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ABSTRACT: This study ways carried out in order to study the possibility
of incorporating raw or treated guava by-product in broiler finisher diets.
Guava by-product was collected from Vignobles Gianclis Company dfier
that were dried and ground. Guava by-product was boiled in water for one
hour, boiled in alkaline solution 0.1 N for one hour, boiled in acid solution
0.1 N for one hour, and awtoclaved for 20 mimutes at 15 IP pressure.
Chemical analysis was conducted on both raw and treated guava by-
product samples.

Results showed that raw, autoclaved, alkaline and acid treated contained
9.08, 7.45, 6.17% and 9.05% crude protein, 10.0, 7.4, 3.5 and 4.8%, ether-
extract 39.5, 494, 53.3 and 47.9%, crude fiber, 32.97. 28.0. 26.04 and

,29.46% N- free extract and 2.33, 2.25, 3.01 and 2.68% ash, respectively.
The M E values ranged between [206 10 2226 Kcaltkg respectively.

Three hundreds and fificen broilers at four weeks old were used in feeding
experiment. The chickens assigned to 21 experimenial diets in three
replicates of 5 chickens each. The first experimenial diet (control). while
other rwenty experimenial diets contained raw and the treated guava by-
product with the following percentage 2%, 4%, 6% and 8% at the expense of
the control diet.

Results showed that the experimental diets had no significant effect on
body weight and body weight gain through out the experimental period.
Increasing level of whether ravw or treated guava hy-product had o
significant effect on feed intake, protein intake and energy intake, when
compared to those of the control diet. Feather score was not affected by the
level of inclusion or by the ireatment of the guava by-product. Mortality
rate was gffected by dietary reatment however the level of inclusion, the 6
or 8 % significantly increased the mortality rate.
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There were no significant effects due to dietary treatment and levels of
inclusion on carcass weight, relative weights of drumsticks or thighs and
gizzard + proventricul weights. There were no significant interaction
(processing X level) on relative weight of breast, back, drumsticks and
thighs. No significant differences in the relative abdominal fat weight for
broilers receiving 2. 4 or 6 % raw or treated guava by-product. However,
broilers received 8 % raw or treated guava by-product have significantly
less abdominal fat than those received other dietary levels or the control.

Feeding high levels of the siudied by-product (4. 6 and 8%) resulted in
increased relative weight and length of infestine and cecum length.

Data from the present study indicate that up to 4 % level of Sun-dried raw
guava by-product containing dier counld be wifized effectively by finisher
broiter chicks without adversely affecting on performance paramelers.

INTRODUCTION

The biggest impediments to livestock production in developing
countries are the high cost of feed ingredients. Unfortunately, nearly all
sources of agricultural by-products and plant protein posses associated high
fiber and anti-nutritional factors which must be eliminated by special
processing techniques to make them of maximum nutritional value. Water
soaking, autoclaving, cooking in boiling water, steaming, radiation and
treatment with acid or alkaline considered among the most common
processing procedures being in use to improve the nutritive value as
reported by many investigators (Abiola and Adekunle, 2002b, Nagib e al.,
2002, Gonzalez-Alvarado er al.. 2007. Garcia et a/.2008 and Mourdo er.al.,
2008).

A great quantity of guava by-products (pulp and peel) is produced as a
waste of canning industry in Egypt and yet was not fully evaiuated as a
feedstuff for poultry.

Opute (1978) repoited that guava seeds contained 9.4% lipids. Aly
(1981} found that guava seed contained 8.9% oil. Habib (1986) analyzed
guava seed and reported that the chloroform methanol extracted lipids
amounted 9.1% on a dry weight basis. Gas-liquid chromatographic analysis
of the methyl esters for the fatty acid of the oil revealed the presence of
twelve fatty acids. The protein content of guava seeds was 9.73% on dry
weight basis. Qualitative and quantitative analysis revealed the presence of
fifteen amino acidsand the major amino acid constituted about 67% of the
total amino acid percent in protein of guava seed. Recently, Marquina et al
(2008) indicated that guava (Psidium guajava L.) is a troptcal fruit, widely
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consumed fresh and also processed (beverages, syrup, ice cream, and jams).
Pulp and peel fractions were tested, and both showed high content of dietary
fiber (48.55-49.42%) and extractable polyphenols (2.62-7.79%). These
results indicate that guava could be a suitable source of natural antioxidants.
Peel and pulp could also be used to obtain antioxidant dietary fiber (AODF).

To explore the possibility of incorporation guava by-products in
broiler diets, different treatments e.g.(boiling, autoclaving, boiling in
alkaline solution or in acid solution) on the nutritional value of guava by-
product was studied.

MATERIALS AND METHODS

The present study was carried out at the Poultry Research Center,
Faculty of Agriculture, Alexandria University.

Preparation of Guava by-products:

Guava by-product which considered as a waste material from the
processing, was collected from VIGNOBLES GIANCLES COMPANY,
ALEXANDREA, EGYPT, dried, grind, well mixed and was stored in
plastic bags. ;

Treatment of Prepared Samples.

1) Raw guava by-product was, 2) boiled in water for one hour or 3)
autoclaved for 20 minutes at 15 1b peressure, 4) boiled in alkaline
solution (0.1 N calcium hydroxide) for one hour, and/ or 5) boiled in
acid solution (0.1 N HCI) for one hour..

Raw and treated guava by-products were dried at 80 °C in an electric
oven and grind in hummer mill then samples were taken for determination
of chemical composition according to AOAC (1990; Table 2).

Biological Evaluation of Raw and Treated guava by-products Samples.
First experiment.

To evaluate the metabolizable energy (ME) value, twenty Hubbard
broiler chicks at seven weeks of age were used in this experiment. The
chicks were reared in individual metabolic cages which were located in
centrally heated room. Five replicates were assigned to each of the four
dietary treatments. The chicks were given water and treatment diets ad
libitum during three days pre-experimental period. The composition of the
basal diet used is shown in Table (1). The experimental diets were
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formulated by adding the test ingredients at the expense of a portion of the
basal diet. The rate of substitution was 25 % of the basal diet.

Feed intake was measured and excreta was collected over the
following three days period. The excreta samples were dried and
grinned. The samples of diets and excreta were assayed for gross
energy using chemical method (O’Shea and Maguire, 1962), also
nitrogen was determined by the method of Kjeldahl (A.0.A.C., 1990).
In addition, the samples were analyzed for their dry matter content.

From the previous results recorded, the estimation was made on dry
matter basis using the formula given by El-Lakany (1969).

« The metabolizable energy values (k cal / g. dry diet) of the dietson a
dry matter basis and corrected for nitrogen retention:

(k cal / g. excreta) (g. excreta)
ME.=GE. - + 8.22% (g. N; retained per g. dry diet consumed)
g. dry diet consumed
*8.22 is the energy in k cal / g. of uric acid nitrogen

o The nitrogen retained per gram diet consumed:
(g. N2/ g. excreta) (g. excreta)
g. Nz retained / g. dry diet consumed = g. N,/ g. diet -

g. dry diet

* The metabolizable energy values (k cal / g.) of the test ingredients (t. i.)
on a dry matter basis:
ME (k cal / g) tested diet — ME (k cal / g.) basal diet

ME t. i. = ME (k cal/ g.) basal diet +
(g. tested ingredient / g. tested diet)

Second experiment.

Three hundred and fifteen Hubbard broiler chicks at four weeks of
age were used in this feeding experiment. The chicks were wing-banded,
weighed and randomly distributed into 21 treatments with three replicates
(5 chicks of each). The chicks were reared in batteries, and were kept
under similar conditions of management throughout the experimental
period.

Twenty one experimental diets were formed for this experiment
during finisher (5-8 weeks of age) periods. The first experimental diet
(control diet) not containing guava by-product (Table 1), while the other
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twenty experimental diets containing the raw and treated samples with the
following percentages, 2, 4, 6, and 8% at the expense of control diet (Table
3). The finisher diets were fed ad libitum during the finisher period which
lasted for four weeks.

The foilowing performance traits were evaluated at the end of
experiment: individual body weight, body weight gain, feed intake, feed
conversion, protein intake, energy intake. protein efficiency ratio (PER),
feather score and mortality rate weekly.

The feather condition of each chicken was scored a1 56 days of age
on a 4 — point scale-viz: 1:- poorly feathered {bare back and abdomen); 2:-
slightly feathered (few feathers on back and abdomen); 3:- moderately
feather (well feathered back but few feathered on the abdomen) and 4:- well
feathered (Karumajeewa, ef al.. 1990). At the end of experiment, three
birds from each dietary treatment were used to study slaughter traits. The
birds were weighed, and then slaughtered and different traits were recorded
such as: gizzard+ proventricules, abdominal fat and liver. The total
intestinal length and weight and cecum length and weights were determined.

Statistical Analysis.

Data were analyzed using SAS program (SAS, 1996). Data of ME

was analyzed using general linear model GLM. one-way analysis of

. variance. Duncan’s multiple range test (Duncan, 1955) was used to test the
significance among mean differences.

RESULTS AND DISCUSSION
I-Chemical analysis of raw and treated guava by-products:-

The chemical composition of raw guava by-product (Table 2) shows
that it contains 9.08% CP, 10.0% ether extract, 39.5% CF. 2.52% crude ash.
32.97 NFE, 3636 k cal’/kg gross energy and 2226 k cal’kg ME. Aly (1981)
found that guava seed content 8.9% oil. Habib (1986) indicated  that
chloroform methanol extracted lipids of guava seed amounted 9.1% on dry
weight basis, while the protein content was 9.73%. Their data revealed the
presence of twelve fatty acids and fifteen amino acids. Guava pulp and peal
fractions had high content of dietary fiber 48.55 — 49.12%) a reported by
Marquina er al. (2008),

No differences, in the chemical composition. were detected among the
four treated by-products. Nevertheless a noticeable decrease in CP and EE
contents and increase in fiber content was observed compared to the
corresponding content in the raw by-products. Mohamed er al. (1971)

57



A. A. El-Deek, er al.

observed that the processing methods they employed resulted in an
alteration in the proximate analysis of date stones. Borhami e/ al. (1975)
indicated that alkaline treatment method resulted in a decrease in the NFE of
the treated straw and consequently the percentages of other constituents of
this roughage. Abiola et al., (2002b) indicated that the chemical analysis of
melon husk showed that alkali treatment increased the ash content (from
15.70% to 16.86%) and reduced the crude fiber content (from 29.00% to
14.00%). Garcia er al. (2008) observed that heat processing of barley
improved broiler performance from | to 7 d of age.

The processing techniques used had significant effect on the ME of the
guava by-products (Table 2). The results showed a marked decrease in the
ME values for all treated samples as compared to the corresponding value of
the untreated one, The sample subyected to boiling treatment had the lowest
ME wvalue. In addition there were no significant differences in the ME
values of the other treated guava by-products samples. The lower ME
values observed for differently treated samples may be due to the decrease
in fat content. Lack of information in the literature on the energy content of
guava by-product makes the comparisons difficult. During treatment fat
undergoes oxidative alteration with a consequent loss of its biological
values as energy source being more severely damage with the sample boiled
in water.

Generally, it is known that fiber rich ingredients impart bulkiness to
the diet and lower the energy density.

The chemical analysis of the raw and treated guava by-products
indicated that it is have high levels of crude fiber (ranged between 39.5 to
49.4 %), Table (1). Thereon. the increasing of the inclusion levels of guava
by-products up to 8% increased the levels of crude fiber in finisher broiler
diet {ranged between 5.9 to 7.04 %), Table (3). According to the fiber
constituents of the fruit by-products. pectin and lignin considered the main
components of these by-products. Pectin is a hydrophilic polymer that
contains ionizable carboxylic group of galacturonic acid. Unlike cetlulose,
it can form a gel-matrix that is viscous in mature. This viscous property
may decrease accessibility of protein molecules held in the matrix to the
digestive enzyme and of the products of digestion to the absorptive sites.
Further it can inhibit enzyme activity (Amal and Adria, 1974). At intestinal
pH levels, binding of some specific amino acid might occur, analogous to
the binding of bile. acid (Eastwood and Hanilton, 1973) and minerals
(Branch et al., 1975). Pectin may also cote the absorptive lining of the gut
thereby interfering with the absorptive of the products of digestion (Forman
and Schneeman, 1980).
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Waller (1976) found that NaOH and Ca (OH); treatmen. of com cobs
was effective in sojubilizing hemicellulose and increasing rate and extent of
hemicellulose and cellulose digestion.

The beneficial effect of autoclaving feedswff could be due ti the
denaturation of some protein rendering it more readily digestible as was
suggested by Gad alla (1983). Another explanation he pave is that heat
applied during autoclaving may cause some essential protein fraction which
was unavailable in raw feedstuff to become avatlable for absorption and
metabolic use.

It is of interest 1o know that the nutritional quality of rye can beboth
increased and decreased by certain treatments. Antonion and Marquardt
(1983) found that scaking rye in water or in HCI and addition of sodium
chloride ali improved the nutritive value of rye. While soaking in an
alkaline solution, sprouting or autoclaving ryve all reduced its nutritional
value. They concluded that anti-nutritive factor in rye is reduced by soaking
in water or acid and to a lesser extent in alkali due to the inactivation of
anti-nutritive factor by their hydrolytic eftecis on the pentosans, as it is
unlikely that hydrolytic enzymes present in rye would be active at pH of
these fraction.

Furthermore, lignin. the other component of fruit fiber. is a polymer of
phenylpropyl alcohols, acid inseluble and hydrophilic in nature. The
percent lignin in fruits generally is lower than that of other fiber component.

II-Effect of feeding various levels of raw or treated guava by-products
on breilers performance:

Its worthy to note that the initial BW, at 4 wks old of the finishing
period, were statistically insignificant and have average of 893g (Table 4).
The final results of broiler BW and BWG at 8 wks of age showed no
significant differences as the result of feeding different levels of guava by-
products, raw or treated. in comparison with the control. However. a
noticeable. but not significant increase in BW or BWG of broiler fed diets
with 2 or 4% levels of guava by-product regardless ot the processing.

Moreover, feeding with the higher levels of raw or treated samples (6
and 8%) showed slightly (but not significantly) reduction of broiler BW and
BWG. This observed reduction in BW and BWG could be due to the
presence of higher amount of fiber compared to the other treatments, Scott
et al. (1959) reported that crude fiber acted as energy diluents and was not
digested by poultry. Some nutritive changes occurred in the guava by-
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product upon treatments as indicated by the slight increase or decrease in
growth response.

The beneficial effect of water soaking, acid soaking and autoclaving
has been observed by many investigators with many other feedstuff Gad alla
(1983) and Farran er al. (2005). Squires el al (1992) suggested that a true
alkali treatment might cause additional improvements in gain when fed to
broiter chicks. On the other hand, Abiola et al., (2002b) found that the
alkali treatment of melon husk decreased body weight gain.

The statistical analysis indicated that FI was significantly affected by
processing technique and by the levels of the guava by-product inclusion in
the broiler chickens diet (Table 4). Also, the results indicated that the birds
fed on diets with higher levels of raw or treated samples consumed
significantly more feed than the birds fed on diets with lower levels of
treated samples with no regard to the processing technique. This increase in
FI could be due to the relatively higher amount of crude fiber in the diets
containing the higher levels (6 and 8%) of by-products. Consequently the
birds have to increase their intake to meet energy requirements. It is appears
that the utilization of raw and treated guava by-product by broiler chickens
is limited by its high crude fiber content. Abiola and Adekunle (2002a)
reported that high fiber diets increased feed intake.

The chickens fed diet included the autoclaved sample and sample
treated with alkaline consumed more FI than those fed the raw or the other
ones. Similar results were obtained by Taher (1986) who found that
autoclaving seaweed caused an increase in the chicks feed consumption.
Also, Gad ala (1983) arrived to similar finding with autoclaving apricot
kernel meal. Abiola et al.. (2002b)reported that the alkali treatment of melon
husk increased the feed intake with increase in the level of alkali treatment
of melon husk in the diet.

The statistical evaluation of feed conversion (feed/gain) data indicated
that the broiler given diet with 2 or 4% guava by-products utilized their diets
more efficiently than those fed on diets with 6 or 8% during the finishing
period Table (6). However. the processing technique of guava by-products
had no significant effect on the FC of the broiler chickens during the
finishing period, regardless of the levels of incorporation into there diets.
Also. the interaction results between processing technique and levels of
incorporation of guava by-products had no significant differences in FC.

The low efficiency of feed utilization observed with diets of high
levels of guava by-products (6 and 8%) could be related to its high fiber
content which decrease digestibility. Squires e/ @/ (1992} suggested that a
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true alkali treatment might cause additional improvements in feed to gain
ratio when fed 1o broiler chicks.

The results showed that the levels of guava by-products inciusion and
type of processing technique employed and their interaction had a
significant effect on protein and energy intake (PI and EI) (Table 5).

The inclusion of raw, boiled and acid treated samples in diets did not
affect PI and El compared to the control diet. However, treating samples
with alkaline significantly increased both of P1 and El than the control diet
and the other experimental treatments. It was also noted that autoclaving
sample resulted in an increase in both of PI and El over the other treated
samples except for those received alkaline treated sample.

The processing technique of the guava by-products had not
significantly affected on protein efficiency ratio (PER) which ranged
between 1.65 and 1.68 compared with the control of 1.64 (Table 5).
However, when the effect of chemical treatments was overlooked, the
inclusion of guava by-products at the ratio of 2 and 4% in the diets
increased the PER values to 1.69 and 1.84, respectively, when compared to
the corresponding values for 6 and 8 % levels.

There were no significant interaction effect among processing
technique and levels of inclusion of guava by-products in PER values.

Similarly, El-Mogazy and El-Boshy(1982) show a clear depression in
PER values by increasing citrus pulp level in comparison with the control.

The feather condition score (FCS) for the experimental birds (Table
5). was not significantly affected by the inclusion of raw or treated guava
by-products in the broiler diets (ranged between 3.67 and 3.83). Also, the
levels of inclusion had no significant effect on FCS (ranged between 3.69
and 3.80), regardless of the processing technique employed. No interaction
effect was detected between type of processing and the levels of guava by-
products inclusion in the broiler diets. Some feedstuff are known to effect
FCS, Karunajeewa er al(1990) reported that feather condition score
decreased significantly with increasing dietary rapeseed meal,

The results indicated that processing technique had no effect on
mortality rate, regardless of the inclusion levels. However, when the
percentages of guava by-products inclusion in the diets increased to 6 and
8%, a significant increase in mortality rate was evident, regardless of the
processing employed.

No significant differences were observed among treatment for carcass
weight (1248 to 1437 g) Table (6). Also, no significant differences were
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observed in relative weight of breast for the broiler receiving 2, 6, and 8 %
raw or treated guava by-products, but the value for 4% of raw or treated
samples was the highest compared to any other levels or the control (Table
6).

The results of the data were subjected to an analysis of variance
revealed no significant differences in relative weight of back, drumsticks,
thighs and wing weights for the broiler receiving 2, 4 or 6% raw or treated
samples, but the value for 8% raw or treated sample was less than any other
levels or control {Table 6).

There was no significant interaction effect of treatments X levels in
relative weight of breast. drumsticks, thighs and back.

The statistical analysis of abdominal fat weight (g/100gBW) showed
no significant differences in the relative weight for the broiler received 2, 4
or 6% raw or treated by-products. However. broiler receiving 8% raw or
treated guava by-product have significantly less abdominal fat than any
other dietary level or the controil(Table 7). Also, dietary treatments had a
significant effect on relative abdominal fat weight, regardless to the level of
inclusion. The application of Duncan's test indicated that relative weight of
abdominal fat of broiler given diets with raw or treated with alkaline or acid
were not significantly different while the relative weight of abdominal fat of
broiler given boiled sample was significantly higher than the values for
other treated diets.

These differences in the relative abdominal fat weight observed for
birds fed the experimental diets was related largely to the differences in
energy consumption among dietary treatments (Table 5).

The inclusion of raw or treated guava by-product in the diets of
brotlers had no significant effect in gizzard + proventricul weights
(g/100gBW) at any levels of inclusion studied as compared to the
corresponding value for the control (Table 7).

On the other hand. Abiola et al., (2002b) indicated that the alkali
treatment of melon husk increased gizzard weight with increase in the level
of alkali treatment of melon husk in the diet. Gonzilez-Alvarado er
al.(2008) conclude that the relative weight of the proventricul and gizzard is
reduced by feeding rice and increased by hull inclusion.

No effect of the levels or processing techniques of guava by-product
on relative weight of liver (g/100gBW) was detected (Table 7).

The results of the statistical analysis of total intestinal weight (g/100g
BW), total intestinal iength (cm/100 g BW) and cecum length (cm/100 g
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BW) are summarized in (Table 7). It was found that the level of
incorporating guava by-product significantly affected the relative weight
and length of intestine, with no regard to the effect of processing technique
used. :

Feeding high levels of by-product (4, 6 and 8%) to broiler chicks
resulted in increased relative weight and length of intestine and also length
of cecum.

The processing technique affected significantly the relative total
intestinal length with the highest value for those given autoclaved by-
product in their finisher diet while there were no significant differences
among the other dietary treatments. These differences may be related 10 the
fact that guava by-product has greater level of fiber which may influence
rate of food passage through the digestive tract, thus decreasing the length
of total intestine of broiler which received the experimental diets as compare
to the control group. Starck and Rahmaan, (2003) reported that a high-fiber
diet resulted in a highly significant increase in intestine length of layer.

Diets containing 8% raw or treated by-product resulted in a significant
increase in cecum length. However. increasing levels of raw or treated
guava by-preduct incorporation in broiler diet increased cecum lengths.

Consequently, it was appropriate to apply certain processing
. techniques on guava by-product in an attempt to render it more digestible.
Autoclaving, boiling in water and treatment with acid or alkaline solution
were the four approaches used in the current study on this by-product.
There was no indication of any significant improvement in the feed
conversion of chicks due to feeding diets with treated guava bysproduct over
those given the diets with raw by-product. However. a  significant
improvement in BW of chicks given diet with autoclaved by-product and
one treated with alkaline was evident compared to those given the raw by-
product or the other two treatments.
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Table 1: Composition and calculated chemical analysis of the basal diet used
for ME determination and feeding diets.

ME diet __ Feeding diet

Ingredients Kg/ton

YeHow corn 550 693
Soybean meal (44%) : 310 207
Broiler protein Concentrate (52%) - 100
Molasses 100 -
Bone meal 25 -
Limestone 6 ——
Sait (NaCl) ) 5 -
DL. Methionine : ] .-
Premix* 3 -
Total 1000.00 1000.00
Calculated values, %
Crude protein 18.62 20.37
ME k cal 7 kg 2744 3043
C/P ratio 147 149
Ether extract 243 3.10
Crude fiber 296 2.93
Ca 1.0 0.93
Avaiiable P 0.47 0.48

*Premix*: Provides per Kg of diet-Vit. A1200010. D, 22001U. E Omg. K;20mg. B,1000mg.
BAmg. B,1.5me. B,:10mg. Di.Ca.Pantothenate l0mg.Choline Chloride 500mg. Folic acid Img,
Biotin 50mg. Mn 33mg. | itmg. Zn 50mg. Cu 10mg. Fe 6.5mg. Se0.1mg. EthoxygnineSmg,
Ascorbic acid0.5mg.

Table 2 :Chemical analysis of raw and treated Guava by-products used

in the experiment (on air dvy matter basis)
Guava By-Product

% Raw Boiled Autoclaved  Alkaline  Acid
Moisture 5.90 5.70 5.85 598 6.11
Crude protein " 9.08 5.25 7.40 6.17 9.05
Ether Extract 10.00 5.50 7.10 5.50 4.50
Crude fiber 39.50 54.30 49.40 53.30 4790
Nitrogen Free Extract. 3297 2769 28.00 26.04 29.46
Crude ash 2.55 1.56 225 3.01 2.68
Calcium. 0.38 0.58 0.87 0.75 0.34
Phosphorus (total) 0.10 0.09 0.14 0.14 0.12
Gross energy(kcal/kg) 3636 3620 3631 3417 3360
ME* (k cal’kg) 2226 969 1402 1206 1254

*ME: Metabolizable energy keal/ kg
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Table 3: Composition and calculated chemical analysis of the finisher diet wsed in the experiment

Raw Guave Bolled Guavs Autoclaved Guuva Alkakine Guava Acid Gusva
Diets, %
1 4 ¢ 8| 4 & 8|2 4 6 8|2 4 & #[| 2 4 & 3
Coalculatad values, %
Crude protein 1988 (949 1910 18,73 1987 1948 1908 I8 1958 1949 19.09 1948 1909 18.7C 1988 1949 19.10 18.72
ME kcal / kg 3027 3010 2993 2978 1001 2960 2018 2874 3010 2977 2944 2069 2931 2893 3007 2971 2935 2897
Ether extract 320 )40 350 370 310 320 320 134 320 130 330 110 320 334 30 30 320 320
Crude fiber 16 449 512 5 319 498 601 7. 386 479 53 494 595 6. 381 473 562 6.5)
Calcivm 092 091 090 0. 092 093 091 0O 093 093 092 092 092 097 092 9 089 0128
P - available 047 047 048 048 047 047 048 048 047 048 048 ‘048 048 048 047 048 048 048
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Table 4: Final body weights, weight gains, feed consumption and feed conversion ratio
for broiler chicks fed various levels of raw or treated guava hy-products.

Fr 1 Replacement percentages

1 2% I 4% % e | Overall mcan

Final body weights (g)
Control 1898.4252.9
Raw 16254273 3 1908.0+82.9 1960.3£37.2 1810.3189.3 1899.5437.3
Boiled 1915 5164 5 20269:57.9 18748279 1 1795.9£32.3 1904.7443 .4
Autociaved 2033.7:75.6 1932.3243.5 1869.7299.1 196194969 | 1948.7140.4
Alkaline 13970516 1997.2:85.6 1987 .8264.6 1942.9496.4 1955.7140.5
Acid 18789492, 2002.2136. 1779.1453.2 1857.£+69.2 1879.3116.8
QOverall mean 193002322 197334283 189174327 1868 44445 1916.2116.8
Weight gains
Control 1000.3452 4
Raw 1033.6171. 1013.1473 3 108342353 1 913.8+8.0 1002.2134.6
Boiled 10244457 1 1136 8149 8 99141816 1 OU3.199 K 1015.1$40.4
Autochived H143.7276.3 1039.2241. 007631939 . 169.4299.6 1056.5£40.0
Alkafing 1009.7437.3 1103.3479. 1089.2156.7 1052.6299.5 1063 3435.27
Acid 9881515 1112.1236.9 884.634 | 960.3459.7 986.3130.9
Overalt mean 1039.9£29.6 1080.926.0 996.2430.3 974.5543.1 1018.2£16.5
Fecd intake (g)
Control 302528.0% :
Raw 2855¢15.0" 26711396 3255421.5% 3474235 3138191 9"
Boiled 30291645 | 325345.0 ™ 3278£28.5™ | 3250:34.0™* | 3140344.4"
Autoclaved 32794790 1 31654125 5%% | 32733445 | 3842:51.0° 331560.9°
Alkatine 3239:821,5%¢ | 3037263.0°%" 3367+48.0% 34708.5* 3278166.9°
Acid 2963:37.0° | 29522240 3185166.0%% | 33612460 | 31152664
Overall mean 3073£59.3" 3025+10.6" 272440 34192360 1 | 31892309
Feed conversion ratio (g feed/g gain)
Control 3.01£0.13 3.010.03% 3.0110.13% 3.0150.13" 3.0120.13%
Raw 178202 2.78+0.2 2.7840.3% 2.7810.2° 2.7820.2
Boiled 296+0.16™7 | 2.9620.16 ™4 296:0.16™° | 2.9610.16™" | 2.96+0.16"°
Autoclaved 287004%  } 2.871004™ 2.87:0.04% 2.87:0.4% | 2.8710.04%
Alkalioe 3.2240.22™ [ 3.2240.22 3224022 3.22:022™0 [ 32230204
Acid 3.04x0.38" 3.0420.38° 3.04£0.38" ¢ 3.04+0.38¢ 3.0410.38Y
Overall mean 20740098 2.9710.09° 2.97:0.09° | 2.9740.090" 2.97:0.09"
Probabilitics FT::;:::‘:’ Weight gains Feed intake Feed :‘;’:::rsmn

Treatments NS NS i M
Control vi. Treatnents NS NS T NS
Within chemacal treat. NS -~ NS - -
Chemical treatments NS NS hid NS
Levels NS NS ki v
Treatments x Levels NS NS NS .
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Table 5: Protein intuke, energy intake, protein efficiency ratio, and feather condition
score for broiler chicks fed various levels of raw or treated guava by-product.

Treatmenls | Repl nt percenluges
T I % I 6% ? 3% | Overall mean
) Protein intuke (g)
Conirol 61310 0™*®
Raw 3683.0¢ 579+8.0% 622+4 0% 651+0.5% 60512.7"
Boiled 602¢£3.0°%% [ 5g521.0%" 626145.5%¢ 6086.52%% 1 605202
Autochived 6521160 6174245 ™" 626+8.5 "™ 663957 6394937
Alkaline [T 5973)2.5 %" 64329.0% 649215 63210.3"
Acid 50947.0 %% 576x3.5% 609+12.5%%"* | 630:8.5™" 601484 "
Overall mean 6lis11 3" 59016.5° 625346 | 640268" 613149
Energy intake (Keal)
Control 9205¢3 Vi . .
Raw 8642248" 8941+t 1ot 9741165 10345+ 91174254 "
Bailed 9UB31194 X' ¢ gggos|s 6538+83% 9308:97™%" | 92041192
Awtuckived 98402237 [ 936423725 % [ 063421317 % | 10050421497 | 978515597
Alkaline 96831363 7 | 30812 187%® | 08224140 | 9068125 9613£165™
Acid 8907111 | 8836136% 92811192 | 06451327 | 91674132F
Overall mean 9231169 " 2002190 960376" 99134156 " 9426178
Protein efficicncy ralip
Controd 1.6410.07 ™%
Raw 1751006 7% | 1.7540.08" | 1.69:0.76™% [ 152006 | 1.68+0.05
Boiled L2008 1 1.9440.03" 1.5930.01% 1.49:0. 54 1.68+0.07
Autoctaved 1762003 [ 1.6920.07™% 1.56+0.14°% | 16330.08%% [ 6620.04
Alkatine 1574001 | 1.8740.03% 1.55¢0.15°F  [163:0.06™% | 1.65:D.06
Acid 1.6840.21 %% | 1.904+0.06" 1.46+0.08° 1.53:003°% | 1652008
Overall mean 1.69:0.05° 1.840.04* 1576004 % ] 1.5520.04° 1.660.03
Feather condition score
Control 3.16).7
Raw 3.67£0.10 3.7840.07 3.52+0.10 3.71£0.07 3.6720.04
Boiled 3.6710.10 3.6510.10 3.8020.07 3.79+0.10 3.72:0.05
Autoclaved 3.8210.00 3.9310.03 3.7520.08 3.8310.09 3.8320.04
Alkaline 3.8410.09 3.9010.04 3.6620.11 3.77:0.07 3.79:0.04
Acid 3.86:0.05 3.73+0.08 3.71£0.7% 3.62+0.12 3.7340.04
Overall mean 377004 3.8040.03 3.69:0.04 3.7420.64 3.7520,02
Prubabilitics Protein intake Energy miake Prolei:;l_'.:rknc,\ ¢ on:i‘lb::.s:orr
—

Treaumenis L1 Lis NS NS
Control vs, Treatments NS NS NS NS
Within chemical ireat. . . D NS _«I
Chemical treatments LX) L] NS NS
Levels .. - [T . NS
Freatments N Levels *» L1 1 NS NS
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Table 6: Carcass, breast, and drumstick relative weights for breiler chicks fed various
levels of raw or treated guava by-product,
Replacement per fag

Tr 1 % ] % I 6% | 8% [ Overall mean
Carcass (g)

Control 1296.7118.8

Raw 1407.0+52.8 | 1262.3+21.0 1269.3+45.1 | 1348.3+52.7 | 1321.8235.4

Boiled 1358.3+42.7 | 1388.7+71.3 £364.0£52.3 | 1326.0+447.7 | 1358.8225.9

Autoclaved 1435.3258.1 [ 1326.0+29.1 1350.7448.8 | 1374.71416.7 | 1371.7226.3

Alkaline 1384.7+¢45.7 | 1316.0249.1 1363.7463.8 | 1437.0¢50.1 | 1350.3+28.4

Acid 1248.0£29.1 1347.0+26.8 1277.0413.9 1 [412.74342 1 132).2+225

Overall meaa 1346.7+31.8 | 1327.6+19.7 1324.94024.4 | 137974212 | 1342.4+11.9
Breast (g/100g carcass weight)

Control 25.76x1.16

Raw 37.2920.60 27.41+0.88 25.98+0.58 25.08+1.06 26.4410.45

Boiled 26.3910.84 28.30+2.77 24.75¢2.31 26.9010.24 26.59:0.88

Autoelaved 26.2240.89 28.5110.82 27.67:0.58 23.7911.86 26.5520.73

Alhaline 22.0940.12 27.1710.83 26.54x1.38 25.4510.28 26.2340.41

Acid 28.8010.61 27.3620.94 2598+1.57 26.77+0144 27.2310.52

Overalt mean | 25.69+1.68" | 277520.57" 26.18+0.60" | 25.60:049" | 26.28+0.47
Drumsticks (g/100g carcass weight)

Control 14.53+0.58
Raw 15.40£0.49 14.92+0.64 15.1840.74 14.61+0.75 15.0310.29
Boiled 14.1620.41 13.40+0.46 16.7112.52 14.26+0.26 14.6110.67
Autoclaved 13.6240.45 13.69£0.31 14.143+£1.20 [ 13.70£1.17 13.7910.38
Alkaline 14.77£0.50 13.4040.35 14.73+0.47 14.7610.86 14.4240.30
Acid 13.74+0.51 13.6810.64 15.60+0.84 13.3620.54 4.5910.39
Overall mean 14.34+0.25 13.8240.24 15.2740.56 14.3410.33 14.4910.19
Probabilities Carcass Breast Drumsticks

Treatments e b ) NS

i Controf vs. Treatments NS i N . NS

I Within chemical ireat. b b T T .
Chemical treatments i s NS
Levels i 4 il
Treatments x Levels hds b NS




Guava By- Products, Broiler. Finisher Diets, Performance

Table 7: Thigh, back and wings relative weights for broiler chicks fed various levels of
raw or treated guava by-product.

Replacement percentapes
Treatmenls E 2% I 4%, l &% } 8% i Overall mean
Thigh (g/100g carcass weight)
Control 18172 67
Raw 15.45+0.39 16.1940.73 15.8710.65 16.6810.77 16.0510.31
Boiled 16.9820.91 6411l 06 15.1020.99 17.7610.49 16,5610 45
Autoclaved 17.75£0.75 16.96+0.22 16.8820.57 16.3242.02 16.98:+0.50
Alkaline 15.82:0.51 16.0140.34 16.99+0.92 17.3820.65 16 50034
Acid 17.1420.41 16 7040.71 17 14:+0.44 16 70+0.6% 16921026
Overall mean 16.6320.331 164520 27 16.3910.35 16.9710.43 16.69+0.18
Back (p/100g carcass weight)
Conlrol 28.20+0.53 % -
Raw 220320 19°™ [ 22 0440.31°% [ 23.5540.36" 21.7420.29%% [ 23 39-0 35
Boiled 22481078 1 21 9140.91™%  [234a2100* 120472057 | 22.08+0.49
Autociaved 22.78£0.90° 1 21072013 20.50:0.64°% | 19.6621.535 | 20.10+0.53
Alkaline 31.84£0.22°™% | 33 8040 507 22.1740.72%¢ 1 20.055087% | 21742041
Ackd 20.93:0.46™% [ 22.30+0.48" 2043+0.70°% | 20 9820 84™% | 21 162035
Overall mean 23012028 | 22.04+0.26* 22.02:046" 1§ 20.5820.40" [ 21.65+0.10
Wings (g/100g carcass weight)
Control 12 98+0.41 ™
Raw 12.1520.30"° | 12.0520.06™ 12.0320.28%¢ 112 172041 | 121020437
Boiled 11.26£0.43% | 12.2210.56"7 11.26:.631% | 12281022 | 11 762023
Aulaclaved 13.95£0.88™% [ 12.261034™4 12.4910.37° 10.59+0.48°% | 11.82:027F
Alkaline 12.7320.28*" | 12.9310.15™ 13.39£0.73° 11.5320.38™ [ 126540287
Acid 12,040,389 | 12,370,244 13.2420.25% | 12411041 | 12514016
Overall mean 12.0310.18 12.3710.15 12.43+0.26 11.79£0.23 12.1649.1¢
Probubilities Thigh Back Wings ™,
Trearments NS . *
Comrol vs. Treaiments NS NS NS
Within chemical wrea NS . A
Chemicat treaunents NS - . NS .
Levels \ NS b b
Treatments x Levels NS NS NS
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Table B: Abdominal fat, liver and gizzard + proventricul refative weights lor broiler
chicks fed various levels of raw or treated guava by-product.

Replacement perc

Treatments 2% 1 4% { 6% | 8% [ Overall mean
Abdominal fat (g/100g BW)
Control 149032 %%
Raw £.96:0.28% | 1.98x0.50™ L77:023™% | 1232032 | 1.7320.18"
Boiied 3.39+.0.28™ | 1.9540.43%% | 4.06710.05° E1240.18%% | 2.632037"
Autoclaved 1.95¢0.76™ | 1.47£0.28°* 16720 28%% | 1.9810.03™ | 1.7720.20"
Alkaling 2.012042™ [2.082007™ F39+0.045% | 0.4580.26% | 1.4R30.29"
Acid £.75:0.05° | 1.86+074 ™ 0.824043°% 10.312031° 1.2140.30°
Overallmean [ 2232024% 118920235 11.95:0.32% | 10220039"  {1.75+0.13
Liver (g/100gBW)
Control 2.53=0.10
Raw 2224014 2.3410.23 2.67£0.31% 2.27+£0.26 2.3610.11
Boiled 2.0610.37 2.2110.17 2.2310.07 1.86:0.08 2.09+.0.10
Autoclaved 2512033 2.20+0.12 1.91+0.05 2.4810.65 2.27+0.17
Alkaline 2.00£0.25 2.20+0.26 2.32+0.15 1.95+0.09 2.12:0.12
Acid 1.9320.13 1.7120.15 2.24+0.32 2082019 1.9820.11
Overalt mean 1 215201} 2.13+0.09 2271011 2.1340.14 2.1820.06
Gizzard + proventriculas (g/100g BW)
Control 3432034 .
Raw 3.20+0.28 2.99+0.31 3.4010.11 2.8910.31 3.1440.34
Boiled 289+0.48 3.0810.34 2.8710.08 3.0510.10 2.98+0.25
Auoclaved 2.85:0.23 3.10+0.06 3.0120.34 2.8610.32 2.9610.24
Alkaline 2.88+0.24 2.9310.18 2.8740.31 2.87+0.24 2.89+0.25
Acid 2.97+0.29 2.87+0.22 2.7840.12 2.84x0.35 2.8740.22
Overall mean 2.98+0.24 3.011033 2991024 2.90+0.24 2.58+0.24
Probabilities Abdominal fat Liver Gluar.r.l *
proventriculas
Treatuments b NS NS
Control vs. Treatments NS NS NS
Within chemical treat. *» NS NS
Chemical treatments i NS NS
Levels hd NS NS
Treatments x Levels b NS NS
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Table 9: lntestinal weight, and length and cecum leagih for broiler chicks fed various
level of raw or treated guava by-product.

Replacement percenta;
Treatmenis 2% | 4% T 6% % | Overall mean
Total intestiaul weight (g/100g carcass weight)
Controi 4.7420.35°
Raw 396+0.36 %% 1 3.4230.03°* 4.5830.17" 37750315 T 3 9340 18™
Boiled 3.12+.0.24% " 1 2.48:0357 314011 [ 3.96:0.32%% T3 57+019"
Autoclaved 3.7720.05%% T 447:031% £.260.27™ 4.3810.10% 14224 012"
Alkaline 3.58+0.34™% 13 4020 1 3757 3831029 | 303:0.19%% | 3682012
Acid 3.4640.23%% | 30240157 4.6110.28" 443:0.31> T 3ggr03™
Overall mean 3.5810.13% 4.3410.18* 42820127 1.0910.12* 3804008
Total intestinal length (cm-‘!ﬂﬂg BwW)
Control 9.97:0.23%
R £.0710.38° 8.8740.15 %% 921047 [ 871060 Ty y7:0.2™
Boiled ¥.07+.0.47° 86740 15%% £.8710.36™% [ 3.80+0.23%* | 86010.17™
Autoclaved 2.63:0.37% 1 0.60+0.20 9.3740.64% | 10.5020.35° | 9.5310.27°
Alkaline 9.5040 59" | 8.7340.20%% 9501023 | 2671050 o guo ™
Acid £.2020.35% 8.9320.17%% 9933043 | 9.2310.37%* | 9.08:0.23"
Overall mean 8.49+0.228 B.964D.11 %8 9.39+0.19" 9.2130.24* 9.0610. 10
Cecum lengpth {cm/100g BW)
Controi 2.1940.20%%
Raw 2.5810.37° 2.0240.12 %% 220100720 [ 21120.31%% [ 2.23:0.13
Boiled 1.58+.0.10° 1.8920.15 == 2.0240.7% | 2.1420.08*"* [ 1911009
Autaclaved 1.9010.10%% 1 2.1320.08 =% 1.7540.13% [ 2422007* | 2052009
Alkaline 1.98+0.15* | 2.031:0.16™* 2,1120.00%% 12354034 | 2.1130.09
Acid L4110.11 1.79+0.09 % 239:003™ [ 20730237™* | 1Lo110.13
Overall mean 1.89+0,13" 1. 974+0.06" 2091007 | 2274001 2.05+0.05
. Tota! int
Probabilities Cecum leagth temeih weight
Treatmenis - - b
Control vs. Treatments NS . LAd
Within chemical irear. . - -
Chenical treatments NS . -
Levels - L .o
Treaimenis s Levels » NS NS
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