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Abstract: 4 otal number of 672, 18 day old, of commercial broiler chicks were distributed 10
24 weatments each with 4 replicates (seven chicks each) to evaluate the mutritionaf value of raw
brown algae (Sargassum SPFP) and those of thermal treated form (boiled and awloclaved) in
Sinisher broiler diet (18-39 days) at 0.0, 2.0, 4.0 or 6.0% levels with or without enzyne
supplementation. -

Results of the chemical analysis and metabolizable energy (ME keallkg) of raw and
those of thermal treated algue (boiled or autvclaved) indicated that alfl mnrients content were
approximately equals and the thermal pracessing did not chunge the chemical composition of
the algae. Algae meals have high percentage of sodium by abou 3.02. 401 und 4.05 % for
raw, boiled and autaclaved dalgae, respectively. The resulis show that the thermal treatnienins
had no effect on ity content of amino dcids. The chemical score (('S) und the essential amino
acid indexes (EAAI) of raw, boiled and autoclaved algae were 41.67, 41.67 and 31.25% for ('S
and 72.59, 81.50 and 72.80 % for EAAI respectively, moreover methionine, histidine and
lysine were the first, second and third limiting amino acid, respectively. Palmitic acid was ihe
major constituent of the saturated fatty acidy (25.899, 22.119 and 26.602%. respectively) and
the total percentages of unsaturated fatty acids were high in all samples (64101, 67.097 and
64.668%, respectively; for raw, boiled and autoclaved algae. The results revedled that raw,
boiled and awoclaved algae are rich in their content of omega fatty acids.

Generally, the highest body weight (BW), 2164.72 g, and bodv weight gain (BWG),
1542.58g, were recorded for the brailer fed control diet, regardless of different smudied diets.
Broiler fed raw algac recoded the highest significant BW compared 1o which fed boiled or
autoclaved algae in their diets, regardless of the levels or enzvinatic treatments. The lowest
iotal fed intake (F1),2539.02 g, und the best feed conversion (FCRy, 1.85, were recorded Jor the
broiler fed control diet (0.0% algae).

Using different levels of raw or treaied algae and wddition of enzymes mixture fo
broiler finisher diets did rnot significantly affect on dressing. gizzard, spleen and liver
percentages. Impacted 2% algae significantly increased plusma HDL and significanily
decreased plasma total cholesterol concemrations, regardless of treatments. However. enzyme
supplementation had insignificant effect on all plasma constituents.

In conclusion, using brown algae in finisher brailer diet inprove plusma profites and hed
insignificant effect on carcass characteristic. However, further investigations are recommended
to imprave the matritional value of brown algae as an untraditional poultry ingredient.
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INTRODUCTION

It is well common known that marine
algae couid be divided into three main groups.
green, brown and red algae. Algae are
valuable sources of tood. micronutrients
(essential nutrients, especially trace elements),
and raw materials for the pharmaceutical

industty and  considered as the tood
supplement for 20 century as source of
proteins, lipids, polysaccharides, minerals,

vitamins, and enzymes (Rimber 2007}, Rizvi
and Shameel (2004) found that brown algae
Sarga have significant activity against bacteria
as compared 1o the green and red algac.
Abdel-Wahab er al. (2006} pointed out that
the extract of some types of marine algae in
the Red Sea such as fauwrencia obtusa and
Caulerpa prolifera have an obvious effect
against fungal toxins AFB! which responsible
for the beginning and encourage the
emergence of cancer in the liver,

Algae carbohydrates, are in the form
of starch, glucose and polysaccharides, had
high digestibitity and this gives no limits for
use of algae in dried food and feed (Becker,
2004). Algae fats consist of glycerol and
bases which esterifics to saturated and
unsaturated fatty acids. which some of their
are particular importance, such as omega 3
and omega-6 (Tzovenis ef al, 2003). Mohd
et al. (2000) showed that G. changgi (C
changii) algse contained a  higher
composition of unsaturated fatty acids (74%).
mainly omega faity acids and 26% of
saturated fatty acids (mainly palmitic acid)
and also relatively high levels of calcium and
tron. David (2001} and Becker (2004)
indicated that algae are good source for
essential vitamins (A. By, B, B;, By, CLE,
picotinic  acid, biotin,  folic  acid, and
bantothinic acid.  Also, algae are rich in
pigments such as chlorophyll (0.5% to 1%)
of dry weight and carotenaids (0.1 to 0.2%).
Sim er ol (2004) indicated that Eckionio
acva  Kjellman (EC) brown  algae  dried
aercbically contains 10.49% protein, 0.73%
fat, 36.41% fiber, 27.23% mineral salts and
10.6% sodium chloride, and the average

value of the energy represented by 1849
Kcal/kg, and the average values ol 13 amino
acid is about 32%. also algae contained a
quantity of vitamins such as vitamin £, Ba.

Becker (2004} tound that 30% of the
current production of algae in the world s
sold for use in animal feed. Yamuaguchi
(1997} demonstrated that more than 50% of
cuient production fiom algae Arihrospira is
used as feed additives.

In poultry algac can be used safely
from the level of 5% 10 10% while the use of
algae with high concentrations for long
periods gives adverse eftects (Tuher, 1986).
The yellow color of the skin of broiler chicks
and legs as well as epg yolks. are the
important qualities that can be improve by
feeding on algac (Becher, 2004). Nimruzi
(2008} showed that the brotler chicks led
4.0% algae powder inclusion improved their
feed efficiency. and pigments of broiler
chicks. Asar (1972) indicated that fed 3% of
the seaweed resulted in the best increase in
the chick weights. El-Deek et ol (1985
and1987) reported that feed conversion ratio
did not significantly difter for layers fed on
seaweed levels and found  substantial
improvement in body weight of chicks by
using seaweed up to 10%. Breikan (1993)
noted that green algae could be used up to
10% in the ducks diets. Schaivone et ul.
(2007) found that marine algae (Schizoch
Virium type) is an alternative source for the
traditionat sources (tish oils) of n-3FA in the
broiler diet,

According 1o the latest developments
of the forage strategy in the Kingdom of Saudi
Arabia, # was found that the size of the
subsidy for imported rations. up nearly 6
billion riyais/year, also the basic materials in
the composition of poultry diets (com and
soybeans) are rising stll. resubting in higher
product prices by up to 40%. which compels
us to search for other alternatives ingrediems
that could be used in poultry diets. The aim of
this study was 1o evaluate the nutritional value
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of different levels of brown algae meal as
alternative ingredient for broiler diets in the
raw or treated forms with or without enzyme
supplementation on the growth of broiler
performance and their plasma lipid profile.

MATERIALS AND METHODS

This study was carried out at the
" poultry farm of the Faculty of Meteorology.
Environment and Arid Land Agriculture,
King Abdul Aziz University. The aim of this
investigation is to evaluate the nutritional
value and the suitable level of raw or treated
brown algae as altenative ingrediemt for
brailer finisher diet supplemented with or
without enzyme.

1- Algae sources:

Many types of marine algae and their
gender have been identified by the
specialists, deployed in the caichments area
of those algac on the coast of the Red Sea
city of Jeddah by the spectalists, the most
important available species are Cysto Seira
Myrica. Sargassurp dentifebium, Turbinaria
Trigvetra and Colpomenia sp.

" Type Sargussum was selected to be
used in this study because it is the most
prevalent of brown aigae at Red Sea shore in
Saudi Arabia near Jeddah.

Brown algae (Sargassum dentifebiuny)
which will be included in this study had the
following characteristics: had alvicozantin dye
tn its structure in addition to the chlorophyll
pigment, food saver in
carbohydrates and polysaccharides and its
cells wall compaosed of ceflulose and lignin.

2- Gathering
algae:

and preparing marine

Algae were harvested, transported to
the college farm, sun derided {the
environmental temperatures about 40 (Y
during the most day), then were crushed to
dry powder, sieved o the appropriate size for
feeding and then stored in dark bags until use
in diet formuiation.

3- Thermal  processing  treatments

(boiling and autoclaving):

Dried brown algae have been taken
and boHled in cooking umt using for 20
minuets with stirring, transferred directly to
the trays, with continuous stirring for 36
hours in drying unit then dried algae were
grinded again and sieved. Another part of the
raw algae were expuosed to the sterilization
process (autoclaved) under pressure for 20
minutes and temperature of 121 "

4- Chemical evaluation:

Samples of raw and thermal treated
algac meals were taken for a complete
chemical analysis according to methods of the
ACAC (1985), Table (1). Metabolizable
energy (ME) of raw and treated algae samples
were calculated according to Carpenter and
Clegg (1956) equation as following:

ME (kcallkg) = (35.3 * CP %) + (79.5 * FE
%) + (40.6 * NI L%y + 199.0,

The amount of the essential amino
acids in greatest deficient in raw or treated

- algae meals were considered. the first and

the form of
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second limiting amino acids compared with
the chicks requirement present in the NRC
(1994). Essential amino acid index (LAAT)
was calculated according 10 Woodham und
Deans (1977), Table (2).

0

”)Dﬂil; 10 @il
--------- Xommsreesemes X N
EAAl = AA AA-
where:
aa;. aaz, ... aa, . percentge of the essintial

amino acids in the ingredient

AAL AAa... AA, . percentage of the
same amine acids in NRC

N : The number of umino actds entermg
into the calculation

If in that protem an essintial amino
acid is present in a greater quantity than in
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the NRC, then it percentage content is
lowered to 100.

Chemical score (CS): The content of
each of the essential amino acids of a protein
is expressed as a percentage of that in the
standard (NRC, chicks requirement), the
lowest percentage being taken as the
chemical score (Mc Deonald et al., 1973),
~ Table (2).

S- Enzymatic mixture:

The enzyme mixtore  formulation
which used in the experimental diet was
conststed of Xylem 500 and Amcozyme 2x
enzyme in equal ratio and used with a rate of
| g/ kg broiler diet. Xylem 500 {extracted
from the Bacillius Sabtilis bacteria and their
components are X-amylase 8000 U/gm and
{4 B xylanase 1260 U/gm) and Amcozyme
2x enzyme (its components: Amylase
2500000 U/gm, Protease 2000000 Ufgm,
Lipase 150000 U/gm, Beta-glucanase 30060
Ulgm, Xylanaze 3500000 U/gm, Celiulase
15600 U/gm, Phytase and X glactocidase).

6- Experimental design:

Finisher broiler diets (Table 4) were
formulated according to the catalog of the
supplier company using a compuler program
to configure the feed at the lowest cost, then
calculated according to the NRC (1994}, A
total number of 672, 18 day old, distributed
to 24 treatments cach (reatment with 4
replicates (seven chicks per each). Feed and
water were provided ad-libitum throughout
the experimental period (18-39  days).
Vaccination and medical program were done
according to the different stages of age under
supervision of a veterinarian.

Twenty four experimental diets were
formulated to contain 0.0, 2.0, 4.0 and 6.0 %
of raw or treated algae mieal with or without
enzyme preparation.

7-  Measurements:

Body weight (BW), body weight gain
{(BWQ), feed intake (I'1) and teed conversion
ratio (FCRY were weekly coleulated. At the
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end of the experimental (39 days of age) §
birds from each treatment were randomly
selected and slaughtered tor carcass
evaluation. Carcass was eviscerated and
head and shank were removed, giblets (liver,
gizzard and heart) and spleen were dissected
from the viscera and weighed. Each portion
was expressed as a percentage of live body
weight. Blood samples were taken from the
3 broiter chicks from each treatment in tubes
containing EDTA. Plasma was obtained from
the blood samples by centrifugation for 15
min. at 3500 rpm and frozen.  The tfrosea
plasma was allowed o thaw prior analyais,
Plasma  total  dipids.  trighyeeride ol
cholesterol, LDL and HDL were determined
by colorimetric methods using available
commercial kits,

8- Statistical Analysis:

Results obtained were statistically
analyzed according o experimental design
and analysis of the factorial direction of
variance application program using the linear
model GLM (S48, 2001). Variables having
significant differences were compared using
Duncans multiple range st (Duncan, 1955).

RESULTS AND DISCUSSION

Chemical Composition of Raw aad
Treated Algae:
Results  represcated  in Table (1)

showed the chemical anatysis and the minerals
content of raw brown algae (Scrgussunt spp)
as aftected by different treatments, Values of
the proximate analysis and the minerals
content of tesied materials were approximately
equals. It may be due 1o thermal possessing
did not change their contents of nutrients,
except the color of algae diftered due to
thermal processing and tended to be more
dark for algae weated by awtocda ing foflowed
by algae treaied by butling process.  The
metabolizable energy values (ML keal/kg)
were  approximately  equal  for diterent
samples which ranged between 1726 and
1774 keabhg,  Abo. results indicated  tha



algae have higher percentage of sodium bieng
4.02, 401 and 4.05 % for raw, boiled and
autoclaved algae, respectively. Results of
Table (1) explained that raw or treated brown
algae contained 47.15, 48.31 and 47.65% ash,
that may be due to the existence of these algae
in the Red Sea environment which is
characterized by high salts, and this is
consequently reflected on the components and
- the concentration of mineral salts in cells and
particularly sodium element.

The acid hydrolysis for amino acids
content, chemical score (CS), essential amino
acid index (EAAI) and limiting amino acids
(LAA) for raw and treated algae are presented
in Table (2). The resuits showed that raw and
treated algae are rich in amino acids. The
thermal treatments had no eftect on the algae
content of amino acids. The chemical score of
raw, boiled and autoclaved algae were 41.67,
41.67 and 31.25%, respectively. The essential
amino acid indexes of raw, boiled and
autoclaved algae were 72.59, 81.50 and 72.80
%, respectively. Based on the calculated
values of CS, it is clear thar, methionine,
histidine and lysine were the first, second and
third limiting amino acid, respectively, for the
studied samples.

Palmitic acid was the major
constituent of the saturated fatty acids for
raw, boiled and autoclaved algae (25.89.
22.12 and 26.60%, respectively), Table (3).
It was observed that both of raw and
autoclaved algae were contained the highest
percentage of total saturated fatty acid
(35.869 and 35.332%, respectively). The
total percentages of unsaturated fatty acids
were higher in all samples (64.101, 67.097
and 64.668 for raw, boiled and autoclaved
samples, respectively) comparing to saturated
faity acids percentages and the ratio of total
unsaturated fatty acid to saturated fatty acids
were .79, 2.06 and 1.83 for the same
samples, respectively. However, oleic acid
was the major constituent of total unsaturated
fatty acids (27.338. 28.690 and 27.086% for
raw, boiled and autoclaved samples.
respectively). followed by linoleic  acid
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(22,158, 25438 and 24.474 %0 tor the same
samples, respectively). The resuits revealed
that raw, boiled and autociaved algae are rich
in omega fatty acids content. Nearly. similar
results were found by Sim et al. (2004) who

confirmed that chemical compounds of
brown algae FEckalonia acva  kjellman,
Kjellmaniella  crassfolia  and  Hizikia

Susiforme were 10.49% protein, 0.73% fat,
36.41% fiber, 27.23% ash, 10.6% sodium
chioride and ME 1849 kcalkg and the
average values of 13 amino acids was about
32%. In this respect. seaweed are generally
poor in energy and fat content, while it has
high content of mineral elements. especially
Mg. Ca, P. K. and |, and vitamins (Jimenez-
Escring and Goni, 1999). In previous
studics demonstrated by  El-Sayved (1982)
tound that Cystoseira myvrica, Surgassun sub
cpanddum,  Digenia simplex and  Lawrenciu
papittosa  brown algae was the most
important marine aigac diversified and
widespread on the north coast of Jeddah (the
Red Sea) and the concentration of mannitol is
25-39 mg / g brown algae. Carbohydrates
ranged from 68.66 to 90.83%, protein 6.35 10
25.34% and fat 1.13 - 7.46%. He found also
that brown seaweed Trubinaric murrayana
contains 3.2% laminaran, 4.7% fucans and
22.6% algmic acid.  Khaltil and El Tawil
(1982} conducted reviews on the chemical
components for some marine algae species
from the coast city of Jeddah, and found that
the aigae is free of alkaloids and flavonoids
and has traces ol terpenoids und steroids,
They pointed out that the content of algace is
often poor in protein and has an inverse
relattonship with the content of fat. lodine 1s
important and its concentration is up to 43
mg / g, as well as the concentration of
phosphorus is high. Wong and Cheung
(2001) found that algae content of crude fiber
ranged from 50.30% to 55.4% and salts 21.3
to 22.8% on diy basis and found that fat is
very low, ranged between 1.42 - 1.64%.
Mohd. et al. (2000) tound that C. changgi
algae contains a high amount of unsaturated
fatty acids 74%. especiatly omega fatty acids
and 26% of saturated fanty acids. especially



paimitic acid. as well as their content is high
in calcium and iron. Wong and Cheung
(2001) indicated that major amino acid
components of the red seaweed were glycine.
arginine, alanine and glutamic acid.  Also.
among the essential amino acids (EAAs).
lysine with a chemical score of 53% was the
most limiting when compared to the essential
amino acid pattern of egg protein. Lipstein
- and Hurwitz (1983} found large variation in
the ME content (from 900 to 2782 Kcal/kg)
for eight algae samples using young chick.
Many researchers reported that the algae
highest content of mineral salts may be due
to the types of algae, geographical location,
season  and environmental tactors,
physiological and other (Yoshie et al., 1994).
Rizvi and Shameel (2004) explained that the
brown algae often contain many minerals
such as Ca, Cd. Cr. Cu. K, Fe. Mg, Na. Pb
and Zn. David (2001) stated that vitamins A
(retinal), By, Bo, Bi, B folic acid and C
content of 100g dry matter of Ulva sp were
960 1U, 0.06, 0.03, 8.0, 6.3, 11.8 mg and 10.0
mg, respectively and 100g dry matter of
Gracilaria content of vitamins B, By, Ba.
B, folic acid and C were 0.4, 0.4, 14.4, 2.8
and 1.1mg, respectively. Also, Ruperez et al.
(2002) explained that the content of brown
algae is high in mineral salts by 30.1 - 39.3%
comparing to the red algae. Al Homaidun
(2006) measured the concentration of
cadmium, copper, iron, lead and zinc in four
species of brown algae in the areas of Khatji
and Dammam on the Saudi coast of the
Arabian Gulf. He demonstrated that the
concentrations ol cadmium, copper and zine
were  within - pormal  limits  for  such
environments, and ranged between 0.62 and
1.95 pg/g for cadmium, 3.95 and 11.23 pg/g
for copper and 15.70 and 75.50 pg/g of zinc.
Also, high concentrations of iron and iead
were tound in the two regions. ranging from
the 16! and 1466 pg/g of iron. and 8.84 and
18.60 pg/g of lead.

Broiler Growth Performance:

Using  dillerent  levels  of  algae
significantly aftected on final BW Table (3).
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At the end of the experiment (39 days old). the
highest broiler BW (2164.72 g) was recorded
for those fed control diet comparing 0 the
other experimental groups.  The influence of
thermal treatment clearly indicated that the
broiler fed raw algac recorded the significant
highest BW than broiler fed boiled or
autoclaved algae in their diets. Generally, the
towest broiler BW was recorded for those fed
autoclaved algae in their diets comparing 1o
the other treatments, Regardless of levels or
the thermal ftreatments, the enzymatic
treatments significantly decrease broiler BW
comparing to the broiler groups ted untreated
diets. The interaction results indicated that
there were significant ditferences in final
broilers BW (Table 6).

The final BWG of broiler was
significantly affected by feeding  ditferent
treated or untreated levels of algae (Vable 6).
Regardiess  of  thermal  and  enzsmatic
treatments, the broiler fed the control diet (0%
algae) had the highest significant BWG
(1542.58¢) comparing 1o the other treatments
groups and the lowest overall BWG
(1465.93g) was observed for those fed 6%
algae in their diets. The influence of thermal
treatment carried out indicated that broiler ted
raw algae had the highest BWG (1314.56 g)
comparing to the other treatment groups and
the lowest BWG (1490.52 g) was vbserved for
those fed autoclaved algae in their diets
regardless of levels or enzymatic treatment.
The broiler ted untreated algae with enzymes
had the highest BW G comparing o the brodler
fud weated algace at the end of experimental
period  {(1504.28y).  regardiess  of  thermal
treatment or algae levels. These results agree
in part with those reportied by Ef Deek and
Brikga (2009) who found that the tevels (0. 4,
8 12 %) of seaweced did not affect the
performance of the ducks. Ross and Dominy
(199() found that the growth ot ihe chicks ted
diets containing up to 6.0 % of Spirulina was
not different from that of the chicks receiving
the control diet (0.0%) and the birds receiving
12% Spiruling in their diet grew significantly
slower than the chicks ted the other Spirnfing



diets. Carrille et af. (1990) demonstrated that
feed intake was insignificantly different (from
| day to 8 wks of age) for broilers fed
sorghum-—soybean diets contained 0, 5, 10,
15% seaweed (Mucrocystis pyrifera), while
growth significantly decreased gradually with
increasing seaweed level. However, Ernest
and Warren (1990) observed that the
performance of Hubbard male brotler
. chickens was not significantly affected by
incorporation of blue-green algae up to 6% in
the diet.

Feed Utilization:

The total FI and FCR were
significantly affected by different levels of
algae, thermal and enzymatic treatments and
their interaction Table (5). In respect of algae
levels, the lowest total FI (2839.02 g) and the
best FCR (1.88) were recorded for the broiler
fed control diet (0.0% algae). However, the
highest total amount of FI was recorded for
broiler fed 6% algae (298133 g)
accompanied with the worst FCR (2.09) for
the same group. These results indicated that
using different levels of algae in broiler
finisher diet increased the amount of F! but
did not improved the FCR comparing to
control treatment Table (5). Moreover, using
boiled or autoclaved algae in broiler finisher
diets increased the total amount of FI and not
improve the FCR comparing 1o those fed raw
algae in there diet.  Also, Fi for broiler fed

diet containing boiled algae and enzymes

mixture was significantly increased, while
FCR was significantly improved as
comparing to those fed untreated algae in
there dies Tables (5). Many researchers
indicated that F1 or FCR were unaffected by
addition of sea grass to broifer, quail! and
ducks diets (E? Deck er al, 1987 and Ei
Deek and Brikaa 2009). Venhatararamuan
et al. (1994) found that feed efficiency and
performance in general were not affected by
the addition of dried Spaulinag algae powder
10 broiler diet. Schaivone et af. (2007} found
that using of 5 g algac / kg feed
insignificantly atieet on the pertormance of
the Muscovy ducks.
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Carcass Characteristics:

Regardless of thermal or enzymatic
treatments. using ditterent levets of algae in
broiler finisher diets had insignificant effect
on dressing percentages {ranped between
73.1 to 73.8%) at 39 days of age (Table 6).
Also, the overall mean of broiler dressing
perceniages was insignificant affected by
thermal treatments (ranged bemween 73.8 o
74.5%) comparing v those ted raw algae
(untreated algae). On the other hand. adding
mixture of enzyme in broiler finisher dicts
significantly  decreased  the  dressing
percentage, regardless of levels or thennal
treatments (Table 6).

Using different levels of algae in
broiler finisher diets had insignificant eftect
on gizzard and spleen percentages (ranged
between 2.12 to 2,35% and 0.12 to 0.15%,

respectively), regardless of thermal or
enzymatic treatments (Table 6).  Also, the

overall mean of broiler gizzard and spleen
percentages were  insignificam  dif¥erent
among treatments {ranged between 2018 1o
2.33% and 0.13 to 0.14%. respectively) due
to thermal treatrments comparing 10 those fed
raew algae (untreated algae).  Generally,
addition of enzyme mixture to broiler finisher
diets significantly decreased the gizzard and
spleen percentages regardiess ot levels or
thermal treatments (Table 6). On the other
hand, addition of algae by different levels or
algae treated with thermal or enzymatic
treatments to  broiler finisher diets had
insignificant effect on liver percentages
(Table 6). Gu ef uf, (1988) concluded that
2% of marine algae meal improved broifer
performance and dressing percentage. £
Deek et al. (1987) and El Deek and Brikau
(2009) found that using ditterent levels of
seaweed had insignificam effect on duchs
carcass quality. Venkatararamun et al.
(1994) found thai broiler dressing percentage
and the weights of different organs were not
atfected by the addition of Spiruling algae
dried powder to brower dict. Schaivone et al,
(2067) found that using of 5 g algae / kg feed
insignificantly affected on the slaughter



characteristics, chemical structure, color and
stability of oxidation properties and sensory
of the Muscovy ducks.

Blood Constituents: -

Incorporation of different levels of brown alga
in broiler finisher diet had significant effected
on HDL and LDL values, those values
_ fluctuated and did not show regulars trend.
Also thermal treatment showed the same
fluctuations while. they were not affected by
enzymatic treatments (Table 7).
triglycerides  (TG)  concentration  was
significantly affected by using different levels
of algae and it is ranged between 112.47 to
119.32 mg / dl. The highest concentration was
recorded for the broilers fed 2% algae in their
diets (119.32 mg / dl} and the Jowest
concentrations was recorded for those fed 6%
algae in their diets (11470 mg / di).
Incorporation of boiled aigae in finisher
broiler diets significantly increased plasma TG
coneentration (120.35 mg / dl) as compared 10
those fed the control or diets containing
autoclaved algae (114.65 and 114.45 mg / dl,
respectively) Table (7). Addition of enzymes
had no effect on plasma TG concentration. in
this respect, several researches reported that
addition of algae meal to human and animal
diet significantly improved lipid profile as
reported by Venkataraman et al, (1994) and
Schaivone et al, (2007).

Plasma

Using different levels of algae significantly
affected total  cholestero!
concentration (TCh) and it is ranged between
121.00 to 1258 mgdl, the
concentration was recorded for the broiler fed
2 and 6% algae (121.0 and 122.7 mg/d),
had
TCh

on plasma

lowest

Thermal
effect

respectively). treatment

insignificant on plasma
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concentration, but it is clear that
incorporation raw algae in broiler finisher
diets significantly decreased plasma TCh
concentration compared to the
incorporation of boiled or autoclaved algae.
However, adding enzymes had no effect on

plasma TCh concentration (Table 7).

as

Plasmas total lipid (1'l.p) concentrations were
significantly increased by increasing level of
algae in broiler dicts from 2% to 4% and 6%
{2685 and 2973 and 3013 mp / dl,
respectively) comparing 1o the control (225.3
mg / dlj, while no significant ditterence were
observed between those fed the high levels
(4% and 6%) of algae, Also, thermal
treatment had a significant eflect on Thp
concentration, since the incorporation of
boiled algae diets
significantly decreased TLp concentration
comparing to the incorporation of raw or
auntoclaved  algae.

in  broyler finisher

However.  enzymatic
treatments had insignilicant chleet on Thp
concentration (Vable 7). In this respect
Keskin et al. (1995) tound slighuy higher
plasma total lipid tor Japanese quails atter |
wk feeding on 1% Maxicrop. an extract from
the Ascaophyllhuni
Schaivone et al. (2007) reported that algae
powders increased of total lipids as compare

to the control.

seaweed nodosm.

In conclusion, using brown algae in
finisher broiler diet improve plasma profiles
and had effect on carcass
characteristic. Hlowever. further investigations

msignificant

are recommended o improve the nutritional
value of brown algac as an untraditional
poultry ingredient.
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Table 1. Chemical analysis of raw, boiled and autoclaved algae used in formulating
experimental diet.

Nutrients (%) Raw Boiled Avioclaved
Dry Matters 94.20 94.40 94.70
Crude protein 7.5 177 16} ]
Ether Extracet .45 0.47 .t o
Ash 47,15 4831 4765 |
Nitrogen Free Extract .19 29.95 Lo AnM 1
Crude Fiber 177 7.9 ! 7.65 o
Neutral detergence fiber 27.95 J.2 289
Acid detergence fiber 21.54 ARG 218
Hemicellulnses 6.41 6.67 J AL
Tannin { mefe protein) 778 0.733 : n8is
__ME (K cal/kg) T Ter U T b
Minerals contents e e o
Calcium Yo 0.144 0.144 0134
Phosphorus % 0.239 |___ 023 0285
Sodium Yo 4.010 4.810 4,050
Zinc FPm 330 330 i 348
| Mangagese PPm 270 270 s
Todine PPm 12,73 1272 | 1308
Irion Prm 114958 11,495 _ona2n
Copper Pi'm 479 4,79 4.60
Lead PPm 0,002 0.002 0.001

Table 2. Amino acids analysis and ammonia contents of raw, boiled and autoclaved algae
used in formulating experimental diet.

Amino acids ¢/t00y Raw % Boiled % Sutoglaved% R “‘,‘“’u X
samples Regquirements™s
Alanine 0.87 .64 087 o
Arginine 0.7! 0,77 b 00128
Aspartic acid 1.61 154 .80 L B
Cysteine 0.07 010 o _0os — L
Glutamie acid .98 2.01 222
Glycine + Serine 0.77+0.59 0.71+0.60 $8.72+0.73 j
Histidine 0.18 0.43 0.21 017035
Isolencine 0.478 .49 0.57 $.65-0.8%
Leucine 0.92 0.88 0.96 042-1.20
Lysime T T 0.4D 0.30 0.96-1.10
Aethionine 0,17 b.2% 0.18 4.30-0.50 |
Phenylalanine+Tyrosine ©.70+0.52 0.64+8.40 0.80+1.00 0.43-1.40
Proline 6,53 0.72 1.26 B
Threonine 0.63 8.08 4.74 0.48-0.80
Valine 1.03 100 .94 4.70-0.9%
Ammonia 0.28 8.16 0.19
Total 12.41 12.48 14.29
EAALT 72,59 N
s 410,67 4167 Mas [
FLAAY Methionine | AMethionine [ Methionine ] e
SEAAT Histidine | [listidine Wistidine |
Tl Lysine T ysine | Wysme [ T
|: Essential Amino Acid lndex, 2: Chenucal Score. 3 First Bimiting Amino Acid
4: Second Limiing Amino Acid. 5 Fhird Linuting Amino Acid.
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Table 3: Fauy acids percentages of raw. boiled and aitoclaved dricd brown algae used in
formulating experimental diet,

T ~Or !
Fatty Acids R:;:v Boiled %o | Autoclaved® : Ni(e;l:‘:d) }
Lauric Cpum 1.049 0.521 0726 |~ T
Myristic C uam 3.453 1.822 3047 - 1
Palmitic C oo 25899 | 22.119 20602 | |
Heptadecanoic Cynp | LS 1,822 L4581 L e
Stearic C o 2.878 5.738 2.539
Arachidic Caoem 1.079 6521 ] 0967 o
Palmitoleic [ els [ 6319 | 1288 | T
Oleic C uen 27.338 28.690 217086 1.00
Linoleic - 466) C 22158 25438 | 2444 e e
Alpha Linolenic (b 3) C 15y 5.612 4.996 4.401
Eicosapentaenoic Cans 2.878 1.594 1.4582
Saturated Fatty Acid (SFA) 35.869 32.543 35,332 . o
Mono Unsaturated Fatty Acids (MUFA) | 33.453 35.069 M - ,,ﬁ_n.
Poly Unsaturated Fatty Acids (PUFA) 30.648 32.028 30.327 S o {
Total Unsaturated Fatty Acid (TUSFA) 64.101 67.097 64.668 " —_
TUSFA /SFA 1.79 206 | 1.83 . !

Table 4. Composition and calculated analysis of the broiler experimental diet ted during
18-39 days of age.

A . Raw Boited T Autoclaved
INGREDIENTS | Control g T T 6% | 1% | 4% | % | 2% | 4% | o%
Corn Grain 5564 | S3.11 | SO.58 | 47.72 | 53.09 | 5053 | 47.66 . S3.09 | 50,53 | 47.66
Soybean Meal (44%) | 36.06 | 36.19 | 3633 | 36.53 | 362 | 36.35 | 36.55 | 36.21 | 36.36 | 36.56
Palm Oil 4.81 542 | 603 | 675 | 542 | 604 | 678 | 542 | 604 | 677 |
Dical Phos 1.47 1.45 | 144 | 143 [ 145 | 144 | 143 | 148 | o4 143
Limestone L1l L1212 iz v Loei2 a2 a2 | oaa2 |12 |
Common Salt 0.46 026 | 0.0% 0 0.26_| 0.05 0 026 | 008 1 0]
Vitamin Premix" 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 ol
Mineral Premjx’ 0.1 0.1 0.1 0.1 i1 0.1 0.1 0.1 0.1 0.
DLMethionine 6.2 02 0.2 62 ) 021 [ 021 | o1 02 | 021 | 021
Choling CI70 0.0% 085 | 005 | 005 | 0.05 | 0.05 | 0.05 | 005 | 005 | 0.08 |
Algae meal 0 2 4 6 2 4 6 | 2 4 6
Total 100 100 100 | 100 | 100 100 100 100 | 160_ 100 ]
NUTRIENTS ANALYSIS | ) 1
ME kealkg 3100 | 3106 | 3100 [ 3100 | 3100 | 300_| 3100 | 3100 . 3100 | 3100 |
CP% _ 0.8 205 [ 205 205 | 208 | 208 1 2057 205 0 0S5 | wS
Ether extract% 728 ) 781 ) 833 | 896 | 781 | K3 [ B9y TR | KM | W98 |
Crude Fiber% 263 17250 | 285 1 280 [ 233 [ 284 [ 293 274 | 2w | 194 |
Lysine % 1.21 122§ 122 | 123 | 122 | 122 [ 122 | 122§ 122 | 123
Methionine % 0.54 0.54 | 054 | 055 | 054 | 055 | 055 054 | 054 | 0.38
Methionine+Cystine% 0.9 0.9 0.9 0.9 0.9 0.9 09 T 09 0.9 4.9
Linoleic acid % 1.81 232 ] 282 | 334 | 230 | 279 | 328 | 232 | 283 | 338
Calcium % 09 1 09 0.9 89 | 09 09 09 7 09 | 09 | 09 |
Ava. Phasphorus % 0.45 045 | 045 | 045 | 045 | 045 | 045 045 | 645 | 048
Sodium % 0.2 0.2 02 [ 025 | 02 02 | 0261 | 0.2 02| 0.2
loden ppm [ 0.274 | 0.549 | 0.823 0 0 0 | 027 | 051 [ 081

"Provided the following per kg of diet: vitamin A, 12,000 1U; vitamin D;. 7.200 ICU; vitamin E, 20
1U; vitamin By, 2.5 mg; vitamin B, 5 mg; vitamin K, 3 mg; vitamin By, 10 mg; pyridoxine, 1.5
mg; pantothenic acid, 10 mg; niacin, 35 mg; folic acid, 1.5 mg and biotin 125 mg.
*Provided the following per kg of diet: Mn, 90 mg; Cu, 7.5 mg; Zn, 65 mg; Fe. 50 mg; Se and 0.1 mg.
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Table 5: Effect of different levels of raw, boiled and autoclaved brown algae meal with or
without enzyme addition on broiler performance at the end of experiment.

ltem BW  TTTBWG ¥l R

. Begin. Final 18-39 1%-3Y 18-39
Treatments { Treat) _ - _

{18days) 3 days days s i _duys

. a 622.14 206472% | 1S4288°  2830.42 RN L

Levels % 2 61262 2136.73° IS19.31° 2873467 | ie1f
(L 4 624.85 2105.15° 1485727 2910.62% T g9t

¢ 624.25 2002787 | 146593 ' aomrasc T Taawt

Thermal Treat Raw algae 647.84 2142.40° 1514.56" . I880.51" Loyt -
"':'Jr"hr) veat. Boiled algae 623.82 2117.29° 150597°  2934.71° 1.99°
Autoclaved algae 624.53 2114.85° 1490.52° T oagvas® 1.98*

Enzymatic Treat . Untreated 624.70 2127.55* 1504.28% | 1891.76% | r94

(E2) Treated 624.75 2122.1%° 497405 1 29160.31" 1.95° |

Levels (L) NS T en JT o ™ _4

Thr NS T [ o ey _j

Ez NS L2 ok "k ok l:

Significant L.X Thr NS bl il | il il I

LXEz NS " [ ' ' )

Thr X Ez NS = o *x e

LXThr X Ez NS "r o *x a

Means within the same column with different superscript are significantly ditterent.
** Significantly at 0.01

NS: No significant

Table 6: Effect of different levels of raw. boiled and autoclaved brown algae meal with or
without enzyme addition on some carcass broiier characteristics.

NS: Mo significant
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** Signiticantly at 0.U1.

Means within the same column with different superscript are signiticanthy ditterent.
* Significantly at 0.05

ltem | Dressing | Gizzard | Spleen b oLiver
Treatments {Treat) ) Yo Yo Y
Levels 0 73.6 2.29 018 .82
o, 2 73.8 212 0.14 1.35
) 4 73.1 2.24 0.12 1.51
6 73.7 235 0.13 1.583
Raw algae 74.5 2.33 0.14 1.49
T"e"('.'l‘,‘!‘"r)r""“‘ Boiled algae 74.4 2.24 013 | 149
Autoclaved algae 73.8 2.!% 0.I4K £.52
. Untreated 74.0" 2.18 6.12 L49
Enzymatic Treat (E2) Treated 734° | 230" | 015" | 1Al
Levels (L) NS NS NS NS
Thr NS NS NS NS
Ez NS * * NS
Significant L X Thr NS NS NS 1 NS
LXEz NS ] * NS
Thr X E¢ ** NS * NS
LX Thr X £z oL e L NS ]



Table 7: Effect of different levels of raw, boiled and autoclaved brown algae meal with or
without enzyme addition on lipid profiles of broiler at end of experiment (39 days).

ltem | HDL | LDL TG. TCh.  TLp.
Treatments (Treat) mg/dl | mg/dl mg/dl  mp/dl mg/dl ‘
0 90.7" | 17.5° | 116.78" 1240 225.3°
Le‘;"‘ 2 103.0% [ 162° [ 119.32" 12107 " 26857
O 4 70.7° [ 19.0° | 112.477  1288° | 297.3"
6 91.7° { 13.7° | nia70° 0 12277 U 3013 |
Thermal Treat Raw algae 91.0" 1 174" [ 1r4.65* 1 1197° ! 2452° |
(Thr) Boiled algae 994" | 155" | 12035" | 124.6" | 204.7°
Autoclaved algae | 80.6° | 19.9% | 112.45° & 12587 ' 269.4"
Enzymatic Treat, (Ez) Untreated 90.2 16.2 115.63 | 123.5 . 2724
’ Treated 90.5 16.9 11600 | 1232 | 2138
LEVNSiLl Lz ok ¥ * : LR ]
Thr e sk * *® * '_ ok
Ez NS NS NS NS | NS
Significant L X Thr * * . o ww
LXEz NS NS NS R
Thr X Ez NS * NS i NS _*:“ﬁ‘
L x Thr x Ez Wk ik ¥ e . Exs J

Means within the same column with different superscript are signiticantly different.

NS: No significant * Significantly at 0.05
HDL.: high density lipoprotein,
TCh : Total Cholesterol
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