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Abbreviations: TDN, tons of total digestible nutrients; AIBP, 
agro industrial by products; ADF, acid detergent fiber; NDF, neutral 
detergent fiber

Introduction
About 13.0million tons of total digestible nutrients (TDN) 

are required per year in Egypt; only 9.6 million tons are annually 
produced providing 75% of the livestock energy requirements.1 
Shortage in animal feeds has been found to have a negative impact 
on the development of animal production in Egypt. Nontraditional 
feed resources such as crop residues and agro-industrial by-products 
must searched in order to decrease the relay on traditional resources 
to fill the gap and to decrease feeding costs.2 The relatively high prices 
of concentrates and its ingredients in Egypt are the major problem 
in animal production. At the same time, increase wastes products 
from feed industry at wastes in human, such as citrus pulp, pea pods 
and tomato pulp, potato wastes obtained from many company feed 
industry such as, Kaha, Montana and many company in 10th Ramadan, 
El-Sadat and 6th October Cities.3

The annually local production of these products estimated to be 
4.0million tons containing 1.9million tons wastes containing 747 
megatons and 88 megatons of TDN and CP, respectively.4 This 
amount and others of the agro-industrial by products could participate 

in covering the nutritional gab found in animal feeds and avoiding the 
competition between human and animal in edible grains consumption. 
Citrus (Citrus spp) is one of the most important fruits crop worldwide. 
In 2010, oranges accounted for 61% of the world citrus production 
(82million Ton). About 30% of the production of citrus fruits (and 
40% of orange production) is processed, principally to make juice, 
and results large quantities of by-products.5 A brief description of the 
potential use of citrus industrial by product in livestock feeding is 
discussed in this review. In addition, the outline on citrus by-products 
in ruminant feeding are reviewed in this paper. This review evaluates 
citrus by-products wastes in regard to their nutrient composition, 
nutrient digestion and ruminal fermentation and their impact on 
animal performance. 

Using citrus by-products in farm animals feeding

Importance of citrus by-products in ruminants feeding: His 
utilization of agro-industrial by-products may be economically 
worthwhile, since conventional feedstuffs are often expensive. 
Ruminant feeding systems based on locally available by-product 
feedstuffs (BPF) are often a practical alternative because the rumen 
microbial ecosystem can utilize BPF which often contain high levels 
of structural fiber to meet their nutrient requirements for maintenance, 
growth, reproduction and production.6 Citrus by-products are 
utilized as a low cost nutritional supplement to the diets of cattle 
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Abstract

Conventional feedstuffs are often expensive and therefore the utilization of agro-
industrial by-products as feedstuffs may be economically worthwhile. Ruminant 
feeding systems based on locally available by-product feedstuffs (BPF) are often a 
practical alternative because the rumen microbial ecosystem can utilize BPF which 
often contain high levels of structural fiber to meet their nutrient requirements for 
maintenance, growth, reproduction and production. Citrus by-product includes 
numerous BPF which varies according to the originating crop and method of production 
that is an important component of ruminant feeding systems in many areas of the 
world. Citrus pulp is the residues of citrus juice canning industry. Oranges, tangerines, 
lemons or grapefruits are used for this purpose but the common raw material for juice 
industry elsewhere in the world is orange fruit (Citrus sinensis). Citrus pulp is the 
solid residue that remains after fresh fruits are squeezed into juice. Citrus Pulp is the 
dried residue of peel, pulp and seeds of oranges, grapefruit and other citrus fruit. 

The nutritional value of citrus pulp is high owing to its high content of readily 
fermentable carbohydrates and contains a variety of energy substrates for ruminal 
microbes, including both soluble carbohydrates and a readily digestible neutral 
detergent fiber (NDF) fraction. Therefore, when citrus BPF substituted for starchy 
feeds, NDF and acid detergent fiber (ADF) digestibility coefficients are increased. 
Dried citrus pulp is also a valuable feed for beef and growing cattle and can partly 
replace energy sources safely included in rations at 20-30% of the DM possible to 
include up to 40% dried citrus pulp in the diets of fattening cattle without altering 
animal health. To increase the usefulness of citrus pulp it can be preserved by drying 
which can been used as the main energy source for beef cattle and heifers up to 45% 
has been used in calf rations but should not be used at high levels for milking cows as 
milk production tends to decrease. In addition, the liquid obtained from pressing citrus 
waste with 9 to 15percent soluble solids, of which 60 to 75percent are sugars can be 
concentrated to become citrus molasses.

Keywords: citrus by-product, feedstuffs, ruminants, growth, milk yield, body 
functions

Open Access Journal of Science

Review Article Open Access

https://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.15406/oajs.2017.01.00014&domain=pdf


Using of citrus by-products in farm animals feeding 59
Copyright:

©2017 Alnaimy et al.

Citation: Alnaimy A, Gad AE, Mustafa MM, et al. Using of citrus by-products in farm animals feeding. Open Access J Sci. 2017;1(3):58‒67. 
DOI: 10.15406/oajs.2017.01.00014

and have been suggested to inhibit the growth of both  Escherichia 
coli and Salmonella within mixed ruminal microorganism fluid media 
when supplemented with citrus by-products.7 Increased disposal costs 
in many parts of the world have increased interest in utilization of 
citrus BPF as alternative feeds for ruminants. The main citrus BPF 
fed to ruminants are fresh citrus pulp, citrus silage, dried citrus pulp, 

citrus meal and fines, citrus molasses, citrus peel liquor and citrus 
activated sludge. Other minor BPF from citrus include cull or excess 
fruit. Citrus BPF can be used as a high energy feed in ruminant rations 
to support growth and lactation with fewer negative effects on rumen 
fermentation than starch rich feeds8 (Figure 1). 

Figure 1 Schematic presentation of citrus by-product production Sinclair.43

Main constraints in using agro-industrial by products in animal 
feeding: Agro-industrial by products (AIBP) refers to the by-products 
derived in the industry due to processing of main products. By 
products are less fibrous, more concentrated, highly nutritious and 
less costly as compared to crop residues.9 Main constraints on use of 
some feed resources may account for the limited use of several AIBPs. 
The main constraints are listed below: 

i.	 Agro-industrial by products is often variable in composition.

ii.	 Short period of utilization i.e. seasonal availability and local 
production

iii.	 High moisture content. 

iv.	 High cost of handling and transportation from the production 
site to the farm. 

v.	 Farmers are not aware of the nutritive value of some feed 
sources.

vi.	 Competition with alternative users. 

vii.	 Presence of anti-nutritional factors. 

viii.	 Dehydration may cause loss of protein value. 

ix.	 Lipid rancidity of high fat products in olive cake. 

x.	 Mould growth (aflatoxins) may cause toxicity.

 Moreover, the difficulty of the use of these by-product as fresh 
material for extended periods and the lack of efficient ways for 
their integration in feeding calendars may account for their under 
utilization. 

Production of citrus by-products: Citrus pulp is the residues of citrus 
juice canning industry. Oranges, tangerines, lemons or grapefruits are 
used for this purpose. The common raw material for juice industry, 
particularly in countries not only around the Mediterranean basin but 
also elsewhere in the world is orange fruit (Citrus sinensis). Total 
world citrus production averaged 69.4million tons per year from 2000 
through 2003, inclusive. About 24% of world production of citrus is in 
the Mediterranean countries of Spain, Italy, Greece, Egypt, Turkey and 
Morocco with Brazil (24%) being major individual citrus producing 
countries.5 The genus Citrus includes several important fruits with 
the most important one worldwide basis being sweet orange (67.8% 
of world citrus production; 17.9% tangerine; 6.3% lemon; and 5.0% 
grapefruit).5 Citrus fruits are principally consumed by humans as fresh 
fruit or processed juice, either fresh chilled or concentrated. After 
juice is extracted from the fruit, there remains a residue comprised of 
peel, pulp, rag and seeds. These components either individually or in 
various combinations are the source materials from which citrus BPF 
are produced.

The main citrus BPF from citrus processing are fresh CP which 
is the whole residue after extraction of juice, representing between 
492 and 692g/kg of fresh citrus fruit with 600-650g DM/kg peel, 
300-350g/kg pulp and 0-100g/kg seeds and DCP which is formed by 
shedding, liming, pressing and drying the peel, pulp and seed residues 
to about 80 g/kg moisture and citrus meal and fines which is formed 
and separated during the drying process.10 Citrus pulp consisting 
of a mixture of peels, inside portions, seeds and culled fruit which 
represent approximately 50-65 % of the whole fruit weight depending 
on the variety of fruit, the processing methods and environmental 
factors.11 
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Dried citrus pulp: To increase the usefulness of citrus pulp it can 
be preserved by drying, but direct drying is difficult because of the 
slimy consistency of the waste. The hydrophilic nature of the pectin 
in the waste can be destroyed by adding lime and the machinery for 
drying is expensive and the process is economical only where large 
amounts of waste accumulate. The first step in the drying process is 
addition of 0.5% lime to the shredded skins to neutralize the free acids 
and to bind the fruit pectin.12 Dried citrus pulp that has been pressed 
before drying is somewhat lower in nitrogen-free extract. Only the 
contents of ash, fiber and water are consistent, while protein, fat and 
nitrogen-free extract vary according to season, the proportions of 
oranges and grapefruit used and also the quantity of seeds in the fruits 
(Table 1). Citrus pulp is the most versatile of the citrus feeds; it is 
palatable, rich in nutrients, easily mixed with other feed ingredients 
and exerts a mildly laxative effect. It can be stored for all-year 
feeding and deteriorates less in storage than many other feeds. DCP is 
slightly hygroscopic and should therefore be stored in as dry a place 
as possible. Dried CP has been used as the main energy source for 
beef cattle and heifers, and up to 45% has been used in calf rations. 
The pulp should not be used at high levels for milking cows as milk 
production tends to decrease. Digestibility trials with sheep show that 
its digestibility decreases when CP is included at levels in excess of 
30% of the ration13 (Figures 2-4). 

Figure 2 Citrus pulp wastes.

Figure 3 Citrus orange wastes.

Figure 4 Fresh Citrus Pulp Industry.

Table 1 Dried citrus pulp (DCP) composition.12

Dried citrus pulp Range Average

Protein % 5.0 – 9.3 6.16

Fat % 1.3 – 9.1 3.74

Crude Fiber % 6.4 –16.8 12.28

Ash % 3.1 – 8.4 4.68

Moisture % 3.5 – 13.7 8.58

Citrus molasses: The liquid obtained from pressing citrus waste 
with 9 to 15% soluble solids, of which 60 to 75 % are sugars can 
be concentrated to become citrus molasses. Without this further 
processing the liquor has a high biological oxygen demand and can 
create a waste problem if dumped into lakes or streams. It may indeed 
amount to more than half of the total weight of the waste. Citrus 
molasses is normally a thick viscous liquid which is dark brown to 
almost black in color and has a very bitter taste. This taste does not 
affect its usefulness in cattle feeding, however, and in fact it can be 
used in the same way as, sugarcane molasses. It may be mixed with 
pressed pulp prior to drying and thus the energy content is increased 
in the dried product without destroying the keeping quality of the pulp 
and when fed free choice to cattle up to 3 kg per day are consumed.14 

By-products from the citrus industry can make an important addition 
to the amount of locally produced feed for animals. In countries where 
the quantity of peel and rag from canning industries is large, drying is 
in most cases the preferred way of conservation because DCP is easy 
to handle, to transport and to mix into compound feeds. Close to 700 
000 tons of such DCP are produced yearly in the United States. The 
cost of drying can be estimated at about US$40 per ton of the dry meal 
(10% moisture) (Figures 5-8).15

Citrus pulp description: Citrus pulp is the solid residue that remains 
after fresh fruits are squeezed into juice. CP is the dried residue of peel, 
pulp and seeds of oranges, grapefruit and other citrus fruit. It amounts 
to 50-70% of the fresh weight of the original fruit and contains the 
peel (60-65%), internal tissues (30-35%) and seeds (0-10%).16 CP is 
usually made from oranges but may also contain by-products of other 
citrus fruits, notably grapefruits and lemons. Fresh citrus pulp has a 
natural acidity but it still is a perishable product due to its high content 
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of water and soluble sugars and may quickly sour, ferment and release 
sludge hazardous to the environment.16 Dried or pelleted CP is one 
of the most desirable energy feeds and can be considered in feeding 
programs as being; a dry carbohydrate concentrate with high TDN 
content averaging about 74%; a bulk energy feed with a high degree 
of water absorption and having above-average palatability for cattle. 
As a general rule, 40-45% of the ground snapped corn in a dairy ration 
can be replaced by DCP or pellets.12

Figure 5 Citrus orange as fruits wastes in the airport.

Figure 6 Pellets dried citrus molasses.

Figure 7 Belles dried citrus molasses in bags.

Figure 8 Machinery Dried Citrus Silage.

The use of CP for animal feeding was found to be an effective way 
to decrease waste output, and an exhaustive analysis should include 
an assessment of the environmental burdens associated to substitute 
feeds and of the associated costs of other methods of CP disposal. DCP 
is considered as an energy concentrate feed and a cereal substitute for 
ruminants. It has high fiber content (about 20% DM of NDF) and 
contains large amounts (10-40% DM) of highly DCP substances and 
water soluble sugars. It is also rich in calcium (1-2% DM) due to 
the lime added in the drying process, which may triple the original 
calcium content. Its CP content is low (about 5-10% DM) as are EE 
(about 2% DM) and P (about 0.1%% DM). Citrus pulp with citrus 
molasses added has higher sugar content and less fiber than citrus pulp 
without molasses. The high fiber content makes it essentially a feed 
for ruminants that can easily digest fiber (Figure 9) (Figure 10).12

Figure 9 Citrus-peel wastes.

Figure 10 Utilization of fruits wastes as livestock feed.
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Nutrient composition of citrus by-products: Most citrus BPF have 
been assigned a unique international feed number and the chemical 
composition of various citrus BPF from several sources is summarized 
in Tables 2-4. The composition of citrus fruit is affected by growing 
conditions, maturity, rootstock, variety and climate. The nutrient 
content of citrus by-products is also influenced by the source of the 
fruit and method of processing. The nutrient content of citrus BPF 
is influenced also by factors that include the source of the fruit and 
type of processing.17 The nutritional value of citrus pulp is high owing 
to its high content of readily fermentable carbohydrates. The protein 
content is modest, and of low digestibility and biological value18 
because citrus pulp has high moisture content (80%) and it is bulky 
and therefore, it is difficult to store or transport it. It is rich in readily 
fermentable substrates such as sugars, non-starch polysaccharides and 
organic acids but poor in nitrogen. These characteristics make CP a 
suitable by-product to ensile with high DM cereal-crop residues such 
as wheat straw.19 

Table 2 Average chemical composition of citrus pulp.20

Main analysis Units Min Max X± SD

DM % as fed 86.5 92.6 89.6±1

CP % DM 5.9 9.3 7.0±0.6

CF % DM 10.9 16.1 13.5±0.8

NDF % DM 16.3 23.7 21.1±1.6

ADF % DM 13.8 18.9 15.4±1.1

Lignin % DM 1 9 2.7±1.8

Ether Extract % DM 1.5 3.9 2.4±0.6

Ash % DM 5.5 8.6 6.9±0.5

Starch % DM 1.8 12.4 7.5±3.1

Total Sugars % DM 17.2 35.2 24.5±3.9

Gross Energy MJ/kg DM 17.1 18.2 17.3±0.3

Table 3 Minerals analysis of dried citrus pulp according to adas.21

Chemical 
composition

Feed name      

Citrus pulp CP dried CP silage Molasses

DM 18.3 90 20 65

TDN 82.5 77

CP 6.6 6.9 7.3 10.9

EE 3.3 3.8 10.4 3

CF 12.6 14

ADF 16 23 20 0

Ca 7.7 2.07 2.04 2

P 0.13 1.3 1.5 1.4

NE 7.91 7.36 8.03 7.36

Table 4 Analysis of dried cp, cp silage and molasses according to adas.21 

Minerals Units Min Max X± SD

Calcium g/kg DM 13 22.4 17.0±2.3

Phosphorus g/kg DM 0.7 1.5 1.0±0.2

Potassium g/kg DM 6.8 11.6 9.3±1.3

Sodium g/kg DM 0.3 4 1.2±1.3

Magnesium g/kg DM 1 2.1 1.3±0.4

Manganese mg/kg DM 5 14 8.0±3.0

Zinc mg/kg DM 6 57 14.0±14

Copper mg/kg DM 3 6 4.5±1.0

Iron mg/kg DM 46 144 80.0±32

Energy value and digestibility: Citrus pulp contains a variety 
of energy substrates for ruminal microbes, including both soluble 
carbohydrates and a readily digestible NDF fraction. CP has been 
previously used as a high energy feed in ration for supporting growth 
and lactation of cattle.22 A large number of the citrus by-products 
are suitable for inclusion in ruminant diets because of the ability of 
ruminants to ferment high fiber feeds in the rumen.11 CP can be used in 
animal feeding either fresh or after ensiled or dehydrated.23 Due to its 
relatively high digestibility of organic matter disappearance (OMD) 
in the 85-90% range and energy value (ME about 2900 kcal/kg DM, 
85-90% that of maize and comparable to barley ME), CP is used as 
a cereal substitute in concentrate diets.8 Unlike cereals, its energy is 
not based on starch but on soluble carbohydrates and digestible fiber. 
Citrus pectin are easily and extensively degraded, producing acetic 
acid, which is less likely than lactic acid to cause a pH drop and 
result in acidosis. Due to its high fiber content, the long rumination 
of CP produces large quantities of saliva that has a buffering effect 
on rumen pH. CP is therefore considered as a safer feed than cereals 
for animals fed high-concentrate, low-roughage diets in high yielding 
dairy cows.16 In rations containing low digestibility forages (hay or 
straw) or based on roughages such as maize silage or sorghum silage, 
CP seems to have a positive effect on fiber digestibility, perhaps due 
to a longer rumen retention time.12

Important consideration when using citrus by products in 
animal feeding: The digestibility of the protein of CP is low and 
variable (from 37% to 70%) and including large amounts of CP in 
diets containing protein-rich forages may cause a general decrease 
in protein digestibility. Its low soluble nitrogen content may result 
in a decrease in rumen ammonia. Supplementation with urea or 
ammonia can be a valuable strategy, as CP contains highly ferments 
carbohydrates that may promote a more efficient N utilization by 
rumen bacteria.24 However, true protein sources can be more efficient. 
Due to the low phosphorus content and to the Ca: P imbalance, 
phosphorus supplementation is an important consideration for 
balanced diets containing CP. As CP has a low content of vitamin A, 
green leafy roughage is an important ingredient in rations with high 
levels of CP.12

Nutrient digestibility of citrus by-products: When citrus BPF 
substituted for starchy feeds, DM and OM digestibility coefficients 
tend to remain unaffected, while CP digestibility decreases, and NDF 
and ADF digestibility coefficients increase.25 Citrus BPF improve 
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utilization of dietary fibrous fractions, possibly due to positive effects 
on rumen micro flora. Moreover, when straw is used as the basal feed 
for ruminants, the diet is improved by offering citrus BPF to correct 
nutrient deficiencies of the straw and to increase the digestion of its 
nutrients.26 Supplementation with increasing amounts of pelted CP 
tended to result in a linear increase in digestibility of total diet DM 
and OM and suggest that high levels of CP to beef cattle can lower 
forage intake, but increase total energy intake. High levels of CP 
supplementation could be beneficial in combination with forages high 
in rumen degradable protein (Table 5) (Table 6).26‒28

Table 5 Chemical composition of citrus pulp as fresh and dry forms.27

Chemical Citrus pulp in Citrus pulp in 

Composition (%) fresh form dry form

Dry matter 85.36 100

Crude protein 8.25 9.66

Crude fat 3.78 4.43

Crude fiber 10.82 12.68

Crude ash 3.17 3.71

NFE 59.34 69,32

TDN (cattle) 76.15 89.21

Table 6 Nutritive values analysis of dried citrus pulp in ruminants.21

Ruminant nutritive values Unit Min Max X

OM Digestibility % 83 91 88

Energy Digestibility % 79 89 83.9

DE MJ/ kg DM 13.7 15.9 14.5

ME MJ/ kg DM 11.4 13.2 12.1

Nitrogen Digestibility % 44 67.6 57.6

Effects of citrus by-products on growing ruminants: The effects 
of type of feedstuffs under both mild and hot periods of the year on 
crossbred calves were studied by Habeeb et al.3 The first group fed the 
concentrate feed mixture (Traditional ration) while the second group 
fed the waste products from food industries (untraditional ration). The 
mixture by-products from food industries consisted of 20% citrus 
pulp, 20% potato wastewater pea pods 30% and tomato pulp 30%. 
The chemical composition of the two types of feedstuffs is in Table 
7. The results indicated that there were insignificant differences in 
DBWG of crossing calves fed traditional or untraditional rations, 
while Untraditional ration decreased significantly activities of GPT 
and γGT enzymes and increased significantly globulin concentration. 
The authors concluded that the untraditional feeding was better than 
traditional ration, especially, during summer period and revealed 
that ration increase the appetite of calves as a result to their different 
contents and high level of water (Table 8).30

Table 7 Components and chemical composition of untraditional ration (wastes mixture) and traditional ration (concentrate feed mixture).3

Components of untraditional ration % In Ration
Components and chemical composition of the untraditional ration 

DM CP CF EE NFE ASH OM

Pea Pods 30 As 100% 20.6 23.5 4.1 45.5 6.3 93.7

As 30% 6.2 6.1 1.2 13.7 2.2 28.2

Tomato Pulp 30 As 100% 19.5 30.5 3.2 43.3 3.5 96.5

As 30% 5.9 9.2 1 13 1 29

Potato Wastewater 20 As 100% 8 4.6 9 76 2.4 97.6

As 20% 1.6 0.9 1.8 15.2 0.5 19.5

Citrus Pulp 20 As 100% 5.4 10.8 4.8 73.7 5.3 94.7

As 20% 1.1 2.2 1 14.7 1.1 18.9

Average of chemical composition as 100% DM 30 14.8 19.4 5 56.6 4.2 95.8

Chemical composition of the traditional ration - - - - - - -

Concentrate feed mixture 89.8 15.7 8.5 2.7 67.2 6 94

Table 8 Daily body weight gain (dbwg) of crossing calves as affected by 
feeding type.3

DBWG, g
Feeding type    

Traditional Untraditional Sig. (p≤)

1st month 648± 20 682±20 0.33

2nd month 762±30 704±30 0.42

3rd month 790±30 789±30 --

Average DBWG throughout the feeding trials were 841, 810 and 
741 g for the buffalo calves fed rations, in calves fed on CFM and hay, in 

calves fed citrus wastes and pea pods and hay and calves fed artichoke 
wastes and pea pods and hay, respectively.31 The DBWG improved 
with replacement of yellow corn by citrus by-product and improved 
feed efficiency and decreased daily feeding cost, consequently 
improved relative economical efficiency.32 Half substitution of corn 
grain by dried orange pulp concentrates fed to Friesian heifers, from 
6 to 18month, did not negatively affect body weight.25 No significant 
differences in gain for steers fed citrus pulp, corn feed meal and 
ground snapped corn when combined with adequate protein and other 
essential nutrients in a ration for young growing steers.33 

DCP is also a valuable feed for beef and growing cattle and can 
partly replace energy sources. It can be safely included in rations at 
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20-30% of the DM,16 but higher values are feasible. It was possible 
to include up to 40% DCP in the diets of fattening cattle without 
altering animal health. Up to 55% dried pulp in the diets of young 
bulls (replacing 86% of maize grain) did not affect live weight gain 
and carcass yields. On beef cattle fed low-quality stargrass, increasing 
amounts of DCP (up to 2.5kg / day /animal (as fed), 30% of the diet 
DM) led to lower forage intake but higher energy intake. CP at 30% 
appears to be advisable in rations for calves over two months old, but 
because of acceptability factors not for younger ones. A 45% inclusion 
rate in calf rations was also reported. 

Chen et al.29 evaluated Citrus condensed molasses soluble (CCMS) 
as an energy source for ruminants. In two feeding studies with steers, 
CCMS was added to the DCP and corn grain based diets in the first 
study at 0, 70, 140, and 210g/kg to replace corn or DCP and, in the 

second, at 0, 25, 50, and 100g/kg to replace sugarcane molasses. 
The BW gain, FCR and carcass characteristics did not differ among 
treatments. In another study with lambs, CCMS was added to the diets 
at 0, 100 and 200g/kg DM to replace corn grain or SBM, and BW gain 
was lower for the high CCMS diet, but DM intake was similar among 
treatments. Overall, results suggest that substitution of corn and wheat 
grains with citrus BPF results in equal growth of ruminants. Effects 
of orange pulp silage on growth and carcass characteristics of lambs 
were reported by Scerra et al.31 To limit ensiling losses due to the high 
moisture content of the citrus pulp, it was ensiled with chopped wheat 
straw in a ratio 80:20 DM. Twenty lambs received one of two diets, 
a diet of oat hay plus concentrate and a diet of citrus pulp silage plus 
concentrate. The authors concluded that use of citrus pulp silage was 
economically advantageous to produce lambs with acceptable carcass 
and meat quality characteristics (Table 9). 

Table 9 Effect of dried citrus pulp on feed intake and growth and carcass performance of fattening cattle.28

Feed stuffs Citrus Level DBWG (G/D) FC Carcass Yield

Barley- DCP concentrate (g/kg) , Male calves
820-0 1090 6.3 57.9

200-600 1070 6.5 56.5

DCP concentrate (g/kg) Male lambs

0 259 3.6 55.8

150 272 3.5 53.3

300 256 3.6 54.7

450 127 5.5 53.9

DCP concentrate (g/kg) Female lambs

0 188 4.5 56.5

150 199 4.3 56.7

300 171 4.9 54.3

450 143 5.7 56.6

Corn-DCP Total mixed ration (TMR) (g/kg), Steers
710-0 1170 7.81 58.1

355-400 1060 7.83 57.5

Corn-DCP TMR (g/kg), Steers
710-0 1020 10.5 -

355-400 1060 7.83 57.5

Citrus condensed molasses soluble (CCMS) TMR (g/kg DM), Steers

0 1180 7.4 61.6

31.5 1080 8.7 60.7

63 1030 8.7 60.1

94.5 1110 8.6 61.2

Dried orange pulp (DOP) concentrate (g/kg), Bulls

0 1211 5.4 53.2

50 1120 6.4 55.2

500 1098 6.5 54.3

Effects of citrus by-products on physiological body functions: Fed 
untraditional ration as compared to traditional ration in crossing calves 
decreased albumin and increased globulin concentrations while total 
protein values were not affected due to type of feeding and concluded 
that untraditional ration increased the immunity, especially, under 
hot summer season (Table10).3 In addition, fed untraditional ration 
to crossing calves decreased GOT and γGT activities and attributed 
that untraditional ration may be decrease the heat load on animals 
during hot summer season and concluded that using agro-industrial 
by-0roducts mixtures as feed components for ruminants is reasonable 

and is not expected to change the enzymatic activity in the ruminants. 
Both urea-N and glucose concentrations in crossing calves were 
lower significantly in calves fed untraditional ration as compared to 
traditional ration and the percentages decrease values were 30.0 and 
16.0, respectively. 

Blood plasma glucose slightly increased in group fed 50% 
concentrate feed mixture+50% vegetable fruit market wastes silage 
treated with lactic acid bacteria; and group fed 50% concentrate feed 
mixture +50% vegetable and fruit market wastes with silage treated 
formic acid compared to the group which was fed concentrate feed 
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mixture and the roughage source was Darawa.34 SGOT and SGPT were 
not significantly different from control rations and agro-industrial by 
products mixtures.35 No significant differences in blood concentration 
of total protein, albumin and globulin in cows fed on DCP than in those 

fed on the control diet.36 Total lipids, total cholesterol and triglycerides 
concentrations in crossing calves were higher significantly in group 
intake traditional ration than that fed the untraditional (Table 11).3

Table 10 Effect of citrus by-product levels on performance of growing ruminants.8‒29

Growth 0, 20 and40% concentrates were replaced with citrus 
pulp silage

0, 20, 40% wheat bran in

concentrates were replaced with citrus pulp silage

Performance Control 20% 40% Control 20% 40%

Initial Weight, Kg 210 197 204 222 217 217

Final Weight, Kg 281 264 252 266 269 252

Weight Gain, Kg 71 67 48 44 52 35

Gain/Concentrate 0.78 0.71 0.54 0.75 0.88 0.6

Daily Intake, Kg As DM Basis 5.07 5.1 5.66 3.84 5.72 8.53

Silage Intake, Kg 4.34 3.44 4.34 7.35 7.36 7.28

Hay Intake, Kg 1.91 2.12 2.08 0.99 0.99 0.98

Table 11 Effect of untraditional ration on physiological performance and 
animal body functions in crossing calves.3

Physiological 
functions

Feeding type    

Traditional Untraditional Sig.(P)

Total Proteins (g/dl) 6.09 0.8 6.39 0.8 0.23

Albumin (g/dl) 3.98 0.002 3.75 0.02 0.05

Globulin (g/dl) 2.11 0.08 2.54 0.08 0.001

GOT (U/ml) 64.46±3.8 56.64±4.8 0.01

GPT (U/ml) 32.61±2.2 32.38±2.3 0.67

γGT (U/l) 14.3±0.50 11.50±0.52 0.001

Urea-N (mg/dl) 35.54±1.6 24.94±1.7 0.001

Creatinine (mg/dl) 1.83±0.06 1.81±0.06 0.54

Glucose (mg/dl) 91.88±4.0 77.50±4.0 0.02

Total lipids (mg/dl) 512.3±13 461.6±12.0 0.01

Cholesterol mg/dl) 93.09±3.8 80.86±2.8 0.01

Triglycerides (mg/dl) 81.42±2.9 69.72±1.9 0.01

T4(nmo/l) 85.67±3.2 86.11±3.2 0.87

T3(nmo/l) 2.10±0.02 2.07±0.04 0.55

Cortisol (ng/dl) 14.2±0.13 13.9±0.12 0.76

Parathormone (pg/ml) 15.9±0.45 16.35±0.54 0.57

Plasma cholesterol recorded a significant increase in the group 
that fed 50% concentrate feed mixture+50% vegetable fruit market 
wastes silage treated with lactic acid bacteria and group was fed 50% 
concentrate feed mixture+50% vegetable and fruit market wastes 
with silage treated formic acid compared to the group which was 
fed concentrate feed mixture and the roughage source was Darawa.34 
No significant differences were observed in blood concentration of 
triglycerides, while serum concentration of cholesterol was higher in 
cows fed on dried citrus pulp than in those fed on the control diet.36 
No significant differences in concentrations of T4, T3, cortisol and 

parathormone hormones due to type of rations.3 The same authors 
concluded that daily body weight gain of crossing calves was not 
affected by feeding the untraditional ration and concentrations of most 
blood components were in normal range indicating the importance 
of untraditional feeding, especially, during hot summer season 
particularly that ration without any addition cost except their trance 
from Factories to Farms. 

Effects of Citrus pulp on lactating ruminants: Citrus pulp is 
a valuable feedstuff for dairy cows. The extensive acetic acid 
production in the rumen allows to maintain milk yield and milk fat 
content when forage is scarce (low fiber diet) or when high energy is 
required (as cereal replacer, for example). A level of 40% of the total 
ration has been considered feasible. However, inclusion rates lower 
than 20% (diet DM) are recommended and higher levels may alter 
negatively DM intake, milk parameters and diet digestibility. DCP, 
included at 20% DM, as a concentrate replacer in a 50-60% maize 
or sorghum silage-based diet did not change DM intake, milk yield 
or milk protein content.12 Below 20%, neither rumen parameters nor 
digestibility are altered. Between 20% and 24% inclusion in mixed 
dairy rations, ruminal parameters remain unaltered but milk yield and 
milk protein content may be lower while milk fat content remains 
equal or increased. Beyond 24% of the total diet, DCP decreased total 
DM intake, and total dry and organic matter digestibility (Table 12).36

Partial or total substitution of corn or barley grain by dried orange 
pulp (DOP) or dried lemon pulp (DLP) in the concentrates fed to 
Friesian dairy cattle had no negative effects on milk production or 
the fat content or flavour of milk Van Horn et al.35‒37 studied effects of 
high corn grain (80g/kg DCP) and high DCP (431g/kg DCP) TMR on 
lactating dairy cow performance and milk composition and found that 
feed intake, milk yield and milk protein content were similar among 
treatments. The same authors found that in high DCP versus high corn 
TMR, milk fat content was 42.2g/kg versus 35.4g/kg, and milk SNF 
content was 90.3g/kg versus 88.4g/kg. Solomon et al.38 also studied 
effects of the TMR with high starch (corn grain (22. kg DM/cow/d), 
which contained corn grain (204g/kg DM)) or high pectin (DCP) 
TMR (20.8kg DM/cow/d), which contained corn grain (93g/kg DM) 
and DCP (207g/kg DM) on lactating Holstein dairy cow performance 
and milk composition. The authors found that milk yield and fat 
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content was not affected due to treatment but milk protein content 
was higher in the high starch TMR. Leiva et al.39 also evaluated the 
performance of dairy cattle fed DCP or corn products and found that 
DM, CP and NDF intakes, as well as milk yield, milk fat content and 
yield, and milk protein yield were not affected by diet. Volanis et al.40 

evaluated effects of feeding ensiled sliced oranges to lactating dairy 
sheep. Three kilograms (79.5%) of sliced orange silage mixture were 
offered daily to the animals in replacement for part of the maize grain/
soybean meal/oat hay ration fed to the control group. 

Table 12 Effect of citrus by-products on performance of lactating ruminants.8

Feedstuffs Citrus level DM (g/d) Milk Yield (G/D) Fat (g/kg) Protein (G/Kg) Lactose (G/Kg)

DCP TMR 
(g/kg)

80 1870 18200 35.4 34 8

431 1870 17900 42.2 34 6

DCP TMR 
(g/kg DM)

0 1860 23100 41.2 32 2

200 1870 23600 44.8 32 2

Corn-DCP TMR 
(g/kg DM)

96-204 2200 38300 33.3 28.7 -

93-207 2080 38200 33.3 28.2 -

Corn -DCP TMR 
(g/kg DM)

22-253 2140 32800 34.3 28.3 -

236-37 2090 31300 35.4 27 -

Corn meal-DCP TMR 
(g/kg DM)

195-96 - 31800 32.7 30 -

92-205 - 27900 34.5 30 -

The authors found that milk yield was 12% higher for controls 
and ewes fed orange silage had a 16% higher fat content in milk and 
showed that the inclusion of sliced oranges decreased milk yield 
and milk protein concentration, probably due to a reduced microbial 
protein synthesis and flow to the intestine, and increased milk fat 
concentration, probably due to a concentration effect. Todaro et al.41 
reported that the supplementation of wet lemon (Citrus lirnon L.) pulp 
to late-lactation ewes grazing on natural pastures positively influenced 
milk yield (0.89kg/d versus 0.72kg/d), decreased milk protein content 
(52g/L versus 55.7g/L) and did not modify milk fat concentration, 
nitrogen fractions or milk coagulation properties compared to ewes 
which did not receive the supplement. Bampidis & Robinson8 reported 
that the inclusion of DCP up to level of 300g/kg of concentrate DM 
(about 110g/kg of dietary DM) as a replacement for grains, soybean 
meal, and wheat middlings in the diet of low productive dairy ewe 
did not affect milk yield or milk fat, protein, or lactose concentra
tions but modified milk fatty acids profile. Vasta et al.42 reported that 
CP can be used wet, dried or pelletted in the diet of dairy animals 
and overall, results suggest that substitution of corn grain, as well as 
several other high starch feeds with citrus BPF results in equal milk 
yield and composition in lactating ruminants.43

Conclusion
The main citrus BPF fed to ruminants are fresh citrus pulp, citrus 

silage, dried citrus pulp, citrus meal and fines, citrus molasses, citrus 
peel liquor, and citrus activated sludge. Supplementation of forages 
with citrus BPF that are rich in pectin or highly degradable NDF 
usually has a less negative effect on the rumen ecosystem and thus 
on cellulolysis, than supplementation with starch or sugar rich feeds. 
Citrus BPF contain a variety of energy substrates for ruminal microbes, 
including both soluble carbohydrates and rapidly digested NDF. When 
citrus BPF substituted for starchy feeds, DM and OM digestibility 
coefficients tend to remain unaffected, CP digestibility decreases and 
NDF and ADF digestibility coefficients increase. Citrus BPF improve 
the utilization of other dietary NDF, possibly due to positive effects 
on rumen microflora. Moreover, when straw is used as the basal feed 
for ruminants, their diet is improved by feeding citrus BPF to correct 
nutrient deficiencies of the straw and to increase digestibility of its 

nutrients. Citrus BPF as high pectin energy sources, when included 
in diets for ruminants, tends to increase the molar proportion of acetic 
acid and decrease the molar proportion of propionic acid, resulting in 
an increased acetate/propionate ratio. Citrus BPF can be used as a high 
energy feed in rations that support growth and lactation in ruminants. 
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