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ABSTRACT

This study was conducted to determine feed formulas specific to 
the Japanese quail C. japonica by partially substituting imported 
soybean meal with locally produced and cheaper protein-crops. 
Each formula contained either Entire Broad Beans (EBB), 
Heat-treated Decorticated Broad Beans (HDBB) or Entire 
Field Peas (EFP), each one at several replacement levels (10, 
20 and 30%) of the whole formula. The results showed that 
feed containing HDBB led to better growth performances 
as compared to all the other formulas. Substitution with EFP 
recorded close effects to the control formula, but its high 
fiber and average protein contents represent a limitation to 
its incorporation at higher levels. EBB had adverse impacts, 
especially on growth performances. HDBB incorporation led to 
a significant hypoglycemia (batches 20% and 30%) (p=0.0039 
and p=0.0049, respectively), and a considerable reduction of 
uremia (all batches) (p=0.0047, p=0009 and p=0.0227, in that 
order) with hypercalcemia (batches 20 and 30%) (p=0.0285 
and p=0.0208. respectively), hyperphosphatemia (all batches) 
(p=0.0064, p=0.0163 and p=0.0027. respectively) and normal 
cholesterolemia, triglyceridemia, proteinemia, serum creatinine, 
glutamic-oxaloacetic transaminase (GOT) and glutamic-
pyruvic transaminase (GTP) amounts. EBB induced a very 
significant hypoglycemia (at 30% replacement) (P=0.0015), and 
hypouremia (batch 10%) (p=0.0019) with hypercalcemia (batch 
30%) (p=0.0035), hyperphosphatemia (batch 20%) (p=0.0048) 
and normal cholesterolemia, triglyceridemia, proteinemia, 
serum creatinine, GOT and GPT. On the other hand, EFP had 
no effect (p>0.05) on the biochemical parameters of C. japonica 
except a non-significant decrease of uremia in batch 10% 
(p=0.49). Accordingly, it can be suggested that Field Peas and 
Treated Broad Beans could be possible substitutes to soybean 
meal in quails’ feed production.

Keywords: Biochemical profile, Coturnix japonica, feed 
formulation, growth performances
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INTRODUCTION

Since their domestication in Japan as singing birds 
(Hrncar et al., 2014), Japanese quails Coturnix 
japonica have gained an economic importance as 
agricultural species (Djitie-Kouatcho et al., 2015). 
They have many distinctive characteristics such as 
low body weight (80 to 300 g), short generation 
interval (3 to 4 generations per year), disease 
resistance, high egg production, rapid sexual 
maturity and adaptability to several breeding 
conditions (Nikpiran et al., 2014; Okuliarova et 
al., 2014).

Because of their high energy and protein 
contents, corn-soy based  diets were considered 
for a long time as staple feed for birds despite 
the production type. In poultry, like any other 
livestock production, feed accounts for almost 60-
80% of the total production cost (Olugbenga et 
al., 2015; Shamna et al., 2013). Thus, nutritionists 
had attempted to establish feed formulas balanced 
in energy and proteins at cheapest prices using 
locally available ingredients. In this context, local 
protein crops (like broad beans and field peas) can 
be inexpensive and more available alternatives 
to soybean meal, which remains the most costly 
constituent.

Broad bean (Vicia faba var. minor) is a leguminous 
plant that contains relatively high amounts of 
energy and proteins (25-33% of Dry Matter DM) 
rich in lysine, but fairly poor in sulfur amino acids 
and tryptophan. It has also moderate fibercontent 
(crude fiber: 7-11% DM) (Heuzé et al., 2013). 

Field pea (Pisum sativum) is an annual herbaceous 
plant containing two major families of soluble 
proteins (globulins, soluble in saline buffers and 
albumins, soluble in water) and 10-15% insoluble 
proteins. Globulins are the main storage proteins 
(55–65%) in this crop (Adebiyi and Aluko, 2011; 
Potter, 1995).

On the other hand, broad beans enclose many 
anti-nutritional factors (protease inhibitors, 
lectins, phenolics and especially tannins/
proanthocyanidins) which interfere with 
digestibility and nutrients’ uptake (Kaysi and 

Melcion, 1992; Kumar et al., 2015) and require 
appropriate treatments to guarantee a better 
nutritional use. As well, field peas have fairly 
low amounts of anti-nutritional factors (protease 
inhibitors, tannins, alkaloids, lectins, phytic acid, 
saponins and oligosaccharides) (Hickling, 2003; 
Konieczka et al., 2014). 

In this study, the effects of partial substitution 
of soybean meal (by entire or heat-treated 
decorticated broad beans or field peas) on growth 
parameters and biochemical profiles of Japanese 
quails were assessed.

MATERIAL AND METHODS

Animals and diets

The trials took place in 2016 at the Institut Tech-
nique des Élevages of Constantine (Northeastern 
Algeria). Fertile quail eggs were incubated, and 
chicks were started on the same feed under the 
same conditions prior to being placed on test diets. 
At 07 days old, about 450 chicks were weighed 
and allotted to 10 treatment groups (with 03 repli-
cates of 15 chicks for each treatment) in a way to 
get approximately the same mean body weight and 
body weight range between all replicates.

Field peas and broad beans (from a local market) 
were washed, cleared of all impurities then air-
dried. Entire broad beans and field peas were then 
ground, and while treated, broad beans were placed 
in hot water (80°C) for 30 minutes to facilitate 
removal of their coats. Next, their almonds were 
allowed to air dry for one day, after what they 
were placed in an autoclave at 120°C for about 20 
minutes, air dried and finally ground as described 
by Brufau et al. (1998).

Feed formulations were prepared using Windows 
User-Friendly Feed Formulation tool (WUFFDA 
ver. 1.02, 2004) to meet all nutritional requirements 
of quails (at growth and finishing periods) 
established by the National Research Council 
(NRC, 1994). 

As presented below in Tables 1 and 2, diets were 
prepared with no substitution of soybean meal 
(Control diet CTRL) or with partial replacement 
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levels of it (at 10%, 20% and 30% of the whole 
formula) using either Entire Broad Beans (EBB), 
Heat-treated Decorticated Broad Beans (HDBB) 
or Entire Field Peas (EFP). 

Birds of each replicate were housed in a separate 

galvanized-wire cage with feed and water ad-
libitum and under the same breeding conditions 
(temperature, relative humidity, lighting program 
and hygiene).

Table 1 Ingredients and nutrient composition of 

diets during growth period (from 7th to 21st day)

Feed formulas
CTRL EBB HDBB EFP

10% 20% 30% 10% 20% 30% 10% 20% 30%

In
gr

ed
ie

nt
s (

%
)

Corn 51.25 47.00 45.50 40.50 47.00 45.50 40.50 48.50 43.05 37.95
Entire beans 10.00 20.00 30.00

Treated beans 10.00 20.00 30.00
Field Peas 10.00 20.00 30.00
Wheat bran 8.25 7.00 2.25 2.00 7.00 2.25 2.00 3.35 2.50 1.00

SBM 44% CP 38.75 34.25 30.5 25.75 34.25 30.50 25.75 36.40 32.70 29.30
Limestone 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

DCP 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
MV premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Total 100 100 100 100 100 100 100 100 100 100

N
ut

ri
en

t 
C

om
po

si
tio

n 
(%

)

Dry matter (%) 88.08 88.04 88.00 87.95 88.04 88.00 87.95 88.26 88.42 88.59
ME (kj/g) 11.63 11.63 11.63 11.63 11.63 11.63 11.60 11.70 11.67 11.63

Proteins (%) 23.05 23.05 23.06 23.05 23.05 23.06 23.05 23.00 22.99 22.99
Fat (%) 2.58 2.52 2.49 2.49 2.52 2.49 2.49 2.45 2.32 2.19

Crude fiber (%) 3.55 3.89 3.94 4.37 1.75 1.77 1.96 3.46 3.70 3.89
CTRL: Control diet.CP: Crude Proteins. DCP: DiCalcium Phosphate. EBB: Entire Broad Beans. HDBB: Heat-treated 
Decorticated Broad Beans. EFP: Entire Field Peas. ME: Metabolizable Energy.MV: Mineral-Vitamin. SBM: Soybean Meal. 

Table 2 Ingredients and nutrient composition of diets during finishing period (from 22nd to 42nd day)

Feed formulas CTRL
EBB HDBB EFP

10% 20% 30% 10% 20% 30% 10% 20% 30%

In
gr

ed
ie

nt
s (

%
)

Corn 58.05 55.00 51.90 48.70 55.00 51.90 48.70 53.65 50.05 46.20
Entire bean 10.00 20.00 30.00

Treated bean 10.00 20.00 30.00
Field peas 10.00 20.00 30.00

Wheat bran 10.00 7.25 4.55 2.00 7.25 4.55 2.00 7.20 3.90 0.92
SBM 44% CP 29.95 25.75 21.55 17.30 25.75 21.55 17.30 27.15 24.05 20.88

Limestone 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
DCP 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75

MV premix 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Total 100 100 100 100 100 100 100 100 100 100

N
ut

ri
en

t 
C

om
po

si
tio

n 
(%

) 

Dry matter 88.02 88.98 87.94 87.89 88.98 87.94 87.89 88.19 88.36 88.53
ME (kj/g) 11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.71 11.71 11.71
Proteins 20.01 20.01 20.01 20.01 20.01 20.01 20.01 20.00 20.00 20.00

Fat 2.81 2.73 2.64 2.56 2.73 2.64 2.56 2.67 2.54 2.41
Crude fiber 3.55 3.83 4.12 4.43 1.72 1.85 1.99 3.63 3.67 3.73

CTRL: Control diet. CP: Crude Proteins. DCP: DiCalcium Phosphate. EBB: Entire Broad Beans. HDBB: Heat-treated 
Decorticated Broad Beans. EFP: Entire Field Peas. ME: Metabolizable Energy. MV: Mineral-Vitamin. SBM: Soybean Meal. 
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Performances measurement and biochemical 
analyses

During the experiment, the following data were 
collected:

•	 Individual body weights (BW): measured daily 
before feed distribution early in the morning, 
and used to calculate average weekly weight 
of all males, all females separately and of the 
whole lot along the rising stages.

•	 Average Daily Body Weight Gain (BWG) 
(of each batch, all males and all females 
separately): calculated for the growing and 
finishing periods and for the entire rearing 
period.

•	 Feed Intake (FI) of each batch: recorded daily 
and used to calculate Feed Conversion Ratio 
(FCR) during growing, finishing and entire 
rearing periods.

•	 Mortality rates (M%): dead birds were counted 
daily and taken into consideration when 
calculating FCR and BWG.

By the experiment end, 10 males and 10 females 
of each group were sacrificed and blood samples 
taken in heparinized tubes. Plasmas were then 
harvested by centrifugation at 3000 rpm for 10 
minutes to measure glycemia, cholesterolemia, 
triglyceridemia, proteinemia, uremia, 
creatininemia, calcemia, phosphatemia,glutamic-
oxaloacetic transaminase (GOT) and glutamic-
pyruvic transaminase (GPT) amounts, using a 
Kenza Max-Biolabo Diagnostics® semi-automated 
spectrophotometer with commercial kits 
(Spinreact®). 

Statistical analysis

Growth parameters were expressed as mean±SE 
and biochemical ones as median±IQR.

Graph Pad Instat prism 6.04 (GraphPad Software, 
Inc., San Diego, CA, USA, 2014) statistical software 
was used to compare the growth performances 
and biochemical profiles of birds of the different 
batches.

At first, the distribution of all obtained data 

was analyzed using the D’Agostino-Pearson 
test. Disparities between the different batches 
(including the CTRL one) were analyzed by 
applying Analysis of Variance (ANOVA) followed 
by Tukey’s multiple comparison test for parametric 
data, and Kruskal-Wallis test followed by Dunn’s 
multiple comparison test for non-parametric one. 
As well, the results recorded in males and females 
of each batch were compared using either Student’s 
t test or Mann-Witney’s U test.

Statistical significance was set at p<0.05.

RESULTS

Growth performances 

As shown in Table 3, a significant (p<0.0001) 
body weight (BW) increase was recorded in birds 
of all HDBB batches during the growing and 
finishing periods; while a significant (p<0.0001) 
BW decrease was observed in all EBB batches 
throughout the growing phase and only in EBB 
10% and 20% batches along the finishing phase, 
as compared to the CTRL. Quails’ BWs of EFP 
batches were higher than EBB ones. A substantial 
difference in BW was observed between males and 
females of all HDBB batches (p<0.0001, p=0.0008 
and p=0.0012, respectively). Furthermore, many 
significant disparities were also observed in BW 
of quails of different batches as compared to each 
other. 

HDBB batches had displayed a significant increase 
in feed intake (FI) through the growing (p<0.0001) 
and the finishing periods (p=0.0007, p=0.0013 and 
p=0.0009, respectively), leading to a sensitive 
augmentation (p=0.0005, p=0.0017 and p=0.0009, 
respectively) in their body weight gain (BWG) 
as compared to CTRL quails. On the other hand, 
a significant (p<0.0001) drop in quails’ BWG 
was noted in all EBB batches along the growing 
period. Quails of all EBB batches and EFP showed 
no difference (p>0.05) in FI as compared to the 
CTRL.

Furthermore, a significant increase (p=0.0056) 
was discerned in feed conversion ratio (FCR) 
of HDBB 20% batch along the growth phase, 
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and it became significant for all HDBB batches 
in the finishing phase (p=0.0035, p=0.0115 and 
p=0.0082, respectively). FCR increased also 
significantly in EBB 20% batch (p=0.0021) in 
growing period and in EFP 10% and 20% batches 
in the finishing one (P=0.0008 and p<0.0001, in 
that order), as compared to the CTRL.

The highest mortality rate during the growing 
period was recorded in all EBB batches (p=0.0335, 
p=0.0005 and p=0.0027, respectively), while 
HDBB fed batches showed relatively low rates 
compared to the CTRL in the growth and finishing 
phases (p>0.05).

Table 3 Effect of soybean meal substitution by EBB, HDBB or EFP on growth parameters of C. japonica 
(Mean±SE)

Growing period Finishing period

Batch BW
(g)

FI   
(g/d)

BWG
(g/d) FCR M (%) BW

(g) FI (g/d) BWG
(g/d) FCR M (%)

CTRL 61.98
±6.36

6.28
±0.78

3.46
±0.05

1.78
±0.02

0.00
±0.00

142.51
±7.25

18.74
±1.47

4.01
±0.04

4.60
±0.05

2.27
±1.43

E
B

B

10% 40.41
±3.93*aB

5.05
±0.93aB

1.97
±0.11* a C

2.58
±0.15* B

10.68
±1.66*

122.79
±9.58*aB

15.82
±1.94*a

4.11
±0.08a

4.01
±0.09*ab

3.03
±2.13a

20% 38.74
±4.49*aB

5.44
±1.03a

1.87
±0.11* a C

2.99
±0.19* A C

20.38
±1.35* A B

123.37
±10.59*aB

16.52
±2.08a

4.27
±0.11

3.80
±0.14*ab

0.00
±0.00a

30% 41.00
±3.93*aB

5.51
±1.04a

2.02
±0.02* a C

2.41
±0.03* c

16.27
±2.85* B

130.78
±9.92aC

17.89
±2.38aB

4.48
±0.10C

3.99
±0.09* a b C

6.66
±2.35

H
D

B
B

10% 91.42
±4.11*A

11.57
±1.19*A

5.55
±0.22* A

2.16
±0.09a

5.55
±1.95a

180.42
±8.54*A

26.78
±2.89*A

4.58
±0.10B

6.01
±0.13* A

0.00
±0.00a

20% 85.36
±4.85*A

11.93
±1.07*A

5.07
±0.07* A

2.35
±0.03* a

0.00
±0.00a b

177.14
±8.59*A

26.45
±2.71*A

4.59
±0.18B

5.77
±0.23* A

3.03
±2.13a

30% 86.07
±4.26*A

11.24
±1.25*A

5.21
±0.16* A

2.16
±0.08 a

5.80
±2.05

177.41
±10.33*A

26.61
±3.11*A

4.76
±0.11B

5.83
±0.14* A

0.00
±0.00a

E
FP

10% 59.51
±6.89ab

6.29
±0.51a

3.16
±0.05a B c

1.98
±0.03a b c

2.77
±1.95a b

143.38
±9.76ab

14.50
±1.56*ab

4.29
±0.10

3.43
±0.08* a B c d

5.55
±3.92

20% 52.64
±4.53ab

6.79
±0.45ab

2.94
±0.13a c

2.32
±0.11*c

7.40
±5.23b

152.16
±7.79abc

14.55
±1.37*ab

4,97
±0.15* A C

2.92
±0.03* a B c D

0.00
±0.00a

30% 51.62
±4.82ab

6.97
±0.51a b

3.83
±0.14a b c

2.03
±0.07a c

8.33
±2.94b

136.90
±7.07a

16.26
±1.84a

3.78
±0.13b c

4.31
±0.15ad

19.04
±3.36* A

ANOVA 
(p-value) 0.0001 0.0001 0.0001 0.0001 0.0004 0.0001 0.0001 0.0005 0.0001 0.0091

BW: Body Weight. BWG: Daily Body Weight Gain. CTRL: Control. EBB: Entire Broad Beans. EFP: Entire Field Peas. 
FI: Daily Feed Intake. FCR: Feed Conversion Ratio. HDBB: Heat-treated Decorticated Broad Beans. M: Mortality rate.*: 
significant difference compared to CTRL. Letters within the same column indicate significant differences at p<0.05 probability 
level by Tukey test: means labelled by an upper-case letter are significantly different from those labeled by the same lower-case 
letter. There are no significant differences between means that share the same upper-case or the same lower-case letter.

Biochemical parameters 

The biochemical traits of the different batches are 
summarized in Table 4. A significant decrease in 
glycemia was observed in HDBB 20% and 30% 
groups (p=0.0039 and p=0.0049, respectively) 

and in EBB 30% group, as compared to the 
CTRL (p=0.0015). However, we did not record 
any serum cholesterol variations in our batches 
except a significant difference (p=0.0079) between 
males and females in the control group, in favor 
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of females. Furthermore, no disparities (p>0.05) 
in protein levels were observed in the different 
batches as compared to the CTRL; nevertheless, 
differences were noticed in favor of EBB and EFP 
batches compared to HDBB ones. In addition, blood 
urea decreased in EBB batch 10% significantly 
(p=0.0019), and in EFP 10% batch, but in a non-
significant way (p=0.49). This decrease was very 
significant in HDBB 10%, 20% and 30% batches 
(p=0.0047, p=0009 and p=0.0227, in that order), 
as compared to the CTRL. On the other hand, 

creatinine levels were unaffected by dietary 
changes (p>0.05), in contrast with calcemia that 
increased in a significant manner in HDBB 20% 
and 30% (p=0.0285 and p=0.0208, respectively) 
and EBB 30% batches (p=0.0035) in comparison 
to CTRL. Phosphatemia of all HDBB groups 
(p=0.0064, p=0.0163 and p=0.0027, respectively) 
and EBB 20% (p=0.0048) was higher than the 
CTRL. Finally, the partial replacement of soybean 
meal by EBB, HDBB and EFP had no impact on 
plasma GOT and GPT amounts.

Table 4 Effect of soybean meal substitution by EBB, HDBB and EFP on the biochemical profile of the 
Japanese quail (Median±IQR)

Batch

G
lu

co
se

(g
/l)

C
ho

le
st

er
-

ol
(g

/l)

Tr
ig

ly
ce

r-
id

es
(g

/l)

To
ta

l P
ro

-
te

in
s(

g/
l)

U
re

a 
 (g

/l)

C
re

at
i-

ni
ne

(g
/l)

G
O

T
(U

/l)

G
PT

(U
/l)

C
al

ci
um

(m
g/

l)

Ph
os

-
ph

at
e(

m
g/

l)

CTRL 3.63
±0.43

2.35
±1.52

1.20
±0.87

27.05
±9.49

0.10
±0.05

5.45
±0.77

280.00
±177.80

25.50
±6.75

75.00
±21

64.70
±10.75

E
B

B

10% 2.83
±0.41

2.05
±0.88

0.78
±0.41

34.45
±6.55a

0.03
±0.03* a

4.75
±1.14

252.00
±78.80

34.50
±15.75

81.00
±11.25a

83.50
±21.00

20% 3.51
±1.10a

2.22
±0.75

1.44
±1.24

36.25
±5.42a b

0.07
±0.02

4.45
±0.65

247.00
±85.20

44
±35.25

88.5
±13.50

93.75
±32.50*

30% 1.66
±0.55*A

2.08
±0.42

0.74
±0.78

28.20
±5.38

0.10
±0.03A

5.70
±3.40

218.00
±36.50

39.50
±17.75a

100.00
±6.30*

80.00
±20.39

H
D

B
B

10% 3.05
±0.23

2.17
±0.36

1.21
±0.80

19.45
±6.37A

0.05
±0.02* a

4.85
±2.30

157.50
±87.00

15.50
±17.50

117.00
±10.50A

115.00
±51.70* A

20% 2.81
±0.51*

2.56
±0.89

1.90
±1.50

22.95
±10.53B

0.04
±0.03*a B

6.20
±1.47

165.00
±24.00

37.00
±20.50

125.00
±55.30* A

109.00
±49.50* B

30% 2.83
±0.28*

2.20
±1.04

1.21
±0.84

21.75
±17.60

0.05
±0.02*

5.40
±0.87

162.00
±99.50

34.00
±11.75

142.00
±81.50* A

119.30
±15.90*C

E
FP

10% 3.94
±0.51a

1.88
±0.43

1.36
±0.36

27.70
±6.65

0.06
±0.03

4.25
±0.72

245.50
±90.00

18.50
±12.00

88.0
±11.50

64.40
±21.00a c

20% 3.18
±0.48

2.41
±0.74

1.25
±0.39

26.85
±5.70

0.08
±0.02b

5.83
±0.28

268.50
±135.00

15.50
±4.75A

85.00
±13.50a

67.80
±5.43a c

30% 3.19
±0.32

2.23
±0.39

0.98
±0.74

39.65
±6.90a b

0.07
±0.03

3.95
±3.30

240.00
±58.70

46.00
±47.00

85.50
±20.75a

53.00
±29.30a b c

Kruskal-Wal-
lis (p-value) 0.0001 0.58 0.15 0.0001 0.0001 0.009 0.029 0.0006 0.0001 0.0001

CTRL: Control. EBB: Entire Broad Beans. EFP: Entire Field Peas. GOT: glutamic-oxaloacetic transaminase. GPT: glutamic-
pyruvic transaminase. HDBB: Heat-treated Decorticated Broad Beans.

*: significant difference compared to CTRL. Letters within the same column indicate significant differences at p<0.05 
probability level by Dunn test: medians labeled by an upper-case letter are significantly different from those labeled by the 
same lower-case letter. There are no significant differences between medians that share the same upper case or the same lower-
case letter.
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DISCUSSION AND CONCLUSION

The disparities recorded in quails’ weights of our 
several batches, could be related to variations in 
nutrients’ contents, others than energy and proteins, 
of the various used formulas. Furthermore, the 
higher content of EFP and EBB (to a less extent) 
in antinutritional factors, as described by Hickling 
(2003), negatively affected weights of birds fed on 
them, as compared with those fed on HDBB. 

Differences in BW between males and females 
may be related to sexual dimorphism. This same 
observation was made by Aytac and Karabayir 
(2012) and Ojedapo and Amao (2014).

FI noted in our CTRL was similar to the one 
reported by Guluma and al. (2014) in their CTRL 
and may be linked to similarities in used quail 
strains and rearing conditions (Ipek et al., 2007). 
The increase in feed consumption is consistent 
with the work of Magoda and Goss (2011), in 
laying hens fed on dehulled broad beans, and it 
was related to the absence of antinutritional factors 
after shelling and to an unidentified deficiency 
that incited birds to consume more in order to 
get enough nutrients. However, it is believed that 
shelling and even autoclaving do not eliminate 
all antinutritional factors since the thermostable 
α-galactosides found in the bean almonds will 
persist. Higher organisms, like birds, do not 
possess α-galactosidase and the presence of these 
sugars results in digestive discomfort (flatulence 
and diarrhea). This can diminish FI and glucose 
absorption, and leads to hypoglycemia and 
accelerated intestinal transit (Cunha and Freire, 
1993; Kaysi and Melcion, 1992). Therefore, and 
in order to compensate for the limiting element 
(glucose), feed consumption increased. In addition, 
the elimination of tannins with a major part of 
other antinutritional factors by treating broad 
beans has positive effects on the improvement 
of palatability. According to Gemede and Ratta 
(2014), tannins are known to be responsible for 
decreasing feed consumption, dietary efficiency 
and protein digestibility. They are also the cause 
of decreased palatability and reduced growth rate. 
Moreover, Kanyinji and Moonga (2014) reported 

that the increase in consumption index might have 
been due to spillage, while its reduction could be 
related to increased fiber content. 

The effect of antinutritional factors would be 
the cause of the FCR increase observed during 
growing period in EBB and EFP batches. These 
factors are known to cause growth retardation, 
reduced feed efficiency and protein digestibility in 
animals (Gemede and Ratta, 2014). To this, we can 
also associate the effect of fibers contained in EBB 
and EFP. The decreased FCR in EBB batches in 
the finishing period can be explained by the fact 
that quails probably became more resistant to its 
antinutritional factors.  

The high mortality recorded in EBB batches may 
be attributed to the adverse effects of antinutritional 
factors as observed in the work of Koivunen et 
al. (2014), and the fact that HDBB- fed batches 
showed relatively less mortalities supports the idea 
that heat treatment of broad beans eliminates a big 
amount of them.

The nutrient profile of broad bean shows a high 
content of thiamine (5.5mg/kg), compared to 
soybean meal and field peas (1.7 and 1.8mg/
kg, respectively). This vitamin is known to 
play a fundamental role in the metabolism of 
carbohydrates and the production of ATP within 
cells. Thus, it can be suggested that its high 
content in broad bean was probably the cause of 
the hypoglycemia observed in quails that fed on it. 
However, it is worth noting that the animal organism 
does not store thiamine, and the excess is excreted 
in urine or feces (Mc Dowell, 2000). Furthermore, 
diurnal variations in blood glucose levels had been 
well documented in terms of rapid ingestion cycle 
effect and its interference with internal rhythms 
(Scholtz et al., 2009). Another hypothesis that may 
explain the hypoglycemia observed in broad bean 
batches is related to the presence of α-galactosides, 
as previously explained. In the literature, there are 
also similar observations that are still normal for 
the Japanese quail glycemia standards noted by 
Sholtz et al. (2009) and Tufan et al. (2015). 

The difference in blood glucose between males and 
females may be due to increased steroid hormones 
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secretion with birds aging in preparation for laying 
period (Ali et al., 2012). Elnagar and Abd-Elhady 
(2009) reported that reproductive and pre-sexual 
development led to 13-15% reduction in glycemia 
during sexual maturity and peak production, 
respectively.

Fibers contained in whole seeds contribute in 
cholesterol absorption decrease in the intestine 
(Potter, 1995). Additionally, in birds, most of the 
circulating cholesterol is transported by HDL and 
LDL. The effect of legume (including Vicia faba) 
proteins on serum cholesterol is related to their 
amino acid composition that reduces the number of 
LDL particles available for cholesterol transport in 
the plasma (Kingman et al., 1993). In preparation 
and during the laying period, hepatic synthesis 
of triglycerides, phospholipids and cholesterol is 
increased in quails (Walzem et al., 1999).These 
lipids are incorporated in lipoproteins of blood 
and ovary oocytes. This makes females, especially 
the laying ones, to have extraordinarily high blood 
cholesterol concentrations, unlike males (König et 
al., 2007).This is in concordance with our CTRL 
records.

Proteinemia of our CTRL is consistent with those 
described in previously published works (Ali et 
al., 2012; Nazifi and Asasi, 2001; Tufan et al., 
2015). Nevertheless, it is important to note that a 
passive and transient hyperproteinemia can occur 
following dehydration (Hochleithner, 1994).

It is known that hypouremia can be caused by 
the antinutritional factors present in the broad 
beans, especially the tannins (concentrated mainly 
in the teguments), in addition to trypsin and 
chymotrypsic inhibitors, lectins and saponins that 
reduce the digestibility and use of nitrogen (Cunha 
and Freire, 1993). This may explicate the decrease 
in blood urea remarked in EBB and EFP batches. 

Plasma creatinine levels of our study did not vary 
between the batches, and they are very similar to 
those of Scholtz et al. (2009).

Serum calcium values of CTRL quails are 
consistent with Coenen et al. (1994) records. 
The hypercalcemia observed in HDBB and EBB 

batches is, interestingly, close to those recorded 
in CTRL batches of previous studies (Nazifi and 
Asasi, 2001; Vali, 2010). Unfortunately, we could 
not find any explanation to this increase, except 
that in female birds, the formation of woven 
medullary bone is stimulated by the actions of 
oestrogens and androgens concomitantly with the 
maturation of the ovarian follicles. Resorption of 
this medullary bone provides 40% of the calcium 
required for shell formation, which explains the 
increase in blood calcium at the onset of spawning 
(Dacke et al., 1993; Thorp et al., 1993). In fact, we 
have observed an early sexual maturity in broad 
bean batches. 

Increase in phosphoremia of HDBB and EBB 
groups can be physiological, as concluded by 
Hassan (2010) who attributed it to estrogens. 
Indeed, at the beginning of the laying period, this 
increase is due to higher calcium and phosphorus 
requirements, that lead to in-kidney vitamin D 
activation and bone resorption increase to meet the 
quails’needs (Proszkowiec-Weglarz and Angel, 
2013).

Finally, the plasma amounts of GOT and GPT of 
our birds are still analogous to those obtained in 
CTRL quails of other studies (Babazadeh et al., 
2011; Mahmoud et al., 2012). 

To sum up, our feeding trials demonstrated that 
entire broad beans should not be incorporated 
in feed formulas for Japanese quails, especially 
during the growing period because of their 
richness in antinutrient factors; however, treated 
broad beans and field peas could be potential 
alternatives to solve the soybean-meal importation 
problem in Algeria and elsewhere. Nevertheless, 
the extensive studies are needed to determine up to 
which amounts these crops can be used.
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DJELOMIČNA ZAMJENA OBROKA OD SOJE SA BOBOM ILI GRAŠKOM U 
PREHRANI JAPANSKIH PREPELICA

SAŽETAK

Cilj istraživanja jeste odrediti prehrambene formule specifične za Japansku prepelicu C. japonica 
djelomičnom zamjenom uvoznog sojinog obroka sa lokalno proizvedenim i jeftinijim proteinskim 
žitaricama. Svaka formula je sadržavala ili cjeloviti bob (EBB), toplotom oguljeni bob (HDBB) 
ili cjeloviti grašak (EFP) sa različitim udjelima (10, 20 i 30%) u cjelokupnoj formuli. Rezultati su 
pokazali da je prehrana koja sadrži HDBB imala bolje performanse rasta u odnosu na sve druge 
formule. Zamjena sa EFP-om je pokazala učinke slične kontrolnoj formuli, ali je visok sadržaj 
vlakana i proteina u njoj predstavljao ograničenje za dodatno povećanje udjela u ukupnoj formuli. 
EBB je pokazao negativne učinke, posebno na performanse rasta. Dodavanje HDBB-a je izazvalo 
signifikantnu hipoglikemiju (serije 20% i 30%) (p=0.0039 i p=0.0049) i znatno smanjenje uremije 
(sve serije) (p=0.0047, p=0009 i p=0.0227, tim redoslijedom) sa hiperkalcemijom (serije 20 i 
30%) (p=0.0285 i p=0.0208), hiperfosfatemijom (sve serije) (p=0.0064, p=0.0163 i p=0.0027) i 
normalnom holesterolemijom, trigliceridemijom, proteinemijom, serumskim kreatininom, glutamat 
oksalacetatnom transaminazom (GOT) i glutamat piruvatnom transaminazom (GTP). EBB je izazvao 
veoma signifikantnu hipoglikemiju (pri zamjeni od 30%) (P=0.0015) i hipouremiju (serija 10%) 
(p=0.0019) sa hiperkalcemijom (serija 30%) (p=0.0035), hiperfosfatemijom (serija 20%) (p=0.0048) 
i normalnom holesterolemijom, trigliceridemijom, proteinemijom, serumskim kreatininom, GOT i 
GPT. S druge strane,  EFP nije imao učinka (p>0.05) na biohemijske parametre C. japonice, osim 
nesignifikantnog smanjenja uremije u seriji 10% (p=0.49). Prema tome, može se zaključiti da grašak 
i tretirani bob mogu biti korišteni kao zamjene za obroke od soje u proizvodnji prepelica. 

Ključne riječi: Biohemijski profil, Coturnix japonica, formula, performanse rasta 


