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Abstract : This study investigated the effects of feeding the broilers that are exposed to extreme
heat stress (EHS, 33+27C) with extreme heat stress diet (EHSD) containing adequate amount of
soy oil and other nutrients on their growth performance. 500 broiler chickens (Ross 308) were
randomized into five dietary treatment groups according to a randomized block design on the day
they were hatched. Each group was further divided into four repeat pens with each repeat pen
comprising 25 chickens. The five dietary treatment groups were: T1 (Normal ambient condition +
basal diet (BD), T2 (EHS +BCD), T3 (EHS + extreme heat stress diet (EHSD) prepared from BD
with tallow replaced with soy oil and containing molasses 2%), T4 (EHS + EHSD prepared from
BD with tallow replaced with soy oil and containing molasses 2% and methionine and lysine of
1.5 times greater quantities than in BD), and T5 (EHS + EHSD prepared from BD with tallow
replaced with soy oil and containing molasses 2%, methionine and lysine of 1.5 times greater
quantities than in BD, and vitamin C 200 ppm) with inverse lighting. The body weight gain of the
broilers increased significantly in T4 and T5 as compared with that in T1 and T2. Weights of the
lymphoid organ, bursa of Fabricius, thymus, and spleen were similar between all groups. Serum
concentrations of IgG, IgG and IgM were higher in T4 and T5 than inT1 and T2, but the
corticosterone concentration decreased significantly in them. In T4 and T5, Lactobacillus in the
cecum increased, but Escherichia, coliform, and total aerobic bacteria decreased rather significantly,
compared with those in T1 and T2. Contents of acetic acid, propionic acid and total SCFA were
significantly higher in T4 and T5 than in T1 and T2.

Keywords - Extreme heat stress, soy oil, molasses, amino acid, vitamin C, cecum microflora, short
chain fatty acid.
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Table 1. Composition of Basal Diets for Broiler Chickens

Ingredients

Growing stage

(% as—fed)

Starter (0-21 days)

Grower (22-32 days)

Yellow corn 52.00 50.00
Soybean meal 34.00 25.00
Corn gluten meal 4.70 5.70
Wheat meal - 10.00
Tallow 5.00 5.00
Limestone 1.25 1.25
Dicalcium phosphate 1.70 1.70
Sodium chloride 0.25 0.25
DL-methionine (50%) 0.30 0.30
L-lysine HCl (78%) 0.30 0.30
Trace mineral premix"” 0.34 0.34
Vitamin premix” 0.16 0.16
Total 100 100
Chemical composition

Metabolizable energy (kcal/kg) 3,100 3,150
Crude protein (%) 22.00 20.00
Lysine (%) 1.32 1.15
Methionine (%) 0.52 0.50
Methionine+Cystine (%) 0.78 0.73
Calcium (%) 1.00 0.90
Available phosphorus (%) 0.45 0.40

Y Supplied per kilogram of diet: Fe, 80 mg: Zn, 80 mg: Mn, 70 mg: Cu, 7 mg: I, 1.20 mg:

Se, 0.30 mg; Co, 0.70 mg.

2 Supplied per kilogram of diet: vitamin A (retinyl acetate), 10,500 IU: vitamin D34,100I1U;
vitaminE(DL- @ —tocopheryl acetate), 45 mg; vitamin K3 3.0mg;thiamin, 2.5mg;riboflavin, 5mg;
vitaminBs 5mg;vitaminB;, 0.02mg;biotin, 0.18mg; niacin, 44 mg; pantothenicacid, 17 mg; folic

acid, 1.5mg.

g UeES dHvdE @714 AdAds
(phosphorus buffered saline; PBS 0.1 M, pH
7.002 Z&ste] 108 34 (1:9, wt/vol) g T+
2ol 9499 IMS ALt RE AR
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CO;,,Balancednitrogen)oll Al @714E|Z o] F %]
ot ke slAE 107°~1077elA Z+2Z 100 uL

£ Bxele] WgE BE  Adx =
Lactobacillus  sp. (MRS agar,  Oxoid,

Basingstoke, UK), Escherichia sp. (McConkey
purple agar, Difco), Coliform bacteria (Violet
red bile agar, Difco), Total aerobic bacteria

(Nutrient  agar,  Difco)ollA] Asistalrt.
Escherichia coli, Coliform, Total aerobic
bacterial= 37°CoA  24A7F  T7HiFSIAT
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oA wBE=7EE 2N Colonyd] 45 ZAlsh
ot BE vAdE 2o = WIUHEE g7
4=, Colony—forming unit(Cfu)/g of wet of
cecum content) 24 A-g2 1E F5to] A|ASIA

ct.
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Table 2. Growth Performance of Broiler Chickens Fed Experimental Diets for 32 Days

(g/head)
Groups Pooled
Item
T1 T2 T3 T4 T5 SEM

Body weight gain 1,064 1,059 1,058 1,060 1,066 20.215

(0-21 days)

(22-27 days/daily) 64.83¢  63.00¢  8200°  79.66°  68.01°  0.8902
(28-32 days/daily) 41.37°  37.44° 2325 34.02° 5041 1.5071
(0-32 days) 1,658° 1,624>  1,666° 1,708* 1,726  22.081
Feed intake (0-21 days) 1,624 1,620 1,638 1,631 1,624 27.025
(22-27 days/daily) 93.33*  96.83°  127.2° 127.72 97.71° 18.155
(28-32 days/daily) 105.4°  96.04>  76.32¢  75.80°  110.5*  3.7711
(0-32 days) 2,707 2,681°  2,781* 2,772 27960°  21.098
fgf‘;;gj;‘)cy 0.61° 061"  0.60°  0.62° 063  0.0052
Mortility (%) 1 0 0 0 0 -

T1, normal environment+chow diet, CD; T2, extreme heat stress, EHS+CD; T3, EHS+extreme
heat diet, EHD in which the tallow in CD was substituted by soy oil and containing 5%
molasses; T4, EHS+EHD in which the tallow in CD was substituted by soy oil and
containing 5% of molasses, and 1.5 times more methionine and lysine than CD; T5,
EHS+EHD in which the tallow in CD was substituted by soy oil, containing 5% of molasses,
1.5 times more methionine and lysine than CD, and 300ppm of vitamin C.**4p<0.05.

Table 3. Lymphoid Organ Weight of Broiler Chickens Fed Experimental Diets for 32 Days
(Organ weight/body weight, %)

Groups
Item Pooled
T1 T2 T3 T4 T5 SEM
Bursa of Fabricius, % 0.23% 0.22° 0.18° 0.21° 0.24° 0.0057
Spleen, % 0.17% 0.18° 0.15° 0.18 0.19° 0.0032
Thymus, % 0.20° 0.21° 0.17° 0.18° 0.22° 0.0069
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Table 4. Serum Immunoglobulin and Corticosterone Levels in Broiler Chickens Fed Experimental

Diets for 32 Days (pg/mL)
Groups Pooled
Item
T1 T2 T3 T4 T5 SEM
IgG 141.7¢ 97.02¢ 101.5¢ 222.1° 269.7°
IgA 30.13¢ 30.38¢ 34.07° 64.74* 50.10°
IgM 40.61¢ 47.95¢ 64.85" 61.88° 70.13
Corticosterone 90.04° 67.19° 75.61° 65.014 57.33¢
27 ZtdlA 7P wekow T1, T2¢t H|mE £ EHSY| k2% BzdzoA T59 EHSDE
W 747 16627, 16491% o &tk @4 [gM 4T AS WY wAE FFY 447 T4
=Tl T1, T2¢) Blws o T3, T4, T57F =% == e
om ZF AEl 7 BAH foabt AHEH A
£39], T5+= BE AT 7dA 71 E%oeH 3.5. B2 Al&X|gAt
T1, T2¢} ¥|wst o zHzF 172.69, 146.25% Tt EHSo| k2% Badgo)7 EHSDZ Elx
iow} Axt= T4, T5¢9 EHSD 297} EHSe o|% =43t WA SCFA §=Fo] W3l Table 6

H B2d89 IgG, Igh, IgM &S H%
2= 985 Uetiit €% FZE|FAHZEY
T1, T2¢} vl o] T3, T4, T57F I
ZF AR 2 SAA FA T I
TSL BE A 7hEA P wkeH

I lo ol H
oL 5 H1pe m{Nr
r]r

TI, Tosh vl@@ W Zk2t 36,33, 14.67% o %
Al vrebgth Ak EHSoﬂ 25 Bz Jdwo]
Al T4, T59] EHSDE Foidt A% &3 g

W o] et} %7}0}111 FEHIAHEY 5k
7b ol & vrehd

3.4, WX OJME

EHSY| k2" BEzddo4 EHSDE s
olF ZH3gt WA u|APE W= Table Soﬂ ‘/]‘E}
Wk T1, T28t vwd W Lacrobacillus sp.i=
T3, T4, TSP Bl 2 A=T Alole] FA
Al F92p7t vEtHTh E5], TS5 7F =A
vebgon T1, T2 HIsiA Z+zb 156, 178%
=715kt Total aerobic bacteria ¥ coliform
bacteria®= T1, T2¢} v]wd wj T3, T4oA =
kot T5= FostA Worsith. 9], T5= T1,
T2¢f H|3HA Total aerobic bacteria @ coliform
bacteria®|A] Z+ZF 5.63, 9.24 H 427, 11.45%
#raste AFS BAth. Escherichia spe Tl,
T5, T2, T3, T4 A2 @7 vehgon 7+ A
2 Atole] FAAR] Foart A EHATE At

of JeERATE 241 mZanest 9 £ #e Al:
kAt geke T1, T2¢F v|wd o T4, T57} &
oA &Sttt T3E Tlofl HlgiA Fosk &
kot T2, T3 Afole] BAAQ Foxt= et
Uzl okortt. REIZAL, olARE|E24AL W24
oAt Ak T1, T29F Hlwd wf T4, T57}
ool WAl velct o, Tid Hwg of
T2, T3ollA RHEJZAL, o|ARFE|2At0] Fol5HA
EOL T2, T3 Atel9] {oxt= glglar e
24t o|Adt| 24 T1, T2, T304 A2 H|%
stgith. Am= EHSO| =25 Haod#oA T4,
T59] EHSDE A% F¢ W4 42 AEAY
Ato] gfo] FIME9-SS yrepdct.

4,

d|
1]

270 Mg ‘ﬂa*ziz EHS ool 43
A AL UFR 5%= AT FAl
2%, A dt 3}01 NS 242 0.45%, Hl
E}ul C 200ppm= gHfoto] AlxH EHSDE] of

Agtgel7t BRAYe] FAFS AT 5
E}L ApAolth, Axb= EHS shoflA] 12417t of
z% @ EHSDE oRt Aljbge] & T4, T57)
Autetg Tt EHS ool d&x%at ¢4 BDE
AFE TL, T2 2 BD Y A5 tiFf= oA

ofl ol
ihs) J:i rhx

3:0 r\l

¢

- 1338 -



8 A - AR - FAY - B - kA - FRE - A2 - QA - FHEE - HgS B L ek
Table 5. Cecum Microflora in Broiler Chickens Fed Experimental Diets for 32 Days
(log1ocfu/g)
Groups
Ttem Pooled
T1 T2 T3 T4 T5 SEM
Lactobacillus 4.72¢ 4.15¢ 5.83¢ 7.51° 7.38°  0.1815
Escherichia 2.83¢ 3.13¢ 3.73b 4.16% 3.094 0.1377
Coliform bacteria 7.03¢ 7.60¢ 8.57° 8.07° 6.73°  0.1215
Total aerobic bacteria 7.814 8.12° 9.06 8.68" 7.37¢ 0.0831

Table 6. Short Chain Fatty Acid (SCFA) in Cecum of Broiler Chickens Fed Experimental Diets for

32 Days (#mol/g of cecum content)
Groups Pooled
SCFA
T1 T2 T3 T4 T5 SEM
Acetic acid 100.77° 87.01¢ 86.43¢ 128.19* 127.03* 8.1760
Propionic acid 33.09° 24.34° 22.03¢ 36.51% 35.81% 0.5380
Butyric acid 10.51° 13.74% 15.87° 5.12¢ 4.89¢ 0.7489
Isobutyric acid 6.50° 8.09 7.88 4.67¢ 4.71¢ 0.5801
Valeric acid 5.52° 5.66% 5.93° 3.09 1.55° 0.1255
Isovaleric acid 3.07 3.26° 3.70° 1.17° 1.25 0.3821
Total SCFA 159.4° 142.1° 141.84° 178.7° 175.2¢ 7.1885
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