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Table 1- Feed ingredient and nutrient composition of experimental diet

JEETNEE S ¥ EN
o> 11 to 24 days

Siey TYLYD
25 to 42 days

DEB (mEq/kg) 175 250

325

175 250 325

O s
Threonine 100 110 100 110 100
level (%)

110 100 110 100 110 100 110

(Mo p3) sy S5 (glsal
Diet ingredient (%)

@)d

57.60 57.60 57.60 57.60 57.60

Corn

g Al
Soybean meal
S5 oS dbus
Corn gluten
meal

bgw gy
Soybean oil
Slond prnlSsige
Monocalcium
phosphate
oS Sl yS
Calcium
carbonate

28.56 2856  28.56 28.56  28.56

5.16

3.20 3.20 3.20

1.32 1.32 1.32

1.45 1.45 1.45 1.45 1.45

57.60 62.92 6292 6292 6292 62.92 62.92

28.56 2295 2295 2295 2295 2295 2295

5.21 5.21 5.21 5.21 5.21 5.21

3.20 3.80 3.80 3.80 3.80 3.80 3.80

1.32

1.45 1.34 1.34 1.34 1.34 1.34 1.34
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Continuation of Table 1 ) Jgas aold!
S
Saline

Sodium 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07

bicarbonate

prsliy Ol S
Potassium 0.00 000 0.0 010 088 088 0.00 000 019 019 095 095

bicarbonate

pssisel 3,18
Ammonium 038 038 000 000 000 0.00 028 028 000 000 000 0.00

Chloride

Ovsie ‘J_fsj . 0.22 0.22 0.22 0.22 0.22 0.22 0.20 0.20 0.20 0.20 0.20 0.20
DL-Methionine

Y-
)5g )00 0.36 0.36 0.36 0.36 0.36 0.36 0.37 0.37 0.37 0.37 0.37 0.37
L-Lysin.HCI

0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

osgy=J . 0.16 0.25 0.16 0.25 0.16 0.25 0.14 0.23 0.14 0.23 0.14 0.23
L-Threonine

e JoSe

Mineral 025 025 025 025 025 025 025 025 025 025 025 025
premix!

T aelizg JaSe

Vitamin 025 025 025 025 025 025 025 025 025 025 025 025
premix?
Slasle d
Building sand
JB 5
el lie
Metabolizable 3100 3100 3100 3100 3100 3100 3200 3200 3200 3200 3200 3200

energy
(kcal/kg)

(32) P& 5

Crude protein 21.50 21.58 21.50 21.58 21.50 21.58 19.50 19.57 19.50 19.57 19.50 19.57
(%)

(253) e 0.87 0.87 0.87 0.87 0.87 0.87 0.79 0.79 0.79 0.79 0.79 0.79
Ca (%)

oeed BB jiud

(3252) 0.44 0.44 0.44 0.44 0.44 0.44 0.40 0.40 0.40 0.40 0.40 0.40
Available P

(%)
(303) pores
Sodium (%)

() WL”“ 0.80 0.80 0.82 0.82 1.12 1.12 0.74 0.74 0.83 0.83 1.11 1.11
Potassium (%)

0.77 0.68 1.05 0.96 0.27 0.18 0.79 0.70 0.88 0.79 0.12 0.03

0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16

(+29) )lf 0.53 0.53 0.28 0.28 0.28 0.28 0.46 0.46 0.27 0.27 0.25 0.25
Chloride (%)

s 5 Jobs
Y‘oﬂ'_’?

DEB3

wan JB oY
(42)2) 1.15 1.15 1.15 1.15 1.15 1.15 1.03 1.03 1.03 1.03 1.03 1.03
Digestible Lys

(%)

175 175 250 250 325 325 175 175 250 250 325 325




OVY oy 3,Slac o il Sl Jolsi g cpuishyF ciliko zglaw el

Continuation of Table 1 ) Jgas aold!
e L6 0.87 0.87 0.87 0.87 0.87 0.87 0.80 0.80 0.80 0.80 0.80 0.80
Digestible
Met+Cys (%)
wan LB g
(22,2) 077 085 077 085 077 085 0.69 076 069 076 069 0.76
Digestible Thr
(%)

o }.,JU] polie
Analyzed
values*

(30 y3) s 0.155 0.156 0.160 0.165 0.167 0.165 0.157 0.158 0.160 0.162 0.165 0.168
AN + + + + + + + + + + + +
Sodium (%) 0.008 0.007 0.011 0.014 0.008 0.013 0.005 0.012 0.011 0.015 0.009 0.014
(10 y3) ol 0.821 0.819 0.843 0.850 1.100 1.080 0.755 0.761 0.860 0.863 1.085 1.075
s + + + + + + + + + + + +
Potassium (%) 0.017 0.011 0.022 0.019 0.025 0.028 0.016 0.026 0.033 0.022 0.026 0.031
(1o y3) SIS 0.501 0.514 0.272 0.268 0.265 0.260 0.445 0.442 0.261 0.255 0.240 0.236
) + + + + + + + + + + + +

Chloride (%) 0.019 0024 0.012 0016 0020 0.017 0.025 0021 0017 0014 0020 0.019
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DEB= (Na', mEq/kg + K', mEq/kg) — CL", mEq/kg {(DEB) s ;> ,55kS 13 Yl Sl o oy 0y oSl Joles ™
bl o b 3l Wges ¥y bgyye sluae Bliomal g Sibe’
'Supplied per kilogram of diet: manganese, 120 mg; zinc, 100 mg; iron, 40 mg; copper, 16 mg; iodine, 1 mg; selenium, 0.8 mg.
2Supplied per kilogram of diet:: vitamin A, 6,000 1U; vitamin D3, 800 IU; vitamin E, 83 mg; vitamin K3, 2.2 mg; vitamin B, 1.80
mg; vitamin B,, 6.6 mg; vitamin B3, 30 mg; D-calcium pantothenic acid, 10 mg; vitamin B, 3 mg; vitamin B9, 1 mg, vitamin B12,
6 mg and choline chloride.
SDEB = (Na+, mEq/kg + K+, mEq/kg) — CL—, mEq/kg
4Mean and standard deviation of 3 samples/diet
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Figure 1- Environmental temperature (°C) of the experimental house
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2- Cutaneous basophil hipersensitivity
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1- Hemagglutination inhibition
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Table 2- Effects of dietary electrolyte balance and threonine (Thr) levels on growth performance of broilers'

Lm).m‘)b oy L?"J5)"S” LJ')LV (o.k.:) M?’ M)')) L)“J95)J CJ““’ P-value
P ; . DEB (mEq/kg) Dietary Thr (%)
arameters 175 250 325 SEM 100 110 SEM DEB  Thr DEBxThr

(p5) o 0is
Body weight (g)
Ei}f; v 974.5 955.8 934.7 14.2 9449 965.1 11.59 0.162 0.228 0.977
Zi)?; w 2424 2377 2341 23.3 2360 2401 19.0 0.139 0.058 0.828
(G908 nlp3) o L9 lawsie
ADG (g/bird/d)
Sin YFLW b b

50.77* 49.27* 47.63 0.83 48.37 50.07 0.68 0.043 0.088 0.989
Days 11 to 24
39, ¥V B 80.54 78.98 78.13 0.89 78.63 79.79 0.72 0.171 0.268 0.772
Days 25 to 42
ESTAANAN b b

67.52*  65.98° 64.78 0.66 65.39 66.79 0.54 0.025 0.079 0.826
Days 11 to 42
(Gasfos e ) dlig) Shgs Spae (xXle
ADFI (g/bird/d)
ESIAAAN

77.85 77.40 76.92 1.27 76.94 77.83 1.03 0.874 0.547 0.504
Days 11 to 24
39, ¥V B 156.4 155.7 157.1 1.78 156.4 156.3 1.45 0.855 0.991 0.800
Days 25 to 42
S TN 122.0 121.4 122.0 0.85 121.6 122.0 0.70 0.857 0.686 0.539

Days 11 to 42

(p51p5) @& s oo

FCR (g/2)
SinYFLW
Days 11 to 24
Sinfrbve
Days 25 to 42
Sin ¥y
Days 11 to 42
3,Sles adli
Performance
index

&5 clis

Mortality rate (%)

1.54 1.57 1.62  0.036

1.94 1.97 2.01 0.019

1.81%  1.84¢2 1.89* 0.018

318.8°  298.7° 280.2° 6.46

3.18% 591  8.64% 1.05

1.59 1.56 0.029 0.282 0.424 0.753

1.99 1.96 0.016 0.062  0.200 0.412

1.86 1.83 0.015 0.025 0.153 0.678

2958  302.6 5.27 0.001 0.372 0.831

5.46 6.37 0.86 0.005 0.461 0.998

(P<o/-0) sisbo ,bs me igls S0l sy o yd i pé g gl glo: Sk

! Means within same row with different superscripts differ significantly (P<0.05)
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Table 3- Effects of dietary electrolyte balance and threonine (Thr) levels on blood biochemical parameters, antioxidant enzymes and

thyroid hormones in broiler chickens!

e S s 055 gl ealue
DEB (mEq/kg) Dietary Thr (%)

175 250 325 SEM 100 110 SEM DEB  Thr  DEBThr
0P oren
Blood biochemistry
$sks 2686 2653 2587  6.83 2652 2633  5.58 0.588 0.812  0.643
Glucose (mg/dL)
S yeelSisy 88.05 88.63 90.96 4.10 96.51* 81.91" 3.35 0.899 0.005  0.359
TG (mg/dL)
S Jgpius 1159 1161 1145 442 1156 1154  3.61 0.959 0.963  0.481
CHOL (mg/dL)
Ly il L (555 90 587 591 534 279 58.35 5578 2.8 0.287 0433 0366
HDL-C (mg/dL)
o S boSoned 3961 3931 4201 289 37.99 4323 236 0625 0130  0.984
LDL-C (mg/dL)
8 ofan 452 477 431 0229 443 464 0187 0382 0427 0980
Total protein (g/dL)
ool 282 286 259  0.166 279 272 0135 0470 0.739  0.466
Albumin (g/dL) ' ' ' ' ' ' ' ' ' '
el 170 192 172 0.251 164 1.92 0205 0807 0344 0758
Globulin (g/dL) ' ' ' ' ' ' ' ' ' '
S9! el b

739 7.4 721 0323 6.82° 7670 0264  0.854 0.033 0863
Uric acid (mg/dL)
Shunsl l la 3l
Antioxidant enzymes
Moy 5l 1407 1309 1315 549 1208 1389 448 0382 0.164  0.905
GSH-Px (U/mL)
SgondenS |y s 206.0° 199.9% 189.3>  4.38 193.1° 203.7*  3.58 0.039 0.048  0.998
SOD (w/mL)
M9 sloyge9n
Thyroid hormones
Oraghsy 228 225 211 0.080 2100 231°  0.065 0.296 0.040  0.905
T3 (ng/mL)
S 9343 690 669 690 0270 711 654 0219  0.827 0.091  0.856
T4 (ng/mL)

,(P<~/~b) bl g b e gy )SSly 3y yo 5 wlide e By (gl)b dh&i}lﬁ‘
! Means within same row with different superscripts differ significantly (P<0.05)
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Table 4- Effects of dietary electrolyte balance and threonine (Thr) levels on immune organ weight. antibody response, and cell-
mediated immune response to phytohemagglutinin-P in broiler chickens'

alejl (sboyloss
— Experimental treatments Pvalue

o el 175 250 325
DEB (mEq/kg)
ORP ) gdaw
Dietary Thr 100 110 100 110 100 110 SEM DEB Thr DEBxThr
(%)
(0% 039 2o ) (sioal sloplail 5
Immune organ weight (% of BW)
o5 0.257° 0249 0.289*  0.313> 0.286>  0.383*  0.018 <0.001  0.022 0.031
Thymus
Jeb

0.085 0.098 0.097 0.111 0.089 0.117 0.007 0.107 0.002 0.482
Spleen
E“Mﬁb IR 0.156  0.157  0.18  0.170  0.181 0.163  0.013 0.280  0.320 0.735

ursa

JolS 95 (5lows ade (ol jle
Anti-NDV titers (HI, Log2)
A’J?‘ e . 2.20 2.00 2.00 2.40 2.20 3.80 0.363 0.138 0.082 0.186
Primary titer
asl e
Secondary 3.60 4.20 4.20 4.40 3.40 6.00 0.586 0.719 0.032 0.099
titer
Ssis Cadign )len ale 2 s
Anti-IB titers (ELISA, Log 10)
A’J?‘ ke . 3.76% 3.67¢ 3.75% 3.832 3.80° 3.932 0.039 0.003 0.316 0.036
Primary titer
asl e
Secondary 3.80 3.78 3.81 3.87 3.82 3.94 0.052 0.256 0.247 0.419
titer
(agsSee) b 03y Cungy calus
(um) CBH test
Guyp amcelo YF
24 h post 0.514 0.536 0.530 0.640 0.524 0.704 0.048 0.210 0.017 0.300
injection
Gy cslo YA
48 h post 0.350 0.366 0.394 0.404 0.428 0.476 0.044 0.127 0.503 0.900
injection

.(P<~/~b) bl oyl e gy Sl a3y 2 50 wlde e g (gl)b dhz&iﬂ.:n‘

! Means within same row with different superscripts differ significantly (P<0.05)
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Introduction Although there are different ways of reducing the adverse effects of heat stress, including
changing feeding methods and using various supplements in feed and drinking water, most of these methods are
associated with reduced performance. Changes in dietary electrolyte balance have been suggested as one of the
effective ways to reduce the adverse effects of heat stress in poultry. Although most studies found that amino acid
metabolism can both affect or be affected by the acid-base balance of the body, the relationship between the dietary
electrolyte balance and the dietary threonine concentration in broilers has not been well explained, especially under
high temperature condition. Therefore, the objective of this study was to evaluate the effects of different DEB and
threonine levels on growth performance, biochemical parameters, antioxidant status, thyroid hormones, and
immune response of broiler chickens reared under high environmental temperature conditions.

Materials and Methods A total of 600 one-day-old male broiler chickens (Ross 308) were used to investigate
the effect of different levels of threonine and dietary electrolyte balance (DEB) on performance, serum biochemical
parameters and antibody response under summer temperature condition. All birds received a common starter diet
in mash form and were raised conventionally up to 10 days of age, after which they were reared following a
completely randomized, 3 x 2 factorial design experiment with 5 replicate pens of 20 birds each. Treatments
consisted of two threonine levels (100 and 110 % of the commercially recommended levels) and 3 levels of DEB
(175, 250 and 325 mEq/kg of diet). The average minimum and maximum temperatures inside the poultry house
recorded from 11 to 42 days of age were 23.7 and 37.3 °C, respectively, with a relative humidity of 55 + 3.45%.
Average daily gain (ADG), average daily feed intake (ADFI) and feed conversion ratio (FCR) of birds were
determined during the grower (11 to 24 days) and finisher (25-42 days) periods, and also for the total experimental
period (11-42 days). Two birds per replicate pen were randomly selected to evaluate the cell-mediated immune

response to phytohaemagglutinin-P (PHA-P) on days 36 and 37. Blood samples (2 samples per replicate) were
collected for measuring antibody responses (days 28 and 35), and also for biochemical analysis (day 42).

Results The results showed that the low DEB group significantly increased ADG over 11 to 24 and 11 to 42
days, but reduced (P<0.05) feed conversion ratio and mortality rate over the entire experiment (11 to 42 days). An
increase in the superoxide dismutase activity was also associated with an increase in the DEB of the diet (P<0.05).
Increasing the threonine level in the diet decreased the blood triglyceride concentration, but elevated the values of
blood uric acid, thyroxin, and superoxide dismutase, as well as the toe web thickness 24 hours after PHA-P
injection (P < 0.05). The interactions between DEB and threonine levels were observed for relative thymus weight
and primary antibody titers against infectious bronchitis vaccine, indicating that the effects of threonine on these
traits were more marked in broiler chickens fed on the high DEB diets.

Discussion The chickens suffer from respiratory alkalosis in heat stress, and thus an increase in sodium
bicarbonate or potassium bicarbonate, which leads to increased dietary DEB, exacerbates respiratory alkalosis.
Accordingly, the lowest growth performance in this experiment belonged to the high DEB group (325 mEq/kg
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diet), which was achieved by adding potassium bicarbonate from 0.88% in the growth diet to 0.95% in the final
diet. On the other hand, reducing dietary DEB value (with increasing the concentration of dietary chloride) has
been reported to reduce blood pH by reducing the concentration of bicarbonate in the blood, and even cause
metabolic acidosis, which could be a reason for improved growth performance of broilers that received the low
DEB diet. In the present study, the high DEB diet could improve immune response, but those values were higher
when birds were fed diets containing 110% threonine, as indicated by the interaction between DEB and threonine
level. The reason for this change in the immune response to an increase in dietary threonine levels with
modifications in acid-base balance is unknown. This may be linked to enhancing the production of ammonium in
the kidney due to increased amino acid concentration, which stimulates protein synthesis and inhibits protein
degradation of the tissues. This effect, in turn, may increase antibody synthesis by increasing threonine levels
under alkaline conditions. Another factor for the negative effect of the high-DEB diet on growth performance
could be the stimulation of the immune system. By stimulating the immune system, nutrients will be used to
produce immunoglobulins and hence growth will be retarded. Under the condition of this study, the addition of
threonine to the diet at 110% of the commercially recommended level increased the superoxide dismutase activity.
Similarly, increasing dietary levels of threonine from 85 to 125% of the NRC recommendation increased serum
glutathione peroxidase and superoxide dismutase activities in broilers. In addition, reducing the DEB increased
blood superoxide dismutase activity, which could be a reason for improved growth performance in the related-
groups under heat stress conditions.

Conclusion According to the results of this study, decreasing the DEB from 325 to 175 mEq/kg could have
beneficial impacts on growth performance and antioxidant status, while increasing dietary threonine from 100 to
110% of the strain recommendation had positive effects on the immune response and antioxidant status in heat-
stressed broiler chickens. In addition, using threonine at 110% of the commercially recommended level in a high
DEB diet could improve the immunity of broiler chickens under heat stress conditions.
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