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CHAPTER 1

INTRODUCTION

In the subtropical developing countries, like Egypt, The gap between
available and required animal feeds is great .

About 6, 1.2 and 2 million Tons of TDN are available as animal feeds
from clover, concentrates and crop residues, respectively, the requirements of
the animal population are about 14 million Tons of TDN. There is a shortage
of animal feeds of about 4 million Tons of TDN ( Mohamed ,1993 ).

Moreover, the competition between humans and livestock for
concentrates is obvious. Feed shortages are particularly acute with regard to
protein. As the pressure on land in Egypt is greater than any other part of the
world, feeding high quality protein sources such as soya bean meal and fish
meal to animals is unjustifiable. In order to correct the feed balance in Egypt,
all potential agricultural by-products must be utilized in animal feeding.
Furthermore, ways to improve the nutritive value of these by-products have to
be found.

Ruminants have a unique digestive system that allows them to use waste
and other types of by- products as sources of dietary nutrients . One by-product
which can be used as a ruminant feed is poultry litter . It has been used mainly
as a fertilizer, but this use has lately been a cause for concern where broiler
chickens are intensively produced and the litter is distributed over too small

area, broiler litter can contaminate the groundwater with excess nutrients. This
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problem will only intensify in the future as the poultry industry continues to
grow (Ruffin and McCaskey 1996 ).

The use of by-products for animal feeding, in addition to reducing feed
shortages, decreases the cost of feeding and consequently the sale price of
animal products . The use of by-products can also alleviate pollution problems
especially with the intensification of farming that has taken place with
increasing public awareness of environmental pollution and pressures, and
restrictions on farming. The manure disposal problem can be expected to
worsen rather than improve.

Numerous investigations have indicated that feeding sheep on rations
containing by- products ( brewer's grains, pea pods and orange wastes ) had no
significant effect on rumen pH , ammonia , total volatile fatty acids and molar
proportion of volatile fatty acids ( Salem, 1989 ).

Poultry litter can be incorporated in amounts up to 30% in concentrate
supplements in the diets of sheep and goats ( Murthy et al, 1996 ).

The present research was conducted to study the possibility of using
alternative sources of protein such as urea or poultry litter. The study included
in vitro techniques to predict the digestibility of ration containing by products;
improving the feed quality of poultry litter by acids or formalin treatment;
evaluation of poultry litter treated with acids or formalin incorporated in sheep

diet and evaluation of silages containing poultry litter.
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CHAPTER 2

REVIEW OF LITERATURE

2.1- LIVESTOCK AND PRODUCTION SYSTEMS IN EGYPT

The main livestock in Egypt are buffaloes, cows, sheep and goats.
Buffalo is the most important animal to the small farmer, under the local prices
of liquid milk that buffalo milk gives greater return as a result of its higher fat
content than cattle milk. Cow has been used for work and meat production but
sheep and goats are raised by small holders to be used for meat production
especially as sacrifices.

A census of livestock in Egypt in 1994 showed that there were 3.76
million cows, 2,59 million buffaloes, 4.67 million sheep, 5.49 million goats,
245 thousand camels and 134 thousand pigs. Relevant estimates obtained for
poultry were 36.64 million chickens, 7.90 million ducks, 6.46 million geese,
11.29 million pigeons, 7.36 million rabbits and 1.428 million turkeys.

More than 90% of the total cattle and buffalo in Egypt are raised by
small holders who own on average 1-3 animals each, these animals are mainly
fed on Egyptian clover (berseem) during winter and on straw, hay and green
maize plants in summer. In year 1955 -1956 the Tahreer province -a great

agricultural project- imported great numbers of Friesian cattle (males and
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females) from Holland as a fundamental herd in Egypt ( Ragab and Abdel -
Aziz 1961).

There were about 4.8 million goats in Egypt in 1992, representing 6% of
the total number of livestock units and providing 7% of the red meat consumed.
84% of the goats population is found in the Nile valley, and around 90% of
these goats are bred on smallholdings of 0.2 - 2.0 hectares, each containing up
to 3 cattle or buffaloes and 5 small ruminants. Other production systems used
are sedentary and transhumant commercial system and intensive dairy
production system by using imported breeds. Details are given of reproduction
and management of extensively managed goats in the north-western coastal

range, Sinai and the red sea coast.(Galal ef al 1995).
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Table 2-1: livestock population in Egypt during the period 1989 - 1994

Thousand head, except percent.

Type of Percent of
Livestock Year Change 1990-1994
1989 1990 1991 1992 1993 1994 %
Buffaloes 2485 | 2506 | 2527 | 2548 | 2570 | 2592 34
Cows 3389 | 3463 |3537 | 3612 | 3688 | 3764 8.7
Sheep 4025 | 4146 | 4270 | 4398 | 4530 | 4666 12.5
Goats 4200 | 4442 |4692 |[5020 (5373 | 5492 23.6
Camels 188 [ 179 (208 |[220 232 |245 24.4
Pigs 95 102 1109 |117 |125 {134 314

Central Agency For Public Mobilisation and Statistics 1995

2.1.1- MEAT PRODUCTION

The data shown in Table 2.2, presented numbers of slaughtered
livestock to be a matter of 92 thousand head buffaloes, 454 thousand head
calves, 191 thousand head cows 497 thousand head veals, 506 thousand head
sheep, and 44 thousand head goat in 1994.

Conventionally meat production from cattle and buffalo has been
inconsequential compared to their work and milk production. The male

offspring of indigenous cows had a low birth weight (average 30 Kg)and
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moderate ability for growth during the suckling period (4-6 months). The
normal procedure is to rear the calves till they are weaned at an average live
weight of 90 Kg. The newly weaned calves usually face the shortage of good
quality hay or green fodder during the summer months and consequently

growth and maturity as a feeder calf are delayed (Shabana, 1984)

Table 2-2 : Number of slaughtered livestock, by type of livestock and year

Thousand head, except percent

Type of Percent of Change
Livestock Year 1990-1994
1952 1989 1990 1991 1992 1993 1994 %
Buffaloes 75 79 96 135 | 163 113 192 42
Calves 207 |457 |486 |511 | 555 551 |454 |-6.6
Cows 40 32 52 74 76 75 191 |2673
Veal 256 481 |621 |[718 | 707 478 | 497 |-20,0
Sheep 534 | 485 526 |561 553 479 | 506 |-3.8
Goats 17 39 53 64 78 45 44 -17.0
Camels 31 80 74 90 90 62 83 12.2
Oxen 60 2 1 1 2 2 5 400.0
Pigs 22 54 59 61 67 67 64 8.5

Central Agency For Public Mobilisation and Statistics 1995
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There are a few medium and large scale farms, mostly combined with
dairy farms which rear, grow and fatten their male offsprings. Some of these
farms also purchase male calves of over 90 Kg, preferably at 150 Kg live
weight, for growing and fattening. In addition, a number of small to medium
scale beef producers buy male feeder calves at age of 12-14 months and
average of 250 Kg live weight to fatten on concentrates for a period of six
month, the animal reaching 350 Kg live weight at slaughtering (Shabana,
1984).

As far as the suckling buffalo male is concerned, and due to heavier
body live weight at birth and growing ability, most male buffalo calves are sold
for veal when only a few weeks old ( average 4 weeks, 60 kg live weight).. It is
obvious under the local prices of liquid milk that buffalo milk given greater
return to the producers as a result of its higher fat content than cattle milk. So,
raising young buffalo calves on natural buffalo milk is considered very
expensive. Therefore, about 600 thousand calves mainly males are slaughtered
yearly in Egypt at about 40 days of age.

The majority of small farmers prefers this for several reasons such as
cash flow from sale of milk, avoiding higher mortality rates, feed shortages and

difficulty of using the buffalo bull for draught purposes (Shabana, 1984).
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2.1.2- MILK PRODUCTION
The milk production in 1993 as shown in table 2.3 was in the order of
2284 thousand ton as a total, being 1034 thousand ton cow milk and 1230

thousand ton buffaloes milk.

Table 2-3 : Milk production estimates

Thousand ton
Year
Source 1989 1990 1991 1992 1993
Total 2178 2204 | 2231 2258 | 2284
Cows 954 974 994 1014 | 1034
Buffaloes 1208 1213 | 1219 1225 | 1230
Goats 16 17 18 19 20

Central Agency For Public Mobilisation and Statistics 1995

Consumption of milk and dairy products in Egypt per capita in 1983,
were estimated to be 40 Kg. This low consumption is about 25% of the 150 Kg
recommended by the international organisations as the minimum requirement
per person. The low milk production is due to the fact that animals are kept by

farmers primarily as working animals on the farm, and therefore their ability for
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milk production is very low. However, experiments have shown that if the
animals are relieved from work and raised only for milk production, milk yield
can be easily doubled. They also respond to better management and feeding

(Shabana, 1984).

2.2- LIVESTOCK FEEDS IN EGYPT

In Egypt, there are two periods of feeding animals in general, the winter
and summer, and the feeding regimes are quite different during each season, In
other words, there is an heterogeneous distribution of feed supply around the
year. In winter the animals are generally over-fed but are under-fed in summer.
During summer there is a deficiency of about 1.5 million tons of Starch Value
units assuming that all milk is produced during the winter period. Such
deficiency would be more if a fraction of milk is produced during the summer
time, causing a serious decrease in animal production. More efforts should be
directed to increase the available feeds especially during summer (Shalaby et al
1984). |

The production of animal feeds in Egypt depends on cultivation ‘of

berseem (clover) Trifolium alexandrinum L., its supplies about 4.8 million tons

of feed units as starch value, representing 69% from the whole nutritive value

of the Egyptian feed stuffs (shalaby et al 1984)
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The main feed source for livestock green clover is consumed during
winter (December to May), It has been repeatedly recommended to preserve
suitable amounts of green clover as silage or hay to be use in summer feeding to

reduce the problem of feed shortage in such season (Gabra 1984).

Table 2-4 Cultivated area of main winter crops, by type of crop and year

Thousand acre, except percent

Type of Percent of Change
Crops Year 1990-1994
1952 1990 1994 %
Total 4364 | 5593 5932 6.1
Barley 137 127 148 16.5
Beet - 34 42 235
Bean 355 345 374 8.4
Chickpeas 15 13 17 30.8
Clover 2202 | 2620 2686 25
Fenugree 54 16 20 25
k
Lentil 58 14 16 14.3
Linen 13 31 28 -9.7
Lupine 11 8 9 12.5
Garlic 9 15 12 -20.0
Onion 26 25 26 4.0
Vegetable 63 344 366 6.4
Wheat 1402 1955 2111 8.5
Others 19 46 77 67.4

Central Agency For Public Mobilisation and Statistics 1995
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Table 2-5: Cultivated area of main summer crops, by type of crop

and year
Thousand acre, except percent

Percent of Change

Type of Crops Year 1990-1994
1952 1990 1994 %

Total 3026 5055 NA -
Cotton 1967 993 N.A -
Maize 27 1547 1740 12.5
Millet 378 312 367 17.6
Peanut 26 29 161 455.2
Potato - 70 58 -17.1
Rice 362 1036 1378 33.0
Sesame 42 42 61 45.2
Soy bean - 99 56 -43.4
Sugar cane | 92 274 278 1.5
Vegetables 118 437 488 11.7
others 14 216 291 34.7

Central Agency For Public Mobilisation and Statistics 1995

2.3- ALTERNATIVE FEEDS FOR LIVESTOCK IN EGYPT

2.3.1- FODDER BEET

Fodder beet is a winter crop, which may participate in solving the animal
feeding problem if stored under good conditions to be used during summer
season (Shalaby et al 1989a) The plant could be sown at October and harvested
at May (Gabra ef al 1987). Fodder beet is characterised with its great number of
varieties which seems suitable for a wide range of soils (Rammah et al 1984).

The chemical composition of fodder beet ranged from 15.5 - 28.4% DM, 59.4 -
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68.2%, NFE 1.26 - 1.92% N and 5.8 - 7.3% CF and Crude Protein digestibility
ranged between 53.5 - 72.3% and CF digestibility averaged 86.0%, when it was
used in sheep feeding (Demarquilly, 1972). The fodder beet roots were replaced
successfully 50% of pelleted concentrate mixture in lambs diets (Osman,
1991). Fodder beet also tended to increase milk yield, and yield of constituents,
but the effect was statistically significant for milk protein content only
(P<0.01). There was a significant interaction between fodder beet and
concentrate CP content for milk protein yield (P<0.001) (Fisher et a/ 1994)
Fodder beet can be ensiled and produces a good quality silage of high
nutritive value. Silage of fodder beet root can participate in solving feed stuffs
shortage during summer (Shalaby et al 1989). Furthermore, adding some
agricultural by-products such as peanut hulls and corn stalks to fodder root is
important in making silage to absorb considerable amount of water from the
high moisture roots and to produce a good quality silage (Abdal Aziz et al
1989). Ensiling in mixtures solves some of the problems of storage and feeding
fodder beet, but some of the high nutritive value of fresh beet is lost (Gruber
1992). Otherwise, there is limit to use fodder beet. On the other hand it should
be noticed that milk yield decreased by up to 21% with increasing intake of
fodder beet. However, milk fat content increased so that the daily milk fat yield

was unaffected by beet intake. Inclusion of beet increased digestibility of DM
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and energy in the total diet, while digestibility of crude fibre remained
unchanged. Then, efficiency of utilization of metabolizable energy (ME) in the
total diet for milk and energy deposition was lower by 6.4 percentage points for
beet 22 kg and by 8.4 percentage points for beet 44 kg (Muller ef al 1994).
Also, increasing the intake from fodder beet silage, increased rumen volatile
fatty acid concentration. As a molar percentage of total VFAs, acetate was
highest in diet of grass silage and hay plus barley, propionate in diet with half
of the energy from barley replaced by fodder beet and butyrate in diet with all
of the energy from barley replaced by fodder beet (Zitnan, R.1993) It was
concluded that the highest level of rumen propionate was very effective with
fattening animals. In that case, calves fed fodder beet had the highest daily gain
compared with other diets (Zitnan, R.1993). Intake of fodder beet should not
exceed 20 to 50 kg, depending on its sugar content, to avoid rumen acidosis.

(Salewski 1991).

2.3.2- CASSAVA

Cassava leaves have been reported to be one of the notable sources of
essential amino acids (Hall ef al 1975) beside a high carotene content (Oke
1973). Moreover several reports demonstrated that the cassava roots can replace

cereals or other carbohydrate sources without any loss in performance

CHAPTER 2 REVIEW OF LITERATURE..........ccovvervtrinsesenirnesssesresssste i e e e versorssssssssssovesnessarense 13



especially for dairy and beef cattle with attendant reduced cost of feeding
(Compos and Silva 1978 and Tudor and Norton 1982). However, in Egypt, Abd
El-Baki et al (1986) evaluated different complete feeds for ruminants which
contained different levels of dried cassava roots and leaves. Also, Abd El-Baki
et al (1989)studied cassava plant as a new animal feed in Egypt and evaluated
their products by sheep. They reported that cassava leaves are potentially
variable as a source of protein and roots represent an important supply of
energy for feeding livestock. Hence it is an attractive substitute to traditional
protein and energy sources.

Smith et al (1992) reported that cassava tubers and peel are good energy
sources, which when supplemented with nitrogen, minerals, vitamins and
roughage promote good performance in dairy and beef cattle, sheep and goats.
On the other hand, total substitution of maize meal with cassava had no
significant effect on digestibility of DM or organic matter, and was economical,

reducing feed costs (Sanda ef al 1992).

2.3.3- NAPIER GRASS
Since Napier grass is mainly a summer forage, it could participate in
solving the problem of feeding the national herds during the summer season.

The fodder leaves were not recommended to be ensiled with the roots. Leaves
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could be conserved as hay and should be mixed with some legume forage crops
to improve the feeding quality of this hay. Such hay can cover the maintenance
requirements of sheep from energy and protein with surplus remaining for
production ( Shalaby ef al 1989).

Kariuki et al (1993) reported that the half life of napeir grass was highly
correlated to in vitro digestibility (r = 0.9). It is concluded that between 4 and 8
weeks of growth. Napier grass (Pennisetum purpureum) can be offered as sole
feed for sheep (Devasena ef al 1993) and also for dairy goats (Yokota ef al

1994)

2.3.4 - AGRICULTURAL BY-PRODUCTS

In Egypt there are more than 14 million tons (per annum) of low quality
roughage including wheat and rice straw, corn stover, comn cobs, sugar cane
bagasse and pith, rice hulls, cotton stalks with the exception of the latter two
ingredients. The TDN values of these products are in order of 45% or higher.
These values can be improved to up to 20% by single grinding and
supplementing with urea, molasses and minerals (EL Shazly 1983). Rice straw
is by far the largest fibrous crop residue available for the farm feeding of
livestock. It has been utilized in many countries as a staple feed for ruminant

animal for many years. Although of poor quality, rice straw forms a good
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roughage when supplemented with feeds rich in protein and energy fortified
with minerals and vitamin A. To be effectively utilized for feeding animals,
various physical, chemical and microbial treatments have been suggested in
many part of the world (Ranjhan and Chadhokar 1984). Other ingredients
which would be used are sunflower straw and maize stover as they are good
roughage resources for sheep feeding (Rao ef al 1994). Groundnut hulls and
cotton straw were ranked as poor roughage sources for direct feeding to goats
(Rao et al 1995). Although some of those ingredients classified as nutritionally
poor by-products But when they were prepared as silage or hay, CP and crude
fibre are increased (Ceron Madrigal et al 1995).

Furthermore, fresh olive tree leaves or ammonia treated olive tree leaves
were used successfully as they replaced lucerne hay in lactating ewes diets
(Fegeros et al 1995). Numerous efforts have been made to improve the nutritive
value of fibrous crop residues by chemical, physical and microbial methods;
such as research on chemical treatment of various crop residues; the influence
of physical treatments such as chopping, grinding, pelleting and compacting of
fibrous residues (Sharma er al 1993).Moreover, the physico-chemical
treatments (high temperature steam and dilute acid) had been used to improve
potentially high lignocellulosic by-products for ruminant utilization (Castro ez

al 1993). Finally, the biodegradation of sugarcane bagasse and its components
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by different strains of white rot fungi, made it possible to improve the nutrient
availability from sugarcane bagasse (Kewalramani et al 1993).

Ammoniation of rice straw and addition of blotong (filter cake from
sugarcane processing) were increased DM and organic matter digestibility and

total protein content (Rahmadi et al 1994).

2.3.5- INDUSTRIAL BY-PRODUCTS

These by-products show considerable potential as non conventional
substitutes for expensive feed ingredients. The livestock industry would gain
much benefits due to the availability of good quality and relatively inexpensive
feed ingredients for the formulation of compound livestock feeds.

Great number of by-products have been evaluated as livestock
ingredients such as roughages (sorghum silage, groundnut straw and leaves,
Panicum maximum hay and straw, maize stover and leaves, Acacia albida
siliquae), energy concentrates (white sorghum meal, red sorghum meal, millet
meal, wheat meal), protein feeds (whole cottonseeds, cottonseed oil meal, palm
kernel cake, groundnut oil meal) and other industrial by-products (millet bran,
rice bran and hulls, dried brewers' grains). Composition of the roughages was
very variable. Panicum maximum hay was practically a straw, very high in fibre

and low in digestible organic matter. Sorghum silage was similar in nutritive
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value to silage obtained at temperate climates. Dried groundnut straw and
leaves were quite a good forage, but varied significantly in fibre and silica
content. Energy concentrate feeds showed chemical composition and nutritive
value similar to those obtained at temperate climates. Millet, white sorghum
and red sorghum meal had lower DM solubility and degradation rate than wheat
meal. Rumen degradabilities were high in groundnut meal and cottonseed meal
and low in palm kernel cake. Among by-products, chemical composition and
nutritive value of rice bran were negatively affected by high levels of silica and
acid detergent lignin, due to a high proportion of hulls (Parigi-Bini et al 1995),

The palm kernel meal diets were reflected in higher lamb weights at
slaughter and cost of the diets decreased with increasing level of palm kernel
meal making it economically attractive to use palm kernel meal in the diet of
sheep (Umunna et al 1994).

Dairy ewes fed on diets containing citrus pulp had similar milk yields
and milk compositions to those fed on control diets (Fegeros ef al 1995). Also it
can be used in mixtures formula pellet for sheep. The moisture content of a
well-balanced pellet feed before drying was 48.8% when the ratio of citrus pulp
to formula feed was 30 to 70. This ratio produced the best quality pellets.
Drying pellets to a moisture content to 13% required about 8 h with artificial

heat and about 22 h by sunlight for mixtures of citrus pulp and formula feed,
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wheat bran, batley bran or oat grain. Drying times for citrus pulp + lucerne hay
pellet were slightly less. Digestible crude protein (DCP) and TDN of the
pelleted mixtures ranged from 7.5 to 11.4% and from 55.1 to 71.5%
respectively; DCP was highest in citrus pulp + lucerne hay pellets and TDN
was highest in citrus pulp + oat grain pellets (Kang et al 1994).

Bhattacharrya and harb (1973) replaced corn in wether lambs diets
(which contain 60% corn) by citrus pulp with the ration 33,66.and 100%
concluded that the crude fibre digestibility of the rations increased at each
increase in the level of citrus pulp while the energy digestibility was
significantly lower 60 % level of pulp incorporation . They also added that the
average total digestible nutrient and digestible energy of citrus pulp calculated
by difference was approximately 80% and 3.503 kcal/kg respectively .On the
other hand , Baired ef al. (1974) concluded that the digestible energy (DE)
metabolizable energy (ME) and metabolizable energy for maintenance were
3357,3194 and 3118 kcal/Kg , respectively. Apparent digestibility of protein in
ration of maize alone ,with 1/3 or 2/3 citrus pulp and citrus pulp alone were
found to be 69.1.69.1,69.8 and 69.5, respectively. The corresponding energy
digestibility values were 62.4, 69.1 75.1 and 74.9% respectively.

Schaibly and Wing (1971) studied the effects of citrus pulp on rumen

fermentation patterns and concluded that as citrus pulp varied form 100 to
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67,33 and 0% of the ration molar percentages of acetic, propionic and butyric
acids measured at 2hr after feeding varied , respectively as follow 65.1 13.9,
216 ; 688, 13.5, 16.8 ,62.1,12.8,23.5;70.8,11.5, 16.3. They were also
added that the only significant difference among treatments between the acetic
to propionic rations in rumen liquor of animals receiving 67% or 100% citrus
pulp at 2 and 4hr after feeding where the acetic/propionic ratio of the 100%
ration increased and that of 67% ration decreased during both intervals.
Otherwise, citrus pulp can be mixed with poultry litter to produced a good
quality silage (Osman, 1991).

Tag-Eldin et al. (1982) used a control diet composed of 48% cotton seed
cake, 7% rice bran, 19% wheat bran, 20%yellow maize, 3% molasses ,2%
calcium carbonate and 1% sodium chloride. They substituted this concentrate
mixture by a silage composed of orange wastes and pea-pods (1:1) at level
0.00,50.0 , 100.0%. Data revealed that there were significant differences
between the nutritive value and N balance of the three tested diets. The authors
also showed that higher values of digestibility of rations containing silage were
obtained.

Yang and Chaug (1986) fed rams fitted with stomach fistula 5 diets
contained a 1:1 mixture of hay and either citrus pulp silage (DM 17.6%)as such

or pre wilted (DW 23.4%) or citrus peel silage similarly (DM 18.9 and 23.6%).
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They showed the DM digestibility were higher the mixed diets than in control
and the mean DM digestibility for pulp silage was higher than for peel silage
and pre-wilting of both increased DM digestibility.

Nour et al.(1987) studied the effect of fresh cattle manure on the quality
of the orange waste silage and found that increasing levels of fresh cattle
manure to orange waste silage increased dry matter , crude protein , ether
extract, ash silica, minerals (Ca, P, Cu, Fe, Mg, Zn, and Mn) and decreased the
NFE of the silage . They also added that increasing the level of fresh cattle
manure increased VFA’s concentration and decreased lactic acid ,ethanol and

dry matter digestibility .

2.4- POULTRY LITTER

The use of poultry waste as a feed ingredient will not only reduce waste
disposal and cost environmental pollution, but will also provide inexpensive

feed components for ruminants (Chaudhry, ef al 1993).

2.4.1- CHEMICAL COMPOSTION AND NUTRITIVE VALUE

The chemical composition and quality of poultry litter can vary
considerably from one producer to another. Because the amount and kind of

bedding material are not standardized or regulated. Other factors such as broiler
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house management and moisture can add to the variation in litter composition
and quality. Monteny, 1994 reported that by lowering pH of slurry the
equilibrium between ammonia (NH;) and ammonium (NH,) is changed, so that
very little volatile ammonia is present in the slurry and he also added about 40L
of nitric acid (HNO;) per m’ slurry (57% HNO; by volume) is required to
reduce slurry pH to 4.5. Ammonia emission was reduced by 35% following this
treatment. For cattle, urea in the urine is converted into ammonia as soon as the
urine and faeces come into contact. However, the conversion of uric acid from
poultry droppings, into urea and then to ammonia takes one or more days
(Groot Koerkamp, 1990). Nutrient analysis of the litter has been done by
numerous investigators.  Blair and Knight, 1973 found that poultry litter
contained 25.3% crude protein, 13.84% crude fibre, 2.3% ether extract, 2.5%
calcium, and 1.6% phosphorus. While, McClure and Fontenat, 1983, reported
that broiler litter contained 30.9% crude protein as dry matter basis. Recently,
Pugh, et al, (1994), indicated that broiler litter contained 24.9% crude protein,
23.6 crude fibre, 24.7% ash, 2.3% calcium and 1.6% phosphorus. Finally, the
average nutrient content of 106 samples of broiler litter collected from across
Alabama - Where the bedding materials used in broiler houses are wood
shavings, sawdust, peanut hulls, and some shredded paper products - were

moisture 19.5%, crude protein 24.9%, crude fibre 23.6%, ash 24.7%, calcium
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2.3%, phosphorus 1.6%, potassium 2.3%, magnesium 0.52%, sulfur 0.50%,
copper 473 PPM, Iron 2,377 PPM, manganese 348 PPM and zinc 315 PPM
(Ruffin and McCaskey, 1991). It has been shown that animal excreta, including
bedding and associated materials, are more valuable as a feed ingredient for
ruminant animal.

However, two serious obstacles to the feeding of poultry litter to
livestock exist, namely, pathogenic organisms and medicinal drugs. Research
work (Caswell, et al, 1975)has shown that poultry waste can be rendered free of
pathogens by autoclaving, fumigation and dry heat alone or in combination with
para-formaldehyde. Also, litter can be heat treated as would occur during
mechanical drying or pelleting of feed (Ruffin and McCaskey, 1991 and
Osman 1991). Other methods of processing such as ensiling (Caswell, et al,
1977)and deep stacking (Strickler, 1977 and Rude et al 1994) have also been
proposed.

Poultry litter can be mixed with other feed ingredients and ensiled to
encourage acid production or can be directly acidified to achieve essentially the
same effect (Ruffin and McCaskey, 1991). To minimize risks from drqg
residues in the tissues of animal that are fed litter , all litter feeding should be
discontinued 15 days before the animals are marketed for slaughter (Ruffin and

McCaskey, 1991).
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The nutritive value of poultry litter has been evaluated as mixed in
concentrate diet or as ensiled with other materials. Furthermore, two groups of
Awassi ewes were fed on a control diet or a diet containing 30% poultry litter
from laying birds. Differences in breeding and lactation performance, between
ewes given the control and those given the poultry litter diet, were small for all
data obtained on performance. Also, there was no disease problem related to the
use of poultry litter. Milk and cheese from ewes given poultry litter were just as
acceptable as those from ewes given the control diet (Muwalla, ef al, 1995).
Moreover, the apparent digestibility of organic matter, crude protein, crude
fibre and nitrogen-free extract of poultry litter estimated by sheep was 69.8,
82.8, 49.7 and 71.4%, respectively. For ewes which were grazing daily and
given no supplement or supplemented with poultry litter. Intake of poultry litter
averaged 0.06 kg/day for ewes. Poultry litter increased daily gain (Flachowsky,
1992). Low cost concentrate supplements containing 30% poultry droppings
(PD), 22.7% PD + 7.5% poultry litter (PL) or 15% PD + 15% PL were
processed into pellets and fed to rams and goats along with chopped sorghum
straw. The digestibilities of all nutrients except ether extract were comparable
in all 3 diets. Goats had higher digestibilities of all nutrients except CP, ether
extract and energy than sheep. Goats and sheep had positive nitrogen, calcium

and phosphorus balances. Digestible protein and TDN contents were
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comparable across diets. The nutritive value was similar for all supplements
and between species (Murthy, ef al 1996).

Poultry litter can be ensiled with other by-products such as citrus pulp to
produce good quality silage containing nitrogen and energy source. Silage
composed of about 4 to 5 parts of citrus pulp and 1 part poultry litter was fed to
heifers, lambs and kids, silage posed no problems regarding disease
(Hadjipanayiotou, 1993). Similarly, the poultry manure silage (PMS) was
prepared using 6 litres water, 2 litres molasses and 21 Ibs poultry manure;
(30.4% protein and 7% crude fibre) to replace part of lambs concentrate feed.
The results suggest that PMS can be used to replace half the concentrate feed in
growing lambs fed to appetite without significantly influencing growth rate
(Griffith, 1993).

Digestibilities of DM, CP, ether extract and organic matter were higher
(P<0.05) in sheep fed on silages containing broiler litter than in those fed on
maize silage alone. The results indicated that the broiler litter is a good source
of protein and can be mixed with low-protein forages. Moreover, ensiling of
broiler litter was effective for the destruction of pathogenic organisms, and no
ill health effect was observed in sheep.

2.4.2 -USE OF POULTRY LITTER AS A FERTILIZER

Broiler litter can be used as a fertilizer for grass pastures and other long
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season crops. Annual applications of broiler litter are possible and practical
because of the slow release of nutrients from the litter, particularly nitrogen and
this slow release tends to work well in long season (Bagley ef al 1994).

Broiler litter has been used mainly as a fertilizer but does not make the
most efficient use of broiler litter, the economic value of excreta products as
feed components in balanced diets for several classes of ruminants is three to
ten times greater than their value as nutrients for plant (Smith and wheeler,
1979). 1t is as four times more efficient as a ruminant feed ingredient than as
fertilizer (Ruffin and McCaskey, 1991). In addition to offering an economic
advantage, using broiler litter in feed also helps to conserve plant nutrients.
These nutrients, nitrogen, potassium, and other mineral elements are distributed
on pasture land as manure by the animal consuming the litter (Ruffin and

McCaskey, 1991).

2.4.3- USE OF POULTRY LITTER AS A FEED

Although broiler litter can be used efficiently and effectively as a
fertilizer, its greatest potential economic impact is as feed source for ruminant
animal. Broiler litter has been used as a cattle feed ingredient for over 35 years
without harmful effects to humans who have consumed products of these

animals (Ruffin and McCaskey, 1991). Good quality broiler litter is
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approximately equal to good quality of alfalfa hay.(Bagley ef al 1994) To make
broiler litter diets more palatable in order to increase consumption, corn or
other feeds are added. Fontenot, 1978, estimated that broiler litter as a feed is

worth two to three times more than its value as a fertilizer for pastures.

2.4.4 - IMPROVING THE NUTRITIVE VALUE OF BROILER
LITTER

Broiler litter fed to ruminants is usually mixed with a more palatable
feed, such as maize. Any number of palatable feeds in addition to corn can be
used to mix with the broiler litter, such as wheat, commercial grain mixes,
soybean hulls (Bagley ef al 1994) and citrus pulp when it is used as silage.

Diets containing broiler litter can produce acceptable levels of
performance by ruminants. However, raw broiler litter needs to be processed to
ensure its safety from potentially harmful pathogens. Processing can be
achieved by moderate heat, cither during the ensiling process or by deep
stacking or pelleting the broiler litter (Bagley et al 1994). Broiler litter contains
very low or no vitamin A, so the supplement fed to animals consuming broiler
litter diets should contain vitamin A, fresh forages are very high in vitamin A
precursor, and the animal can store relatively large quantities of vitamin A in

the liver. However, vitamin A is a relatively inexpensive feed additive, (Bagley

et al 1994).
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Good quality broiler litter should contain 20 - 30 percent crude protein .
Litter can be low in crude protein because of either a very high ash content or
because of excess volatilization of nitrogen in the poultry house. High
temperatures and excess moisture in the poultry house leads to nitrogen
volatilization. If crude protein values are below 18%, the litter should be used
as a fertilizer and not as a feed source (Bagley ef al 1994). Moreover, ash in
litter is made up of minerals from feed, broiler excrement, bedding material,
and soil. Ash content is one of the important measures of the quality of litter.
So, ash contents of over 28% are too high and should not be fed to the animal
(Ruffin and McCaskey, 1991).recently, Hays reported in 1994 some pilot
studies showing that certain experimental chemical can be added to bedding
material in poultry houses that may prevent volatilization of nitrogen and

solubilization of protein.

2.5- IN-VITRO ESTMATES OF DIGESTIBILITY

An important concept to take into consideration about feedstuffs is its
nutritive value. One of the most useful measures of the nutritional value of a
feedstuff is its apparent dry matter digestibility. This can only be measured in
vivo but in vivo digestibilities are very expensive, require a long time and large

amounts of feedstuffs. So, there is an increasing interest in doing digestibility
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predictions through laboratory tests of low cost and simple procedure. Several
laboratory methods have been proposed for its estimation. These methods rely
either on measuring cell wall fractions or on in vitro techniques that simulate
the natural ruminant digestive processes (Omed et al,1989). Many artificial
rumen procedures have been proposed, the two stage technique based on the
use of rumen liquor followed by acid pepsin developed by Tilly e al (1960 )and
Tilley &Terry (1963) being the most extensively used. The rumen liquor can be
obtained by stomach tube, but is more easily collected from sheep or cattle if
they are fitted with permanent rumen fistulae. An alternative method has been
devised by Omed et al (1989) to avoid the dependence on rumen liquor. This
technique based on the use of the faecal micro-organisms contained in a filtered
suspension of sheep faeces and pepsin.

Several authors have been studied the correlation between in vivo and in
vitro results. Lately, as reported by Borba and Ribeiro, (1996 ) the results for
the prediction of in vitro digestibility were obtained using the method of rumen
fluid from fistulated sheep compared with two alternative methods, one using
rumen fluid from slaughtered cattle and another, a sheep faeces suspension as
inocula sources. It was concluded that the method using rumen fluid from
slaughtered cattle is a valid alternative to the method using rumen fluid from

fistulated sheep.
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CHAPTER 3

GENERAL MATERIALS AND METHODS

3.1- ANIMALS

Two breeds were used in study, the first one Rahmani, a local breed in
Egypt and Cambridge a local breed in United kingdom. Twenty yearling
Rahmani male lambs with an average initial live body weight of 44 Kg were
used in feeding and digestibility trials. In addition, Seven Rahmani male lambs
aged 7 - 8 months of 26 Kg average body weight. Eight yearling Cambridge
female with average initial live body weight of 49 Kg were also used in this
study.
3.2 - FEEDING TRIALS

The animals were housed during the course of experimental period,
animals were fed twice daily and fresh water was always available . Records for
biweekly live body weight were kept for individuals of each groups.
3.3 - DIGESTION TRIALS

3.3.1 - IN-VIVO DIGESTIBILITY

The animals were housed in metabolism crates . Following a

preliminary adjustment period of 10 days data was collected for a period of 7

days . The metabolism crates were fitted with mesh floors and sloped netted
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separators to accurately collect and separate faeces from urine . Daily feed
consumption and faecal output were recorded and samples of diets and faeces
were collected for chemical analysis .
3.3.2 - IN-VITRO DIGESTIBILITY

In vitro digestibility was estimated by a two stage technique based
on the use of rumen liquor followed by acid pepsin developed by Tilley et al.
(1960) and Tilley & Terry (1963 ) and using faecal micro-organisms contained
in a filtered suspension of sheep faeces and pepsin, this technique is simple,
cheap and needs no modified animals ( EL Shaer ef al. 1987 ).

Triplicate samples, each 180 mg of air dried ,ground to passa Il mm
screen, were used in the analysis. These, together with additional samples used
to determine the dry matter content, were weighed accurately into pre-weighed
McCartney bottles which had previously been oven dried at 105°C for several
days to constant weight.

A total of 60 g wet weight of sheep faeces were collected within 1 h of
voiding from sheep. The faeces was mixed with 50 ml of synthetic saliva
(McDougal, 1948) which had previously been saturated with carbon dioxide.
The mixture was filtered through a double layer of muslin which was then
wrung out and rinsed again to recover as much liquid as possible before being
made up to 1000 ml with artificial saliva . The pH was checked, and adjusted if

necessary to pH 6.8. The filtrate was stirred and 18 ml were added to each
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McCartney bottle and also to five control bottles. The bottles were incubated at
38°C in incubator for 48 h , being also shaken manually three times daily
during the incubation period. At the end of incubation period the bottles were
centrifuged at 2000 rounds/hour for 30 min. The supernatant liquid was poured
off and 18 ml of a freshly prepared solution of 4 g/l pepsin in 0.1 N HCI were
added. The bottles were then incubated for a further 48 h, being shaken after
the first 10 min to resuspend the feeding stuff residues. At the end of the pepsin
digestion period the bottles were again centrifuged and the supernatant poured
off. The residues in the bottles were rinsed with distilled water and
recentrifuged before being placed to dry in an oven at 105° C together with the
samples reserved for the dry matter determination. After 48 h in the oven the
bottles were cooled in a desiccator and weighed. To ensure that drying was
complete the bottles were returned to the oven for a further 24 h and the
weighing repeated. The proportion of dry weight lost by each sample was
calculated taking into account the residual weight of faeces in the control
bottles. The mean proportional weight loss of the three replicates for each
sample was recorded as the in vitro digestibility.
3.4 - CHEMICAL ANALYSIS

A proximate chemical analysis of feeds and faeces was carried out

according to official methods of analysis ( A.O.A.C., 1990 ).

CHAPTER3 GENERAL MATERIALS AND METHODS..........oovemrieisesnceieenrine e cnsnesss e sansnnesanses e 32



3.4.1 - DETERMINATION OF THE MOISTURE

Moisture of fresh feeds, ensiled feeds and faeces was determined by
drying in two stages, at 60 °c overnight then at 105 °c for 3 hrs. All the
samples were ground by hammer mill fitted with a 1 mm mesh sieve. The dried
and ground samples were stored away from direct sunlight in sealed
polyethylene packs.

3.4.2 - DETERMINATION OF THE NITROGEN CONTENT

Nitrogen content ( N ) was determined by the kjeldahl procedure, it is a
two stage process, consisting of:

a) Acid digestion
b) Titration
a) Acid digestion
Reagents: sulphuric acid ( 98% )
Kjeldahl tablet contained 3.5 00 g K;SO,
0.105 g CuSOy
0.105 g SiO,

Procedure :

Duplicate samples each of 200 mg of milled and dried samples were
transferred into a micro - digestion tube, and half of one kjeldahl catalyst tablet
was added and also 5 ml of sulphuric acid was added to each tube. The tubes

were inserted into a preheated ( 450 °C ) heater contained within the fume
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cupboard. Digestion was completed when the acid mixture turns to the
characteristic green colour.

b) Titration

Reagents : Sodium hydroxide ( NaOH ) 40%, Boric acid 1% with bromo
cresol green / methyl red indicator ( 100 g to boric acid in 10 L distilled water )
100 ml bromo cresol green ( 100 mg in 100 ml methanol ) 70 ml methyl red (
100 mg in 100 ml methanol ) 5 ml sodium hydroxide ( 4% ) to give a positive
blank and hydrochloric acid (HC1) 0.5 M

Procedure :

A Kkjeltec Auto 1030 analyser was used for titration. Three
samples of distilled water ( blanks )were titrated prior to running a batch of
samples . The ammonia produced from the breakdown of nitrogenous
components ( except NO’;+ NO7, ) during the acid digestion stage was released
by an automated addition of 25 ml of sodium hydroxide and constant passage
of steam through the resulting mixture . The ammonia was distilled off and
collected in the receiver solution. The result was calculated from the amount of
titrant (HCl) required to reach the required end point of the receiver solution
( rose ) . If the results of duplicates did not agree within 5% they were

repeated.
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3.4.3 - DETERMINATION OF CRUDE FIBRE
Crude Fibre ( CF ) was determined using 1.25 % sulphuric acid and
1.25 % Potassium hydroxide. The fibertec system ( Tecator 1020 ) was used for
determination.

Reagents :

Sulphuric acid 0.128 M (12.5 g of H,SO, diluted to 1 L with distilled
water), Potassium hydroxide 0.223 M (12.5 g of KOH dissolved in deionized
water and diluted to 1L), n-Octanol and Acetone.

Procedure :

One gram of milled and dried sample after being oil-free was transferred
into a Pyrex filter crucible. The crucibles were inserted into the fibertec system
and 100 ml of 0.128 M sulphuric acid ( measured at room temperature) was
added to each crucible brought to boiling point. One to two drops of n-octanol
was added to reduce excessive foaming. The crucibles were boiled gently for
30 min. and filtrated. The residues were Washed with warm water and 100 ml
of potassium hydroxide 0.223 M (measured at room temperature) was added to
each crucible and brought to boiling point. One to two drops of n-octanol was
added to reduce excessive foaming. The crucibles were Boiled gently for 30
min. and filtrated. The residues were washed with warm water 3 times and also
with acetone 3 times ( 25 ml for each ). The crucibles and its contents were

placed to dry in an oven at 130° C overnight. The crucibles were cooled in a

CHAPTER3 GENERAL MATERIALS AND METHODS............ccicreeriistimristiiaresstinecinnersasssianesnsassnnes 35



desiccator and weighed, then the crucibles were placed in a cool muffle
furnace and the temperature was increased to 500° C. The crucibles removed
from the muffle furnace, cooled in a desiccator and weighed. The difference in
weight is the amount of crude fibre in the sample .

3.4.4 - DETERMINATION OF ETHER EXTRACT

Soxhlet apparatus was used to determine Ether Extract ( EE ) using
petroleum ether (40 -60 °c ) as a solvent .This fraction consists of fats and oils
plus other substance, soluble in non-polar solvents, such as sterols and vitamins
AandK.

Reagents :
- Petroleum ether 40 - 60° C
Procedure :

Two gram of the milled and dried sample was weighed and placed in an
extraction thimble. The thimbles were placed in a Soxhlet extractor fitted with
a weighed flask. Sufficient 40 - 60 °C petroleum ether was poured into the
extractor to start the siphon, then sufficient ether was added to half fill the
extractor again. The samples were condensered and extracted for 6 hours . The
thimbles were removed, the petroleum ether in the extractor was collected and
distilled off the remainder of the solvent in the flask .The flask was dried in an
oven at 105 °C for approximately 1 hour and weighed with its contents. The

difference in weight is the amount of the ether extract in the sample .
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3.4.5 - DETERMINATION OF ASH AND ASH SOLUTION
Ash content was determined at 500 °c for 3 hrs in a muffle
furnace.

Procedure :

Two gram of dried and ground sample was transferred into the basin
and the basin was placed in a cool muffle furnace. The temperature of the
muffle furnace was increased to 500 °C until a whitish grey ash remained. The
basin was Placed in a desiccator to cool and weight, and prepared ash solution
by hydrochloric acid ( 6 M approximately ) and transferred to volumetric flask
50 ml. The sample solution was stored in a polythene bottle. The concentration
of phosphorus in the solution was determined spectrophotometrically as the
yellow phospho-vando-molybdate complex . The other elements in the ash
solution ( calcium, copper and zinc )was determined individually by atomic
absorption .

3.4.6 - DETERMINATION OF THE NITROGEN FREE

EXTRACT

Nitrogen free extract (NFE ) was calculated by difference .

3.4.7 - DETERMINATION OF THE FIBRE FRACTIONS
Fibre fractions were determined following Van Soest method (Van Soest,

1967).
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Figure 1 Scheme of Fibre Fractions Analysis
DRY MATTER

(A)
f y 1
CELL CONTENTS CELL WALL ( HEMI-CELLULOSE, CELLULOSE, LIGNIN)

(CO) Ccwy ®)

HEMI-CELLULOSE  LIGNO- CELLULOSE

©
ASH + LIGNIN CELLULOSE
D)
ASH LIGNIN
A = Neutral detergent fibre
B = Acid detergent fibre
C =72 % sulphuric acid
D = Muffle furnace at 550° C
A - Neutral Detergent Fibre
Reagents :

- 37.2 g disodium EDTA and 13.6 g disodium tetra borate and 60
g of sodium lauryl sulphate were dissolved in approximately 1 L of warm
water. 20 ml of 2-ethoxyethanol was added to about 500 ml warm water, and
9.12 g of disodium hydrogen phosphate ( anhydrous )was dissolved. Two
solutions were mixed and completed to 2 litres. pH was Checked and adjusted

t0 6.9 - 7.1 with ( conc. HCI ). Sodium sulphite ( anhydrous ) and acetone
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Procedure :

Empty and dry crucible was weighed, then weighed again after addition
of 1 gof milled and dried sample, approximately 0.25 g of sodium sulphite was
added to each crucible ( a bit on the end of a spatula ), the crucibles were placed
into the fibertic system and approximately 100 ml of NDF reagent was added to
each crucible. Excessive foaming was Reduced by addition of 1 - 2 drops of n-
octanol. The crucibles were Boiled gently for 1 hour and filtrated. The residues
were Washed with warm water 3 times and also with acetone 3 times ( 25 ml
for each ). The crucibles and its contents were placed to dry in an oven at 130°

C overnight, then the crucibles were cooled in a desiccator and reweighted.

B - Acid Detergent Fibre
Reagent :

Twenty gram of cetyltrimethylammonium bromide (CTAB) was
dissolved in 2 litres of 0.5 M H,SO,. Sulphuric acid 0.5 M was prepared by
adding 53.5 ml to 1.5 L. water and made up to 2 litres .

Procedure :
The crucibles with NDF residues were placed into the fibertic system.
Approximately 100 ml of ADF reagent was added to each crucible. Excessive
foaming was Reduced by addition of 1 - 2 drops of n-octanol. The crucibles

were Boiled gently for 1 hour and filtrated. The residues were Washed with
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warm water 3 times and also with acetone 3 times ( 25 ml for each ). The
crucibles and its contents were placed to dry in an oven at 130° C overnight,

then the crucibles were cooled in a desiccator and reweighted.

C-72 % Sulphuric acid

Reagent :

Sulphuric acid 72% was prepared by adding 403 ml of conc. H,SO, to
274 ml of water. For 2 litres were used 1190 ml of conc. H,SO,4 and 809 m] of
water .

Procedure :

50 ml of sulphuric acid was added to the crucibles with ADF

residues. The crucibles were placed in position and Incubated 3 hours at 25° C.
The residues were washed very well with cold water, then acetone. The
crucibles and its contents were placed to dry in an oven at 130° C overnight,
then the crucibles were cooled in a desiccator and reweighted. The crucibles
were placed in muffle furnace at 550° C. The crucibles were cooled in a

desiccator and reweighted.

3.4.8 - DETERMINATION OF SILAGE QUALITY
Silage quality was evaluated through chemical determination of aqueous

extract of the silage material. The pH was determined by using pH metre, total
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volatile fatty acids ( VFA's) acetic , propionic and butyric were determined by
using gas liquid chromatography (GLC); total acidity was determined by

volumetric titration, and ammonia was determined by titrimetrically.

3.5 - STATISTICAL ANALYSIS

The sample complete randomized design applied to analysis of variance .
The observation are down at randomized from normally distributed , treatment
and environmental effects are additive and homogeny of error variance .

The digestibility data was also analysed by the ANOVA procedure,
utilizing the statistical package ( Minitab ) program , on the university college

of north Wales computer system.
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CHAPTER 4

TREATMENT OF POULTRY LITTER BY ACID IN BROILER

HOUSE

4.1- INTRODUCTION

Due to the shortage of animal feed in Egypt and to reduce the
production costs by reducing the feed cost we have to look for alternative
sources to ruminant feed. The industry seeking ways to better capture the
potential value of poultry litter as a source of nitrogen, minerals and energy.

As economic pressure increases on the animal production, producers will
look for ways to reduce feed costs, of all the alternative feeds available, poultry
litter has the greatest feeding value for its cost.

Chemical treatment can be added to the bedding material in poultry litter
houses that may prevent volatilization of nitrogen and solubilization of protein
(Hay, 1994) and also can improve the feeding quality of bedding material
particularly, straw. However, nitric acid can be used to reduce ammonia
emission by lowering pH of slurry to 4.5 (Monteny, 1994). Also, broiler litter
can be directly acidified to lower pH and reduce ammonia volatilization by
using acid treatment. This work has been done toreach that aim by treating

poultry litter with acids.
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4.2- DESIGN

Figure 4-1 Treatment design as shown in broiler house

SECTOR 4 HCl No Acetic
1 APPLICATION Acid Acid
SECTOR 3 HCl No Acetic
2 APPLICATIONS Acid Acid
SECTOR 2 HCI No Acetic
3 APPLICATIONS Acid Acid
SECTOR 1 HCI No Acetic
4 APPLICATIONS Acid Acid
(Birds begin here)

This experiment was conducted on the college farm where broilers are
produced on commercial basis. Broiler house factorial design was followed
with 2 factors : Factor 1, Acid treatment This factor had three levels,
hydrochloric, no acid and acetic acid. Factor 2, Sector This factor had four
levels; 1, 2, 3 and 4 With birds starting in sector 1. Sectors 1, 2, 3 and 4 were
treated with acid four times, three times, twice and once respectively. This
resulted in a total of 12 experimental locations ( 3 columns X 4 rows). In which
straw was used for bedding and each locations was weighted 120 kg

approximately dried straw. The animal house was divided into 4 equal sectors.
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At the start of the treatment the chicken were placed in the 1st sector of the
house for 2 week. At the end of this period this sector was subdivided in to 3
equal parallel strips area, 2 of which were treated with either HCI or acetic acid
treatment. The third strip area was kept as an untreated control. Following this
the chicken were allowed further space (2nd sector) for another 2 weeks. At the
end of this period this sector was also subdivided in to 3 strips and added to
previous area and treated together with HCI or acetic acid treatment as for strip
1. A further area (sector 3) was added to the previous area after another 2 weeks
this area was also subdivided in to another 3 parallel strips and treated in
similar way as descried above. The final sector (sector 4) was last added and
subdivided after 2 weeks to 3 strips and treated as described earlier. The
percentage of acid treatment was 3% as dry matter of bedding weight.
Commercial HCI of 37% and acetic acid of 85% were used in the treatments.
The chicken taken space every two weeks and marketed at 8 weeks age, so,
sector 1 was treated with acid four times (0.9 L x 4), sector 2 treated with acid
three times (1.2 L x 3) , sector 3 treated with acid twice (1.8 L x 2), and sector 4
treated with acid once (3.6L). The total quantity of acids were the same for
all experimental locations (3.6 L).

Three samples for chemical analysis were taken at random from each
experimental location. Separate chemical analysis such as crude protein, crude
fibre, ether extract and ash were performed for each sample. This work was

carried out during the summer and repeated again during the winter.
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4.3- INTERPRETATION

4.3.1- MAIN EFFECTS

The two factors, acid treatment and sector, were in columns and rows.
The columns and rows were not replicated. These two factors were confounded
with environmental in the building and the behaviour and distribution of birds
but their effects were small because the temperature and humidity in the
building were under control by thermometers and hygrometers in all the

building and using the heater, ventilator or open the window to its adjustment.

4.3.1.1-FACTOR : ACID TREATMENT

The acid treatment factor included acetic acid and HC1 acid for whole
broiler house. However, the acid applications were changed through the sectors.
While, sector 2 was treated with acid for first time, it was second time for
sector 1. As well the first treated for sector 3, it was second for sector 2 and
third for sector 1and finally first treated for sector 4, it was second for sector 3,
third for sector 2 and forth for sector 1.

4.3.1.2- FACTOR SECTOR

The factor sector included the number of acid applications while the acid
application were 4, 3, 2 and 1 for sector 1,2, 3 and 4 respectively and also
includes changes in the litter; in depth, weight or density and because of
changes in manure as birds become older. Therefore the results obtained for

each sector depend on two factors, not number of applications only.
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4.3.2- INTERACTION BETWEEN MAIN EFFECTS

The interaction between main effects produces 12 mean values, for each
combination of acid treatment and sector. The sectors were reflected changes in
the litter such as depth, weight or density, but each sector had the same litter
and the same acid application. So, the difference will be between the acid
treatments. This means the difference between HCI, no acid and acetic acid
treatment when the number of application were once, twice, three times or four

times.

4.4- STATISTICAL ANALYSIS

The chemical analysis data were analysed by analysis of variance
(ANOVA) includes the effects of sector and treatments. The replicates not
included as a factor in the analysis because all sample were taken at random,
the variance between replicates were similar. If replicate is included in analysis,
it will reduce both the degree of freedom and error SS and will decrease the F
value of treatments. Means were compared using Fisher’s multiple comparison
procedure (Dowdy & Wearden, 1983). Due to that each sector produced
different quantities of litter, the weighted analysis of variance was used.
Moreover, each experimental blocks were weighted, the mean for each sector
was calculated. The relative weight for each sector was calculated as following
equation

relative weight of sector = mean sector / total weight
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The overall differences among treatments were calculated as true mean
based on the results in the four sectors. The true mean is related to the weight of
litter produced in each sector for each treatment.

Arithmetic mean = (mean sector 1 + mean sector 2 +mean sector 3 +
mean sector 4)/ 4

True mean = [mean sector 1 x ( weight sector 1/ total weight) +
mean sector 2 x ( weight sector 2 / total weight) +
mean sector 3 x ( weight sector 3 / total weight) +
mean sector 4 x ( weight sector 4 / total weight) ]
Finally the true means for treatments were calculated by weighted
analysis of variance.
4.5- RESULTS
4.5.1- TRIAL A
This treatment was carried out through summer. Table 4-1 shows the
mean values for crude protein for sectors and acid treatments. Statistical
analysis clearly showed that acetic acid treatment was significantly higher than
HCI treatment or control (P<0.05) and also, HCI treatment was significantly
higher than control (P<0.05). The differences among sectors which included

acid applications were not statistically significant (P<0.05).

Table 4-1 Crude protein content for each experimental location

HCI Control | Acetic acid Means
treatment treatment
Sector4 | 15.40 13.37 17.75 1551 a
Sector3 | 15.55 14.71 17.54 1593 a
Sector2 | 14.94 15.72 17.59 16.08 a
Sector1 | 16.74 14.22 18.03 1633 a
Means 15.66 b 1451¢c |17.73a
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It also appeared that there were statistically significant differences
(P<0.05) among all treatment in crude fibre content in litter. Variation among
sectors approached high significant (P<0.05) but only there was no significant

between sector 3 and sector 4 in crude fibre as showed in table 4-2.

Table 4-2 Crude fibre content for each experimental location

HCI Control | Acetic acid | Means
treatment treatment
Sector 4 | 22.42 24.33 20.31 2235a
Sector 3 | 22.61 25.95 20.86 23.14a
Sector 2 | 18.86 20.21 15.52 18.20 b
Sector 1 | 15.77 19.97 14.17 16.64 c
Means |19.92b 2262a |17.72¢c

It could also be noticed that there were no statistically significant
differences among either treatments or sectors in ether extract as shown in table

4-3.

Table 4-3 Ether extract content for each experimental location

HCl Control | Acetic acid | Means
treatment treatment
Sector 4 |3.45 3.39 3.13 332a
Sector 3 | 2.56 3.31 2.44 2.77 a
Sector2 | 2.77 3.47 2.83 3.02a
Sector1 |2.41 3.06 3.16 2.88a
Means 2.80a 331a [2.89a

Variation in nitrogen free extract approached high significant differences

between control and either HCI treatment or acetic acid treatment (P<0.05), but
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there was no significant differences between HCl and acetic acid treatment.
Also the results indicated that there were significant differences among all

sectors in nitrogen free extract (P<0.05) as shown in table 4-4.

Table 4-4 Nitrogen free extract content for each experimental location

HCl Control Acetic acid | Means
treatment treatment
Sector 4 | 44.46 42.18 44.45 43.70 a
Sector 3 | 42.72 40.34 43.73 4226 b
Sector2 | 46.91 4422 47.42 46.18 ¢
Sector1 | 47.84 46.95 48.58 47.80d
Means 4548 b 4342 ¢ 46.05 a

It also appeared that there were no significant differences among HCI,
acetic acid or control in ash contents and also there were no significant

differences among all sectors as shown in table 4-5.

Table 4-5 Ash content for each experimental locations

HCl Control | Acetic acid | Means
treatment treatment
Sector 4 | 14.27 16.72 14.37 15.12a
Sector 3 | 16.54 15.69 15.44 15.89a
Sector2 | 16.53 16.38 15.64 16.18 a
Sector1 | 17.25 15.10 16.06 16.14 a
Means 16.15a 1597a |1538a

CHAPTER 4 TREATMENT OF POULTRY LITTER BY ACID IN BROILER HOUSE .............cccoerrueersennan 49



4.5.2- TRIAL B

This trial was carried out through the winter to find out season effect -if
any- on chemical composition of the litter. The results are presented in Table 4-
6, which shows that there were significant differences between control and
both of HCI and acetic acid treatment but there was no significant differences
(P<0.05) between HCI or acetic acid in crude protein. The differences among
the sectors were significant but only between sector 3 and sector 2, there was no

significant differences (P<0.05).

Table 4-6 Crude protein content for each experimental location

HCl Control | Acetic acid | Means
treatment treatment
Sector 4 | 14.56 13.52 15.60 14.56 ¢
Sector 3 | 21.03 20.30 19.67 2033b
Sector 2 | 21.83 19.21 21.12 20.72b
Sector 1 | 22.98 20.75 23.84 22.52 a
Means |20.01a 18.45b |20.06 a

Meanwhile, the crude fibre results are presented in Table 4-7 showing
no significant difference among all sectors(P<0.05). There were significant
difference (P<0.05) between control and either of HCI or acetic acid treatment

but there was no significant difference within the acid treatment(P<0.05).
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Table 4-7 Crude fibre content for each experimental locations

HCI Control | Acetic acid | Means
treatment treatment
Sector 4 17.08 17.99 16.96 17.34 a
Sector 3 15.19 16.51 14.48 15.06 a
Sector 2 16.93 17.86 14.24 1634 a
Sector 1 14.19 18.40 1532 1630 a
Means 1585ab [17.69a |15.25b

On the other hand, the ether extract results indicated that there were no
significant difference among different sectors (P<0.05). Also there was no
significant difference between HCI and control but there was significant

difference between any of them and acetic acid treatment as shown in table 4-8.

Table 4-8 Ether extract content for each experimental location

HCI Control | Acetic Means
treatment acid
treatment

Sector 4 2.79 2.77 2.17 2.58a
Sector 3 2.48 2.47 1.99 231a
Sector 2 2.15 2.17 1.67 2.00a
Sector 1 1.97 242 1.79 2.06a
Means 235a 246 a 191b

However, the results presented in Table 4-9 show that there were no

significant differences (P<0.05) among the treatments in nitrogen free extract.
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Also, there were no significant difference among sector3, sector 2 and sector 1
but there were significant differences between any of them and sector 4
(P<0.05).

Table 4-9 _ Nitrogen free extract content for each experimental location

HCI Control Acetic acid | Means
treatment treatment
Sector 4 50.13 52.83 52.81 5198 a
Sector 3 46.37 46.05 49.86 4743 b
Sector 2 44.01 46.82 47.50 46.11b
Sector 1 46.05 43.87 43.73 44,54 b
Means 46.69 a 47.38 a 48.48 a

Results are presented in Table 4-10 show that there were no significant

difference among either sectors or treatments in ash content.

Table 4- 10 Ash content for each experimental locations

HCI1 Control | Acetic acid | Means
treatment treatment
Sector 4 | 15.26 12.89 12.46 13.54a
Sector 3 | 14.93 14.67 14.00 1437 a
Sector2 | 15.08 13.44 15.47 14.83 a
Sector1 | 14.81 13.56 15.32 14.56 a
Means 1490 a 13.60a |14.48a

4.6- DISCUSSION
The acid treatments improved the poultry litter quality by increasing the
crude protein content from 14.5% for no acid treatment to 15.7% for HCI

treatment and to 17.7% for acetic acid treatment during summer (trial A) and
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from 18.45% where no acids was used up to 20.01% or 20.06% as a result of
HCl or acetic acid treatment during winter (trial B). This is in general
agreement with findings reported by Hays 1994 where certain experimental
chemicals added to bedding material in poultry houses prevented volatilization
of nitrogen. Lowering pH (4 - 4.5) by added acid changed the equilibrium
between ammonia (NH;) and ammonium (NH,) so that very little volatile
ammonia is present (Monteny, 1994).

It also appeared that there were statistically significant differences
between treatments in crude fibre due to the effect of acid treatments on the
lignocellulose in the bedding material. These results are in agreement with
those obtained by Castro ef al 1993 who found that the dilute acid treatment can
improve potential lignocellulosic by-products.

It could also be noticed that there were significant differences between
sectors, this was expected because of included variations in the litter such as
depth, weight or density. On the other hand, there were no differences between
either sector3 and sector 4 or sector 1 and sector 2 and this may be due to
increased manure production during the last 2-3 weeks of the fattening periods
(Monteny, 1994).

The same trends were obtained by data collected at winter. These results
may be due to the temperature and humidity in the broiler house were the same.

Crude protein content was higher in winter than in summer, obviously,
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because of more feed consumption during winter and expectedly more manure
portion on the bedding.

All the poultry litter were produced through this treatment had good
quality as animal feed. This is in close agreement with many investigators
(Blair and Knight, 1973; McClure and Fontenat, 1983 and Pugh, et al 1994).

The poultry litter produced in sector 1 were incorporated in sheep diets

and its feeding value will be presented in the following chapter.
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CHAPTER 5

NUTRITIONAL EVALUATION OF POULTRY LITTER TREATED
WITH ACID AND INCORPORATED IN SHEEP DIETS

5.1- INTRODUCTION

The practice of using non-protein nitrogen in ruminant rations is
becoming more common. The principal compound used in this manner has been
urea, but various other nitrogenous salts have been fed successfully. Belasco,
1954 has since reported that rumen organisms are capable of utilizing uric acid,
the principal nitrogen excretory product of chickens as a source of nitrogen.
Due to the unique ability of ruminant animals to digest forages, other fibrous
material, and inorganic nitrogen such as urea , there is a world wide awareness
that by-products of agriculture and the food processing industry can serve as
low cost feedstuff alternatives (Wilkinson 1988). Broiler litter is a poultry
industry by-product that must be disposed of in an environmentally sound and
economically efficient manner.
The use of broiler litter as a feed source for ruminant animal is environmentally
and economically efficient if proper precautions are taken (Flachowsky and
Henning, 1990). The purpose of this study was to determine the digestibility
and nutritive value of poultry litter when treated with HCI or acetic acid and fed

to lambs.
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5.2- MATERIAL AND METHODS

5.2.1- ANIMALS

Twenty yearling Rahmani lambs with an average weight of 44 Kg were
randomly allotted to four groups of five. The animals were housed in individual
pens. All animals had access to small outdoor yard but feeding was done inside
a shelter.

5.2.2- FEEDS

Poultry litter was treated with HC] or acetic acid while on the broiler
house floor. It was later collected and stacked in several layers in an open sunny
area to dry. Sun dried litter was incorporated in lamb diets. This litter was
composed of rice straw as bedding material and, broiler dropping where acid
treatment was applied four times. Four diets were used in this study; a control
diet, diet mix containing untreated poultry litter, diet mix containing poultry
litter treated with HCI and diet mix containing poultry litter treated with acetic
acid. The chemical composition of all ingredients used are presented in Table 5-
I. Formulation and chemical composition of the experimental diets are
presented in table 5-2 and also contribution of nitrogen sources in each diet is
exhibited in Table 5-3. The control diet consisted of 48% maize, 40% wheat
bran, 10% sun flower seed meal, 1.5% limestone and 0.5% salt. In the other
three diets the sun flower seed meal was replaced with untreated poultry litter ,
poultry litter treated with HCl or poultry litter treated with acetic acid

respectively. The basis of replacement was to test poultry litter as a source of

CHAPTER 5 NUTRITIONAL EVALUATION OF POULTRY LITTER TREATED WITH ........cccoveenecie. 56
ACID AND INCORPORATED IN SHEEP DIETS



nitrogen in practical diets. The four diets were manufactured in a commercial

feed mill. All ingredients were ground to a maximum size of 6 mm. A steam

press unit was used for pelleting the feed into 8 mm diameter pellets.

Temperature of the pelleted product was in the order of 98°C before it was

transferred to a cooler and drier unit.

Table 5-1 Chemical composition of the ingredients used in the experimental diets

Maize | Wheat | Sun flower | PL treated | PL PL
bran seed meal | with HC1 treated untreated
percentage % with
Acetic

Moisture % 11.85 | 10.99 6.29 13.87 13.16 14.33
On Dry
Matter Basis

%

Crude Protein

9.73 16.34 30.29 22.98 23.84 20.75

Crude Fibre 3.63 9.57 24.30 14.19 15.32 19.40
Ether Extract | 5.00 4.49 1.94 1.97 1.79 2.42
Nitrogen Free | 80.39 | 64.82 35.85 46.05 43.73 43.87
Extract
Ash 1.25 4.78 7.62 14.81 15.32 13.56
Dry Matter %

Hemicellulose | 13.6 31.6 12.7 29.1 33.5 29.8
Cellulose 1.5 2.8 6.2 4.3 5.4 3.6
Lignin 0.7 7.2 1.7 8.8 11.2 17.0
Cell Contents | 83.5 57.1 57.1 55.4 45.7 47.6
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Table 5-2 Chemical composition for the experimental diets used in the feeding

trial
Diets: Control PL HC1 PL Acetic | PL
untreated

Ingredients:
Maize 48 48 48 48
Wheat bran 40 40 40 40
Sun flower seed 10 - - -
meal
PL treated with - 10 - -
HC1
PL treated with - - 10 -
acetic
PL without treated | - - - 10
Limestone 15 1.5 1.5 1.5
Salt 0.5 0.5 0.5 0.5
Proximate Analysis:
Dry Matter 89.08 88.79 89.69 90.01
Crude Protein 14.32 13.61 13.72 13.35
Crude Fibre 7.78 8.04 8.21 8.20
Ether Extract 6.64 4.90 4.34 4.28
Nitrogen Free 63.86 66.30 66.45 67.03
Extracts
Ash 7.40 7.15 7.28 7.14
Fiber Fractions:
Hemicellulose 17.0 18.2 194 19.7
cellulose 23 1.9 3.1 1.9
Lignin 6.6 45 19 4.9
Cell contents 73.2 74.6 74.0 72.6
Minerals:
P g/kg 6.3 6.7 6.3 6.3
Ca g/kg 6.8 6.4 7.4 7.4
Cu mg/kg 4.0 4.0 4.0 4.0
Zn mg/kg 14.0 17.0 14.0 17.0
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Table 5-3 The contribution of Crude Protein sources in each dietasa
ercentage of total dietary Crude protein

Source of nitrogen in the diet | CP total Exp. Source

contributed | dietary CP | of nitrogen
% %

Sun flower seed 10 3.03 14.32 21.2

meal

PL treated with HCI | 10 2.30 13.61 16.90

PL treated with 10 2.38 13.72 17.35

acetic

PL untreated 10 2.08 13.35 15.58

5.2.3- FEEDING TRIAL

The experimental diets were used in a feeding trial by using four animal
groups, each of five lambs. Experimental Diets were offered to the lamb
groups over a period of 117 days. Daily allowances were one Kg of the
experimental diet + 2 Kg of Egyptian Clover / head.
The first two weeks were considered a standardization period. The
experimental lambs were weighted biweekly. The total gain in liveweight was
calculated by the difference between initial and final weight.

5.2.4- DIGESTION TRIALS

During the feeding trial, four animals, one from each group were
transferred to individual metabolic cages. The four animals were of almost

similar liveweight. This trial was repeated three times with different animal
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from each group. Three animals were used, therefore, to determine nutrient
digestibility and the feeding value of each experimental diet in terms of total
digestible nutrients. Each trial consisted of 10 -day- preliminary period
followed by 7 -day- collection period.

Faeces were collected daily in nylon bags, mixed thoroughly, weighed,
and 10% of each day collection was used for dry matter determination. Samples
from each animal were taken over the whole collection period , pooled together,
ground and kept in tightly closed containers for chemical analysis. Digestibility
coefficients were calculated by expressing the weight of nutrients digested as
proportions of the weights consumed. The general formula for the calculation
of digestibility coefficients

is: Nutrient consumed - Nutrient in faeces
Nutrient consumed

5.2.5- CHEMICAL ANALYSIS
Analysis of feedstuffs and faeces were carried out by the methods

described in chapter 3.

5.2.6- STATISTICAL ANALYSIS

The data were subjected to analysis of variance (ANOVA) for the
effect of treatments was carried out by using completely randamized block
design. The animals were distributed into blocks according to the weight and

the treatments were randomly distributed into each block. Means were
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compared using Fisher’s multiple comparison procedure whenever the results

of the ANOVA indicated significance (Dowdy & Wearden, 1983).

5.3- RESULTS

Table 5-4 shows the coefficients of digestibility and nutritive value of
diets used in this experiment. Inspection of digestibility data reveal that there is
no significant improvement in the digestion of dry and organic matter, crude
fibers and their fraction of cellulose and hemicellulose. This is possibly due to
the inclusion of poultry litter - whether treated or untreated - instead of sun
flower meal in the diets given to lambs. It should be noticed also that
improvement was most remarkable in crude fibers. Moreover, treatment of PL
by acetic acid has led to significant improvement in digestibility of
hemicellulose and cellulose over the HCl treated or untreated PL. On the other
hand, digestibility of crude protein or nitrogen free extractives were not
affected by the inclusion of treated or untreated PL or sun flower meal. The
nutritive value of the litter diets expressed as TDN, SV or DCP were
statistically significant different especially where the litter was treated by acetic

acid.
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Table 5-4 Average of digestibility coefficients and Nutritive value for the
experimental diets used in the feeding trial

Digestibility
Coefficient % Basic PL- HCI diet | PL - acetic PL untreated
diet diet diet
Dry Matter 7171 b 75.50 a 78.59 a 79.12 a
Organic Matter | 73.05 b 7833 a 8133 a 81.73 a
Crude Protein 7197 a 7234 a 73.86 a 7298 a
Crude Fibre 48.63 a 64.56 b 72.03 b 70.61 b
Ether Extract 6494 b 69.53 b 82.84 a 8297 a
Nitrogen Free 8444 a 82.81 a 85.00 a 84.76 a
Extract
Ash - - - -
Hemicellulose 4547 ¢ 5293 b 70.53 a 64.53 a
cellulose 3287 ¢ 5037 b 59.71a 486 b
Cell contents 8452 a 864 a 88.04 a 88.77 a
Nutritive value:
AS Fed
TDN 68.91 ¢ 71.72 a 7231 b 7231 b
Sv 68.00 ¢ 70.67 a 7134 b 7136 b
DCP 875 b 9.18 a 9.09 a 877 b
On Dry Matter basis
TDN 77.61 80.51 80.62 80.33
SV 76.58 79.33 79.54 79.28
DCP 9.85 10.31 10.13 9.74

Means with different character within row are significantly (P<0.05) different

The daily feed intake, average of body weight, the rate of gain and feed
conversion in the four groups during the experimental periods are shown in
table 5-5. Statistical analysis showed that there were no significance
differences among all groups in initial body weight and also there were no

significance differences in daily feed intake.
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The results are presented in table 5-5 show that the highest rate of gain

and the highest feed conversion were achieved in the group fed on diet

containing PL treated with acetic acid.

Table 5-5 Daily feed intake , Feeding value and average gain in liveweight
over experimental period (117 days)

Basic diet PL treated | PL treated PL untreated
with HC1 with Acetic | diet
diet diet

Feeding

Value %

TDN 77.61 80.51 80.62 80.33
Sv 76.58 79.33 79.54 79.28
DCP 9.85 10.31 10.13 9.74
Daily

Intake Kg

Dry Matter 0.89 0.89 0.90 0.90
TDN 0.691 0.717 0.726 0.723
DCP 0.088 0.092 0.091 0.088
Gain Kg

Average initial 435 43.4 433 45.5
weight

Average 57.2 59.0 64.5 62.0
final weight

Total gain 13.7 15.6 21.2 16.5
in weight

Average daily 117.1 c 1333 b 1812 a 141.0 b
gain (g)

Feed conversion | 7.6 6.7 4.97 6.4
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5.4- DISCUSSION

Using poultry litter in experimental diets, as shown in Table 5-4, resulted
in increase the crude protein, crude fibre, hemicelluose and cellulose
digestibilities. This may be due to the energy (TDN) contains in the diets
containing poultry litter table 5-4. The inclusion of readily available source of
carbohydrates in formulating poultry litter diets was assumed to improve its
feeding quality. Bagley et al 1994 reported that, to make broiler litter more
palatable in order to increase consumption, corn or other feeds are added.

Treating poultry litter with HC] or acetic acid are improved the bedding
quality. This results are in agreement with those obtained by Castro et al 1993
who found that the dilute acid treatment can be improve potential
lignocellulosic by-products. Furthermore, acetic acid treatment tend to be better
than HCI treatment. This may be due to the acetic acid in addition to improve
the quality of bedding material is played as a source of energy which provide a
good source of energy and stimulate fermentation and digestion of the non
protein nitrogen.

Daily feed intake, rate of gain and feed conversion are presented in table
5-5. The results indicate that the diets containing poultry litter treated with
acetic acid is statistically higher than other three diets in rate of gain and feed
conversion. This results may be due to this diet contained high quantity of
digestible crude protein, in addition to the effect of acetic acid on the bedding
material and as a source of energy.
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CHAPTER 6
VOLUNTARY INTAKE AND DIGESTIBLITIY OF POULTRY
LITTER-CITRUS PULP SILAGE FED TO GROWING LAMBS

6.1- INDRODUCTION

Poultry litter can be rendered free of pathogens by different methods of
processing such as ensiling (Caswell, e al 1977). However, it can be ensiled in
mixtures with other feed ingredients and ensiled to encourage acid production.
Poultry waste is generally high in crude protein; 25% out of which more than
50% is non protein nitrogen (NPN) (Bhattacharya and Fontenot, 1966). In
contrast, citrus pulp is generally high in energy where nitrogen free extracts
furnish 70% or more of its chemical composition. Consequently, poultry litter
can be ensiled with other by-products such as citrus pulp to produce a good
quality silage of fair nitrogen and energy lenient (Hadjipanayiotou, 1993),

The purpose of this study was to determine the voluntary feed intake of
poultry litter ensiled with citrus pulp and to assess its nutrient digestibility when

fed to lambs.

6.2- MATERIALS AND METHODS
6.2.1- SILAGE PROCESSING
Poultry litter collected from commercial broiler houses was mixed with

citrus pulp in a ratio of 20:80 as fresh matter, respectively. The mixture was
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properly pressed into a trench and tightly covered by plastic sheet. The trench
was opened five months later, and the silage was sampled for quality
measurement  and  dry matter determination. Dry matter content was
determined by placing the sample in a 60 °C oven. Water extracts of the silage
were prepared by homogenizing 25 g wet material with 100 ml water in a
blender for 2 minutes. The homogenate was filtered and used for measurement
of silage quality and volatile fatty acids. Silage material was analysed for

proximate chemical composition before and after ensiling.

6.2.2- ANIMALS
A total number of 7 male rahmani lambs with an average weight of 25

kg were used throughout the course of the study.

6.3- VOLUNTARY FEED INTAKE

The silage was allowed to air dry for one day before being offered to 7
lambs. The silage and a concentrate mixture (60% wheat bran, 25% maize,12%
sun flower seed cake, 2.5% limestone and 0.5% salt ) were used in feeding the
lambs for period of 18 days to measure voluntary intake. The lambs were
offered gradually increasing amount of silage and a decreasing amount of
concentrate mixture. They were fed twice daily and always had free access to

fresh water.
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6.4- DIGESTIBILITY TRIAL

Four lambs were used to determine digestibility coefficients for ensiled
poultry litter-citrus pulp. This trial was conducted on two stages; preliminary
for 14 days and collection for 7 days. Daily feed consumption and faecal
output were recorded in the 7 day collection period and samples of feed and

faeces were taken for chemical analysis.

6.5- CHEMICAL ANALYSIS
Proximate chemical analysis of feeds and facces were carried out
according to official methods of analysis ( A.O.A.C., 1990 ). Silage quality was

measured by the methods described in Chapter 3.

6.6- RESULTS

Table 6-1 shows the chemical composition of citrus pulp, poultry litter
and their mixture before ensiling. Data presented show that on dry matter basis
citrus pulp was much higher in NFE (75%) than poultry litter (47%), Poultry
litter was much higher in crude protein (25%) than citrus pulp (7%). The
poultry litter-citrus pulp mixture (20:80) contained proper level of moisture for
making silage.

Table 6-3 shows the chemical composition of poultry litter-citrus pulp

mixture before and after ensiling, digestibility coefficients of nutrients, and
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nutritive values for the silage produced. It appeared that differences in dry
matter and organic matter percentages were miner, while values of CP,CF, EE,
and ash tended to be higher in the silage produced than in the mixture. It seems
that this was at the expense of NFE which was remarkably lower after ensilage.

The average digestibility coefficients and nutritive value of ensiled
poultry litter-citrus pulp are also presented in table 6-3. Values of digestibility
for DM, OM, CP, CF, EE were 52.2, 55.6, 48.2, 48.0, 52.7, respectively and as
high as 73% for NFE. In addition, the nutritive value expressed as TDN or SV
and DCP were; 55% or 54% and 9%, respectively .

Voluntary feed intake is presented in table 6-4 as amounts consumed
from amounts offered of silage or concentrate mixture over a period of 18 days.
Daily consumption exceeded 1 Kg silage/head which indicate no problem of
palatability. These results are in agreement with those reported by

Hadjipanayiotou 1993 for ensiled poultry litter-grapefruit on sheep.
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Table 6-1 Chemical composition of citrus pulp, poultry litter and their

mixture (80 % CP + 20 % PL ) before ensiling
Chemical Citrus pulp Poultry litter Mixture
Composition (CP) (PL) before

ensiling

Moisture 80.85 17.85 69.34
DM Basis
Crude Protein 6.67 25.20 17.95
Crude Fiber 9.62 13.25 10.00
Ether Extract 3.88 0.97 245
Nitrogen
Free Extract 74.89 47.28 56.87
Ash 4.94 13.30 12.73
Fiber Fraction:
Cellulose 1.90 5.50 7.10
Hemicellulose 6.40 26.50 15.50
Lignin 9.10 19.40 10.50
Cell Contents 81.80 45.80 61.40
Minerals:
P g/Kg 1.00 11.3 6.0
Cag/Kg 40.0 6.6 11.4
Cu mg/Kg 3.0 4.0 4.0
Zn mg/Kg 48.0 34.0 27.0

Table 6-2 Silage quality for silage produced

pH Lactic | NH3-N VFA's *Acetic Propionic | Butyric

acid % | (mg/100g) | (mg/100g)
4.8 0.74 510 38.16 52.18 18.34 9.25
As a percent from VFA's
CHAPTER6  VOLUNTARY INTAKE AND DIGESTIBLITIY OF CITRUS PULP-POULTRY ..........cveeore. 69

LITTER SILAGE FED TO GROWING LAMBS




Table 6-3 Chemical composition of citrus pulp and poultry litter mixture
(80 %CP + 20 % PL)before and after ensiling and silage digestibility coefficient

% Before ensiling After Digestibility
ensiling coefficient
Dry matter 30.66 29.28 52.20
Organic matter 87.27 84.12 55.62
Crude protein 17.95 18.78 48.24
Crude fiber 10.00 11.49 48.05
Ether extract 245 2.77 52.74
Nitrogen free 56.87 51.08 73.26
extract
Ash 12.73 15.88 -
Mipgapls 6.0 14.0 -
Cag/Kg 114 46.0 -
Cumg/Kg 4.0 6.0 -
Zn mg/Kg 27.0 46.0 -
BlhfgiEraction 7.10 15.3 42.00
Hemicellulose 15.50 9.30 27.80
Lignin 10.50 3.10 -
Cell contents 61.40 60.10 66.94
Nutritive Value TDN SV DCP
as fed 16.19 15.98 2.65
on DM Basis 55.29 54.65 9.06
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Table 6-4 Voluntary feed intakes (g/head/days)of citrus pulp and poultry litter
ensiled mixed with farm diet*

Diets silage farm diet * Consumed from
(gm) (gm) mixture of silage
and farm diet

Days Offered  Consumed Offered Consumed (gm)

1 286 211 407 382 593

2 286 267 407 387 650

3 428 403 357 347 750

4 570 553 314 304 857

5 570 555 314 302 857

6 857 452 315 305 757

7 857 468 315 305 793

8 857 453 315 304 757

9 857 390 315 303 693

10 857 453 315 304 757

11 857 581 315 305 886

12 857 737 315 304 1041

13 857 726 315 315 1041

14 1071 593 143 143 736

15 1071 686 143 143 829

16 1071 707 143 143 850

17 1071 1047 143 143 1190

18 1071 1057 143 143 1200

* Farm diet contain 60% wheat bran, 25% maize,12% sun flower seed cake, 2.5% limestone and 0.5% salt
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6.7- DISCUSSION
6.7.1- CHEMICAL COMPOSITION

While crude protein is high in pouliry litter (25.2%) and low in
citrus pulp (6.7%), NFE is low in the former (47.3%) and high in the latter
(74.9%). These values are generally in agreement with those reported by
numerous investigators Sancliaz-Vizcaino, et a/ 1971 and Bhattacharya and
Harb, 1973 for citrus pulp and Blair and Kinght, 1973 and Silva ef al 1976 for
poultry litter. Chemical composition of citrus pulp and poultry litter might
indicate that they compliment each other when mixed and ensiled to produce a

good diet for ruminants.

6.7.2- FERMINTATIVE CHANGES AND QUALITY
MEASURES
The differences between the mixture of poultry litter-citrus pulp before
and after ensiling as shown in Table 6-3 indicate that most of nutrient values
tended to be higher in silage than before. However, the nitrogen free extract
was remarkably lower after ensiling as most of the energy required by
fermentation process is drown from soluble carbohydrate ( Watson and Smith,
1965 and Watson and Nash, 1960). Therefore, differences in before and after

ensiling percentages for CP, CF, EE and Ash are presumably relative rather
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than actual values. In other words, the actual major change seems to have taken
place in the NFE fractions. Similar findings were reported by El-Gaafary, 1981
in citrus pulp ensiled with rice hulls and orange waste silage by Nour et a/
1987. The crude fiber and ash percentages followed similar trends.

The silage produced had a natural yellowish colour, a pleasant mild
aroma and soft consistency. Such observations agree well with those reported
for ensiled citrus pulp by Becker ef al 1946 and Hadjipanayiotou, 1993.
Ensiling quality measures as pH, lactic acid, ammonia, total and individual
volatile fatty acids are comparable with values reported for ensiled citrus pulp
by numerous investigators, Abdel-Razik 1979. However remarkably higher
VFA’s and lower lactic acid do not indicate desirable course of fermentation or

high quality product. Palatability, however, seems not to be much affected.

6.7.3- DIGESTIBILITY COEFFICIENTS AND NUTRITIVE
VALUE

Average values for DM, OM, CP, CF, EE and NFE were 52.20, 55.62
48.24, 48.05, 52.74 and 73.26, respectively. Results of nutritive value as TDN
or SV and DCP were 55.29 or 54.65 and 9.06, respectively. Values obtained
here for digestibility coefficients of poultry litter-citrus pulp silage are generally
lower than those reported by Tag-Eldin ef af 1982 and Yang and Choug 1986.

In this work the digestibilities were lower than the others. This could be
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attributed  to relatively higher values for volatile fatty acids and lower value for
lactic acid which might have negatively affected digestibility. However the
nutritive value of this silage is almost 150% better than that for Egyptian clover

or its good quality hay.
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CHAPTER 7
REPLACEMENT OF PROTEIN SOURCES IN HIGH FIBRE DIETS
WITH NON PROTEIN NITROGEN
7.1- INTRODUCTION

For the past two decades there has been a global search for alternative
feed resources for sustainable animal productivity ( Owen and Jayasuriya,
1989) . The importance of crop residues as feeds for ruminants , especially
during the dry season , has been recognized by farmers who face a number of
constraints on their appropriate improvement and utilization (Wanapat, 1990).
The main nutritional constraints on rice straw as an animal feed are its slow
rate of digestion and low nitrogen (N) content. Urea treatment increase N
content as well as intake (Tuen etal., 1991) and rate and extent of digestion
(Ibrahim et al., 1989). Feeding trials with sheep have shown that animals fed
urea-treated and urea-supplemented rice straw ate more and grew faster than
animals receiving untreated straw (Djajanegara and Doyle, 1989).

Formalin was successfully applied to limit the breakdown of water-
soluble carbohydrates and protein ( Wilkins ef al., 1974) during ensilage. An
application rate of 3-5 g formaldehyde per 100 g crude protein (CP) for grass
silage, was suggested to be safe for ruminants (Wilkinson et al., 1976).
Additives, and especially formaldehyde, or mixtures of acids and

formaldehyde, decrease protein breakdown in the ensiling process as well as in
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the rumen and therefore influence positively the productivity of animals ( Orda,
1984; Skultety, 1985).

Feeding poultry wastes, particularly poultry litter, to fatten is well
documented in the technical literature throughout the world and is widely
practised (Murthy, et al 1996; Griffith, 1993 and Flachowsky, 1992). The fact
that it can dramatically reduce the cost of finishing is the determining factor in
choosing a feeding system. In many developing countries, when pastures are
inadequate in both quantity and quality, it is economical to finish lambs on
cheap complete rations. When these rations are high in energy and low in
volume the lambs’ intake is greatly increased and their finishing time is
satisfactorly reduced. The aim of this study was to compare the effect of
chemically treated poultry litter (formaldehyde) and untreated poultry litter

and, barley straw ( urea ) as a sources of nitrogen instead of soyabean meal.

7.2- MATERIAL AND METHODES

Work reported in this chapter was carried out in Bangor, North Wales,
UK. Because of some limitations in animal numbers, eight yearling Cambridge
ewes with an average weight of 49Kg were randomly distributed into four

groups to run digestibility trials on four experimental diets.
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7.2.1- PREPARATION OF TREATMENTS

Urea treated barley straw (UBS) was prepared by chopping using cutting
machine, spread on cement floor and sprayed by 3.5% urea solution. Urea was
completely dissolved in water at rate of 3.5 Kg in 100 litter to be sprayed on
100 Kg barley straw. After thoroughly mixed, barley straw was stored tightly in
a silage bag for a reaction period of 30 days.

Poultry litter was collected from a commercial broiler house where
wheat straw was used as a bedding material. The litter was spread on cement
floor and sprayed by 3% formaldehyde (40 %). After thoroughly mixing and
dried for 3 days. Formalin treated poultry litter (FPL) was stored in bags.

7.2.2- EXPRIMENTAL DIETS

Chemical analysis of ingredients was observed in formulating the
experimental diets in order to get their chemical composition as close as
possible. Ingredients used in the formulation of experimental diets were barley
straw; (BS), urea treated barley straw; (UBS), poultry litter; (PL), formalin
treated poultry litter; (FPL), barley; (B), and soyabean meal; (SBM). Chemical
composition for all ingredients are presented in Table 7-1. The four diets
offered were made up of :

BS +B + SBM, Diet 1 ( control)
only B+ UBS, Diet2

BS+B+PL, Diet3
BS+B+FPL, Diet4
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In other words SBM of the control diet was replaced by urea treated
barley straw, poultry litter or by formalin treated poultry litter in diets 2,3 or 4,

respectively. Table 7-2 presents chemical composition of all diets.

7.2.3- DIGESTION TRIAL

Animals were transferred to individual metabolic cages to determine
coefficients of digestibility and nutritive value in terms of total digestible
nutrients for each diet. The trial consisted of a 10-day- preliminary period
followed by 7 -day- collection period and they were repeated twice. Faeces
were collected daily in nylon bags and were mixed thoroughly, weighed and
10% of each day collection was used for dry matter determination. Samples
from each animal were taken over the whole collection period, pooled together,
ground and kept in tightly closed containers for chemical analysis. Chemical
analysis of feedstuffs and faeces were carried out by the methods described in
chapter 3.

7.2.4- STATISTICAL ANALYSIS

Data was analysed by analysis of variance (ANOVA) for the effect of
treatments was carried out by using complete randamized block design and
repeated twice. The animals were distributed into blocks according to the
weight and the treatments were randomly distributed into each block. Means
were compared using Fisher’s multiple compatison procedure whenever the

results of the ANOVA indicated significance (Dowdy & Wearden, 1983).
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7.3- RESULTS

The effect of treatment on the chemical composition of barley straw
or poultry litter as treated by urea or formalin, respectively, are shown in
table 7-1.

Urea treatment increased crude protein content of barley straw from
4.01% to 6.2 % or well above 50% improvement on DM basis. Also chemical
composition of the straw fibers was affected by urea treatment as their are
remarkable increases in NDF, ADF and Cellulose and slight decrease in
hemicellulose with no appreciable effect on ADL.

Changes were also remarkable in Chemical composition of fiber NDF,
ADF, hemicelluose and cellulose due to formalin treatment on poultry litter.
Other chemical analysis showed little or no difference between untreated and
formalin treated poultry litter.

Daily feed allowances expressed as DM given per head in the four
groups and chemical composition of the four experimental diets are presented
in Table 7-2.

Data shown on chemical composition indicate minute differences -if
any- in the proximate analysis of all diets on dry matter basis. Fiber
components, however, showed relatively wider variations among diets with
highest values for NDF,ADF and cellulose in the urea treated barley straw diet.
No differences were observed between poultry litter or formalin treated poultry

litter diets.
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Results obtained on nutrient digestibility coefficients and nutritive value
for the experimental diets are exhibited in table 7-3.

No differences existed between digestibility coefficients of DM, OM,
CP, NFE of the control and urea treated barley straw diets. However, digestion
of crude fiber, cellulose and ether extract was significantly better in the control
diet (SBM) while hemicellulose of the UBS diet was more digestible. On the
other hand digestibility coefficients of all nutrients in poultry litter diet were
not significantly different from those in the formalin treated poultry litter diet.
Besides they were of lower value when compared to the control or the urea
treated straw diets with one exception where digestibility value of CP was
significantly -though slightly- better.

It is also indicated in Table 7-3 that nutritive values of the control and
UBS diets were almost similar. But TDN or SV for any of them was higher
than any of the poultry litter diets whether treated or not.

Taking these findings into consideration, it is worthwhile to note that
animals on the four diets suffered from a liveweight loss which ranged from 2.5
Kg on the control diet to 3.7 Kg on the UBS diet. Losses on the poultry litter

diet where intermediate.
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Table 7-1 Chemical composition of the ingredients used in the
experimental diets
Barley | Urea Poultry | formalin | Ground | Soyabean
straw | treated | litter treated Barley | oil meal
Proximate Barley Poultry
Analysis: straw litter
(BS) (UBS) (PL) (FPL) ®) (SBM)
Dry Matter | 90.00 |483 88.4 90.63 86.6 89.85
Crude 4.01 6.20 27.04 2798 11.18 48.67
Protein
Crude Fibre | 40.10 |42.80 15.30 16.40 5.30 6.80
Ether Extract | 1.98 1.84 2.1 22 1.7 3.70
Nitrogen 48.10 | 43.94 40.71 38.88 75.21 32.59
Free Extract
Ash 5.81 5.22 14.85 14.54 6.61 8.24
Fiber Fractions:
NDF 68.77 | 77.78 53.88 63.26 16.77 12.87
ADF 3599 [49.32 20.48 23.84 2.6 431
Hemicellulose | 32.78 | 28.46 334 39.42 14.17 8.56
Cellulose 34.63 4843 19.52 22.07 0.68 3.02
Lignin 1.06 0.89 1.69 1.77 1.91 1.29
Minerals:
P g/kg 1.1 0.75 4.18 5.07 3.14 6.8
Cag/kg 34 4.6 43 4.3 2.7 3.1
Cu mg/kg 1.4 1.6 6.1 6.6 14 22
Zn mg/kg 3.9 4.0 2.6 29 3.6 3.3
Mg mg/Kg 5.2 5.3 1.6 1.6 0.8 1.2
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Table 7-2 Chemical composition for the experimental diet used in the

feeding trial (DM basis )

| 1 (control) | 2 3 | 4

Ingredients : Consumed : gm / head

Barley Straw 500 - 500 500

Urea Treated - 500 - -

Barley Straw

Barley 270 300 222 233

Soyabean Meal 30 - - -

Poultry Litter - - 78 -

Formalin Treated | - - - 67

Poultry Litter

Proximate analysis: Chemical composition %

Dry Matter 88.85 62.66 88.90 89.06

Crude Protein 8.10 8.07 8.25 8.11

Crude Fibre 2711 28.74 28.03 27.98

Ether Extract 1.95 1.79 1.91 1.92

Nitrogen Free 56.67 55.67 54.90 56.22

Extract

Ash 6.17 5.74 6.91 6.77

Fiber Fractions:

NDF 4912 5490 52.89 53.16

ADF 23.53 31.80 25.21 2525

Hemicellulose 25.59 23.10 27.68 27.92

cellulose 21.99 30.52 23.74 23.69

Lignin 1.36 127 1.36 137

Minerals:

P gkg 2.00 165 197 2.03

Cagkg 3.15 389 3.29 327

Mg mg/kg 1.43 1.53 1.86 1.84

Cumg/kg 3.78 3.85 3.69 3.73

Zn mg/kg 357 361 363 362
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Table 7-3 Digestibility coefficient and Nutritive value for the experimental
diets

Digestibility Diet 1 Diet 2 Diet 3 Diet 4
Coefficient % Control UBS PL FPL
Dry Matter 52.30a 5295a 50.50 b 50.50 b
Organic Matter 56.30a 56.80 a 55.00b 5490b
Crude Protein 56.00 a 55.00 a 57.34b 57.90 b
Crude Fibre 60.31 a 533 a 494 ¢ 50.00 ¢
Ether Extract 59.50 a 57950 5290 ¢ 53.60 ¢
Nitrogen Free 71.90 a 72.10b 68.60 b 69.70 b
Extract

Hemicellulose 64.79 b 68.14 a 43.52d 4742 ¢
cellulose 62.00 a 56.79 b 4543 ¢ 4535¢
Nutritive value %

DM basis

loss of weight Kg | 2.5 3.7 33 2.7
TDN 64.24 62.22 58.51 59.49
SV 55.96 53.49 49.97 50.96
DCP 4.5 44 4.7 4.7

Means with different character within row are significantly (P<0.05) different

7.4- DISCUSSION

Results obtained for chemical composition and digestibility of urea
treated barley straw are generally comparable to those reported for rice straw
by Ibrahim et al.(1989) on sheep, and Tuen ef al. (1991) and Mgheni et al.
(1993) on goats.

The similarity of DM, OM, CP, and NFD digestibility in the control and

UBS diets and their TDN, SV and DCP values indicate that source of dietary
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nitrogen is possibly of minor importance at least when diets are given at
maintenance level or nearly so.

In the meantime the improvement of crude fiber and cellulose
digestibility of control diet over those of other diets might be attributed to the
relatively slow degradability of SBM protein compared to that of urea in the
UBS diet or the uric acid or other sources of NPN in the PL diets. It is well
established that such nitrogen sources are rapidly degraded in the rumen into
ammonia which is readily absorbed giving just a short period of time to be
efficiently utilized by the cellulolytic bacteria of the rumen Djajanegara and
Doyle (1989).

With the poultry litter diets it seems that the absence of significant
differences between digestibility of nutrients clearly indicate that treatment of
the PL by formalin did not affect the activities of rumen microflora and did not
-in particular- affect utilization of different N sources of the litter. Yet, the only
improvement in hemicellulose digestibility seems unexplainable within data of
the present work. Significantly lower digestibility values for all nutrients -
except CP- in the PL diets might be -at least in part of it- due to that the
bedding material used in the houses where litter was collected from was wheat

straw instead of barley straw.
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CHAPTER 8

USE OF FAECAL ORGANISMS FROM SHEEP FOR THE IN VITRO
DETERMINATION OF DIGESTIBILITY FOR THE DIETS
CONTAINING POULTRY LITTER

8.1- INTRODUCTION

One of the most useful measures of the nutritional value of a feedstuff is
its apparent dry matter digestibility. This can only be measured in vivo but,
since the in vivo determination of digestibility is laborious and consumes large
amounts of feedstuffs, several laboratory methods have been proposed for its
estimation. These methods rely either on measuring cell wall fractions or on in
vitro techniques that simulate the natural ruminant digestive processes. Many
artificial rumen procedures have been proposed, the two-stage technique based
on the use of rumen liquor followed by acid pepsin developed by Tilley ef al.
(1960) and Tilley & Terry (1963) being the one most extensively used. This
method is reliable, accurate and precise for the prediction of in vivo digestibility
of a wide range of forages. However, its application has the disadvantage that

surgically modified animals are needed to provide the rumen liquor.
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With increasing concern for animal welfare, there is a need for an
alternative to the Tilley and Terry (1963) method, which requires rumen liquor
from fistulated animals. El Shaer et al. (1987) described a method which uses
ovine faeces micro-organisms inoculum instead of the rumen liquor. The
method was developed on the principle that micro-organism species present in
the rumen are also present in the hind gut and that a proportion of these micro-
organisms are passed in the faeces ( Van Soest, 1982 ). This technique is
simple, cheap and needs no modified animals. The aim of this study was to test
this technique for the prediction of the dry matter, crude protein and crude fibre

digestibility of the diets containing poultry litter.

8.2- MATERIALS AND METHODES

Twenty eight samples of the diets where most of them were containing
poultry litter either silage or not of known in vive digestibility, obtained from
the present studies in previous chapters were subjected to this study.

Triplicate samples, each of 180 mg of air dried ,ground to pass a 1 mm
screen, were used in the analysis. These, together with additional samples used
to determine the dry matter content, were weighed accurately into pre-weighed
McCartney bottles which had previously been oven dried at 105°C for several
days to constant weight.

A total of 60 g wet weight of sheep faeces were collected within 1 h of
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voiding from sheep. The faeces mixed with 50 ml of artificial saliva
(McDougal, 1948) which had previously been saturated with carbon dioxide.
The mixture was filtered through a double layer of muslin which was then
wrung out and rinsed again to recover as much liquid as possible before being
made up to 1000 ml with artificial saliva . The pH was checked, and adjusted if
necessary to pH 6.8. The filtrate was stirred and 18 ml were added to each
McCartney bottle and also to five control bottles. The bottles were incubated at
38°C in incubator for 48 h , being also shaken manually three times daily
during the incubation period. At the end of incubation period the bottles were
centrifuged at 2000 g for 30 min. The supernatant liquid was poured off and 18
ml of a freshly prepared solution of 4 g/l pepsin in 0.1 N HC1 were added. The
bottles were then incubated for a further 48 h, being shaken after the first 10
min to resuspend the feedstuff residues. At the end of the pepsin digestion
period the bottles were again centrifuged and the supernatant was poured off,
The residues in the bottles were rinsed with distilled water and recentrifuged
before being placed to dry in an oven at 105° C together with the samples
reserved for the dry matter determination. After 48 h in the oven the bottles
were cooled in a desiccator and weighed. To ensure that drying was complete
the bottles were returned to the oven for a further 24 h and the weighing
repeated. The proportion of dry weight lost by each sample was calculated

taking into account the residual weight of faeces in the control bottles. The
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mean proportional weight loss of the three replicates for each sample was
recorded as the in vitro digestibility.
8.3- RESULTS

The result of applying this procedure to 28 samples of known iv vivo
digestibility is illustrated in Fig.4 . The relationships between in vivo
digestibility (y ) and in vitro digestibility (x) were calculated separately for the
dry matter ( 10 samples ), crude protein ( 9 samples ) and crude fibre (9
samples ). They were :
y=8.2(£1.9)+091(£0.029)x for dry matter

R. square was 99.2% and correlation coefficient was 0.99

y= 13.6 (£4.5) +0.84 (£ 0.069) x for crude protein

R. square was 95.5 % and correlation coefficient was 0.97

y=9.16 (+4.28) + 0.91 (£ 0.073) x for crude fibre

R. square was 95.7 % and correlation coefficient was 0.97

and were indistinguishable at the 5% level of probability. Data for these 28
samples were therefore pooled and the relationship between the digestibility
estimates was found to be represented by the equation :

y=10.6 (£ 1.9) +0.88 (£ 0.03) x

R. square was 97.0 % and correlation coefficient was 0.98
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8.4- DISCUSSION

The fermentative organisms contained in the faeces samples were
capable of degrading diets containing poultry litter. The in vitro digestibilities
calculated for the diets were acceptably close to the apparent digestibilities in
vivo. El Shaer efal (1987) found a high correlation between in vitro and in
vivo digestibility. The relationship was represented by the equation y = 1.003
(= 0.004) x with a correlation coefficient of 0.98 and a residual standard
deviation of 1.54. When compared with enzymatic and the Tilly and Terry
method (Omed et a/ 1989) it was concluded that suspension of micro-organisms
derived from sheep faeces were as rumen liquor for digesting ruminant
feedstuffs in vitro. Since sheep faeces are much more easily obtained than
rumen liquor , the faeces liquor method would seem to have a distinct
advantage may be of special value in countries where regular supplies of

cellulase are unobtainable.
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SUMMARY

This work was carried out through the channel system between Suez
Canal University, Ismailia, Egypt and University of Wales, Bangor, North
Wales, United Kingdom.

Some of the agro-industrial by-products are looked at as environmental
pollutants. In the present work some of them, namely; poultry litter, citrus pulp
and barley straw as a high fiber roughage were chosen to investigate how they
can be utilized, safely and efficiently in ruminant feeding. This objective,
therefore, was approached through application of some treatments to render
such by-products secure and uncostly feeds when incorporated in ruminant
rations.

Treatments and results obtained are summarized as follow.

Acid treatments of poultry litter
1-Chemical composition

In the commercial broiler house floor bedding of wheat straw was
biweekly sprayed by HCI or acetic acid or not sprayed and left to serve as
control. Acids were sprayed (3% of the bedding DM) for one, two, three or four
times over the 8 wk production cycle.

Results obtained on the chemical composition of the poultry litter
revealed that acid treatments significantly raised CP and lowered CF content of
litter and these changes were more pronounced with acetic acid specially during

suminer.
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However, NFE, EE or ash content of the litter were not significantly
affected by any of the treatments.

2- Nutrient digestibility and growth performance of lambs

Poultry litter, treated with HCI, acetic or untreated replaced sun flower
seed meal incorporated in a control diet at the level of 10%.

Digestibility of dry, organic matter, crude fibers and their fractions of
cellulose and himicellulose in litter diets were improved significantly over the
control one. Remarkably and significant improvement in crude fibers, cellulose
and hemicellulose digestibility were attained in the acetic acid - treated —
poultry litter — diet.

Crude protein and NFE digestibility were not affected by the
replacement.

Nutritive value was consistently better in the litter diets whether the litter
was treated or not.

Daily feed intake did not differ significantly on the four diets. Lambs on
the acetic acid treated litter diet significantly out gained lambs on the other litter
diet which also performed better than those on the control diet.

Ensiling poultry litter with citrus pulp
A mixture of poultry litter and citrus pulp in a ratio of 20:80, respectively, was
ensiled in a trench for 5 months.

Voluntary feed intake of the silage as measured by lambs indicate no

problem of palatability although the product was not of high quality.
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Digestibility coefficients of all the silage nutrients were around 50% except
NFE digestibility which was about 73%. However, nutritive value of the silage
was 16.2 and 2.7 in terms of TDN and DCP, respectively, or almost 150%
better than the Egyptian clover.

Use of different nitrogen sources in high fiber diets

Four experimental diets were formulated to have similar chemical
composition. Average CP% was very close to 8% but was furnished from:

Barley straw + ground barley +soyabean meal (the control diet)

Urea treated barley straw + + ground barley (UBS diet)

Barley straw + ground batley + poultry litter (PL diet)
or Barley straw + ground barley + formalin treated poultry litter ( FPL diet ).

No differences existed between digestibility of nutrients or nutritive
value of the control or UBS diet indicating that source of dietary protein was of
minor importance particularly at levels around maintenance.

Crude fiber and cellulose digestibility were digested better in the control
diet compared to any of the others; possibly due to the slowly degradable
protein of SBM.

Formalin treatment did not affect nutrient digestibility. Poultry litter
diets ( treated or not ) were generally lower in there nutrient digestibility —
except crude protein. Perhaps, this could be attributed to the lower amount of
ground barley — the major energy source- incorporated in the litter diets and the

lower NFE percentage of poultry litter in the meantime.
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Use of faecal organisms from sheep for the in vitro

determination of digestibility for the diets containing poultry

litter

Twenty eight samples of the diets, most of them were those containing
poultry litter and of known in vivo digestibility, reported in previous chapters
of this work were subjected to this study.

The objective of this part was to test validity of the faecal liquor method
to determine In vitro digestibility of feeds or diets containing poultry litter. As
described by EL-Shaer er al 1987, this method rely on the use of ovine faecal
micro-organisms inoculum instead of rumen liquor.

The relationships between in vivo digestibility ( y ) and in vitro
digestibility (x) were calculated separately for the dry matter ( 10 samples ),
crude protein ( 9 samples ) and crude fibre (9 samples ).
for dry matter :
y=82(£1.9)+0.91 (+0.029)x and correlation coefficient was 0.99
for crude protein :
y= 13.6 (£4.5)+0.84 (£0.069) x and correlation coefficient was 0.97
and for crude fibre:
y=9.16(+4.28)+0.91 (+0.073) x and correlation coefficient was 0.97
There were indistinguishable differences at the 5% level of probability. Data
for these 28 samples therefore was pooled and the relationship between the

digestibility estimates was found to be represented by the equation :
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y=10.6 (£ 1.9)+ 0.88 (£ 0.03) x and correlation coefficient was 0.98

The results correlated closely with the in vivo digestibilities.
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