of the Republic of Indonesia number 18, 2009 concerning animal husbandry and health.
Sixteen male of Friesian Holstein crossbred cattle (around 1.5 years old with an average body weight of
350 kg) were employed in this present study. They were divided according to their body weight into four
treatment groups, each of which consisted of 4 heads. The cattle were placed in the individual pen that
had previously been disinfected and treated with albendazole. h’he treatment groups included: Ro= total
mixed ration (TMR) without KOROPASS as control, Ri= TMR supplemented with 3% KOROPASS, R;=
TMR supplemented with 6% KOROPASS and Rs= TMR supplemented with 9% KOROPASS[. Thejn
vivo experiment lasted FM days]. Adaptation to the TMR was applied to all beef cattle for 2 weeks prior to
the in vivo experiment. The ingredients and chemical composition of TMR are listed in Table 1. The
ration contained 12% crude protein and 60% total digestible nutrient (TDN). The consumption and

digestibility of dry matter (DM), organic matter (OM) and total protein (TP), feed efficiency as well as
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average daily gain were determined according to the standard procedure as described by Harris [8]. In
addition, income over feed cost (IOFC) was also measured based on Prasetiyono et al. [9].
The data collected were analyzed using ANOVA on the basis of randomized completely block design

following Steel and Torie [10].

Results and Discussion

Our present finding showed that KOROPASS supplementation as the source of RPP increased
(p<0.05) the consumption of DM, OM and TP of beef cattle (Table 2). This current finding may therefore
suggestedsuggest that dietary supplementation of KOROPASS improved the palatability of corn cobs-
based total mixed ration, which is actually anthe- agricultural by-product. The increased protein content of

the rations due to supplementation with KOROPASS seemed to be responsible for the increased palatability

and thus feed consumption of beef cattle. Indeed,|Distel|and|Villalba[[11] revealed that feed consumption

can be affected by dietary supplementation, feed quality and the availability of particular food components
such as protein. In line with this, Gardinal et al. [12] found that dietary supplementation of urea (non-protein
nitrogen) increased feed consumption in beef steers. In this study, the increased levels of the KOROPASS
supplementation was attributed to the increased contents of protein in the rations and thus the intake of DM,
OM and TP of beef cattle.

Our present data (Table 2) revealed that the level of DM and OM digestibility increased (p<0.05)
with the elevated levels of KOROPASS supplementation in the rations. It was most likely that dietary
supplementation with KOROPASS, which is rich in protein, increased rumen microbial proliferation and
activity leading to the increased fermentation rate in the rumen [13]. The latter condition may consequently
increase the digestibility of DM and OM of cattle [13,14]. Our current finding also demonstrated that crude
protein digestibility increased (p<0.05) with the increased KOROPASS supplementation in the cattle
rations. As previously discussed, KOROPASS incorporation may increase rumen bacterial proliferation
resulting in increased microbial protein (bacterial biomass) in the rumen. Moreover, KOROPASS

supplementation may increase the availability and utilization of protein in the intestine as most of protein
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in the jack bean being bypass in nature could escape from the ruminal fermentation. With regard to the

potential of KOROPASS in increasing the rumen bacterial proliferation, this may indicate that KOROPASS
which is RPP-based protein may increase the supply of nitrogen for the rumen microbes-[15].

Dietary supplementation of KOROPASS increased (p<0.05) the metabolizable protein of cattle in
the present study (Table 2). Theoretically, the metabolizable protein is the total of protein available to be
digested in the post rumen digestive tract and the amount of feed protein escaping from being degraded in
rumen as well as microbial protein [16]. On this basis, the increased metabolizable protein in the treated
cattle seemed to be contributed by the increased microbial protein (bacterial biomass) as well as protein
from the KOROPASS escaping from rumen fermentation. Also, KOROPASS may increase non-ammonia
nitrogen compounds, which can enter post rumen digestive tract [17] resulting in increased metabolizable
protein [16].

The data (Table 2) in the present study showed that feeding rations supplemented with KOROPASS
increased (p<0.05) average daily gain of beef cattle. This may imply that KOROPASS supplementation
increase tissue biosynthesis in beef cattle. A number of factors may be attributed to the improvement in
daily gain of cattle, including the increased consumption and digestibility of DM, OM and protein. Also,
the increased metabolizable protein seemed to increase the growth performance of cattle. Indeed, protein is
the most important nutrients for tissue biosynthesis and thus the increase in intake and digestibility of
protein may positively affected the daily gain of cattle [13]. Energy is another factor that may determine
the rate of growth of cattle [18]. In this present study, the increase in DM and OM consumption and
digestibility in the KOROPASS treated cattle could be attributed to the increased energy supply for growth.

Dietary supplementation of KOROPASS was associated with the improved (p<0.05) feed
efficiency of cattle in the present study. It was apparent that dietary supplementation with KOROPASS
increased the digestibility of DM, OM and protein and thereby increased the nutrient utilization and feed
efficiency of cattle. This present finding was in line with that of previously documented by Uddin et al.
[13], inwhich protein supplementation may be associated with the increased nutrient utilization and growth,

and thus improved feed efficiency of cattle.
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Income over feed cost has commonly been used to evaluate the profitability and sustainability of
cattle farm. In this present study, dietary supplementation of KOROPASS especially at the level of 9%
resulted in the highest (p<0.05) IOFC value of cattle. On the basis of parameters measured in the present
study, it was convincingly proven that RPP derived from KOROPASS increased feed utilization and
efficiency as well as growth performance of cattle. In Indonesia, jack bean is abundantly available and has
not been widely utilized. This make jack bean affordable as feed component for cattle. With the relatively

low price, the application of extruded jack bean as RPP may therefore improve then IOFC of cattle farms.

Conclusion
Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as reflected
by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS supplementation

also improve feed efficiency, growth and economic performance of cattle.

Authors’ Contributions
BWHEP designed, carried out the experiment and drafted the manuscript, AS and WW carried

out the in vivo experiment, conducted data analysis and revised the manuscript.

Acknowledgment

We thank to Diponegoro University for the research funding.

Competing Interests

The authors have no conflicts of interest.

References
1. BPS (Biro Pusat Statistik) (2018). Statistik Indonesia. Jakarta: Biro Pusat Statistik (article in

Indonesian language)



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

10.

Prasetiyono, B.W.H.E., Tampoebolon, B.l.M., Subrata, A. and Widiyanto. (2018). Effects of heat
processing techniques on nutritional value and in vitro rumen fermentation characteristics of jack bean
(Canavalia ensiformis L.). Pak. J. Nutr., 17 (6): 294-299.

Hudiyanti, D., Arya, A.P., Siahaan, P. and Suyati, L. (2015). Chemical composition and
phospholipids content of Indonesian Jack Bean (Canavalia ensiformis L.). Orient. J. Chem., 31():
2043-2046.

Mahendradatta, M. (1990). Aktivitas fitase selama proses pembuatan tempe koro pedang, gude, dan
kara putih menggunakan inokulum tradisional (Usar). Fakultas Teknologi Pertanian UGM.
Yogyakarta (article in Indonesian language)

Lund, M.N. and Ray, C.A. (2017) Control of maillard reactions in foods: strategies and chemical
mechanisms. J. Agric. Food Chem. 65(23): 4537-4552.

Gidlund, H. (2017). Domestic protein feeds in dairy production. Potential of rapeseed feeds
and red clover. Department of Agricultural Research for Northern Sweden, SE-901 83
Umead, Sweden. ISSN 1652-6880 ISBN (print version) 978-91-576-8845-3 ISBN (electronic
version) 978-91-576-8846-0 © 2017 Helena Gidlund, Umeé

Nursoy, H., Gonzalez Ronquillo, M., Faciola, A.P. and Broderick, G.A. (2018). Lactation response
to soybean meal and rumen-protected methionine supplementation of corn silage-based diets. J.
Dairy Sci. 101(3): 2084-2095.

Harris, B. (1978): lodine and selenium in animal nutrition. Dairy Information Sheet, IFAS,
University of Florida, 1-4.

Prasetiyono, B.W.H.E., Suryahadi, Toharmat, T. and Syarief, R. (2007). Strategi
suplementasi protein ransum sapi potong berbasis jerami dan dedak padi. Med. Pet. 30(3):
207-217 (article in Indonesian language).

Steel, R.G.D. and Torrie, J.H. (1981). Principles and procedures of statistics. McGraw-Hill

International Book Company.



180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

11.

12.

13.

14.

15.

16.

17.

18.

Distel| R.A. and|Villalbaf J.J. (2018) Use of unpalatable forages by ruminants: the influence

of experience with the biophysical and social environment.[Animals| 8(4): 56.

https://doi.org/10.3390/ani8040056

Gardinal, R., Gandra, J.R., Calomeni, G.D., Vendramini, T.H.A., Takiya, C.S., Freitas, Jr,
J.E., Souza, H.N. and Rennd, F.P. (2016) Effects of polymer coated slow-release urea on
ruminal fermentation and nutrient total tract digestion of beef steers. R. Bras. Zootec. 45(2):
63-70.

Uddin, M.J., Khandaker, Z.H., Khan, M.J. and Khan, M.M.H. (2015) Dynamic of microbial
protein synthesis in the rumen — A Review. Ann. Vet. Anim. Sci. 2(5): 116-131.
Castillo-Gonzélez, A.R., Burrola-Barraza, M.E., Dominguez-Viveros, J. and Chavez-Martinez, A.
(2014) Rumen microorganisms and fermentation. Arch. Med. Vet. 46: 349-361.

Hristov, A.N., Bannink, A., Crompton, L.A., Huhtanen, P., Kreuzer, M., McGee, M., Noziére, P.,
Reynolds, C.K., Bayat, A.R., Yafiez-Ruiz, D.R., Dijkstra, J., Kebreab, E., Schwarm, A., Shingfield,
K.J.and Yu, Z. (2019) Invited review: nitrogen in ruminant nutrition: A review of measurement
techniques. J. Dairy Sci. 102(7):5811-5852.

Das, L.K., Kundu, S.S., Kumar, D. and Datt, C. (2014) Metabolizable protein systems in ruminant
nutrition: A review. Vet. World 7(8): 622-629.

Carbone, J.W. and Pasiakos, S.M. (2019) Dietary protein and muscle mass: translating science to

application and health benefit. Nutrients 11(5): 1136;|https://doi.org/10.3390/nu11051136

Al-Arif, M.A., Suwanti, L.T., Soelih Estoepangestie, A.T. and Lamid, M. (2017). The nutrients
contents, dry matter digestibility, organic matter digestibility, total digestible nutrient, and NHs
rumen production of three kinds of cattle feeding models” in The Veterinary Medicine International

Conference 2017, KnE Life Sciences, pages 338-343. DOI 10.18502/kls.v3i6.1142


https://www.ncbi.nlm.nih.gov/pubmed/?term=Distel%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=29662017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villalba%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=29662017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5946140/
https://doi.org/10.3390/ani8040056
https://doi.org/10.3390/nu11051136

205

206
207
208

209
210
211
212
213

Table-1: Ingredients and nutrient composition of TMR

Ingredients Proportion (%)
Corncob 20.0
Mineral mix “StV” 1.00
Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten—feedgluten feed 26.0
Nutrient composition:
Dry matter 86.0
Ash 7.18
Crude protein 12.2
Ether extract 1.92
Crude fibre 18.0
Total digestible nutrient 60.0
Ca 0.90
P 0.60

Table-2: Effect of KOROPASS supplementation in the TMR on variables measured

Variables Treatments SEM p value
Ro Rl Rz R3
DM consumption (kg/day) 7.83¢ 8.33¢ 8.91° 9.69% 0.07 <0.05
OM consumption (kg/day) 6.72¢ 7.17° 7.69° 8.38% 0.07 <0.05
TP consumption (g/day) 892¢ 1,020¢ 1,182° 1,406° 0.04 <0.05
DM digestibility (%) 42.9° 50.6° 58.00 63.6° 1.16 <0.05
OM digestibility (%) 54.3¢ 59.6¢ 66.3 70.6° 0.94 <0.05
Crude protein digestibility (%)  65.0° 67.1° 75.0% 80.72 1.86 <0.05
Metabolizable protein (%) 49.0° 52.2° 55.0° 65.22 3.10 <0.05
Average daily gain (kg/day) 0.72¢ 0.83° 0.99° 1.242 0.05 <0.05
Feed efficiency (%) 9.50°¢ 10.24 11.53® 13.142 0.51 <0.05
IOFC (IDR/head/day)* 6,832" 8,888"  13,151"  20,933? 1,996 <0.05

Numbers with different letters on the same row show difference at p<0.05.
Price (at the time of study) per kg of TMR=IDR 2,900; KOROPASS= IDR 7,000; beef cattle= IDR

46,000 (price per kg live weight).

DM: dry matter, OM: organic matter, TP: total protein, IOFC: income over feed cost, TMR: total mixed
ration, IDR: Indonesian rupiah (Indonesian currency), SEM: standard error of the mean
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Abstract

Aim: The study evaluated the effect of feeding a graded level of the extruded jack bean on nutritional

status, production performances and economic performance of beef cattle.

Materials and Methods: The supplement called “KOROPASS’ -was prepared from the extruded jack

bean (according to the extrusion heating process). Sixteen male of Friesian Holstein crossbred cattle were

divided into four groups, including Re= total mixed ration (TMR) without KOROPASS, R:= TMR
supplemented with 3% KOROPASS, R,= TMR supplemented with 6% KOROPASS and R;= TMR
supplemented with 9% KOROPASS. The in vivo experiment lasted 44 days. The TMR contained 12%
crude protein and 60% total digestible nutrient (TDN). The consumption and digestibility of dry matter
(DM), organic matter (OM) and total protein (TP), feed efficiency, average daily gain and income over
feed cost (IOFC) were evaluated.

Results: KOROPASS supplementation increased (p<0.05) the consumption of DM (from 7.83 [Rq] to

8.33 [R1]. 8.91 [R-] and 9.69 kg/day [Rs]), OM (from 6.72 to 7.17, 7.69 and 8.38kg/day) and TP (from

892 t0 1,020, 1,182, and 1,406g/day) of beef cattle. The levels of DM (from 42.9 [Ro] to 50.6 [R1], 58.0

[R2] and 63.6% [Rs]), OM (from 54.3 to 59.6, 66.3 and 70.6%) and TP (from 65.0 to 67.1, 75.0 and

80.7%) digestibility also increased (p<0.05) with the elevated levels of KOROPASS in the rations.
Dietary supplementation of KOROPASS increased (p<0.05) the metabolizable protein of cattle. Feeding

rations supplemented with KOROPASS improved (p<0.05) average daily gain and feed efficiency of beef
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cattle. Dietary supplementation of KOROPASS especially at the level of 9% resulted in the highest
(p<0.05) IOFC value of beef cattle.

Conclusion: Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as
reflected by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS
supplementation also improve feed efficiency, growth and economic performance of cattle.

Keywords: beef cattle, feed utilization, growth, extruded jack bean

Introduction

To date, the increasing demand for beef have not been fulfilled by the local beef farmers in
Indonesia. The latest data show that in 2018 Indonesia had to import 400,000 head of beef cattle and 93,000
tons of beef [1]. Low livestock productivity, which leads to low economic performance, is one of the main
factors that inhibits the expansion of cattle farming in Indonesia. Indeed, the low quality and quantity of
feed consumed has been linked to the low growth performance of beef cattle. In general, the inability of
farmers to provide standard feed for beef cattle is mainly caused by the price of high-quality feed that is not
affordable, especially feed ingredients that contain high protein such as soybeans, which are still imported.
In fact, Indonesia has a variety and easy to get vegetation that prospectively meets the availability of protein
needed for feed supplementation, among them are jack bean (Canavalia ensiformis) [2]. Nonetheless, the
dietary incorporation of jack bean in beef cattle rations has not been practiced so far.

Literatures show that jack bean contains relatively high protein which is around 34.6% [3], but
protein degradation that occurs in the rumen of beef cattle is also high (about 56.7%) [32]. In addition, jack
beans contain hydrogen cyanide (HCN), around 11.05 mg/100 g, which may harm rumen ecosystem of
ruminant animals [4]. In the in vitro study by Prasetiyono et al. [2], the extrusion heating process can
improve the rumen-protected protein (RPP) of jack bean. Through the latter method, the RPP level
increased from 43.35% to 59.16% and the NH3 level in the rumen decreased from 5.28 mM to 2.71 mM. In
general, heating of protein-rich feed ingredients using extrusion heating techniques creates a Mailard

reaction (browning reaction), which is the reaction between the reducing sugars and protein [5]. Through
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the reaction, the extruded feedstuffs will be protected from degradation that occurs in the rumen and escape
into the post rumen so that the feedstuffs are absorbed in the small intestine. Hence, feed protein that escapes
from rumen degradation will increase the availability of essential amino acids in the small intestine [6,7].
This would eventually increase the efficiency of protein biosynthesis which is reflected by the improvement
in the performance of beef cattle. To best of our knowledge, the use of extruded jack bean to improve the
productivity and economic performance of beef cattle has, however, never been studied.

In the current study, jack bean was employed as the source of RPP and was extruded prior to
incorporation into corn cobs-based total mixed ration (TMR). The present study aimed to investigate the

effect of feeding a graded level of the extruded jack bean on nutritional status, production performances

and economic performance of beef cattle.

Materials and Methods

Jack bean was purchased from Temanggung regency, Central Java Province, Indonesia. To
prepare KOROPASS, jack bean was extruded according to the extrusion heating process as described by
Prasetiyono et al. [2].

The in vivo experiment was carried out in comply to the standard protocol of raising of livestock
stated in law of the Republic of Indonesia number 18, 2009 concerning animal husbandry and health.
Sixteen male of Friesian Holstein crossbred cattle (around 1.5 years old with an average body weight of
350 kg) were employed in this present study. They were divided according to their body weight into four
treatment groups, each of which consisted of 4 heads. The cattle were placed in the individual pen that
had previously been disinfected and treated with albendazole. The treatment groups included: Ro= total
mixed ration (TMR) without KOROPASS as control, Ri1= TMR supplemented with 3% KOROPASS, R>=
TMR supplemented with 6% KOROPASS and R:= TMR supplemented with 9% KOROPASS. The

guantity of TMR offered to each cattle was 9.11, 9.41, 9.78 and 10.3 kg/day (as-fed basis) for Ro, R1, R2

and Rs, respectively. KOROPASS supplemented into TMR was 0, 0.27, 0.56 and 0.89 kg/day (as-fed

basis) for Ro, R1, Rz and Rs, respectively. The in vivo experiment lasted for 44 days. The cattle used in
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this study was in the growing phase and thus are very responsive to the protein supplementation. Hence,

the duration of 44 days (of the experiment) was believed to be sufficient to study the effect of

KOROPASS on the performances of cattle. Adaptation to the TMR was applied to all beef cattle for 2

weeks prior to the in vivo experiment. The ingredients and chemical composition of TMR are listed in
Table 1. The ration contained 12% crude protein and 60% total digestible nutrient (TDN). The
consumption and digestibility of dry matter (DM), organic matter (OM) and total protein (TP), feed
efficiency as well as average daily gain were determined according to the standard procedure as described
by Harris [8]. In addition, income over feed cost (IOFC) was also measured based on Prasetiyono et al.
[9].

The data collected were analyzed using ANOVA on the basis of randomized completely block design

following Steel and Torie [10].

Results and Discussion

Our present finding showed that KOROPASS supplementation as the source of RPP increased
(p<0.05) the consumption of DM, OM and TP of beef cattle (Table 2). This current finding may therefore
suggest that dietary supplementation of KOROPASS improved the palatability of corn cobs-based total
mixed ration, which is actually an agricultural by-product. The increased protein content of the rations due

to supplementation with KOROPASS seemed to be responsible for the increased palatability and thus feed

consumption of beef cattle. Indeed,|Distel|and| Villalba[[11] revealed that feed consumption can be affected

by dietary supplementation, feed quality and the availability of particular food components such as protein.
In line with this, Gardinal et al. [12] found that dietary supplementation of urea (non-protein nitrogen)
increased feed consumption in beef steers. In this study, the increased levels of the KOROPASS
supplementation was attributed to the increased contents of protein in the rations and thus the intake of DM,
OM and TP of beef cattle.

Our present data (Table 2) revealed that the level of DM and OM digestibility increased (p<0.05)

with the elevated levels of KOROPASS supplementation in the rations. It was most likely that dietary
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supplementation with KOROPASS, which is rich in protein, increased rumen microbial proliferation and
activity leading to the increased fermentation rate in the rumen [13]. The latter condition may consequently
increase the digestibility of DM and OM of cattle [13,14]. Our current finding also demonstrated that crude
protein digestibility increased (p<0.05) with the increased KOROPASS supplementation in the cattle
rations. As previously discussed, KOROPASS incorporation may increase rumen bacterial proliferation
resulting in increased microbial protein (bacterial biomass) in the rumen. Moreover, KOROPASS
supplementation may increase the availability and utilization of protein in the intestine as most of protein

in the jack bean being bypass in nature could escape from the ruminal fermentation. With regard to the

potential of KOROPASS in increasing the rumen bacterial proliferation, this may indicate that KOROPASS
which is RPP-based protein may increase the supply of nitrogen for the rumen microbes [15].

Dietary supplementation of KOROPASS increased (p<0.05) the metabolizable protein of cattle in
the present study (Table 2). Theoretically, the metabolizable protein is the total of protein available to be
digested in the post rumen digestive tract and the amount of feed protein escaping from being degraded in
rumen as well as microbial protein [16]. On this basis, the increased metabolizable protein in the treated
cattle seemed to be contributed by the increased microbial protein (bacterial biomass) as well as protein
from the KOROPASS escaping from rumen fermentation. Also, KOROPASS may increase non-ammonia
nitrogen compounds, which can enter post rumen digestive tract [17] resulting in increased metabolizable
protein [16].

The data (Table 2) in the present study showed that feeding rations supplemented with KOROPASS
increased (p<0.05) average daily gain of beef cattle. This may imply that KOROPASS supplementation
increase tissue biosynthesis in beef cattle. A number of factors may be attributed to the improvement in
daily gain of cattle, including the increased consumption and digestibility of DM, OM and protein. Also,
the increased metabolizable protein seemed to increase the growth performance of cattle. Indeed, protein is
the most important nutrients for tissue biosynthesis and thus the increase in intake and digestibility of

protein may positively affected the daily gain of cattle [13]. Energy is another factor that may determine
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the rate of growth of cattle [18]. In this present study, the increase in DM and OM consumption and
digestibility in the KOROPASS treated cattle could be attributed to the increased energy supply for growth.

Dietary supplementation of KOROPASS was associated with the improved (p<0.05) feed
efficiency of cattle in the present study. It was apparent that dietary supplementation with KOROPASS
increased the digestibility of DM, OM and protein and thereby increased the nutrient utilization and feed
efficiency of cattle. This present finding was in line with that of previously documented by Uddin et al.
[13], in which protein supplementation may be associated with the increased nutrient utilization and growth,
and thus improved feed efficiency of cattle.

Income over feed cost has commonly been used to evaluate the profitability and sustainability of
cattle farm. In this present study, dietary supplementation of KOROPASS especially at the level of 9%
resulted in the highest (p<0.05) IOFC value of cattle. On the basis of parameters measured in the present
study, it was convincingly proven that RPP derived from KOROPASS increased feed utilization and
efficiency as well as growth performance of cattle. In Indonesia, jack bean is abundantly available and has
not been widely utilized. This make jack bean affordable as feed component for cattle. With the relatively

low price, the application of extruded jack bean as RPP may therefore improve then IOFC of cattle farms.

Conclusion
Dietary supplementation of KOROPASS (jack bean based-RPP) improved feed utility, as reflected
by the increase in consumption and digestibility of DM, OM and TP. The KOROPASS supplementation

also improve feed efficiency, growth and economic performance of cattle.
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Table-1: Ingredients and nutrient composition of TMR

Ingredients Proportion (%)
Corncob 20.0
Mineral mix “StV” 1.00
Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten feed 26.0
Nutrient composition:
Dry matter 86.0
Ash 7.18
Crude protein 12.2
Ether extract 1.92
Crude fibre 18.0
Total digestible nutrient 60.0
Ca 0.90
P 0.60

Table-2: Effect of KOROPASS supplementation in the TMR on variables measured

Variables Treatments SEM p value
Ro R R Rs
DM consumption (kg/day) 7.83¢ 8.33° 8.91° 9.69° 0.07 <0.05
OM consumption (kg/day) 6.72¢ 7.17° 7.69° 8.38? 0.07 <0.05
TP consumption (g/day) 892¢ 1,020¢ 1,182° 1,406° 0.04 <0.05
DM digestibility (%) 42.99 50.6° 58.0° 63.6° 1.16 <0.05
OM digestibility (%) 54.3¢ 59.6° 66.3° 70.6° 0.94 <0.05
Crude protein digestibility (%)  65.0° 67.1° 75.0° 80.72 1.86 <0.05
Metabolizable protein (%) 49.0° 52.2° 55.0° 65.22 3.10 <0.05
Average daily gain (kg/day) 0.72¢ 0.83¢ 0.99° 1.242 0.05 <0.05
Feed efficiency (%) 9.50°¢ 10.24%¢ 11.53%® 13.142 0.51 <0.05
Feed cost (IDR/head/day) 26,403¢ 29,177¢ 32,274° 36,2222 265 <0.05
IOFC (IDR/head/day) 6,832° 8,888" 13,151° 20,9332 1,996 <0.05

Numbers with different letters on the same row show difference at p<0.05.
Price (at the time of study) per kg of TMR= IDR 2,900; KOROPASS= IDR 7,000; beef cattle= IDR

46,000 (price per kg live weight).

DM: dry matter, OM: organic matter, TP: total protein, IOFC: income over feed cost, TMR: total mixed
ration, IDR: Indonesian rupiah (Indonesian currency), SEM: standard error of the mean
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Abstract

Aim: This study evaluated the effect of feeding a graded amount of extruded jack bean

(Canavalia ensiformis) on nutritional status, production performances, and economic

performance of beef cattle.

Materials and Methods: The supplement called “KOROPASS” was prepared from the extruded

jack bean (according to the extrusion heating process). Sixteen male Friesian-Holstein crossbred

cattle were divided into four groups and fed on KOROPASS as per the regimen: Ro (total mixed

ration [TMR] without KOROPASS), R: (TMR supplemented with 3% KOROPASS), R2 (TMR

supplemented with 6% KOROPASS), and Rs (TMR supplemented with 9% KOROPASS). The

in vivo experiment lasted 44 days. TMR contained 12% crude protein and 60% total digestible

nutrient. The consumption and digestibility of dry matter (DM), organic matter (OM), and total

protein (TP), feed efficiency, average daily gain, and income over feed cost (IOFC) were



evaluated.

Results: KOROPASS supplementation significantly increased (p<0.05) beef cattle consumption

of DM (from 7.83 [Ro] to 8.33 [R1], 8.91 [R2], and 9.69 kg/day [Rs]), OM (from 6.72 to 7.17,

7.69, and 8.38 kg/day, respectively), and TP (from 892 to 1020, 1182, and 1406 g/day,

respectively). The elevated levels of KOROPASS significantly increased (p<0.05) digestibility in

terms of the levels of DM (from 42.9 [Ro] to 50.6 [R1], 58.0 [R2], and 63.6% [R3]), OM (from

54.3 to 59.6, 66.3, and 70.6%, respectively), and TP (from 65.0 to 67.1, 75.0, and 80.7%,

respectively). Dietary supplementation of KOROPASS significantly increased (p<0.05)

metabolizable protein, average daily gain, and feed efficiency of beef cattle. Finally, dietary

KOROPASS supplementation, especially at 9%, resulted in the highest (p<0.05) IOFC value of

beef cattle.

Conclusion: Dietary supplementation of KOROPASS improved feed utility, as reflected by the

increase in consumption and digestibility of DM, OM, and TP. Further, KOROPASS

supplementation improved feed efficiency, growth, and economic performance of beef cattle.

The findings indicate the potential value of KOROPASS as a feed supplement for beef cattle.
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<H1>Introduction

The increasing demand for beef in Indonesia has outpaced the local beef production. In 2018,

Indonesia had to import 400,000 heads of beef cattle and 93,000 tons of beef [1]. Low livestock

productivity, which leads to low economic performance, is one of the main factors inhibiting the

expansion of cattle farming in Indonesia. The low quality and quantity of the feed consumed by

beef cattle is linked to their low growth features. In general, the inability of farmers to provide

standard feed for beef cattle is mainly caused by the high prices of quality feed, especially feed

ingredients that contain high levels of protein, such as soybeans, which are still imported and are

not affordable for farmers.

Indonesia has diverse and readily available vegetation, such as jack bean (Canavalia ensiformis),

that can be a source of the protein needed for feed supplementation [2]. However, the dietary

incorporation of jack bean in beef cattle feed has not been explored.

Jack bean contains relatively high levels of protein (34.6%) [3]. However, the rate of protein



degradation in the rumen of beef cattle is also high (approximately 56.7%) [2]. In addition, the

hydrogen cyanide content of jack beans is approximately 11.05 mg/100 g, which may harm the

rumen ecosystem of cattle [4]. An in vitro study reported that the extrusion heating process can

improve the rumen-protected protein (RPP) of jack bean [2]. The authors described that

extrusion heating increased the RPP level from 43.35% to 59.16% and decreased the rumen level

of NHs from 5.28 mM to 2.71 mM. In general, heating of protein-rich feed ingredients using

extrusion heating techniques results in the Maillard reaction (browning reaction) between the

reducing sugars and protein [5]. The reaction protects the extruded feedstuffs from degradation

in the rumen and, therefore, increases the availability of nutrients for absorption in the small

intestine [6,7]. This would facilitate the efficiency of protein biosynthesis, which is reflected in

the improved growth of beef cattle. To the best of our knowledge, the use of extruded jack bean

to improve the growth, productivity, and economic performance of beef cattle has never been

reported.

In the present study, jack bean was used as the source of RPP and was extruded before

incorporation into a corncob-based total mixed ration (TMR). The effects of feeding a graded
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level of the extruded jack bean on nutritional status, production performances, and economic

performance of beef cattle were investigated.

<H1>Materials and Methods

<H2>Ethical approval

The in vivo experiment was carried out in compliance with the standard protocol of raising of
livestock stated in law of the Republic of Indonesia humber 18, 2009 regarding animal

husbandry and health.

<H2>Materials

Jack bean was purchased from Temanggung Regency, Central Java Province, Indonesia. The
jack bean-based preparation designated KOROPASS was obtained following a previously

described extrusion heating process using jack bean [2].

<H2>Experimental design

Sixteen male Friesian-Holstein crossbred cattle (approximately 1.5 years old, average body
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weight: 350 kg) were divided according to body weight finto four treatment groups (n=4 per

group). The cattle were placed in individual pens disinfected and treated with albendazole. The

treatment groups included TMR without KOROPASS as control (Ro), and TMR supplemented

with 3% KOROPASS (R1), 6% KOROPASS (R;), and 9% KOROPASS (Rs). The quantity of

TMR was 9.11, 9.41, 9.78, and 10.3 kg/day (as-fed basis) for Ro, R1, Rz, and Rs, respectively.

The quality of KOROPASS used to supplement TMR was 0, 0.27, 0.56, and 0.89 kg/day (as-fed

basis) for Ro, R1, R2, and Rs, respectively. The in vivo experiment lasted for 44 days. The cattle

were in the growth phase and were very responsive to the protein supplementation. The 44-day

duration of the experiment was considered sufficient to study the effect of KOROPASS on the

performance parameters. All the beef cattle were adapted to TMR for 2 weeks before the in vivo

experiment. The ingredients and chemical composition of TMR are listed in Table-1. The ration

contained 12% crude protein and 60% total digestible nutrient (TDN). The consumption and

digestibility of dry matter (DM), organic matter (OM), and total protein (TP); feed efficiency;

and average daily gain were determined as previously described [8]. In addition, income over

feed cost (IOFC) was also measured based on Prasetiyono et al. [9].
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<H2>Statistical analysis

The data collected were analyzed using analysis of variance on the basis of a randomized

completely block design [10].

<H1>Results and Discussion

KOROPASS supplementation as the source of RPP significantly increased (p<0.05) the

consumption of DM, OM, and TP in the beef cattle (Table-2). The findings suggest that dietary

supplementation by KOROPASS improved the palatability of TMR derived from corncobs, an

agricultural by-product. The increased protein content of the KOROPASS supplemented TMR

seemed to be responsible for the increased palatability and better feed consumption by the beef

cattle. The findings support earlier study which reported that feed consumption can be affected

by dietary supplementation, feed quality, and the availability of particular food components, such

as protein [11]. Consistent with this, dietary supplementation with urea (non-protein nitrogen)

increased feed consumption in beef steers [12]. The increased levels of the KOROPASS

supplementation attributed to the increased contents of protein in the rations and thus the

improved intake of DM, OM, and TP of beef cattle.



The degree of DM and OM digestibility increased significantly (p<0.05) in relation to the

increased KOROPASS content in the TMR (Table-2). It is likely that dietary supplementation

with the protein-rich KOROPASS increased rumen microbial proliferation and activity, leading

to the increased fermentation rate in the rumen [13], which, in turn, may contribute to improve

the digestibility of DM and OM in cattle [13,14]. In addition, increased KOROPASS

supplementation significantly improved the digestibility of crude protein (p<0.05). Moreover,

KOROPASS supplementation increased the availability and utilization of protein in the intestine,

as most of the jack bean protein could escape ruminal fermentation. These findings indicate that

the KOROPASS could increase the supply of nitrogen to rumen microbes and support the

findings of an earlier [15].

Dietary supplementation of KOROPASS significantly increased (p<0.05) the metabolizable

protein of cattle (Table-2). Theoretically, the metabolizable protein is the total amount of protein

available for digestion in the post-rumen digestive tract, which includes feed protein that escaped

rumen degradation as well as microbial protein (bacterial biomass) [16]. Therefore, the increased

metabolizable protein in the cattle fed on KOROPASS supplemented fee might be contributed by



the increased microbial protein (bacterial biomass) as well as protein from the KOROPASS

escaping from rumen fermentation.

KOROPASS supplemented TMR significantly increased (p<0.05) the average daily gain of beef
cattle (Table-2). The results imply that KOROPASS supplementation increased tissue
biosynthesis in beef cattle. Several factors may contribute to the improved daily gain, such as the
increased consumption and digestibility of DM, OM, and protein. Furthermore, the increased
metabolizable protein is likely to increase the growth performance of cattle. Protein is the most
important nutrient for tissue biosynthesis. Thus, the increased intake and digestibility of protein
is expected to positively affect the daily gain of cattle [[13,17]. ]Energy is another factor that may
determine the rate of growth of cattle [18]. The increases in DM and OM consumption and
digestibility in the KOROPASS treated cattle could be attributed to the increased energy supply

for growth.

Dietary supplementation of KOROPASS was associated with significantly improved (p<0.05)
feed efficiency of the cattle. Dietary supplementation with KOROPASS increased the

digestibility of DM, OM, and protein, which increased the nutrient utilization and feed efficiency
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of cattle. These findings are consistent with prior observations [13], in which protein

supplementation may have been associated with the increased nutrient utilization and growth and

thus improved feed efficiency of cattle.

IOFC is used to evaluate the profitability and sustainability of cattle farms. In the present study,

dietary supplementation with KOROPASS, especially at 9%, resulted in a significantly higher

(p<0.05) IOFC value of the cattle. The measured parameters convincingly demonstrated that

RPP derived from KOROPASS increased feed utilization and efficiency, as well as growth

performance of cattle. Jack bean is abundantly available in Indonesia. However, it remains

underutilized and unexplored as an affordable feed component for cattle. Given its’ relatively

low price and high nutritional value, the use of extruded jack bean as an RPP source is an

attractive option to improve the IOFC of cattle farms.

<H1>Conclusion

Dietary supplementation of KOROPASS jack bean-based RPP improved feed utility, as reflected

by the increased consumption and digestibility of DM, OM, and TP, and improved feed

efficiency, growth, and economic performance of beef cattle.
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Tables

Table-1: Ingredients and nutrient composition of TMR.
Ingredients Proportion (%)
Corncob 20.0
Mineral mix “StV” 1.00
Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten feed 26.0
Nutrient composition:




Dry matter 86.0
Ash 7.18
Crude protein 12.2
Ether extract 1.92
Crude fiber 18.0
Total digestible nutrient 60.0
Ca 0.90
P 0.60

TMR=Total mixed ration

Table-2: Effect of KOROPASS supplementation in the TMR on variables measured.

Variables

Treatments

SEM

p value




Ro R1 R2 Rs
DM consumption | 7.83%  [8.33° |8.91° 9.69° 0.07 <0.05
(kg/day)

oM consumption | 6.72¢ | 7.17¢ | 7.69° 8.38° 0.07 <0.05
(kg/day)

TP consumption | 892¢ 1,020° |1,182° |1,406° |0.04 <0.05
(g/day)

DM digestibility (%) | 42.99 [506° |58.0° |63.6° 1.16 <0.05
OM digestibility (%) |54.39 |[59.6° |66.3" 70.6° 0.94 <0.05
Crude protein | 65.0° | 67.1° | 75.0° 80.7° 1.86 <0.05
digestibility (%)

Metabolizable protein | 49.0° [52.2° |55.0° 65.22 3.10 <0.05
(%)

Average daily gain | 0.72¢ 0.83° 0.99° 1.242 0.05 <0.05

(kg/day)
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Feed efficiency (%) 9.50° 10.24° | 11.53® [13.14% |[051 <0.05

Feed cost | 26,403¢ | 29,177¢ | 32,274 | 36,222 | 265 <0.05

(IDR/head/day)

IOFC (IDR/head/day) | 6832° |8888° |13,151° |20,933% | 1996 <0.05

Numbers with different letters on the same row show difference at p<0.05. Price (at the

time of study) per kg of TMR=IDR 2900, KOROPASS=IDR 7000, Beef cattle=IDR

46,000 (price per kg live weight). DM=Dry matter, OM=0Organic matter, TP=Total

protein, IOFC=Income over feed cost, TMR=Total mixed ration, IDR=Indonesian

rupiah (Indonesian currency), SEM=Standard error of the mean
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Abstract

Aim: This study evaluated the effect of feeding a graded amount of extruded jack bean

(Canavalia ensiformis) on nutritional status, production performances, and economic

performance of beef cattle.

Materials and Methods: The supplement called “KOROPASS” was prepared from the extruded

jack bean (according to the extrusion heating process). Sixteen male Friesian-Holstein crossbred

cattle were divided into four groups and fed on KOROPASS as per the regimen: Ro (total mixed

ration [TMR] without KOROPASS), R: (TMR supplemented with 3% KOROPASS), R2 (TMR

supplemented with 6% KOROPASS), and Rs (TMR supplemented with 9% KOROPASS). The

in vivo experiment lasted 44 days. TMR contained 12% crude protein and 60% total digestible

nutrient. The consumption and digestibility of dry matter (DM), organic matter (OM), and total

protein (TP), feed efficiency, average daily gain, and income over feed cost (IOFC) were



evaluated.

Results: KOROPASS supplementation significantly increased (p<0.05) beef cattle consumption

of DM (from 7.83 [Ro] to 8.33 [R1], 8.91 [R2], and 9.69 kg/day [Rs]), OM (from 6.72 to 7.17,

7.69, and 8.38 kg/day, respectively), and TP (from 892 to 1020, 1182, and 1406 g/day,

respectively). The elevated levels of KOROPASS significantly increased (p<0.05) digestibility in

terms of the levels of DM (from 42.9 [Ro] to 50.6 [R1], 58.0 [R2], and 63.6% [R3]), OM (from

54.3 to 59.6, 66.3, and 70.6%, respectively), and TP (from 65.0 to 67.1, 75.0, and 80.7%,

respectively). Dietary supplementation of KOROPASS significantly increased (p<0.05)

metabolizable protein, [average daily gain, and feed efficiency of beef cattle. Finally, dietary
KOROPASS supplementation, especially at 9%, resulted in the highest (p<0.05) IOFC value of

beef cattle.

Conclusion: Dietary supplementation of KOROPASS improved feed utility, as reflected by the
increase in consumption and digestibility of DM, OM, and TP. Further, KOROPASS
supplementation improved feed efficiency, growth, and economic performance of beef cattle.

The findings indicate the potential value of KOROPASS as a feed supplement for beef cattle.
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<H1>Introduction

The increasing demand for beef in Indonesia has outpaced the local beef production. In 2018,

Indonesia had to import 400,000 heads of beef cattle and 93,000 tons of beef [1]. Low livestock

productivity, which leads to low economic performance, is one of the main factors inhibiting the

expansion of cattle farming in Indonesia. The low quality and quantity of the feed consumed by

beef cattle is linked to their low growth features. In general, the inability of farmers to provide

standard feed for beef cattle is mainly caused by the high prices of quality feed, especially feed

ingredients that contain high levels of protein, such as soybeans, which are still imported and are

not affordable for farmers.

Indonesia has diverse and readily available vegetation, such as jack bean (Canavalia ensiformis),

that can be a source of the protein needed for feed supplementation [2]. However, the dietary

incorporation of jack bean in beef cattle feed has not been explored.

Jack bean contains relatively high levels of protein (34.6%) [3]. However, the rate of protein



degradation in the rumen of beef cattle is also high (approximately 56.7%) [2]. In addition, the
hydrogen cyanide content of jack beans is approximately 11.05 mg/100 g, which may harm the
rumen ecosystem of cattle [4]. An in vitro study reported that the extrusion heating process can
improve the lrumen-protected protein (RPP) of jack bean \[2]. The authors described that
extrusion heating increased the RPP level from 43.35% to 59.16% and decreased the rumen level
of NHs from 5.28 mM to 2.71 mM. In general, heating of protein-rich feed ingredients using
extrusion heating techniques results in the Maillard reaction (browning reaction) between the
reducing sugars and protein [5]. The reaction protects the extruded feedstuffs from degradation
in the rumen and, therefore, increases the availability of nutrients for absorption in the small
intestine [6,7]. This would facilitate the efficiency of protein biosynthesis, which is reflected in
the improved growth of beef cattle. To the best of our knowledge, the use of extruded jack bean
to improve the growth, productivity, and economic performance of beef cattle has never been

reported.

In the present study, jack bean was used as the source of RPP and was extruded before

incorporation into a corncob-based total mixed ration (TMR). The effects of feeding a graded
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level of the extruded jack bean on nutritional status, growth, feed cost t ;-

and income over feed cost econemic-performance-of beef cattle were investigated.

<H1>Materials and Methods

<H2>Ethical approval

The in vivo experiment was approved by the animal ethics committee of the Faculty of Animal

and Agricultural Sciences, Diponegoro University (pumbersoooooaxNo. 3084/UN7.5.5/KP/2017,

22 May 2017).

<H2>Materials

Jack bean was purchased from Temanggung Regency, Central Java Province, Indonesia. The

jack bean-based preparation designated KOROPASS was obtained following a previously

described extrusion heating process using jack bean [2].

<H2>Experimental design
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Sixteen male Friesian-Holstein crossbred cattle (approximately 1.5 years old—average—bedy
weight:- 350 kg) Mere divided according to body weight \into four treatment groups (n=4 per
group). The cattle were placed in individual pens disinfected and treated with albendazole. The
treatment groups included TMR without KOROPASS as control (Ro), and TMR supplemented
with 3% KOROPASS (R1), 6% KOROPASS (R:), and 9% KOROPASS (R3). The quantity of
TMR was 9.11, 9.41, 9.78, and 10.3 kg/day (as-fed basis) for Ro, R1, Rz, and Rs, respectively.
The quality of KOROPASS used to supplement TMR was 0, 0.27, 0.56, and 0.89 kg/day (as-fed
basis) for Ro, R1, Rz, and Rs, respectively. The in vivo experiment lasted for 44 days. The cattle
were in the growth phase and were very responsive to the protein supplementation. h’he 44-day
duration of the experiment was considered sufficient to study the effect of KOROPASS on the

performance parameters, as previously conducted by Prasetiyono et al. [8]. All the beef cattle

were adapted to TMR for 2 weeks before the in vivo experiment. The ingredients and chemical

composition of TMR are listed in Table-1. The ration contained 12% crude protein and 60% total

digestible nutrient (TDN). The consumption and digestibility of dry matter (DM), organic matter

(OM), and total protein (TP); feed efficiency; and average daily gain were determined as

previously described [9€]. In addition, income over feed cost (IOFC) was also measured based
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on Prasetiyono et al. [98].

<H2>Statistical analysis

The data collected were analyzed using analysis of variance on the basis of a randomized

completely block design [10].

<H1>Results and Discussion

In this study, the effect of block was not significant and therefore the block effect was not

considered. KOROPASS supplementation as the source of RPP significantly increased (p<0.05)

the consumption of DM, OM, and TP in the beef cattle (Table-2). The findings suggest that

dietary supplementation by KOROPASS improved the palatability of TMR derived from

corncobs, an agricultural by-product. The increased protein content of the KOROPASS

supplemented TMR seemed to be responsible for the increased palatability and better feed

consumption by the beef cattle. The findings support earlier study which reported that feed

consumption can be affected by dietary supplementation, feed quality, and the availability of

particular food components, such as protein [11]. Consistent with this, dietary supplementation



with urea (non-protein nitrogen) increased feed consumption in beef steers [12]. The increased

levels of the KOROPASS supplementation attributed to the increased contents of protein in the

rations and thus the improved intake of DM, OM, and TP of beef cattle.

The degree of DM and OM digestibility increased significantly (p<0.05) in relation to the

increased KOROPASS content in the TMR (Table-2). It is likely that dietary supplementation

with the protein-rich KOROPASS increased rumen microbial proliferation and activity, leading

to the increased fermentation rate in the rumen [13], which, in turn, may contribute to improve

the digestibility of DM and OM in cattle [13,14]. In addition, increased KOROPASS

supplementation significantly improved the digestibility of crude protein (p<0.05). Moreover,

KOROPASS supplementation increased the availability and utilization of protein in the intestine,

as most of the jack bean protein could escape ruminal fermentation. These findings indicate that

the KOROPASS could increase the supply of nitrogen to rumen microbes and support the

findings of an earlier [15].

Dietary supplementation of KOROPASS significantly increased (p<0.05) the metabolizable

protein of cattle (Table-2). Theoretically, the metabolizable protein is the total amount of protein



available for digestion in the post-rumen digestive tract, which includes feed protein that escaped
rumen degradation as well as microbial protein (bacterial biomass) [16]. Therefore, the increased
metabolizable protein in the cattle fed on KOROPASS supplemented fee might be contributed by
the increased microbial protein (bacterial biomass) as well as protein from the KOROPASS

escaping from rumen fermentation.

KOROPASS supplemented TMR significantly increased (p<0.05) khe average daily weight gain
of beef cattle (Table-2). The results imply that KOROPASS supplementation increased tissue
biosynthesis in beef cattle. Several factors may contribute to the improved daily gain, such as the
increased consumption and digestibility of DM, OM, and protein. Furthermore, the increased
metabolizable protein is likely to increase the growth performance of cattle. Protein is the most
important nutrient for tissue biosynthesis. Thus, the increased intake and digestibility of protein

is expected to positively affect the daily gain of cattle [13,17]. Energy is another factor that may

determine the rate of growth of cattle [18]. The increases in DM and OM consumption and

digestibility in the KOROPASS treated cattle could be attributed to the increased energy supply

for growth.
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Dietary supplementation of KOROPASS was associated with significantly improved (p<0.05)

feed efficiency of the cattle. In accordance with our findings, Uddin et al. —Dietary

priorobservations [13] documented that —in-which-protein supplementation may have been

associated with the increased nutrient utilization and growth and thus improved feed efficiency

of cattle.

IOFC is used to evaluate the profitability and sustainability of cattle farms. In the present study,

dietary supplementation with KOROPASS, especially at 9%, resulted in a significantly higher

(p<0.05) IOFC value of the cattle. The measured parameters convincingly demonstrated that

RPP derived from KOROPASS increased feed utilization and efficiency, as well as growth

performance of cattle. Jack bean is abundantly available in Indonesia. However, it remains

underutilized and unexplored as an affordable feed component for cattle. Given its’ relatively

low price and high nutritional value, the use of extruded jack bean as an RPP source is an

attractive option to improve the IOFC of cattle farms.
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<H1>Conclusion

Dietary supplementation of KOROPASS jack bean-based RPP improved feed utility, as reflected
by the increased consumption and digestibility of DM, OM, and TP, and improved feed

efficiency, growth, and economic performance of beef cattle.
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Tables

Table-1: Ingredients and nutrient composition of TMR.

Ingredients Proportion (%)
Corncob 20.0
Mineral mix “StV” 1.00
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Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten feed 26.0
Nutrient composition:
Dry matter 86.0
Ash 7.18
Crude protein 122
Ether extract 1.92

Crude fiber

18.0




Total digestible nutrient 60.0
Ca 0.90
P 0.60

TMR=Total mixed ration

Table-2: Effect of KOROPASS supplementation in the TMR on variables measured.

Variables Treatments SEM p value
Ro R1 R> Rs

DM consumption | 7.839 [ 8.33° [8.91° 9.69* 0.07 <0.05

(kg/day)

oM consumption | 6.72¢ [ 7.17° | 7.69° 8.38% 0.07 <0.05

(kg/day)
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TP consumption | 892¢ 1,020° |1,182° |1,406% |0.04 <0.05

(9/day)

DM digestibility (%) | 42.9¢ |50.6° |58.0° 63.6 1.16 <0.05

OM digestibility (%) |54.39 |[59.6° |66.3" 70.6° 0.94 <0.05

Crude protein | 65.0° | 67.1° | 75.0% 80.72 1.86 <0.05

digestibility (%)

Metabolizable protein | 49.0° |52.2° |55.0° 65.28 3.10 <0.05

(%)

Average daily gain|0.72° |0.83° |0.99° 1.242 0.05 <0.05

(kg/day)

Feed efficiency (%) 9.50° 10.24 | 11.53%® [13.14% |051 <0.05

Feed cost | 26,4039 | 29,177¢ | 32,274° | 36,2222 | 265 <0.05

(IDR/head/day)

IOFC (IDR/head/day) | 6832° |8888> | 13,151 |20,933% | 1996 <0.05

Numbers with different letters on the same row show difference at p<0.05. Price (at the




time of study) per kg of TMR=IDR 2900, KOROPASS=IDR 7000, Beef cattle=IDR

46,000 (price per kg live weight). DM=Dry matter, OM=Organic matter, TP=Total

protein, IOFC=Income over feed cost, TMR=Total mixed ration, IDR=Indonesian

rupiah (Indonesian currency), SEM=Standard error of the mean
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Abstract

Aim: This study evaluated the effect of feeding a graded amount of extruded jack bean (Canavalia ensiformis) on nutritional
status, production performances, and economic performance of beef cattle.

Materials and Methods: The supplement called “KOROPASS” was prepared from the extruded jack bean (according to
the extrusion heating process). Sixteen male Friesian-Holstein crossbred cattle were divided into four groups and fed on
KOROPASS as per the regimen: R (total mixed ration [TMR] without KOROPASS), R, (TMR supplemented with 3%
KOROPASS), R, (TMR supplemented with 6% KOROPASS), and R, (TMR supplemented with 9% KOROPASS). The
in vivo experiment lasted 44 days. TMR contained 12% crude protein and 60% total digestible nutrient. The consumption
and digestibility of dry matter (DM), organic matter (OM), and total protein (TP), feed efficiency, average daily gain, and
income over feed cost (IOFC) were evaluated.

Results: KOROPASS supplementation significantly increased (p<0.05) beef cattle consumption of DM (from 7.83 [R ] to
8.33[R,],8.91 [R,], and 9.69 kg/day [R,]), OM (from 6.72 to 7.17, 7.69, and 8.38 kg/day, respectively), and TP (from 892 to
1020, 1182, and 1406 g/day, respectively). The elevated levels of KOROPASS significantly increased (p<0.05) digestibility
in terms of the levels of DM (from 42.9 [R ] to 50.6 [R], 58.0 [R,], and 63.6% [R,]), OM (from 54.3 to 59.6, 66.3, and
70.6%, respectively), and TP (from 65.0 to 67.1, 75.0, and 80.7%, respectively). Dietary supplementation of KOROPASS
significantly increased (p<<0.05) metabolizable protein, average daily weight gain, and feed efficiency of beef cattle. Finally,
dietary KOROPASS supplementation, especially at 9%, resulted in the highest (p<0.05) IOFC value of beef cattle.

Conclusion: Dietary supplementation of KOROPASS improved feed utility, as reflected by the increase in consumption and
digestibility of DM, OM, and TP. Further, KOROPASS supplementation improved feed efficiency, growth, and economic
performance of beef cattle. The findings indicate the potential value of KOROPASS as a feed supplement for beef cattle.

Keywords: beef cattle, extruded jack bean, feed utilization, growth.

Introduction Indonesia has diverse and readily available veg-
etation, such as jack bean (Canavalia ensiformis), that
can be a source of the protein needed for feed supple-
mentation [2]. However, the dietary incorporation of
jack bean in beef cattle feed has not been explored.
Jack bean contains relatively high levels of protein
(34.6%) [3]. However, the rate of protein degradation
in the rumen of beef cattle is also high (approximately
56.7%) [2]. In addition, the hydrogen cyanide content
of jack beans is approximately 11.05 mg/100 g, which
may harm the rumen ecosystem of cattle [4]. An in vitro
study reported that the extrusion heating process could
improve the rumen-protected protein (RPP) of jack
bean [2]. The authors described that extrusion heating
increased the RPP level from 43.35% to 59.16% and
decreased the rumen level of NH, from 5.28 mM to

The increasing demand for beef in Indonesia has
outpaced local beef production. In 2018, Indonesia had
to import 400,000 heads of beef cattle and 93,000 tons
of beef [1]. Low livestock productivity, which leads to
low economic performance, is one of the main factors
inhibiting the expansion of cattle farming in Indonesia.
The low quality and quantity of the feed consumed by
beef cattle are linked to their low growth features. In
general, the inability of farmers to provide standard
feed for beef cattle is mainly caused by the high prices
of quality feed, especially feed ingredients that contain
high levels of protein, such as soybeans, which are still
imported and are not affordable for farmers.

Copyright: Prasetiyono, et al. Open Access. This article is
distributed under the terms of the Creative Commons Attribution

4.0 International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

2.71 mM. In general, heating of protein-rich feed ingre-
dients using extrusion heating techniques results in
the Maillard reaction (browning reaction) between the
reducing sugars and protein [5]. The reaction protects
the extruded feedstuffs from degradation in the rumen
and, therefore, increases the availability of nutrients for
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absorption in the small intestine [6,7]. This would facil-
itate the efficiency of protein biosynthesis, which is
reflected in the improved growth of beef cattle. To the
best of our knowledge, the use of extruded jack bean to
improve the growth, productivity, and economic per-
formance of beef cattle has never been reported.

In the present study, jack bean was used as the
source of RPP and was extruded before incorpora-
tion into a corncob-based total mixed ration (TMR).
The effects of feeding a graded level of the extruded
jack bean on nutritional status, growth, feed cost and
income over feed cost of beef cattle were investigated.

Materials and Methods

Ethical approval

The in vivo experiment was approved by the
animal ethics committee of the Faculty of Animal
and Agricultural Sciences, Diponegoro University
(No. 3084/UN7.5.5/KP/2017, 22 May 2017).

Materials

Jack bean was purchased from Temanggung
Regency, Central Java Province, Indonesia. The jack
bean-based preparation designated KOROPASS was
obtained following a previously described extrusion
heating process using jack bean [2].

Experimental design

Sixteen male Friesian-Holstein crossbred cattle
(approximately 1.5 years old) were divided according to
body weight into four treatment groups (n=4 per group).
The cattle were placed in individual pens disinfected
and treated with albendazole. The treatment groups
included TMR without KOROPASS as control (R),
and TMR supplemented with 3% KOROPASS (R)),
6% KOROPASS (R,), and 9% KOROPASS (R,). The
quantity of TMR was 9.11, 9.41, 9.78, and 10.3 kg/day
(as-fed basis) for R, R, R,, and R,, respectively. The
quality of KOROPASS used to supplement TMR was 0,
0.27,0.56, and 0.89 kg/day (as-fed basis) for R , R , R,,
and R,, respectively. The in vivo experiment lasted for
44 days. The cattle were in the growth phase and were
very responsive to protein supplementation. The 44-day
duration of the experiment was considered sufficient
to study the effect of KOROPASS on the performance
parameters, as previously conducted by Prasetiyono
et al. [8]. All the beef cattle were adapted to TMR for
2 weeks before the in vivo experiment. The ingredients
and chemical composition of TMR are listed in Table-1.
The ration contained 12% crude protein and 60% total
digestible nutrient (TDN). The consumption and digest-
ibility of dry matter (DM), organic matter (OM), and
total protein (TP); feed efficiency; and average daily
gain were determined as previously described [9]. In
addition, income over feed cost (IOFC) was also mea-
sured based on Prasetiyono et al. [8].

Statistical analysis

The data collected were analyzed using analy-
sis of variance on the basis of a randomized complete
block design [10].

Results and Discussion

In this study, the effect of block was not signif-
icant, and therefore the block effect was not consid-
ered. KOROPASS supplementation as the source of
RPP significantly increased (p<0.05) the consump-
tion of DM, OM, and TP in the beef cattle (Table-2).
The findings suggest that dietary supplementation
by KOROPASS improved the palatability of TMR
derived from corncobs, an agricultural by-product.
The increased protein content of the KOROPASS
supplemented TMR seemed to be responsible for
the increased palatability and better feed consump-
tion by the beef cattle. The findings support earlier
study which reported that feed consumption can be
affected by dietary supplementation, feed quality, and
the availability of particular food components, such
as protein [11]. Consistent with this, dietary supple-
mentation with urea (non-protein nitrogen) increased
feed consumption in beef steers [12]. The increased
levels of the KOROPASS supplementation attributed
to the increased contents of protein in the rations and
thus the improved intake of DM, OM, and TP of beef
cattle.

The degree of DM and OM digestibility increased
significantly (p<0.05) in relation to the increased
KOROPASS content in the TMR (Table-2). It is likely
that dietary supplementation with the protein-rich
KOROPASS increased rumen microbial proliferation
and activity, leading to the increased fermentation rate
in the rumen [13], which, in turn, may contribute to
improving the digestibility of DM and OM in cat-
tle [13,14]. In addition, increased KOROPASS sup-
plementation significantly improved the digestibility
of crude protein (p<0.05). Moreover, KOROPASS
supplementation increased the availability and utiliza-
tion of protein in the intestine, as most of the jack bean
protein could escape ruminal fermentation. These

Table-1: Ingredients and nutrient composition of TMR.

Ingredients Proportion (%)

Corncob 20.0
Mineral mix “StV” 1.00
Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten feed 26.0
Nutrient composition
Dry matter 86.0
Ash 7.18
Crude protein 12.2
Ether extract 1.92
Crude fiber 18.0
Total digestible nutrient 60.0
Ca 0.90
P 0.60

TMR=Total mixed ration
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Table-2: Effect of KOROPASS supplementation in the TMR on variables measured.

Variables Treatments SEM p value
RO Rl RZ R3
DM consumption (kg/day) 7.834 8.33¢ 8.91° 9.692 0.07 <0.05
OM consumption (kg/day) 6.724 7.17¢ 7.69° 8.382 0.07 <0.05
TP consumption (g/day) 892¢ 1,020¢ 1,182° 1,406 0.04 <0.05
DM digestibility (%) 42.9¢ 50.6¢ 58.0° 63.62 1.16 <0.05
OM digestibility (%) 54.34 59.6¢ 66.3° 70.62 0.94 <0.05
Crude protein digestibility (%) 65.0° 67.1° 75.0° 80.7°2 1.86 <0.05
Metabolizable protein (%) 49.0° 52.2° 55.0° 65.22 3.10 <0.05
Average daily gain (kg/day) 0.72¢ 0.83¢ 0.99° 1.242 0.05 <0.05
Feed efficiency (%) 9.50¢ 10.24bc 11.532 13.142 0.51 <0.05
Feed cost (IDR/head/day) 26,403¢ 29,177¢ 32,274 36,2222 265 <0.05
IOFC (IDR/head/day) 6832° 8888° 13,151° 20,9332 1996 <0.05

Numbers with different letters on the same row show difference at p<0.05.

w

a” represents the highest value, and

“d” represents the lowest values. Price (at the time of study) per kg of TMR=IDR 2900, KOROPASS=IDR 7000, Beef
cattle=IDR 46,000 (price per kg live weight). DM=Dry matter, OM=0rganic matter, TP=Total protein, IOFC=Income over
feed cost, TMR=Total mixed ration, IDR=Indonesian rupiah (Indonesian currency), SEM=Standard error of the mean

findings indicate that the KOROPASS could increase
the supply of nitrogen to rumen microbes and support
the findings of an earlier [15].

Dietary supplementation of KOROPASS signifi-
cantly increased (p<0.05) the metabolizable protein of
cattle (Table-2). Theoretically, the metabolizable pro-
tein is the total amount of protein available for diges-
tion in the post-rumen digestive tract, which includes
feed protein that escaped rumen degradation as well as
microbial protein (bacterial biomass) [16]. Therefore,
the increased metabolizable protein in the cattle fed on
KOROPASS supplemented fee might be contributed
by the increased microbial protein (bacterial biomass)
as well as protein from the KOROPASS escaping
from rumen fermentation.

KOROPASS supplemented TMR signifi-
cantly increased (p<0.05) the average daily weight
gain of beef cattle (Table-2). The results imply that
KOROPASS supplementation increased tissue bio-
synthesis in beef cattle. Several factors may contrib-
ute to the improved daily gain, such as the increased
consumption and digestibility of DM, OM, and pro-
tein. Furthermore, the increased metabolizable protein
is likely to increase the growth performance of cattle.
Protein is the most important nutrient for tissue bio-
synthesis. Thus, the increased intake and digestibility
of protein is expected to positively affect the daily
gain of cattle [13,17]. Energy is another factor that
may determine the rate of growth of cattle [18]. The
increases in DM and OM consumption and digestibil-
ity in the KOROPASS treated cattle could be attributed
to the increased energy supply for growth.

Dietary supplementation of KOROPASS was
associated with significantly improved (p<0.05) feed
efficiency of the cattle. In accordance with our find-
ings, Uddin ef al. [13] documented thatprotein supple-
mentation may have been associated with increased
nutrient utilization and growth and thus improved
feed efficiency of cattle.

IOFC is used to evaluate the profitability and sus-
tainability of cattle farms. In the present study, dietary

supplementation with KOROPASS, especially at 9%,
resulted in a significantly higher (p<0.05) IOFC value
of the cattle. The measured parameters convincingly
demonstrated that RPP derived from KOROPASS
increased feed utilization and efficiency, as well as
growth performance of cattle. Jack bean is abundantly
available in Indonesia. However, it remains underuti-
lized and unexplored as an affordable feed component
for cattle. Given its’ relatively low price and high
nutritional value, the use of extruded jack bean as
an RPP source is an attractive option to improve the
IOFC of cattle farms.

Conclusion

Dietary supplementation of KOROPASS jack
bean-based RPP improved feed utility, as reflected by
the increased consumption and digestibility of DM,
OM, and TP, and improved feed efficiency, growth,
and economic performance of beef cattle.
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Abstract

Aim: This study evaluated the effect of feeding a graded amount of extruded jack bean (Canavalia ensiformis) on nutritional
status, production performances, and economic performance of beef cattle.

Materials and Methods: The supplement called “KOROPASS” was prepared from the extruded jack bean (according to
the extrusion heating process). Sixteen male Friesian-Holstein crossbred cattle were divided into four groups and fed on
KOROPASS as per the regimen: R (total mixed ration [TMR] without KOROPASS), R, (TMR supplemented with 3%
KOROPASS), R, (TMR supplemented with 6% KOROPASS), and R, (TMR supplemented with 9% KOROPASS). The
in vivo experiment lasted 44 days. TMR contained 12% crude protein and 60% total digestible nutrient. The consumption
and digestibility of dry matter (DM), organic matter (OM), and total protein (TP), feed efficiency, average daily gain, and
income over feed cost (IOFC) were evaluated.

Results: KOROPASS supplementation significantly increased (p<0.05) beef cattle consumption of DM (from 7.83 [R ] to
8.33[R,],8.91 [R,], and 9.69 kg/day [R.]), OM (from 6.72 to 7.17, 7.69, and 8.38 kg/day, respectively), and TP (from 892 to
1020, 1182, and 1406 g/day, respectively). The elevated levels of KOROPASS significantly increased (p<0.05) digestibility
in terms of the levels of DM (from 42.9 [R ] to 50.6 [R], 58.0 [R,], and 63.6% [R,]), OM (from 54.3 to 59.6, 66.3, and
70.6%, respectively), and TP (from 65.0 to 67.1, 75.0, and 80.7%, respectively). Dietary supplementation of KOROPASS
significantly increased (p<<0.05) metabolizable protein, average daily weight gain, and feed efficiency of beef cattle. Finally,
dietary KOROPASS supplementation, especially at 9%, resulted in the highest (p<0.05) IOFC value of beef cattle.

Conclusion: Dietary supplementation of KOROPASS improved feed utility, as reflected by the increase in consumption and
digestibility of DM, OM, and TP. Further, KOROPASS supplementation improved feed efficiency, growth, and economic
performance of beef cattle. The findings indicate the potential value of KOROPASS as a feed supplement for beef cattle.

Keywords: beef cattle, extruded jack bean, feed utilization, growth.

Introduction Indonesia has diverse and readily available veg-
etation, such as jack bean (Canavalia ensiformis), that
can be a source of the protein needed for feed supple-
mentation [2]. However, the dietary incorporation of
jack bean in beef cattle feed has not been explored.
Jack bean contains relatively high levels of protein
(34.6%) [3]. However, the rate of protein degradation
in the rumen of beef cattle is also high (approximately
56.7%) [2]. In addition, the hydrogen cyanide content
of jack beans is approximately 11.05 mg/100 g, which
may harm the rumen ecosystem of cattle [4]. An in vitro
study reported that the extrusion heating process could
improve the rumen-protected protein (RPP) of jack
bean [2]. The authors described that extrusion heating
increased the RPP level from 43.35% to 59.16% and
decreased the rumen level of NH, from 5.28 mM to

The increasing demand for beef in Indonesia has
outpaced local beef production. In 2018, Indonesia had
to import 400,000 heads of beef cattle and 93,000 tons
of beef [1]. Low livestock productivity, which leads to
low economic performance, is one of the main factors
inhibiting the expansion of cattle farming in Indonesia.
The low quality and quantity of the feed consumed by
beef cattle are linked to their low growth features. In
general, the inability of farmers to provide standard
feed for beef cattle is mainly caused by the high prices
of quality feed, especially feed ingredients that contain
high levels of protein, such as soybeans, which are still
imported and are not affordable for farmers.

Copyright: Prasetiyono, et al. Open Access. This article is
distributed under the terms of the Creative Commons Attribution

4.0 International License (http://creativecommons.org/licenses/
by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data
made available in this article, unless otherwise stated.

2.71 mM. In general, heating of protein-rich feed ingre-
dients using extrusion heating techniques results in
the Maillard reaction (browning reaction) between the
reducing sugars and protein [5]. The reaction protects
the extruded feedstuffs from degradation in the rumen
and, therefore, increases the availability of nutrients for
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absorption in the small intestine [6,7]. This would facil-
itate the efficiency of protein biosynthesis, which is
reflected in the improved growth of beef cattle. To the
best of our knowledge, the use of extruded jack bean to
improve the growth, productivity, and economic per-
formance of beef cattle has never been reported.

In the present study, jack bean was used as the
source of RPP and was extruded before incorpora-
tion into a corncob-based total mixed ration (TMR).
The effects of feeding a graded level of the extruded
jack bean on nutritional status, growth, feed cost and
income over feed cost of beef cattle were investigated.

Materials and Methods

Ethical approval

The in vivo experiment was approved by the
animal ethics committee of the Faculty of Animal
and Agricultural Sciences, Diponegoro University
(No. 3084/UN7.5.5/KP/2017, 22 May 2017).

Materials

Jack bean was purchased from Temanggung
Regency, Central Java Province, Indonesia. The jack
bean-based preparation designated KOROPASS was
obtained following a previously described extrusion
heating process using jack bean [2].

Experimental design

Sixteen male Friesian-Holstein crossbred cattle
(approximately 1.5 years old) were divided according to
body weight into four treatment groups (n=4 per group).
The cattle were placed in individual pens disinfected
and treated with albendazole. The treatment groups
included TMR without KOROPASS as control (R),
and TMR supplemented with 3% KOROPASS (R)),
6% KOROPASS (R,), and 9% KOROPASS (R,). The
quantity of TMR was 9.11, 9.41, 9.78, and 10.3 kg/day
(as-fed basis) for R, R, R,, and R,, respectively. The
quality of KOROPASS used to supplement TMR was 0,
0.27,0.56, and 0.89 kg/day (as-fed basis) for R , R , R,,
and R,, respectively. The in vivo experiment lasted for
44 days. The cattle were in the growth phase and were
very responsive to protein supplementation. The 44-day
duration of the experiment was considered sufficient
to study the effect of KOROPASS on the performance
parameters, as previously conducted by Prasetiyono
et al. [8]. All the beef cattle were adapted to TMR for
2 weeks before the in vivo experiment. The ingredients
and chemical composition of TMR are listed in Table-1.
The ration contained 12% crude protein and 60% total
digestible nutrient (TDN). The consumption and digest-
ibility of dry matter (DM), organic matter (OM), and
total protein (TP); feed efficiency; and average daily
gain were determined as previously described [9]. In
addition, income over feed cost (IOFC) was also mea-
sured based on Prasetiyono et al. [8].

Statistical analysis

The data collected were analyzed using analy-
sis of variance on the basis of a randomized complete
block design [10].

Results and Discussion

In this study, the effect of block was not signifi-
cant, and therefore the block effect was not considered.
KOROPASS supplementation as the source of RPP sig-
nificantly increased (p<0.05) the consumption of DM,
OM, and TP in the beef cattle (Table-2). The findings
suggest that dietary supplementation by KOROPASS
improved the palatability of TMR derived from corn-
cobs, an agricultural by-product. The increased pro-
tein content of the KOROPASS supplemented TMR
seemed to be responsible for the increased palatability
and better feed consumption by the beef cattle. The
findings support earlier study which reported that feed
consumption can be affected by dietary supplementa-
tion, feed quality, and the availability of particular food
components, such as protein [11]. Consistent with this,
dietary supplementation with urea (non-protein nitro-
gen) increased feed consumption in beef steers [12].
The increased levels of the KOROPASS supplemen-
tation attributed to the increased contents of protein in
the rations and thus the improved intake of DM, OM,
and TP of beef cattle.

The degree of DM and OM digestibility increased
significantly (p<0.05) in relation to the increased
KOROPASS content in the TMR (Table-2). It is likely
that dietary supplementation with the protein-rich
KOROPASS increased rumen microbial proliferation
and activity, leading to the increased fermentation rate
in the rumen [13], which, in turn, may contribute to
improving the digestibility of DM and OM in cat-
tle [13,14]. In addition, increased KOROPASS sup-
plementation significantly improved the digestibility
of crude protein (p<0.05). Moreover, KOROPASS
supplementation increased the availability and utiliza-
tion of protein in the intestine, as most of the jack bean
protein could escape ruminal fermentation. These
findings indicate that the KOROPASS could increase

Table-1: Ingredients and nutrient composition of TMR.

Ingredients Proportion (%)

Corncob 20.0
Mineral mix “StV” 1.00
Salt 1.00
Cassava waste 10.0
Pollard 21.0
Molasses 7.00
Calcium carbonate 1.00
Corn straw 5.00
Degraded protein supplement (Go Pro) 2.00
Nutshell 6.00
Corn gluten feed 26.0
Nutrient composition
Dry matter 86.0
Ash 7.18
Crude protein 12.2
Ether extract 1.92
Crude fiber 18.0
Total digestible nutrient 60.0
Ca 0.90
P 0.60

TMR=Total mixed ration
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Table-2: Effect of KOROPASS supplementation in the TMR on variables measured.

Variables Treatments SEM p-value
RO Rl RZ R3
DM consumption (kg/day) 7.834 8.33¢ 8.91° 9.692 0.07 <0.05
OM consumption (kg/day) 6.724 7.17¢ 7.69° 8.382 0.07 <0.05
TP consumption (g/day) 892¢ 1,020¢ 1,182° 1,406 0.04 <0.05
DM digestibility (%) 42.9¢ 50.6¢ 58.0° 63.62 1.16 <0.05
OM digestibility (%) 54.34 59.6¢ 66.3° 70.62 0.94 <0.05
Crude protein digestibility (%) 65.0° 67.1° 75.0° 80.7°2 1.86 <0.05
Metabolizable protein (%) 49.0° 52.2° 55.0° 65.22 3.10 <0.05
Average daily gain (kg/day) 0.72¢ 0.83¢ 0.99° 1.242 0.05 <0.05
Feed efficiency (%) 9.50¢ 10.24bc 11.532 13.142 0.51 <0.05
Feed cost (IDR/head/day) 26,403¢ 29,177¢ 32,274 36,2222 265 <0.05
IOFC (IDR/head/day) 6832° 8888° 13,151° 20,9332 1996 <0.05

Numbers with different letters on the same row show difference at p<0.05.

w

a” represents the highest value, and

“d” represents the lowest values. Price (at the time of study) per kg of TMR=IDR 2900, KOROPASS=IDR 7000, Beef
cattle=IDR 46,000 (price per kg live weight). DM=Dry matter, OM=0rganic matter, TP=Total protein, IOFC=Income over
feed cost, TMR=Total mixed ration, IDR=Indonesian rupiah (Indonesian currency), SEM=Standard error of the mean

the supply of nitrogen to rumen microbes and support
the findings of an earlier [15].

Dietary supplementation of KOROPASS signifi-
cantly increased (p<0.05) the metabolizable protein of
cattle (Table-2). Theoretically, the metabolizable pro-
tein is the total amount of protein available for diges-
tion in the post-rumen digestive tract, which includes
feed protein that escaped rumen degradation as well as
microbial protein (bacterial biomass) [16]. Therefore,
the increased metabolizable protein in the cattle fed on
KOROPASS supplemented feed might be contributed
by the increased microbial protein (bacterial biomass)
as well as protein from the KOROPASS escaping
from rumen fermentation.

KOROPASS  supplemented TMR  signifi-
cantly increased (p<0.05) the average daily weight
gain of beef cattle (Table-2). The results imply that
KOROPASS supplementation increased tissue bio-
synthesis in beef cattle. Several factors may contrib-
ute to the improved daily gain, such as the increased
consumption and digestibility of DM, OM, and pro-
tein. Furthermore, the increased metabolizable protein
is likely to increase the growth performance of cattle.
Protein is the most important nutrient for tissue bio-
synthesis. Thus, the increased intake and digestibility
of protein is expected to positively affect the daily
gain of cattle [13,17]. Energy is another factor that
may determine the rate of growth of cattle [18]. The
increases in DM and OM consumption and digestibil-
ity in the KOROPASS treated cattle could be attributed
to the increased energy supply for growth.

Dietary supplementation of KOROPASS was
associated with significantly improved (p<0.05) feed
efficiency of the cattle. In accordance with our find-
ings, Uddin ef al. [13] documented that protein sup-
plementation may have been associated with increased
nutrient utilization and growth and thus improved feed
efficiency of cattle.

IOFC is used to evaluate the profitability and sus-
tainability of cattle farms. In the present study, dietary
supplementation with KOROPASS, especially at 9%,

resulted in a significantly higher (p<0.05) IOFC value
of the cattle. The measured parameters convincingly
demonstrated that RPP derived from KOROPASS
increased feed utilization and efficiency, as well as
growth performance of cattle. Jack bean is abundantly
available in Indonesia. However, it remains underutilized
and unexplored as an affordable feed component for cat-
tle. Given its’ relatively low price and high nutritional
value, the use of extruded jack bean as an RPP source is
an attractive option to improve the IOFC of cattle farms.

Conclusion

Dietary supplementation of KOROPASS jack
bean-based RPP improved feed utility, as reflected by
the increased consumption and digestibility of DM,
OM, and TP, and improved feed efficiency, growth,
and economic performance of beef cattle.
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