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Abstract  

The nutrients content of sweet orange waste are high but it never fully utilized, especially in animal 
feed industries in Indonesia. Besides, the sweet orange waste also contains high active components 
such as antimicrobial, antibacterial, antifungal, antioxidant, etc. Meanwhile there is a part of sheep 
rumen that has a strategic function in transforming raw fiber into various fermentations which are 
conducted by rumen microbes. The active components in sweet orange waste are predicted to affect 
digestive process in rumen.This research was aimed to obtain information about digestibility of dry 
matter, VFA and NH3 in sheep ration with sweet orange waste addition. The research was conducted 
using a completely randomized design with 4 treatments SOW level in the ration , i.e. 0, 6, 9, 12 % and 
5 replicates, so there are 20 units of study. The variables measured were dry matter digestibility, 
production of Volatile fatty acids (VFA) and NH3. The result showed that the provision of SOW above 
6% resulted declining trends of dry matter digestibility values, VFA production and NH3 production, 
but the four treatments (0, 6, 9, 12% SOW) were not significantly different statistically. In conclusion, 
provision of sweet orange waste in the ration up until 12% gives same effect on the value of dry matter 
digestibility, VFA and NH3 production. 
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INTRODUCTION1 

Indonesia is one of the highest orange 
production country with the largest 
production of sweet orange (citrus sinensis) 
is 1.611.784 tons [3]. The waste comes from 
sweet orange industry still  not optimally 
utilized in spite of the sweet orange waste 
(SOW) nutrient content which is considered 
high enough to be used. The problem is there 
is not a stable availability of SOW. There 
should be a compromise with factories that 
used sweet orange as raw material of its 
product such as orange drinks factories. 

SOW contains 6.5% of crude protein, 
12.8% of crude fiber and 59.7% of NNFE 
[15]. It also has some active components with 
several function such as antimicrobial, anti-
inflammatory and antioxidant. Beside of that, 
there are also tannins, saponins and pectins 
[14]. 
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The active component can reduce 
cholesterol and fat on blood of animal 
experiments as well as humans according to 
many academic publish.  SOW has potential 
to be used as ration in order to reduce fat and 
cholesterol level on lamb [1], but the active 
components such as antimicrobial must be 
examined further first. That is because sheep 
is one of ruminantia that utilize crude fiber 
into main energy source with a help of 
rumen’s microbe such as bacteria, protozoa, 
and fungi that can extract cellulolytic enzyme 
[2.4].  
 
MATERIAL AND METHOD  

This research was done experimentally in 
Animal Husbandry Faculty of Padjadjaran 
University. Completely randomize design was 
used with 4 treatments of SOW provision in 
ration (non SOW, 6%, 9%, and 12%) which 
repeated 5 times. This research used batch 
culture in vitro technique according to [22]. 
Rumen’s fluid obtained from slaughtering 
house in Tanjungsari, Sumedang. The ration 
consists of 40% concentrate in which the 



University of Agricultural Sciences and Veterinary Medicine Iasi  
 

 
- 82 - 

Article licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 

ingredients can be seen at Table 1 and 60% 
forage. The used forage was a mixture 
between Brachiaria brizantha grass lawn and 
Pennisetum purpureum. 

The measured variables were: 
1. Total VFA concentration (mM) that was 
measured by using steam distillation technique 
(General Laboratory Procedures, 1966). 

2. NH3 concentration (mM) that was 
measured by using Conway micro-diffusion 
method (General Laboratory Procedures, 
1966). 

3. Dry matter digestibility coefficient that 
was measured by using Tilley and Terry 
method (1963). 

 
Table 1 Concentrate's Ingredients 
 

Concentrate’s 
Ingredients 

Treatment 
A 

(Non SOW) 

Treatment 
B  

(6% SOW) 

Treatment 
C 

(9% SOW) 

Treatment 
D 

(12%SOW 
Dry Matter 81.88 84.29 84.32 84.32 

Ash 8.80 9.47 9.64 9.81 

Crude Protein 12.45 12.33 12.23 12.12 

Crude Fiber 16.15 16.09 16.07 16.04 

Crude Lipid 5.51 5.38 5.31 5.24 

NNFE 42.10 44.53 44.76 44.99 

TDN 68.11 70.10 70.08 70.04 

 
RESULTS AND DISCUSSIONS  
Total Volatile Fatty Acid (VFA) 
Concentration 

About 75% carbohydrate of ruminantia’s 
ration was forage in form of crude fiber and 
about 60 until 75% of it will be digested in 
fermentation digestion in rumen. 
Fermentation of carbohydrate will produce 
Volatile Fatty Acid that will be used as main 

energy source for the animal. The value of 
VFA, whether high or low, will be 
determined by ratio between concentrate and 
forage. In this research, the ration and the 
forage were relatively the same, the only 
different things were the concentration of 
active components especially the one that 
derived from SOW. 

 
Table 2 Total VFA Production, NH3 and Dry Matter Digestibility in SOW Provision on Ration 

 

Variables 
Treatment  

A 
Treatment 

 B 
Treatment  

C 
Treatment  

D 
(Non SOW) (6 % SOW) (9% SOW) (12% SOW) 

Total VFA (mM/L) 162.13 191.23 141.9 103.07 

NH3 (mM/L) 3.7 3.26 3.41 3.42 

Dry matter 
digestibility (%) 53.77 59.96 47.76 43.44 

pH 8.67 8.58 8.59 8.73 

 
As can be seen from Table 2, the highest 

VFA production was resulted by treatment B 
(6% SOW) meanwhile the lowest was resulted 
by treatment D (12% SOW). Descriptively, 
the treatment B (6% SOW) showed the highest 

VFA increase i.e. 17.95% compared to 
treatment A (Non SOW).  

On the other hand, treatment C (9% SOW) 
and treatment D (12% SOW) showed 
decreases in VFA production i.e. 12.48% 
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(treatment C) and 36.43 (treatment D) 
compared to treatment A (0% SOW). Statistic 
calculation showed that the treatments were 
not significantly different, so that the in vitro 
observation of VFA production was not 
affected by SOW provision. 

Fermentation process of crude fiber on 
rumen that was resulted by microbe’s activity 
[23] would be used as indicator of 
carbohydrate fermentation on rumen. Total 
VFA productions from all treatments were 
about 103.07 – 191.25 mM/L. That was still 
in the optimum standard of microbe’s growth 
i.e. 80-160 mM.L, [20]. Treatment with non 
SOW provision showed high VFA 
production as well as the treatments with 
SOW provision. The value of VFA 
production in treatment B (6% SOW) was 
assumed a result of active components 
contribution such as pectin. 

Pectin is a polysaccharide compound that 
has a high molecular weight consist of 
polymer from D-galacturonat combines with 
α-1,4 linkages such as galacturonic acid, 
arabinans, galactans and arabinogalactan so 
that the bond in pectin can easily hydrolyze 
compare to cellulose or hemiceluloses, [6]. It 

is a polysaccharide that build one third of 
cell’s wall of plant which is consist of 60% 
water and 40% polymer. It is located in the 
centre of lamella on cell’s wall and 
functioned as adhesive for cells[11] It can be 
quickly hydrolyzed into glucoronat acid and 
glucose which are ready to be fermented, [6]. 

Therefore, the availability of 
carbohydrate especially the one that can be 
easily hydrolyzed was likely to be the reason 
of high VFA production. Ration with SOW 
provision contained relatively high pectin i.e. 
14.62%[14], 20-35% [11]. This condition 
was suspected to happen because the SOW 
provision in ration would contribute to 
provide energy for rumen’s microbes.  

High production of VFA (in vitro) was 
suspected because there was not any VFA 
absorption by the rumen’s wall so that the 
VFA only used for living by microbes [19].In 
vitro observation is a closed system that has 
only one intake and there isn’t absorption or 
excretion of metabolism residue. It is 
different from in vivo observation that is an 
open system so there are nutrient and oxygen 
intake everytime and also nutrient and 
metabolism residue absportion [21]. 
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Figure 1 Total VFA Production, NH3 Production, Dry Matter Digestibility and pH 
 in SOW Provision on Ration (in vitro) 

 
There is a decreasing trend on VFA 

production as showed in Figure 1. This trend 
was suspected to happen because of 
hygroscopic nature of pectin [7]. It caused 
pectin breaker enzyme to convert pectin into 

pectin acid that would form gel with calcium 
ion [6] This condition would disrupt the 
activity of rumen’s microbes. 

The presence of tannin in SOW did not 
negatively affect the VFA production. This 
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happened because SOW had structural 
carbohydrate that would be restrained from 
hydrolyzing by tannin.  

The same happened to saponin and 
flavonid even after the 12% SOW provision. 
They did not show negative effect on VFA 
production. Saponin is a detergent that has a 
role to increase permeability of membrane 
even make pores on it [8]. But in this 
research, concentration of saponin (20%) was 
still below the maximum allowable limit for 
animal[24]. Meanwhile, flavonoid functions 
as antioxidant that will work by donating its 
hydrogen atom [17]. It also functions as 
antibacterial that can form complex 
components on extracellular protein that 
potentially will disrupt integrity of cell’s 
membrane of the bacteria [13]. Essential oil 
of SOW has a sweet smell and tart taste [10]. 
It can restrain spore production and colony of 
fungi (Aspergilus sp) growth because it 
contains α-citral (geraniol) and β-citral 
(neral) [5].  

 
Ammonia (NH3) Production  

Ammonia is main source of nitrogen and 
very important in synthesis process of 
microbes protein in rumen. Therefore, 
concentration of ammonia in rumen is a very 
important variable to control because it 
related to growth of rumen’s microbe, [2]. 
Ammonia can be derived by hydrolysis 
process of protein to oligoprotein and amino 
acid by rumen’s microbe enzyme. Then it 
will go through deamination process to 
obtain keto acid, VFA and NH3[16].As 
showed on Figure 1, it showed that the 
lowest average of NH3 production was 
treatment C (9% SOW) with 3.41 mM/L 
meanwhile the highest was treatment A (Non 
SOW) with 3.70 mM/L. The standard of NH3 
production for rumen’s microbes growth 
were in a range of 3.57 – 7.14 mM/L, [20] or 
6 – 21 mM/L [12The experiment showed that 
all of treatments were below the optimum 
standard (3.41 – 3.70 mM/L).Descriptively, 
NH3 production showed a decrease trend 
along with the increase of SOW provision on 
ration. Treatment A (Non SOW) showed 
higher NH3 production compared to others 
treatments. 

Statistic analysis showed that NH3 
production from all treatments was not 
significantly different (P>0.05). This meant 
that NH3 production did not affected by SOW 
concentration on ration. Average of NH3 
production from all treatments was in a 
narrow range. The time of NH3 measurement 
was suspected to be done simultaneously 
with incorporation process of ammonia to 
microbe body for body protein synthesis so 
that the concentration of NH3 on rumen 
became low [12]. This condition was 
supported by presence of VFA as main 
energy source in relatively high amount 
(103.07 – 191.25 mM/L). Incorporation of 
NH3 to body would require energies that 
derived from VFA. Microbe’s protein 
synthesis would become constant after 3 
hours so that NH3 absorption would decrease 
and tended to accumulate, [12]. Another 
cause of the narrow range was suspected to 
be presence of tannin with concentration 
below 2-3%. It would positively contribute to 
protect protein of ration from any protein’s 
degradation activity by the rumen’s 
microbes[17]. Therefore the NH3 production 
was relatively low but it was still able to 
fulfill microbe’s protein synthesis 
requirement.  

 
Dry Matter Digestibility 

Digestibility is used to measure physical 
and chemical change of the ration  on 
digestive tract. The change includes materials 
change into smaller particles or materials 
change from complex compound into simpler 
one. On ruminantia, ration will go through 
the fermentative change until the chemical 
properties of it become another compound 
with different chemical properties   

Provision of SOW on the ration 
descriptively showed that the highest 
digestibility was treatment B (6% SOW) with 
59.96% meanwhile the lowest was treatment 
D (12% SOW) with 43.44%. Six percent of 
SOW provision could increase dry matter 
digestibility value as much as 11.5% 
compared to the treatment A (Non SOW). 
Provision above 6% level i.e. 9% and 12% 
tended to decrease dry matter digestibility 
value as much as 11.2% and 19.2% 
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respectively compared to the treatment A 
(Non SOW). 

Statistic analysis showed that SOW 
provision on ration was not significantly 
different (P>0.05). This meant that SOW 
provision did not affect dry matter 
digestibility. Digestibility could be used to 
determine nutrient contained by the ration 
that could be used potentially for livestock 
production [9]( Therefore dry matter 
digestibility of every treatment has the same 
potential with treatment A (Non SOW). 

Digestibility above 50% shows a good 
dry matter quality of the ration, meanwhile 
digestibility below 50% shows a low 
digestibility level. SOW provision above 6% 
descriptively showed a decreasing trend in 
digestibility. Tannin was suspected to be the 
cause of this because it could react with 
protein on digestive tract. Besides, tannin that 
derived from plant caused unpalatable 
sensation by precipitating salivary protein. It 
also would reduce permeability of intestine 
wall when it reacted with cells outside the 
intestine wall so that this condition would 
reduce nutrients that were passing through 
intestine wall [6]. Tannin could also form a 
bond with protein; this would result to 
blockage of digestive enzyme. The bond 
between tannin and protein would protect 
protein from degradation of rumen’s 
microbes but it would also be difficult to 
digest [6].  

Tannin concentration on every treatment 
was below of 2-3%. It would give positive 
effect for protein on rumen so that protein 
would protected from degradation by rumen 
microbes. However, the longer incubation 
time the more it would cause decrease to 
VFA production. It eventually would also 
decrease availability of energy for rumen’s 
microbes.  

On post rumen process, complex bond 
between tannin and protein would detach on 
low pH environtment in abomasum pH but 
tannin would coat instestinal’s cell surface 
that would potentially decrease nutrient 
absorption [6,24]. This condition would 
result a low digestibility level of nutrient or 
dry matter eventhough the decrase were not 
significant compared to non SOW treatment. 
 

CONCLUSIONS 
Sweet orange waste (SOW) provision 

until 12% on sheep’s ration (in vitro) 
physiologically gives no negative effect on 
VFA production, NH3 production or dry 
matter digestibility. Meanwhile, it suggested 
that 6% SOW provision result suitable VFA 
production, NH3 production and dry matter 
digestibility for rumen’s microbes needs. 
This will eventually result positive effects on 
livestock production. 
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