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ABSTRACT

Background: Corn and soybean meal are common ingredients used in poultry feed in order to supply the demand for
energy and protein, respectively. Also, these ingredients directly influence the final price of the diets, and consequently,
the final cost of production. A major problem is associated to the oscillation of these grains in some months of the year.
Therefore, there is a need to search for nutritionally and economically viable alternatives to mitigate this problem. The aim
was to evaluate whether the addition of biscuit residue could partially replace the use of corn in the feed of laying hens in
order to obtain economic viability without impairment on production, egg quality and animal health.

Materials, Methods & Results: The experiment was completely randomized and each repetition was considered one ex-
perimental unity. One hundred Hy-line brown 48 week-old chickens were allocated in cages and divided into five groups
with four repetitions each, allocating five animals per cage. The group TO was composed by animals that received the
basal diet, i.e. without biscuit residue. The other groups were composed by increasing levels of biscuit residue to substitute
corn i.e., group T7 (7% of biscuit residue), T14 (14% of biscuit residue), T21 (21% of biscuit residue) and T28 (28% of
biscuit residue). Productive performance of the animals, egg quality, as well as analysis of blood parameters related to
lipid metabolism, carbohydrates and proteins of birds were measured at the beginning of the experiment (day 0) and at
the end of each cycle (days 21, 42 and 63 of experiment). Among the performance variables, only feed conversion was
altered by biscuit residue, i.e., the feed conversion was lower in the groups that received the residue when compared to
the control. The replacement of corn by biscuit residue did not affect laying rate (P > 0.05). Regarding egg quality, a less
intense coloration was observed in the eggs of the treatments that received biscuit residue compared to the control group
(P <0.05), but without difference between treatments. Seric levels of uric acid were higher in the treatments that received
biscuit residue in the days 21 and 42 compared to the control group, effect not seen in the third cycle (day 63). The cost ($)
of feed reduced as the levels of inclusion of the biscuit residue in the diet were increased, with the control diet costing $
0.244/kg, while 28% of biscuit inclusion lower its cost to $ 0.189/kg (22.3% lower). The final cost to produce a dozen eggs
from each cycle was on average of $ 0.524, 0.415, 0.441, 0.397 and 0.332 for 0, 7, 14, 21 and 28% inclusion, respectively.
Discussion: Residues of biscuit is widely used to feed swine, with positive results as an ingredient to attend the demand
for energy. Even though the Brazilian Tables for Poultry and Swine include biscuit residue as a possible ingredient, there
is a lack of scientific research in laying hens. These study was verified that the inclusion of biscuit residue (18.936%) is
feasible, since it favors the productive performance of the animals, without adverse effects on their health; in addition,
the inclusion of biscuit residue reduces dietary costs, as the cost of egg production. Whereas animal feed accounts for a
large part of the production cost, the reduction in feed costs without impairment on animal productivity, is a key factor in
animal farming. At certain times of the year, food can account for 80% of the production costs and consequently it influ-
ences the final price of the product in the market. In our study, we observed a significant reduction on total costs of diets
that received biscuit residue, which occurred because a part of the energetic portion of the diet was supplied by the biscuit
residue, and not by corn, which influenced the final price.
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INTRODUCTION

Brazilian egg and broiler meat production have
representativeness importance, placing the country at
the seventh position in the world. The overall Brazil-
ian egg production is destined to the domestic market,
since its consumption tends to increase over the years
[9]. The egg is a good nutritionally complete with high
biological value, exerting several benefits for human
health when consumed at necessary quantities [5].
Despite this, it is a proteic food of lower market value,
and due to this reason its production must be extremely
efficient in order to maintain market competitiveness
[16]. In order to achieve high productivity, it is impor-
tant that have all production variables well aligned, and
among them the animal nutrition is the main one, which
directly influences the animal production and health.

Corn and soybean meal are common ingredi-
ents used in poultry feed in order to supply the demand
for energy and protein, respectively [7]. Therefore,
there is a need to search for nutritionally and economi-
cally viable alternatives to mitigate this problem [22].
According to the literature, biscuit residue provides a
large portion of the energetic fraction of the diet, pro-
viding also protein and amino acids, as lysine at values
very similar to that found in corn. Thus, this residue
was studied to understand the mechanism of utilization
and exploitation of the nutrients of this by-product [2].
In this sense, Corassa et al. [6] revealed that biscuit
residue (15%) could improve the performance of pig-
lets, enhancing body weight and feed consumption,
which could be related to better palatability. Therefore,
the objective of this study was to evaluate whether the
inclusion of biscuit residue in the nutrition of laying
hens as a replacement of corn could cause a positive
effect on animal production and health, as well as
economic viability.

MATERIALS AND METHODS

Experimental design

The experiment was conducted in an experi-
mental poultry farm at the Universidade do Estado de
Santa Catarina (UDESC), located in Chapecé city,
Southern of Brazil during three production cycles of
21 days each.

Biscuit residue

Biscuit residue was donated and increasing
amounts of it were used according to its chemical

composition, in addition to other ingredients, as cited
in the Brazilian Table for Poultry and Swine [19].

Experimental design

The experiment was completely randomized
and each repetition was considered one experimen-
tal unity. One hundred Hy-line brown 48 week-old
chickens were allocated in cages and divided into five
groups with four repetitions each, allocating 5 animals
per cage. The group TO was composed by animals that
received the basal diet, i.e. without biscuit residue.
The other groups were composed by increasing lev-
els of biscuit residue to substitute corn i.e., group T7
(7% of biscuit residue), T14 (14% of biscuit residue),
T21 (21% of biscuit residue) and T28 (28% of biscuit
residue). The diets were formulated according to the
specific nutritional requirements as shown in Table
1[19].

Analysis of biscuit residue and animal diets

Nutritional composition

Analyses of dry matter (DM), mineral mat-
ter (MM), ethereal extract (EE), crude protein (CP),
neutral detergent fiber (NDF) and acid detergent fiber
(ADF) were performed following the method described
by Silva and Queiroz [21] in biscuit residue and feed
samples.

Determination of total phenolic compounds (TPC) and
antioxidant activity by the elimination of radicals by
DPPH

For extraction, 0.5 g of each sample was dis-
solved in 50 mL of distilled water. The mixture was
placed in an ultrasonic bath (70 W) for 3 h and re-
mained in the dark for 3 more hours. The supernatant
was filtered with quantitative filter paper (‘Whatman’
#40) and stored in a 100 mL volumetric flask wrapped
in aluminum foil. After extraction, extracts were stored
in Eppendorf tubes and maintained at - 80 °C until
analysis [1,12]. Quantification of TPC was performed
by Folin-Ciocalteu colorimetric method modified by
Bonoli er al. [3]. An aliquot of each diluted sample
was mixed with 0.5 mL of Folin-Ciocalteu reagent and
was stirred for 1 min. Next, 2 mL of sodium carbonate
(20 %) was added into the mixture and stirred for 30
s. After 2 h of incubation, the absorbance was read at
750 nm in relation to the blank. The standard curve
was prepared by solutions of gallic acid in methanol.
The concentration of TPC was obtained using an
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equation derived from the standard curve of gallic
acid (expressed in mg of gallic acid equivalent per g
of dry sample; mg EGA/g). Data were shown as the
mean = SD of triplicates. Evaluation of free radical
scavenging activity in the extracts was determined by
the antioxidant reduction capacity of DPPH radical
according to Brand-Williams et al. [4]. Five dilutions
of each extract were prepared in test tubes and 0.3 mL
of each diluted extract was added to 2.7 mL of DPPH
radical (40 pg/mL). After incubation for 1 h in the
dark, the absorbance was read at 515 nm Free radical
scavenging activity was reported as the IC 50 (ug/
mL), which is defined as the antioxidant concentration
required to eliminate 50% of the DPPH present in the
test solution. All tests were performed in triplicate and
IC 50 values were reported as mean + SD of triplicates.

Animal performance

Body weight

Two animals per repetition were individually
weighted in the beginning of the experiment and at
the end of the productive cycle using a digital balance.

Egg production (%)

Daily, the eggs were collected and counted
from each replicate of the treatments. Thus, at the end
of each cycle, it was possible to calculate egg produc-
tion (%).

Egg mass (g/bird/day)

At the end of each productive cycle, the eggs
were identified and individually weighted. Based in
this data, the egg mass was obtained by the formula:
Egg mass = mean weight (g) x percentage of egg
production (%).

Feed consumption (g/bird/day)

Experimental diets were weighted and pro-
vided to the animals using specific feeders and the
amount of feed consumed in each period of 21 days
was recorded. These results reflect the average of
consumed feed for both cycles.

Feed conversion (kg/kg and kg/dp)

The feed conversion (FC) per kg of egg was
obtained by the average of feed intake in the experi-
mental period divided by the egg mass, i.e., the amount
of feed consumed to produce one kilogram of egg. To
calculate feed conversion per dozen eggs produced, the

quantity of food consumed in the period was divided
by quantity of eggs produced multiplied by 12.

Analysis of egg quality

At the end of each cycle, fresh eggs were col-
lected to analyze: egg weight, specific gravity [11].
Shell resistance was evaluated using the equipment
TA.XT. PLUS', and results were expressed in Kgf.
Shell thickness was evaluated after washing and dry-
ing during 48 h using a digital pachymeter, and the
results were expressed as the average of the three-point
measure in the egg (low, middle and high). Also, it was
calculated the Haugh unit, yolk index and quantity of
albumen in relation to egg weight and bark weight, as
well as percentage of albumen and yolk [10]. Bright-
ness (L), intensity of red (a) and intensity of yellow (b)
were performed using an electronic colorimeter. Yolk
and albumen pH were determined by using a specific
equipment (Testo 205)?, and the intensity of yolk color
was evaluated using a 16-color fan.

Blood collection and serum biochemistry

Blood collection was performed in two animals
per repetition, totalizing eight animals per treatment at
four moments: the beginning of the experiment (day
0) and at the end of each cycle of 21 days each (days
21, 42 and 63 of the experiment). The animals were
contained manually, and the blood was collected from
ulnar vein using insulin syringe. The blood was stored
into tubes without anticoagulant to obtain serum after
centrifugation (850 g during 10 min) and stored at
-20°C until analysis.

Serum levels of alkaline phosphatase, triglyc-
erides, cholesterol, uric acid, total protein, glucose and
albumin were measured using colorimetric commercial
kits (Analisa)® in the semi-automated (BioPlus 2000)*.
Levels of globulin were obtained by the formula: total
protein - albumin.

Economic analysis

The economic analysis of the inclusion of
increasing amounts of biscuit residue in the animals’
diet involve the final price per kg of formulated feed,
where the average price of raw materials in the month
of November 2018 was used. The cost of each feed
ingredient was: corn - $ 0.19/kg, soybean meal - $
0.30/kg, wheat bran - $ 0.17/kg, biscuit residue - $
0.038/kg, D-L methionine - $ 2.75/kg, L-lysine $ 1.66/
kg, threonine - $ 1.79/kg, tryptophan - $ 14.32/kg,
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calcarium - $ 0.05/kg, soy oil - $ 0.78/kg, dicalcium
phosphate - $ 0.58/kg, premix - 5.19/kg, common
salt - $ 0.05/kg, and sodium bicarbonate - $ 0.51/kg.
Also, the cost of feed per kg of egg produced (RC/kg)
was calculated by the formula: RC/Kg= FC per kg*
(diet cost/100) and per dozen produced (RC/Dp), RC/
Dp = FC per dozen* (diet cost/100), the final cost was
adjusted for three cycles.

Statistical analysis

The data were submitted to descriptive analy-
sis, followed by the evaluation of the normality of the
data by the Shapiro Wilk test. Data without normal
distribution (biochemical variables) were transformed
to log. The data were submitted to analysis of vari-
ance (ANOVA) followed by Tukey test. A regression
analysis was performed to determine the appropriate
inclusion levels of biscuit residue. It was considered
significant when P < 0.05.

RESULTS

Feed composition

Biscuit residue has high values of crude pro-
tein and ethereal extract (Table 1), which becomes
adequate to compose the energetic and protein portions
in the animal diet. Also, it was evident that increas-
ing amounts of biscuit residue also increased ethereal
extract levels.

Total phenolic compounds (TPC) of biscuit
residue was 0.50 mg/100 g of DM (dry matter). An
increase on TPC was observed in the treatments T7
(0.047), T14 (0.079), T21 (0.102) and T28 (0.20) mg
of TPC/100 g of DM when compared to TO (0.0). An-
tioxidant activity against the DPPH - IC_ radical was
not observed in the biscuit residue and in the diets, that
is, the analyzed samples showed no IC, .

Performance

Average egg weight, CA/Dp, egg mass, and
percentage of egg production did not significant dif-
fer between groups (P > 0.05; Table 2). Feed conver-
sion per kg of produced egg (CA/Kg) was lower in
the groups that received biscuit residue compared to
the control group (P < 0.05). Considering the values
of CA/Kg, the regression analyses indicated that the
ideal value of biscuit residue in the diet is 18.936%.
No significant difference was observed between groups
regarding body weight (P > 0.05). However, the weight

gain was higher in the period of O to 63 days in the
treatment T21 and T28 compared to TO (Table 3).

Egg quality

The results for egg quality were showed in
Table 3. The values of egg color related to red inten-
sity (“a”) was lower in the groups T21 and T28 (first
to third cycle) compared to TO, while the same result
was found in the third cycle for the group T14. The
percentage of yolk in relation to egg weight was higher
in the groups that received biscuit residue compared to
the control group (P < 0.05). Calculated gravity, bark
resistance, bark thickness, L and b intensity, yolk and
albumen pH, Haugh unit, yolk index, bark %, yolk %
and albumen % did not differ between groups in three
cycles (P > 0.05; Table 3).

Serum biochemistry

Results of serum biochemistry were showed
in Table 4. Serum levels of uric acid was higher in the
groups T21 and T28 compared to the control group in
the two first cycles (P < 0.05). There was no significant
difference between groups regarding serum alkaline
phosphatase, glucose, triglycerides, cholesterol, total
proteins, albumin and globulins (P > 0.05; Table 4).

Economic analysis

Feed cost was considerably lower when biscuit
residue was added, as shown in Table 5. Also, a reduc-
tion in the cost of feed per kg of egg produced and per
dozen of eggs was observed, contributing to lowering
production costs, leading to a difference in the cost of
feed per dozen produced of $ 0.50 (T0%) for $ 0.33
(T28%), which represents a reduction on 22.3 % of the
total cost of productions.

DISCUSSION

Residues of biscuit is widely used to feed
swine, with positive results as an ingredient to attend
the demand for energy [13]. In our study, the produc-
tive efficiency of laying hens was positively affected
when biscuit residue was used, since a significant re-
duction on feed conversion per kg of egg was observed.
Therefore, its inclusion has applicability on poultry
nutrition once it improved feed conversion and did not
affect egg production.

The weight gain was higher during all experi-
mental period in laying hens that received 21 and 28%
of biscuit residue in the diet compared to the control
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Table 1. Composition of the experimental diets: ingredients, and calculated and analyzed compositions.

Ingredient (g/kg of natural matter) Control 7% 14% 21% 28%
Corn 667.72 589.91 512.11 434.30 356.50
Soybean meal 199.53 195.04 190.55 186.06 181.56
Biscuit residue’ 0.00 70.00 140.00 210.00 280.00
Wheat bran 0.00 16.28 32.56 48.84 65.12
Methionine 3.10 3.14 3.18 3.22 3.26
Lysine 1.30 1.40 1.50 1.60 1.70
Threonine 0.70 0.83 0.96 1.08 1.21
Tryptophan 0.15 0.14 0.13 0.12 0.11
Limestone 91.00 91.04 91.08 91.12 91.16
Soybean oil 15.01 11.26 7.50 3.75 0.00
Dicalcium phosphate 13.02 12.83 12.65 12.46 12.28
Premix? 3.00 3.00 3.00 3.00 3.00
Common salt 1.58 1.34 1.09 0.85 0.60
Bicarbonate 3.90 3.80 3.70 3.60 3.50
Nutritional calculated composition
Crude protein (g/kg) 146.65 147.29 147.94 148.59 149.24
Metabolizable Energy (Kcal/kg) 2894 2897 2901 2905 2909
Calcium (g/kg) 38.94 38.94 38.94 38.93 38.93
Sodium (g/kg) 1.79 1.79 1.79 1.80 1.80
Chlorine (g/kg) 1.64 1.64 1.65 1.65 1.65
Total phosphorus (g/kg) 5.11 5.13 5.15 5.17 5.19
Disponible phosphorus (g/kg) 3.19 3.19 3.19 3.19 3.19
Lysine (g/kg) 7.35 7.35 7.34 7.34 7.33
Methionine + Cysteine (g/kg) 7.24 7.24 7.24 7.24 7.24
Tryptophan (g/kg) 1.68 1.69 1.69 1.69 1.69
Threonine (g/kg) 5.68 5.68 5.68 5.68 5.69
Nutritional analyzed composition
Dry matter (%) 89.31 89.63 90.05 90.09 90.51
Crude protein (%) 16.23 16.86 16.21 16.87 16.33
Ethereal extract (%) 4.67 4.58 5.36 5.18 5.75
Mineral matter (%) 13.50 13.05 14.10 14.30 14.23
NDF (%) 7.12 nd 7.56 nd 7.51
ADF (%) 2.53 7.16 2.65 12.46 nd

!Composition of dry matter: 93.54%, crude protein: 12.58%, ethereal extract: 14.04%, mineral matter: 2.85%, NDF: 4.83%; nd: not-detected. *Pre-misture!
vitaminic and minerals per kg of feed: folico acid (200 mg/kg); pantothene iodine (min 4,33 mg/kg); copper (min 2.66 mg/kg); colina (min 78.12 mg/
kg); iron (min 16.7mg/kg); phytase (min 166.66 ftu/kg); iodine (min 400.0 mg/kg); manganese (min 23.3 g/kg); niacin (min 10.0 g/kg); selenium (min
66.7 mg/kg); vitamin A (min 2.333.333 Ul kg); vitamin B1 (min 666.7 mg/kg); vitamin B12 (min 3.333 mcg/kg); vitamin B2 (min 1.666 mg/kg);
vitamin B6 (min 1000 mg/kg); vitamin D3 (min 733333 Ul/kg); vitamin E (min 3.666 Ul/kg); vitamin K3 (min 533.33 mg/kg); zinc (min 16.7 g/kg);

celestine sulfate (min 3.333 mg/kg).
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Table 2. Performance of laying hens during three production cycles (mean) fed with increasing levels of biscuit residue.

Level PEP MEW EwW FC/KG FC/DZ
0 81.1 62.4 54.3 2.7 2.0
7 91.6 63.1 57.8 2.3 1.8
14 87.6 65.4 57.4 2.2 1.8
21 85.9 64.4 54.7 2.5 1.9
28 88.4 63.4 56.1 2.3 1.7
Analysis of variance considering qualitative treatments
P 0.280 0.517 0.622 0.031%* 0.274
Ccv 7.471 4.006 6.836 8.174 9.978
Analysis of variance considering quantitative treatments
Linear 0.427 0.401 0.921 0.072 0.268
Quadratic 0.425 0.262 0.655 0.056 0.442
Coefficient for equations
A - - - 2.645 -
B - - - -0.038 -
C - - - 0.001 -
R? - - - 0.287 -
Derived - - - 18.936 -

“P < 0.05 indicates a significant difference between groups; PEP: % of egg production; MEW: mean egg weight; EW: Egg weight; FC/kg: Feed conver-
sion per kilogram of egg; FC/DZ: Feed conversion per dozen eggs.

Table 3. Body weight (days 0, 21, 42 and 63), weight gain (0-21; 0-42; and 0-63) and egg quality (days 21, 42 and 63) of laying hens

fed with increasing levels of biscuit residue. (continua...)

Variable Day TO T7 Ti4 T21 T28 P cV

0 2.04 1.94 2.03 1.97 1.92 >005 113
Body Weight 21 2.13 2.02 2.06 2.08 2.08 >005 142
(kg) 42 2.09 2.08 2.12 2.16 2.15 >0.05 8.1

63 2.08 2.07 2.08 2.16 2.17 >0.05 79
' o 0-21 009 0.08 0.03 0.11 0.16 >0.05 106
Wel(gli’gt)gam 0-42 005  0.14°  0.09 0.19% 0.23° <005 69
0-63  0.04°  0.3>  0.05%  0.19® 0.25¢ <005 63

Calculated 21 1.08 1.08 1.08 1.08 1.08 >0.05 46
gravity 42 1.08 1.08 1.08 1.08 1.08 >0.05 5.1

63 1.08 1.07 1.08 1.08 1.08 >005 48

Bark resistance 21 4346.86 40324  4984.11  4186.67 4258.08 > 0.05 10.5
42 37945 752286 4764.43  4179.13 3994.82 >0.05 17.2
63 4437.0 3497.3 3848.2 38.46.2 3989.7 >0.05 8.8

Color (sub) 21 7.5* 7.122 7.28 5.85° 5.75° <0.05" 7.5
42 6.87* 6.12%® 6.37® 6.25® 5.75° <0.05" 8.3

63 7.57 6.57® 6.00 6.14% 4.75¢ <0.05" 7.4

L 21 49.75 52.93 47.25 52.85 53.53 >0.05 9.7

42 48.08 4291 42.41 47.69 46.55 >0.05 10.8

6
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Table 3. Body weight (days 0, 21, 42 and 63), weight gain (0-21; 0-42; and 0-63) and egg quality (days 21, 42 and 63) of laying hens

fed with increasing levels of biscuit residue. (...conclusio)

Variable Day TO T7 T14 T21 T28 P CV
63 479 51.3 53.7 50.6 52.4 > 0.05 9.5

A 21 -3.00° -4.05® -3.26° -5.25° -5.24* <0.05 8.3

42 -2.39¢ -3.05% -2.55% -3.24#® -3.83* <0.05 12.3

63 -3.64¢ -4.73% -5.27% -5.03% -5.88* <0.05 8.4

B 21 38.91 40.46 34.93 38.93 37.66 >0.05 14.8

42 35.51 32.55 32.81 36.96 33.37 >0.05 7.6

63 394 39.99 40.98 40.35 37.7 >0.05 8.5

Shell thickness 21 0.34 0.33 0.36 0.37 0.35 >0.05 9.0
42 0.37 0.35 0.36 0.36 0.35 >0.05 6.8

63 0.35 0.31 0.32 0.34 0.33 >0.05 8.1

p(}rln}rzg)lk 21 5.99 5.97 6.00 6.00 6.07 >0.05 8.9
42 5.93 5.90 5.92 5.92 5.94 >0.05 9.4

63 5.92 5.94 591 6.06 5.92 >0.05 5.5

pH albumen 21 8.34 8.58 8.36 8.33 8.36 >0.05 5.8
42 8.21 8.23 8.26 8.27 8.43 >0.05 4.4

63 7.72 8.01 7.95 7.78 7.97 >0.05 39

Haugh unit 21 92.09 88.16 92.13 93.94 90.90 >0.05 11.3
42 87.71 90.64 93.9 93.53 90.36 >0.05 20.4

63 92.9 94.1 95.6 95.2 94.9 >0.05 8.4
Yolk index 21 5.00 4.85 491 5.00 4.84 >0.05 17.3
42 4.99 4.87 4.90 4.90 4.72 >0.05 13.4

63 4.76 4.81 4.98 4.87 4.98 >0.05 10.1
Yolk (%) 21 25.34° 27.92%®  25.87® 24.53° 28.85* <0.05% 143
42 25.20 27.54 26.05 28.68 27.14 >0.05 6.7

63 23.6° 28.32 28.7° 27.8 27.7 < 0.05% 7.1
Albumen (%) 21 65.42 62.99 64.79 66.26 62.37 >0.05 10.3
42 63.11 62.88 64.31 61.76 63.51 >0.05 11.3

63 66.9 66.6 62.6 63.3 63.3 >0.05 8.4

21 9.23 9.07 9.32 9.19 9.37 >0.05 6.7

Shell (%)

42 9.67 9.56 9.63 9.54 9.33 >0.05 5.5

63 9.38 8.57 8.56 8.79 8.89 >0.05 5.8

*P < 0.05 and different letters (a, b) on the same line show significant difference between groups.

Table 4. Serum biochemistry of laying hens fed with increasing levels of biscuit residue on days 0, 21 and 42 of the experiment. (continua...)

Variable Day TO T7 T14 T21 T28 P CV

0 203.7 180.8 192.5 209.6 187.4 >0.05 23.1
Glucose 21 239.1 245.6 246.0 236.6 247.1 >0.05  18.1
(mg/dL) 42 211.2 211.2 223.7 206.3 216.5 > 0.05 10.5

63 249.2 232.0 221.1 208.0 228.2 >0.05 19.4
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Table 4. Serum biochemistry of laying hens fed with increasing levels of biscuit residue on days 0, 21 and 42 of the experiment. (...conclusdo)

Variable Day TO T7 T14 T21 T28 P Cv
0 532.6 5158 47112 482 62800  >005 304
Alkaline 21 721.1 9229 70957 5985  759.83  >005  30.4
phosphatase
UIL) 42 669.0 7412 549.14 74725 58513  >005  29.8
63 666.7 5296 5884 6312 5844  >005 241
0 5.46 4.83 471 4.68 438 >005 102
Total proteins 21 475 4.45 476 453 475 >005 102
(g/dL) 42 4.80 5.55 4.96 4.92 5.5 >005  9.54
63 4.46 4.50 435 3.77 4.47 >005 118
0 868.0 961.6  973.1  853.0 7975  >005 238
Triglycerides 21 934.2 7271 6951 9516 8341  >005 27.6
(mg/dL) 42 13325 11881 11285 11400 13086  >005  19.6
63 885.2 9555  807.6 8827 9430  >005 150
0 118.2 92.1 87.8 73.1 68.5 >005  31.4
Cholesterol 21 90.6 52.7 54.0 62.8 69.2 >005  35.1
(mg/dL)
42 64.6 80.0 69.8 63.3 82.7 >005 208
63 522 66.0 52.1 61.8 60.7 >005  27.1
0 6.85 43 451 5.00 4.88 >005  10.1
Uric acid 21 2.97¢ 3.55m 2.97¢ 4.2 4620 <005% 84
(mg/dL)
42 3.8 511 481 4.65% 525 <0.05% 7.3
63 4.06 3.65 2.98 3.94 3.24 >005  14.1
0 2.46 2.16 221 2.45 2.26 >005 6.7
Albumin 21 1.72 1.38 1.55 1.6 1.85 >005 6.8
(g/dL)
42 1.97 1.85 1.98 1.77 1.92 >005 5.1
63 1.56 1.80 1.73 171 1.72 >005 72
0 3.00 2.66 25 223 2.11 >005 96
Globulins 21 3.02 3.06 321 2.93 3.12 >005 113
(g/dL) 42 2.80 3.70 2.97 3.15 3.32 >005 9.1
63 2.90 2.70 261 227 2.74 >005 74

*P < 0.05 and different letters (a, b) on the same line show significant difference between groups.

Table 5. Cost (US$) of the experimental diets and costs related to animal production. (continua...)
Variable TO T7 T14 T21 T28
Cost/kg of ration 0.24 0.23 0.21 0.20 0.18
First cycle of production
RC/kg (%) 0.62 0.54 0.45 0.52 0.45
RC/Dozen produced ($) 0.48 0.41 0.37 0.42 0.35
Second cycle of production
RC/kg ($) 0.83 0.55 0.66 0.48 0.42
RC/Dozen produced ($) 0.56 0.41 0.51 0.37 0.31
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Table 5. Cost (USS$) of the experimental diets and costs related to animal production.

(...conclusio)

Variable TO T7 T14 T21 T28
Third cycle of production
RC/kg ($) 0.43 0.65 0.55 0.52 0.52
RC/Dozen produced ($) 0.48 0.41 0.40 0.40 0.33
Average of three cycles
RC/kg ($) 0.70 0.55 0.55 0.51 0.43
RC/Dozen produced ($) 0.50 0.41 0.42 0.40 0.33

RC/kg: ration cost per kg of produced egg; RC/Dz: ration cost per dozens of eggs.

group, which can be direct related to increased ethereal
extract content in the diets with biscuit residue. The
weight gain represents the efficiency in the use of energy
from the diet by the animals, i.e., the animals deposited
more energy in the corporal tissues [20]; however, it did
not cause impairment on egg production. Despite that,
we have to consider the possibility that, at in the long
term, this effect could bring losses to animal production.

Regarding egg quality, the egg yolk coloration
altered with the presence of biscuit residue, i.e., the red
intensity lower (lighter yolk). The yolk coloration is
dependent on the carotenoid content, and corn has a
significant content of carotenoids that provides good
yolk coloring [17]. This fact explains the reduction
on yellow coloration of the yolk of treatments with
crescent levels of biscuit residue in the diet, since the
amount of corn decreased. Itis important to highlight
that one of the ingredients of the biscuit is wheat flour,
a major component, which shows a different profile
of carotenoids. Thus, in many cases it is necessary the
incorporation of pigments in the diet in order to sup-
press this coloring effect and provide better acceptance
by consumers, since them mistakenly associated yolk
coloration with higher nutritional egg value [5].

The reason for higher yolk production in rela-
tion to egg weight found only in the group T28 can
be explained by the elevated EE content in the biscuit
residue. According to Peebles et al. [14], sources and
levels of fat in the diet can affect the egg fatty content.
These authors revealed that increased dietary energy
decrease the percentage of albumin, and the use of
corn oil instead the animal fat (poultry), decreases egg
shell percentage.

The serum uric acid levels increased in the
groups that received 21 and 28% of biscuit residue
compared to the control group, which can be related
to an imbalance on levels of amino acids. According
to Ross et al. [18], the acceptable values for uric acid

in brown Leghorn chickens ranged from 0.27 to 4.93,
which are lower when compared to laying hens that
received biscuit residue in the first two productive
cycles. Higher levels of protein in the diet leads to
higher amino acid imbalance, and consequently, lower
use of the protein ingested, as well as higher elimina-
tion of uric acid in the environment [15]. Thus, it is
necessary to maintain the nutritional balance of diets
using ingredients of known bromatological composi-
tion, especially when alternative ingredients are used,
as is the case of biscuit residue.

Whereas animal feed accounts for a large part
of the production cost, the reduction in feed costs with-
out impairment on animal productivity, is a key factor
in animal farming. At certain times of the year, food
can account for 80% of the production costs [8] and
consequently it influences the final price of the product
in the market. In our study, we observed a significant
reduction on total costs of diets that received biscuit
residue, which occurred because a part of the energetic
portion of the diet was supplied by the biscuit residue,
and not by corn, which influenced the final price. Thus,
the presence of biscuit residue reduced feed costs with-
out impacting productivity and animal performance.
Regarding the control diet (without wholemeal biscuit)
there was a reduction in the diet cost of 5.3; 10.7; 17.1;
and 22.3% for the diets of the treatments T7, T14,
T21 and T28, respectively. The decrease in produc-
tion cost involved with feed directly reflected in feed
costs to produce one kilogram of egg and one dozen
of eggs, as well on feed conversion, which was lower
in these groups. The potential of cost reduction from
the inclusion of biscuit residue in the laying hens diet
can be considered a nutritionally viable alternative, as
well as economically advantageous. However, more
research is needed to prove the use of biscuit residue
in other ages and raising conditions, since this practice
is empirically carried out in the field.
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