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ABSTRAK 

Permana IG, Rosmalia A, Rahmat SFI, Despal, Zahera R. 2024. Karakterisasi degradasi protein pada bahan pakan untuk ternak 

perah tropis dengan metode in sacco. JITV 29(4):181-192. DOI:http://dx.doi.org/jitv.v29i4.3382. 

Penelitian ini bertujuan untuk menentukan karakteristik degradasi protein pada 27 bahan pakan tropis untuk ransum ternak 

perah dengan dua puluh tujuh jenis bahan pakan. Dua puluh dua bahan pakan tropis dikelompokkan menjadi A1 (pakan lokal 

rendah serat rendah protein: jagung, dedak padi, gaplek, onggok, gandum, dan pollard), A2 (pakan lokal rendah serat tinggi protein: 

bungkil inti sawit, ampas tahu, dan ampas tempe), dan A3 (pakan lokal tinggi serat: akasia, alfalfa, narra, gliricidia, indigofera, 

kaliandra, bauhinia, leucaena, albizia, agati, piper, kelor, dan daun jack), dibandingkan dengan A4 (pakan impor rendah serat tinggi 

protein: kedelai, kedelai sangrai, DDGS, CGM, dan CGF) menggunakan metode in sacco. Hasil penelitian menunjukkan bahwa 

A1, A2, dan A3 memiliki kandungan protein lebih rendah namun tinggi serat dibandingkan A4. Fraksi kelarutan protein (a) lebih 

tinggi pada A1 dan A2, sedangkan fraksi yang berpotensi terdegradasi (b) lebih tinggi pada pada A2 dan A3. A1 dan A2 memiliki 

fraksi RDP lebih tinggi daripada A3 dan A4. Pakan tinggi RDP meliputi pollard, gandum, kedelai, CGF, ampas tempe, alfalfa, 

gamal, indigofera, agati, dan kelor, sedangkan pakan tinggi RUP meliputi jagung, bungkil kelapa sawit, angsana, kaliandra, 

lamtoro, sengon, daun asam jawa, sirih hutan, daun nangka, kedelai sangrai, bungkil kedelai, CGM. Pakan tropis menunjukkan 

karakteristik degradasi protein yang beragam sehingga bermanfaat dalam memformulasikan ransum yang tepat pada sapi perah. 

Kata Kunci: Hijauan, Konsentrat, Rumen Degradable Protein, Rumen Undegradable Protein, Sapi Perah 

ABSTRACT 

Permana IG, Rosmalia A, Rahmat SFI, Despal, Zahera R. 2024. Characterization of protein degradation in tropical dairy feedstuff 

using the in sacco method.  JITV 29(4):181-192. DOI:http://dx.doi.org/jitv.v29i4.3382..  

A study was conducted to determine the protein degradation characteristics of 27 tropical feedstuffs for dairy rations.  Twenty-

two tropical feedstuffs were grouped into A1 (local low fiber and low protein sources: corn, rice bran, cassava, cassava waste, 

wheat, pollard), A2 (local low fiber and low protein sources: palm kernel meal, tofu waste, tempe waste), and A3 (local high fiber 

sources: acacia, alfalfa, narra, gliricidia, indigofera, calliandra, bauhinia, leucaena, albizia, agati, piper, moringa, jack leaves), and 

compared to A4 (imported low fiber high protein sources: soybean, roasted soybean, DDGS, CGM, CGF) using the in sacco 

method.  The study revealed that A1, A2, and A3 had lower protein content but higher crude fiber than A4.  Protein solubility (a) 

was higher in A1 and A2, while the potentially degraded fraction (b) was higher in A2 and A3.  A1 and A2 had higher RDP 

fractions than A3 and A4.  High RDP feedstuffs include pollard, wheat, soybean, CGF, tempe waste, alfalfa, gliricidia, indigofera, 

agati, and moringa.  In contrast, high RUP feedstuffs include corn, palm kernel meal, narra, calliandra, leucaena, albizia, tamarind, 

piper, jack leaves, roasted soybean, soybean meal, and CGM.  Tropical feedstuffs exhibit diverse protein degradation 

characteristics, making them valuable for strategic ration formulation in dairy cattle. 

Key Words: Concentrate, Dairy Cattle, Forages, Rumen Degradable Protein, Rumen Undegradable Protein 

INTRODUCTION 

The tropical regions have a high biodiversity 

potential and natural resources.  The characteristics of 

tropical ecosystems are species richness in various taxa 

and complex biotic interactions among component 

species (Orians 2000).  High species diversity allows for 

exploring plants, including grains and forages, that have 

the potential as livestock feed.  Lee (2018) indicated that 

tropical forage plants have a lower nutritional value 

compared to those in temperate regions, with a 2% 

reduction in crude protein (CP), a 12% decrease in dry 

matter digestibility (DMD), and 49% organic matter 

digestibility (OMD).  In contrast, tropical forages have 

higher fiber content, including 19% more neutral 

detergent fiber (NDF), 11% more acid detergent fiber 

(ADF), and 3% more acid detergent lignin (ADL).  

Hence, tropical feedstuffs have various qualities that 

fluctuate between the dry and rainy seasons (Despal et 

al., 2014).  For instance, Napier grass (Pennisetum 

purpureum) has lower CP and DMD in the dry season 

(12.4% CP and 59.1% DMD) compared to the rainy 

season (13.7% CP and 61.8% DMD) (Evitayani et al. 

2004).  Conversely, Leucaena leucocephala shows 
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higher CP content during the dry season (24.19%) 

compared to the rainy season (21.75%) (Tahuk et al. 

2018).  Moyo and Nsahlai (2021) reported that feed 

degradability was highest in the cold (715 g/kg) and 

temperate regions (745 g/kg), compared to lower values 

in tropical (664 g/kg) and arid regions (621 g/kg). 

Dairy cattle feed should provide mainly energy, 

protein, minerals, and vitamins.  In the ruminant, the 

protein quality of feed is expressed by amino acid 

content, degradability, and digestibility (Patton et al. 

2014).  Rumen degradable protein (RDP) and rumen 

undegradable protein (RUP) are also used to determine 

the quality of protein for dairy cattle (NRC 2001).  RDP 

expresses the amount of protein degraded by rumen 

microbes into ammonia (NH3), which then is used to 

synthesize microbial protein (Hristov et al. 2019) and is 

essential to maintain the balance of the microbial 

population (Uddin et al., 2015).  RUP is feed protein that 

by-pass from the rumen.  The RDP content of the feed is 

correlated with crude protein content but uncorrelated 

with crude fiber (Rosmalia et al. 2021).  The Dairy 

National Research Council (NRC) standard (2001) 

recommends that the minimum RDP and RUP 

requirements be 60% and 40%, respectively. 

The common feed used for dairy ration in Indonesia, 

namely concentrates and forages (Rosmalia et al. 2022; 

Sahroni et al. 2021), still adopts the dairy NRC standard 

for the formulation without considering RDP and RUP 

due to the lack of information on local feed.  Concentrate 

feed supplies protein and energy (Woods et al. 2003), 

including agro-industrial by-products such as soybean 

meal, corn gluten meal, tofu waste, and palm kernel 

meal.  By-product feeds have undergone mechanical or 

physical processing, especially heating, which can 

reduce soluble protein and RDP (Doiron et al. 2009).  

Cereal grains provide energy in the rumen and are a 

source of carbon skeletons for microbial protein 

synthesis when RDP is sufficient (Ferraretto et al., 2013; 

Rastgoo et al., 2020).  Cereal grains provide protein and 

support the formulation of cost-effective dairy rations 

due to their relatively low prices, such as wheat pollard 

at 210 USD per metric ton compared to soybean meal at 

500 USD per metric ton.  Legume has a high protein 

content and is an alternative feedstuff in the tropical dairy 

ration to substitute protein content in feed concentrate 

(Castro-Montoya et al. 2019).  A previous study reported 

that feeding dairy cattle a legume-based ration led to 

higher dry matter intake (DMI) by 1.3 kg/day and 

increased milk production by 1.6 kg/day compared to a 

grass-based ration (Johansen et al. 2018).  The use of 

legumes in dairy cattle rations is limited by the low 

degradation in the rumen caused by crude fiber content 

and the presence of antinutrients (Jouan et al., 2020; 

Piluzza et al., 2014). 

It is important to know the degraded and non-

degraded fractions in the rumen related to the utilization 

of protein for rumen microbes and the host.  Efforts to 

increase the productivity of dairy cows through 

improved feed with a fulfillment approach based on 

protein adequacy and a balance of RDP and RUP will 

provide an accurate measurement of the estimated dairy 

production so that feed protein efficiency increases and 

costs incurred for reduced feed.  Dairy ration based on 

RDP and RUP balance at the optimum level can also 

reduce nitrogen emission to the environment by 

improving nitrogen efficiency (Martins et al. 2019).  The 

objective of this study was to compare degradation 

characteristics between tropical and imported (temperate 

origin) feed and to identify the RDP and RUP content in 

tropical feedstuff, including concentrate and forage 

protein, as an inventory of information on the nutritional 

content of the feed to further serve as a reference in 

preparing feed formulations and meeting nutrient needs 

for dairy cattle in Indonesia. 

MATERIALS AND METHODS 

Tropical feedstuff preparation 

A total of 29 kinds of feedstuff, including 

concentrate and forage protein, were used in this study.  

Feedstuffs were grouped into A1 (local low fiber low 

protein sources), A2 (local low fiber high protein 

sources), A3 (local high fiber sources), and A4 (imported 

low fiber high protein sources).  Local energy sources 

comprised corn, rice bran, cassava, cassava waste, wheat, 

and pollard.  Protein sources include palm kernel meal, 

tofu, and tempe waste).  Forage sources consisted of 

acacia (Acacia mangium), alfalfa (Medicago sativa), 

narra (Pterocarpus indicus), gliricidia (Gliricidia 

sepium), indigofera (Indigofera zollingeriana), 

calliandra (Calliandra calothyrsus), bauhinia (Bauhinia 

purpurea), leucaena (Leucaena leucocephala), albizia 

(Albizia chinensis), agati (Sesbania grandiflora), piper 

(Piper aduncum L.), moringa (Moringa oleifera), and 

jack leaves (Artocarpus heterophyllus).  In contrast, 

imported sources consisted of soybean, roasted soybean, 

DDGS, CGM, and CGF. 

The concentrate samples were ground through a 2-

mm screen for concentrate feedstuff and dried in an oven 

at 60 ℃ for 48 h.  The leaves and stems commonly eaten 

by dairy cattle were taken as samples for forage sources.  

The forage samples were chopped and dried in the room 

for three days, then dried in an oven at 60 ℃ for 48 h 

before ground to a 2-mm size.  All feedstuff was analyzed 

for nutrient composition, such as dry matter (DM), ash, 

crude protein (CP), ether extract (EE), crude fiber (CF), 

and nitrogen-free extract (NFE) using AOAC (2005) 

method, and gross energy (GE) was estimated according 

to Weiss and Tebbe (2019). 

In sacco degradability measurement 

This research was conducted using the in sacco 

method according to NRC (2001).  The samples were 
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weighed 5 g and put in a nylon bag (ANKOM, porosity 

±50 µm), 5 x 10 cm for concentrate feed and 10 x 20 cm 

for forage protein feed (Despal et al. 2022; NRC 2001; 

Van Emon et al. 2015).  Each sample consists of 3 bags.  

The nylon bag is tied with a rope and inserted into the 

fistulated dairy cattle rumen.  The nylon bags were 

inserted before morning feeding.  This study used two 

fistulated Friesian Holstein bulls (BW±510 kg).  Dairy 

cattle were fed 2% of BW twice daily at 7.00 am and 3.00 

pm.  Diets contained 60% Napier grass (Pennisetum 

purpureum) and 40% concentrate mixture (%DM basis).  

The diets contained 10.25% CP, 20.70% CF, and 60% 

TDN.  

The nylon bags were incubated in the rumen for 0, 

3, 6, 9, 12, 15, 24, and 48 hours for concentrate feed, then 

until 72 h incubation for forage protein feed.  For 0 h 

incubation, the nylon bags were only rinsed under tap 

water.  The nylon bag contains a sample of feed at a 

predetermined time.  The nylon bag was washed and 

dried at 60℃ for 48 hours in an oven.  The nylon bag was 

weighed, and the residual sample was separated for 

protein analysis using the Kjeldahl method (AOAC 

2005).  Crude protein disappearance (CPD) (%) was 

estimated as follows: 

𝐶𝑃𝐷 = ((𝐵𝑊 + 𝑆1) − (𝐵𝑊 + 𝑅𝑊))𝑥 100 (𝑆1𝑥𝐶𝑃) 

where BW is bag weight, RW is residue weight, S1 is 

sample weight, and CP is the crude protein of the original 

sample. 

The degradation of protein or kinetic parameters was 

calculated based on an exponential equation according to 

the (Ørskov & Mcdonald 1979): 

𝑦 = 𝑎 + 𝑏(1 − 𝑒(−𝑐𝑡))            (1) 

Where y is protein disappearance in the rumen (%), a is 

a soluble fraction (%), b is an insoluble but potentially 

degradable fraction (%), c is degradation rate constant of 

the b fraction (%/h), t is degradation time (0, 3, 6, 9, 12, 

15, 24, 48 and 72 h), e is base for natural logarithm.  

Potential degradation was calculated with the formula: 

𝑃𝐷 = 𝑎 + 𝑏               (2) 

The RDP and RUP were calculated, which refer to 

NRC (2001) with the following equation: 

𝑅𝐷𝑃 = 𝑎 + 𝑏 [𝑐
(𝑐 + 𝑘)⁄ ]                (3) 

𝑅𝑈𝑃 = 100 − 𝑅𝐷𝑃             (4) 

where a, b, and c are the same as in equation (1), k is the 

rumen outflow rate, assumed to be 6%/h. 

Statistical analysis 

The nutrient composition and ruminal degradability 

of protein were analyzed descriptively.  A One-Way 

Analysis of Variance (ANOVA) was performed using the 

SAS program (SAS Institute Inc., Cary, NC, USA) to 

evaluate the kinetic parameters and estimate RDP and 

RUP.  The animals were treated as a block.  Duncan's 

Multiple Range Test further tested the differences 

(P<0.05). 

RESULTS AND DISCUSSION 

Nutrient composition 

In this study, there were four groups of tropical dairy 

feedstuff consisting of local low-fiber and low-protein 

sources (A1), local low-fiber and high-protein sources 

(A2), local high-fiber sources (A3), and imported low-

fiber and high protein sources (A4).  The nutrient 

composition of the tropical dairy feedstuff varied 

depending on the feed sources presented in Table 1.  The 

crude protein content (CP) of A4 was highest compared 

to other group feedstuff, with an average of 

38.30%±14.26.  The data showed that imported feed 

sources had higher protein content than local feed 

sources in both concentrate (low fiber) and forage (high 

fiber) categories.  Moyo and Nsahlai (2021) reported that 

the CP content of feed from cold and temperate climates 

(imported protein sources) was higher than in tropical 

climates (local protein sources) due to rapid lignification 

in tropical climates. 

In contrast, the A1 group as an energy source had the 

lowest protein and the highest nitrogen free-extract 

(NFE), averaging 8.76%±4.74 and 70.00%±19.05, 

respectively.  Storage carbohydrates act as energy 

sources, so the A1 group is supposed to have low protein 

content and is easily degradable (Klevenhusen and 

Zebeli 2021).  The gross energy predicted using the 

Weiss and Tebbe (2019) equation showed that the A4 

group had the highest energy density, driven by its high 

CP and ether extract (EE) content.  In contrast, although 

A1 was rich in carbohydrates (NFE), its overall energy 

density was moderated by lower protein and fat levels, 

resulting in the lowest GE among the groups. 

The A1 group is a low-fiber and low-protein feed 

source group primarily used as an energy source in 

formulating dairy cow rations.  Its low protein content 

also influences the extent of protein degradation in the 

rumen due to the different carbohydrate components.  

Pollard has the highest protein content compared to other 

A1 feed ingredients.  Besides being used as an energy 

source, pollard is also a protein source for dairy cows 

(Chuzaemi et al. 2020). 

The CP content is closely related to effective rumen 

degradation (Fulkerson et al., 2007).  Tofu waste, a 

feedstuff commonly used by smallholder dairy farmers, 

had the highest CP content with low crude fiber (CF) and 

high NFE compared to other A2 group feedstuff.  For the 

A3 group, indigofera had a high CP, followed by 

gliricidia and leucaena.  Meanwhile, tamarind had the 

lowest CP.  However, the crude fiber (CF) content of A3 

was lower than A2, 16.30%±5.32 and 25.98%±10.56, 

respectively.  It is due to protein sources from by-product 

agroindustry and non-conventional feed containing high 
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Table 1.  Nutrient composition of tropical dairy feedstuff 

Group Feedstuff 

Nutrient composition 

DM (%) 
Ash 

(%DM) 
CP (%DM) 

EE 

(%DM) 

CF 

(%DM) 

NFE 

(%DM) 

GE 

(Mcal/kg)1 

A1 Corn 90.59 1.31 7.88 3.74 1.24 85.83 4.45 

Rice bran 92.61 16.21 6.91 3.22 25.60 48.06 3.78 

Cassava 91.17 1.78 5.18 0.43 1.60 91.02 4.22 

Cassava waste 93.35 37.04 3.72 0.52 11.69 47.03 2.72 

Wheat 89.52 1.50 12.78 1.73 3.63 80.36 4.41 

Pollard 91.58 6.80 16.10 1.80 7.59 67.71 4.23 

Average±SD 91.47±1.38 10.77±14.08 8.76±4.74 1.91±1.36 8.56±9.25 70.00±19.05 3.97±0.65 

A2 Palm kernel 

meal 
94.02 4.77 15.87 11.24 28.46 39.66 

4.81 

Tofu waste 92.68 3.47 18.80 4.50 14.40 58.83 4.55 

Tempe waste 91.72 2.62 12.65 2.51 35.07 47.15 4.40 

Average±SD 92.81±1.16 3.62±1.08 15.77±3.08 6.08±4.58 25.98±10.56 48.55±9.66 4.59±0.21 

A3 Acacia 24.89 4.68 16.63 1.93 19.04 50.04 4.34 

 Alfalfa 26.22 9.53 14.47 2.79 28.40 38.18 4.15 

 Narra 29.39 6.00 21.63 1.98 21.51 42.34 4.35 

 Gliricidia 19.86 9.46 25.18 2.25 14.15 41.34 4.27 

 Indigofera 24.16 9.32 26.18 2.37 12.52 40.23 4.30 

 Calliandra 31.41 5.78 21.39 1.55 15.84 48.41 4.34 

 Bauhinia 37.04 8.94 21.71 3.02 23.07 35.76 4.29 

 Leucaena 28.56 7.92 22.68 2.46 16.33 43.26 4.31 

 Albizia 34.55 4.61 17.56 2.31 14.02 54.64 4.37 

 Tamarind 39.21 7.12 11.60 1.99 18.51 55.30 4.17 

 Agati 23.40 8.39 19.69 2.54 10.50 50.82 4.26 

 Piper 20.98 18.53 21.69 1.47 10.44 39.54 3.80 

 Moringa 18.55 11.41 20.59 3.44 10.38 46.08 4.19 

 Jack leaves 29.91 11.12 15.53 0.86 13.42 51.89 4.00 

Average±SD 27.72±6.33 8.77±3.54 19.75±4.12 2.21±0.66 16.30±5.32 45.56±6.34 4.22±0.16 

A4 Soybean 92.67 6.13 34.78 13.59 11.99 33.50 5.14 

 Roasted 

soybean 
94.32 6.23 38.92 15.31 9.55 30.00 

5.28 

 Soybean meal 92.10 8.47 49.30 1.39 2.26 38.58 4.61 

 DDGS 88.77 5.77 29.81 6.15 6.73 51.55 4.69 

 CGM 92.94 1.74 58.63 2.51 0.72 36.40 5.08 

 CGF 90.42 4.90 18.37 2.49 10.13 64.11 4.38 

Average±SD 91.87±1.98 5.54±2.21 38.30±14.26 6.91±6.08 6.90±4.54 42.36±12.95 4.86±0.35 

DM= dry matter, CP= crude protein, EE= ether extract, CF= crude fiber, NFE= nitrogen-free extract, GE= gross energy, A1= local low fiber low 

protein sources, A2= local low fiber high protein sources, A3= local high fiber sources, A4= imported low fiber high protein sources.  1GE was 

calculated using the equation proposed by Weiss and Tebbe (2019) with GE = (%CP x 0.056) + (%EE x 0.094) + ((100 – %CP – %EE – %ash) x 

0.042) 
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fiber.  Abdeltawab and Khattab (2018) reported that the 

CF content of palm kernel meal reached 24.90%, with 

ADF 43.70% and NDF 66.70%.  Most feedstuffs in the 

A4 group had a high protein content except CGF due to 

the gluten (protein) cut off during the wet-milling 

process (Li et al. 2011). 

The In Sacco protein degradability of tropical dairy 

feedstuff 

The ruminal CP degradation (CPD) of tropical dairy 

feedstuff at each incubation time is shown in Figure 1.  

The rise of CPD was followed by increasing incubation 

time.  At 0 h incubation time, protein degradation showed 

the amount of soluble protein without incubation in the 

rumen.  Protein solubility is the main factor determining 

proteolytic microbes' activity to access feed protein and 

degrade it (Bach et al. 2005).  The data showed a wide 

variety of protein degradation at 0 h incubation.  The 

range of protein degradation at 0 h incubation time for 

concentrate source (A1, A2, and A4) and fiber source 

(A3) were 0%─78% and 0%─32%, respectively.  The 

highest protein degradation at 0 h incubation time for 

concentrate and forage sources was found in cassava 

meal and agati; this indicates that cassava meal and agati 

contain more soluble protein than other feeds.  

In the A1 group, over 50% of CPD rice bran, 

cassava, cassava waste, wheat, and pollard had been 

degraded for three hours of incubation.  Corn had to be 

degraded by over 50% CPD for 12 hours.  Tempe waste 

had lower time incubation (3 h) to reach more than 50% 

CPD compared to tofu waste (9 h) and palm kernel meal 

(12 h).  In the A4 group, CGF had more than 50% CPD 

with lower time incubation (3 h) rather than soybean and 

DDGS (9 h), roasted soybean and soybean meal (15 h), 

and CGM (48 h).  According to Figure 1, the level of 

CPD between soybean and roasted soybean was different 

due to the heating process obtained by roasted soybean.  

The heating process in roasted soybeans causes low 

protein degradation (Petit et al. 2002).  Heating treatment 

of feed reduced RDP by decreasing the soluble fraction 

(a) and the potential degradation (a+b) (Rosmalia et al. 

2024).  The low CPD in CGM and corn was due to CGM 

and corn coming from maize protected by a complex 

endosperm texture, starch structure, and starch granule 

shape associated with protein and fat, inhibiting rumen 

microbes from accessing and degrading the protein 

(Rastgoo et al. 2020).  The characteristics of high-starch 

feed that interact with protein or fat take longer to be 

degraded (Menezes et al. 2019). 

In the forage group, alfalfa, indigofera, agati, and 

moringa had reached 50% of CPD at 3 h incubation.  

Meanwhile, gliricidia and bauhinia got more than 50% 

of CPD at 9 h, piper at 12 h; jack leaves at 15 h, then 

narra and Leucaena at 48 h.  In contrast, acacia and 

albizia have not reached 50% degradation after 72 h 

incubation.  Protein degradation of forage protein 

depends on the part of the plant, fertilization rates, 

maturities, and antinutrients, which have different 

characteristics among forages (Elizalde et al. 1999). 

Acacia and albizia contained high tannin compared to 

agati and gliricidia (Alam et al. 2007; Yusiati et al. 2018). 

Kinetic of protein degradation on tropical dairy 

feedstuff 

The kinetic degradation of protein in tropical dairy 

feedstuff is presented in Table 2.  The values of a, b, and 

PD were significantly different among types of feed 

(p<0.05), while the coefficient c was not significant 

(p>0.05).  The average soluble fraction (a) on A1 

(32.06%) and A2 (30.96%) was higher than A3 (16.24%) 

and A4 (12.40%).  In the A1 group,  cassava was the 

highest value, followed by cassava waste, pollard, corn, 

wheat, and rice bran.  The high soluble fraction of 

cassava is due to high nonstructural carbohydrate 

concentration (Daza et al., 2019).  The most significant 

value in the A2 group was tempe waste compared to tofu 

waste and palm kernel meal.  The high percentage of total 

carbohydrates in tempe waste can affect soluble 

fractions.  Lee et al. (2017) revealed that the soluble 

fraction positively correlates with carbohydrates, 

especially non-fiber carbohydrate (NFC) content.  The 

highest and lowest values in the A3 group were agati and 

acacia, respectively.  The low value can be caused by the 

inability of rumen microbes and their enzymes to 

degrade the substrate at a certain level.  The presence of 

associated nutrients (cross-linking bonds) that are 

difficult to degrade is also a limiting factor (Dijkstra et 

al. 2005).  In the A4 group, CGF had the highest value, 

while soybean meal and roasted soybean had a lower 

value than other A4 feedstuff.  The negative value in 

soybean meal and roasted soybean can be related to the 

loss of finer particles from the bags in this treatment 

instead of a higher solubility (Belachew et al. 2013). 

The value of b was highest in A4 (90.03%) 

compared to A2 65.00%, A1 55.64%, and A3 59.10%; 

this is in line with Moyo and Nsahlai (2021) that the b 

value was higher for concentrate feed compared to 

roughages.  Wheat and corn had a high b value, followed 

by pollard, rice bran, cassava waste, and cassava.  Tofu 

waste had the highest b value compared with palm kernel 

meal and tempe waste.  In the forage group, the b value 

was highest for piper, followed by moringa, jack leaves, 

indigofera, gliricidia, agati, leucaena, bauhinia, alfalfa, 

narra, tamarind, acacia, calliandra, and albizia.  In the A4 

group, soybean meal, roasted soybean, and soybean had 

a high b value.  In contrast, DDGS, CGM, and CGF had 

the same level of b coefficient ranging from 35%─60%.  

The b values of soybean meal and roasted soybean were 

overestimated by more than 100%.  Referring to Figure 

1, this might be due to the low and slow degradation rate 
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Figure 1.  Ruminal crude protein degradation (CPD) of tropical feedstuff in the rumen 

at the beginning of incubation for up to 15 hours of 

incubation time.  After 24 hours of incubation, more than 

70%─80% of the protein had been degraded in the 

rumen. 

The PD value describes potential degradation.  

Imported protein sources had the highest PD value, 

followed by local protein, energy, and forage protein 

sources.  Corn, wheat, and cassava had a higher potential 

degradation, followed by pollard, cassava waste, and rice 

bran.  There is no difference in PD values among 

feedstuff in A4 (P>0.05).  The potential degradation for 

tofu waste was highest compared to other A4 feeds.  

Piper, moringa, and agati had a high PD value, while 

albizia had the lowest.  

The rate of degradation (c value) was not 

significantly different among types of feed, including the 

feedstuff in the group (P>0.05).  The c value ranged from 

0.04─0.63 h-1.  However, corn's degradation rate tends to 

be low compared to other A1 feedstuff.  According to 

Herrera-Saldana et al. (1990), corn contains high starch 

and has a low rate of starch degradation.  Table 2 shows 

that the c value decreased for soybeans heated by 

roasting.  The heating process is one way to protect feed 

protein from rumen degradation (Micek et al. 2020).  

Petit et al. (2002) reported that the rate of protein 

degradation decreased, and the concentration of RUP 

increased with heating temperature due to the Maillard 

reaction. 

Estimation of rumen degradable protein and rumen 

undegradable protein 

Table 3 shows the estimation of RDP and RUP on 

tropical dairy feedstuff, including concentrate and forage 

protein.  The data indicate that RDP and RUP values 

differed for all types of feed (P<0.05).  A1 had the 

highest RDP value, followed by A2, A4, and A3.  In 

contrast, A3 had the highest RUP values in comparison 

to other types.  Almost 70% of the protein of A1 had 

degraded in the rumen used to serve the energy and the 

carbon skeleton for microbial protein synthesis (Rastgoo 

et al. 2020).  Cassava had the highest RDP value 

compared to other A1 feedstuff.  The high RDP is related 

to the degradability of dry matter in feedstuff.  Wanapat 

and Kang (2015) reported that dry matter degradability 

for cassava, cassava waste, rice bran, and corn were 

92.5%, 63.6%, 63.0%, and 59.3%, respectively.  A1 

feeds contain carbohydrates, including sugar, starch, 

fructan, and pectin (Villalba et al., 2021).  It was reported 

that cassava had a high pectin substance 
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Table 2.  Kinetic degradation of protein 

Group Feedstuff 
 Coefficient of kinetic parameters1 

a (%) b (%) PD (%) c (h-1) 

A1 

Corn 24.59bc 75.94a 100.54a 0.04 

Rice bran 13.84c 52.74bc 66.58c 0.63 

Cassava 78.83a 16.29d 95.12a 0.40 

Cassava waste 31.40b 42.54c 73.95c 0.11 

Wheat 17.96bc 79.89a 97.85a 0.16 

Pollard 25.42bc 59.86b 85.29b 0.84 

Average±SD 32.06±24.15a 55.64±23.37b 87.70±13.38ab 0.39±0.36 

A2 

Palm kernel meal 26.00b 60.44b 86.44b 0.06 

Tofu waste 27.53b 79.69a 107.22a 0.04 

Tempe waste 39.36a 54.87b 94.23ab 0.04 

Average±SD 30.96±6.66a 65.00±11.79ab 95.96±9.72ab 0.05±0.02 

A3 

Acacia 6.25e 30.88f 37.13gh 0.29 

Alfalfa 17.23bcd 50.37e 67.60d 0.12 

Narra 15.75bcd 43.94e 59.68ef 0.06 

Gliricidia 22.26ab 54.37cde 76.63bc 0.11 

Indigofera 21.04bc 61.99bcd 83.03ab 0.13 

Calliandra 15.37bcd 27.91f 43.28g 0.05 

Bauhinia 14.26bcde 50.99de 65.25de 0.11 

Leucaena 17.15bcd 51.27de 68.42d 0.07 

Albizia 12.44cde 22.22f 34.65h 0.39 

Tamarind 21.95ab 32.94f 54.89f 0.10 

Agati 29.69a 55.00cde 84.69a 0.12 

Piper 9.18de 79.90a 89.09a 0.06 

Moringa 20.60bc 66.24b 86.84a 0.16 

Jack leaves 12.21cde 63.51bc 75.72c 0.05 

Average±SD 16.24±9.91b 59.10±24.64b 75.35±27.60b 0.28±0.97 

A4 

Soybean 18.78b 86.01bc 104.80 0.07 

Roasted soybean -5.52d 143.81ab 138.30 0.04 

Soybean meal -6.57d 157.61a 151.05 0.03 

DDGS 16.62b 60.51c 77.13 0.10 

CGM 5.81c 56.94c 62.75 0.05 

CGF 45.30a 35.28c 80.58 0.15 

Average±SD 12.40±18.82b 90.03±50.53a 102.43±38.44a 0.07±0.05 
1Means in the same row with different superscripts differ significantly (P<0.05).  a= soluble fraction, b= insoluble but potentially degradable 

fraction, PD= potential degradation, c= degradation rate constant of the b fraction, A1= local low fiber low protein sources, A2= local low fiber 
high protein sources, A3= local high fiber sources, A4= imported low fiber high protein sources. 
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Table 3.  Estimation of RDP and RUP on tropical dairy feedstuff 

Group Feedstuff CP (%DM) RDP (%CP) RUP (%CP) 

A1 

Corn 7.88 55.00c 45.00a 

Rice bran 6.91 61.42c 38.58a 

Cassava 5.18 92.61a 7.39c 

Cassava waste 3.72 59.19c 40.81a 

Wheat 12.78 76.33b 23.67b 

Pollard 16.10 80.77b 19.23b 

Average±SD 8.76±4.74 71.95±14.32a 28.05±14.32b 

A2 

Palm kernel meal 15.87 57.04b 42.96a 

Tofu waste 18.80 59.19ab 40.81ab 

Tempe waste 12.65 62.08a 37.92b 

Average±SD 15.77±3.08 59.43±3.05ab 40.57±3.05ab 

A3 

Acacia 16.63 10.46g 89.54a 

Alfalfa 14.47 69.79a 30.21g 

Narra 21.63 47.49d 52.51d 

Gliricidia 25.18 64.08ab 35.92fg 

Indigofera 26.18 73.88a 26.12g 

Calliandra 21.39 26.79ef 73.21bc 

Bauhinia 21.71 58.89bc 41.11ef 

Leucaena 22.68 46.15d 53.85d 

Albizia 17.56 19.38fg 80.62ab 

Tamarind 11.60 28.90e 71.10c 

Agati 19.69 72.64a 27.36g 

Piper 21.69 52.59cd 47.41de 

Moringa 20.59 72.41a 27.59g 

Jack leaves 15.53 46.45d 53.55d 

Average±SD 19.75±4.12 49.28±21.07b 50.72±21.07a 

A4 

Soybean 34.78 65.31ab 34.69cd 

Roasted soybean 38.92 42.92cd 57.08ab 

Soybean meal 49.30 50.72bc 49.28bc 

DDGS 29.81 54.27bc 45.73bc 

CGM 58.63 31.95d 68.05a 

CGF 18.37 69.85a 30.15d 

Average±SD 38.30±14.26 52.50±15.08b 47.50±15.08a 

CP= crude protein, RDP= rumen degradable protein, RUP= rumen undegradable protein, A1= local low fiber low protein sources, A2= local low 

fiber high protein sources, A3= local high fiber sources, A4= imported low fiber high protein sources 
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Figure 2.  Tropical dairy feedstuff groups based on CP and RDP content 

(Staack et al. 2019), and corn was rich in starch, 

approximately 70% (Hall et al. 2010).  Zhao et al. (2015) 

revealed that the degradation rate for feedstuffs rich in 

pectin was higher than for feedstuffs rich in starch.  This 

is in line with this study's finding that the RDP value of 

cassava was higher than corn. 

Indigofera, agati, moringa, alfalfa, and gliricidia had 

high RDP values, followed by bauhinia, piper, narra, jack 

leaves, leucaena, tamarind, calliandra, albizia, and 

acacia.  Putri et al. (2019) also showed that the RDP 

value of indigofera (74.72%) was high compared to 

gliricidia and leucaena.  It indicates that indigofera can 

be a forage protein source with a high RDP content.  The 

RDP value of alfalfa in this study (69.79%) was lower 

than that reported by Elizalde et al. (1999), ranging from 

72.9%─81.1% at different stages of maturity (mid-

vegetative, early bud, early flowering, and late 

flowering).  The high RUP of acacia was due to its high 

fiber content.  Abdulrazak et al. (2000) reported that 

acacia had a high proportion of ADF fraction, which 

means high cellulose and lignin content.  Also, the CP is 

negatively correlated with ADF and the polyphenolic 

compound. 

For A4, CGF had the highest RDP value compared 

to other imported feedstuff.  Maskaľová et al. (2014) 

reported that the RDP content of soybean meal, CGM, 

and CGF were 71.0%, 20.3%, and 74.8%, respectively.  

The data shows that the roasted soybean’s RUP value 

was higher than the soybean’s due to the heating process.  

A previous study revealed that soybeans under heat 

treatment had a higher RUP value than unheated 

soybeans (Petit et al. 2002).  Tempe waste had the highest 

RDP value in A2, while palm kernel meal had the lowest.  

The low RDP value of palm kernel meal is due to its high 

crude fiber content (Abdeltawab and Khattab 2018).  

Crude fiber is negatively correlated to the RDP value of 

feed (Rosmalia et al. 2021). 

The quality of feed protein sources is distinguished 

by their CP content and a balanced RDP and RUP.  Feed 

protein sources contained a minimum protein of 

18%─20%, and the minimum RDP and RUP contents 

were 60% and 40% (NRC 2001).  Based on CP and RDP 

content, tropical dairy feedstuff can be divided into 4 

groups, which are shown in Figure 2.  The four groups 

are LPLR (low CP and low RDP), HCLR (high CP and 

low RDP), LCHR (low CP and high RDP), and HCHR 

(high CP and high RDP).  For concentrate feed, the 

LCPLR group is corn, cassava waste, and palm kernel 

meal; LCHR includes cassava, rice bran, wheat, pollard, 

and tempe waste; HCLR is a soybean meal, roasted 

soybean, DDGS, CGM, and tofu waste; HCHR is 

soybean and CGF. For forage feed, LCLR includes 

acacia, albizia, tamarind, and jack leaves; LCHR is 

alfalfa; HCLR is narra, calliandra, bauhinia, leucaena, 

and piper; HCPHR includes gliricidia, indigofera, 

moringa, and agati. Some factors that influence RDP 

level are the types of protein, the proportion of NPN, the 

physical and chemical properties of the protein, the 

presence of disulfide bonds and cross-linking, 

antinutrients, retention time, rumen pH, and proteolytic 

microbial activity (Bach et al. 2005; Broderick et al. 

1991; Doiron et al. 2009). 

CONCLUSION 

The degradability and the RDP and RUP content of 

tropical dairy feedstuff vary and differ among types of 

feed.  Most energy feed sources are highly degraded, so 

LCHR 

LCLR HCLR 

HCHR 
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they should be combined with high RDP from the protein 

feed sources.  Forage protein could be added to dairy 

ration as a source of RUP.  Furthermore, this information 

can be used in dairy formulation by considering the 

protein degradation of feedstuff. 
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