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Abstract

The aim of this study was to investigate the effects of dietary supplementation of
acetaminophen on feed intake and growth performance of Hanwoo steers in the summer.
Eight steers participated in a twelve-week experiment. The steers were randomly assigned
into one of two treatments: Control and acetaminophen supplementation. Commercial
acetaminophen was top-dressed to a concentrate mix at a rate of 3 g/kg based on dry matter.
Individual feed intake was measured daily during the entire period of the experiment, and
the intake of forage and concentrate diet were measured separately. The body weight of the
steers were measured every 4 weeks. During the experimental period, ambient temperatures
were recorded using an automatic temperature and humidity recorder. Acetaminophen had
no effect (p > 0.05) on body weight, average daily gain, dry matter intake (DMI) and feed
conversion ratio. Numerically, total DMI and concentrate DMI in the acetaminophen treated
group were 5.7% and 7.6% lower than those of the control group, respectively, and the daily
gain was 9.7% higher. As a result, the feed conversion rate of the acetaminophen treated
group improved by 17% compared to the control, however, it was not statistically significant
(p = 0.237). The results of this study suggest that acetaminophen supplementation may
reduce the feed conversion ratio of Hanwoo steers under high temperature stress. However,
further studies are needed to confirm the optimal level of acetaminophen supplementation
which has a significant effect on the intake and weight gain of Hanwoo steers in the summer.
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T AAH 02 HAAQ| S u| A Hrt 12 AEFHAS HES 7}Z0 thALY HHxYo|| o5t
3712 97| floto] AHH=2 S0l ’é}ﬂia\/lomson, 1983), A2 -FAIE 5kl
U2 SARZ Q) /74 3 ik 918t JFart F-EoH| o] A4t d o] A SHEl ThFuquay, 1981).
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-2 AEAR QIS FA|olHA] 2t5o] F7HE AdEollA AdFH o] TSI 552 oL A] S8 /g Eflol whA] Al
HhMoore etal., 2005). 27 ofu]gt 1.2 AE| A= $FE-S S7MAH T84 Y728 F(respiratory alkalosis)2] BHY
FUEF U ZH5 50| Wl B3-S 5517 e ShhSandikei et al, 2004). =3 -2 Flof| A F-2-20] Aol chaF
sl = %“é AF4>(reactive oxygen species, ROS)= AFsE A E 2| A (oxidative stress) S -3+ HBemabucci et al., 2002). ©] 2

ol | 01'*}9]-57“_4 S A7) A Harmon et al, 1997) AM|3L _‘-_th} = H}—(mﬂamma‘uon)

12 AE| A0 o3t o]2fdh A ARl JFFS 2| Adtel7| ol F97t = AL AEAE F0)7] 9|3 of2 7}
A o] At]of gt JFA QI Bk 0 2= A d7ke} o] Abs W of|ufA] B S 0] T2 (Beede and Collier,
1986), YA 2] FALEE F045H= Z(De Rensis and Scaramuzzi, 2003)°] 542 0 2 o] 5|, 1.2 AEAS #|7}e
= % H7HAIE H o= AL 3125] o] oK th Z5go|(Aspergillus oryzae) B-= B % (Saccharomyces cerevisiac)2)]

SR WS w A 2ot S FES AT TJEE“EJ(Huber
et al., 1994; Schingoethe et al,, 2004). @& 4sh= P Q= 202 A7 Yolohrl S 11.27] &9 Algof H7}
SIS uf] A3} Wehg-o] ZHAFITH= H 17} QITh Zimbelman et al, 2010). =31 HEF EU Al a2+ ghakskA)|
£ Hrlshe JFE wo| o] 2ojH =], o] 52 12 AE|A Flof| A EAYSH= A U ket ERlo) ZhAS H kst
I, NS £ 7= B4 2RS 22 (fee radical)Q] AAIS ZHAAA AFel AEBA S 27sh= 210 & BFe{ Rt
(Sivakumar et al., 2010; Chauhan et al., 2014; Rejeb et al., 2016).

B2 AUe] AHst AE|AE AAsh= 1 0 2 H|AH| 2 0] = g8 SA|(non-steroidal anti-inflammatory drugs, NSAID)
£ 74+ Fofok= o] ot AF IS A7 S ke NSAIDE A7 5-80= 35 F/4do] 2Agst
2| = S A g AAIoto] Alet AERAE A% lﬁl~— 20 2 LA lthMahmood et al, 2009). HF5=7 F50l| 4 =
NSAID2] Fof= 7| HiAl 7 Z0] o]5t AE A HFS-S A ZFA 71Tk T B 11E B Qlth(Jo etal, 2014). ©] 213 NSAID
o} o] 215-31Y 48 A bl gt -5 ot 71s= 7}11‘34*15 7}A o] A|gstal Fal-go] A2 7oz ezl
OFA| Eohn] el (acetaminopheny> H5 BFS-S U O 7|+= PGH, = A5 G4 5 AElZ 0 2 ofA||5to] & fat vt
&= A7) =t (Hinz et al., 2008), o121 A2 %6 | M| 3ol A AR S a7t A Tkal B & QITK Tripathy and
Grammas, 2009). §¥F5=2Jol| 4] 0] E0]] 25l T2 o]-&E|o] AAER= n|AE AAY vlepnln} 22 S4E57) g,
OFA| Eofm| i3l 2 HEE=Qof|A] A4 E|R] 9401 A W T2 E425]o] o] 8% 2 2 (Marshall et al., 2005; Schaer et al.,
2003), 12 AEBASE A7 AL 42 Q= AR X7 }Zﬂiﬁ 7hs7/g0] & A 0 = kAT SEA| R AR 7HA| F-9- A
E Ul otM|Eotu|iulo] g7tof] thgh AlRF g2 7iA 2 1.2 AEIA 27l thgt 1t H7IeE AF-2 gllct m
2hA] 2 A= ofM| Eotu| i HlS: 312 AEA Slof QL= §H-0] AlR M7 2A FoiE RS w AHF 2 AAGE
of| ofw|gt FFo| A=Al Yot 1A} AAJSII.

Materials and methods

£ Qs 2T gokrol Ane Fdtiska SEAAATAE I 4ol ich Aol ALest FEI mrE

T2 SHUT Y FE AR LS HoE AH AP SRS ESSIITHE I 2 CNU-00671).
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OH

SA S8, A A % A2

B AJHL T A H|S-Q 85 383.8 + 2221 kg, 139 + 031€) S ZAI5H] £ 12377 4845100k ZA S
2P o] uij xS Eof) tht 45t obM| Eotm| i3l X 2] 4% 2 U3l 5m X 5me] 471 ol 254 Hij |5}
L}, 3A] ALE 2 gto] LAt iFALE S Fofotl o, uigtAtE.e] 2l 71/ W ulEh] = Table 19 YERARICE 2
AtE RN = AR A Al B e & Fof sttt X 2] 4ke] AkEolli= El|2hle A Eotu] =3 20%, 7471 4] 80%; Dachan
New Pharm Co., Ltd., Hwaseong, Koreaye 37}t =], Al o] Aol 9o BigtALE. T 03% (3 gkg)S: top-dressing
Sto] FoAsHlth Ale e 5 YT FS 27 8A]9F 2% sAlof| 1Y 23] Foistl L, <ottt E5-2 AF-EA A
4= QA ST oM Eofr| il X2l F 15 AT BF 1] A= AdolA AL L, At EA ol A

&= A efsHA.

PhA 74 45tk ok AR ol ol ATskIc:

L

FoistuigtA LR} glo] 1A 0] Bt A E BA.2 Taple 20| LR BER} 2T}, 735 (dry matter, DM; #930.15), Z5HH
2 crude protein, CP; #968.06), AV Ml A28 43433 Ax(acid detergent fiber, ADF; #973.18), 2] ash; #942.0512 AOAC (2005)
of| wh2} 2A151 9] 01, 2 H(ether extract, EE; #2003.051 AOAC (2006)°]] w2k EAI51 it okl a.o & W 4 Jlefo
6258 2= AAFEE T, 5 F 4 $7F2 Leco FP-528 Nitrogen Combustion Analyzer (Leco Inc., St. Joseph, USAYS: ©|-8310]
IEAR (Dumas method). 2 2 241 5FATE A AIAHE-8-d 2] 71 (acid detergent lignin, ADL)2 Goering and Van Soest (1970)
off met 2A5HIAL, 3/ MIAlE-8-/8 R4 (neutral detergent fiber, NDF)i= Van Soest et al. (1991)°1 mhet B 947 ofl

Q.

o4

Table 1. Feed composition of the experimental concentrate mix.

Ingredients glkg
Corn flaked 236
Wheat fine 319
Gluten feed 200
Palm kernel meal 70
Copra meal 87
Soy hulls 39
Molasses 27
Limestone 15
Urea 5
Sodium bicarbonate 3
Salt 2
Ammonium chloride 2
Vitamin and mineral mix* 13

%33,330,000 [U/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 [U/kg vitamin E, 20 mg/kg Cu, 90 mg/kg Mn, 100
mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.
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2| o] A(heat-stable amylase)& ©]-8-5H0] £AIGIAL Xho 23] 22 23S ZHaNDF) 22 B3I 83l Tl soluble
protein, SOLP)2 Krishnamoorthy et al. (1982)°1] whe} 24453} S/ AlAlE-8- 2 T 2 (neutral detergent insoluble crude
protein, NDICP) 2} AH Al 428 % TH1 A (acid detergent insoluble crude protein, ADICPYS Licitra et al. (1996)0]] wh2} 2415}
At} of|ek2- 23] EF8H=2 ethanol soluble carbohydrate, ESC)2} - E(starch) Hall (2009)°1] whe} 2AI519 o, s4-E2
2 AOAC (2000) ®o]] uhat 2451 th Z71481H YA (total digestible nutrients, TDN), -3-2] 7 0] of| L ] (net energy for
maintenance, NEm), /37474 1| of| L] | (net energy for growth, NEg) 2! H]Ad-3-AEk=SHE (non-fiber carbohydrates, NFC)=> NRC
001)0l A A1 ol what Akt

P
=5

SAIE0] Hijx|E A R ol A|H 0 2 HE] 1.5 m o]0l 22 A 25 = 715 AI(DTR-305, Gondo Electronic
Co., Ltd, Taipei, Taiwan) = A X T} 215 L5 7| 2A= 305 714 0 2 245 w2 A4t

Table 2. Analyzed chemical composition of the experimental diets (g/kg DM or as stated).

Items Concentrate Ryegrass
DM (g/kg as fed) 877 912
OM 927 927
CP 170 65
SOLP 90 35
NDICP 289 15
ADICP 9.3 13
aNDF 325 748
ADF 141 512
ADL 33.7 88
Ehter extract 39 7
Ash 73 73
Ca 10 4
P 6 1
K 11 20
Na 29 1
cl 6 7
S 4 2
Mg 4 2
TDN 731 474
NEm (M]/kg DM) 7.1 4.1
NEg (MJ/kg DM) 45 1.8
Total carbohydrate 747 870
NFC 422 122
Ethanol soluble CHO 46 40
Starch 320 14

DM, dry matter; OM, organic matter; CP, crude protein; SOLP, soluble CP; NDICP, neutral detergent insoluble
CP; ADICP, acid detergent insoluble CP; aNDF, neutral detergent fiber analyzed using a heat stable amylase and
expressed inclusive of residual ash; ADF, acid detergent fiber; ADL, acid detergent lignin; TDN, total digestible
nutrients; NEm, net energy for maintenance; NEg, net energy for growth; NFC, non-fiber carbohydrate;
Ethanol soluble CHO, ethanol soluble carbohydrates, starch, soluble fiber, available insoluble fiber, unavailable
carbohydrate.
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EAdFTe] Aol tisiAl= PROC REGS 083t Tl 7heA] Wt o= EAsIith 57 w4l
£ HY 50| 5%ET}H A2 7ol BAIA 724, 501141 10% Ate] Q1 720l g ol e= 7Tt

10.00 -

.
= % o © ®
~— . [
.&ﬂ ‘:"'.u.,..,,."..u ... .. .* .. [ ]
~ 8.00 Y ] Gog e-..9 0
@ . Py ..- .......... >. '...
-:g ) [ Y
- ° °e
£ .
5 ot
=
£ 6.00 - .
?_‘v .
(=]

= -0.083x + 10.261
R>*=0.2114
4-00 T T L 1
18.0 22.0 26.0 30.0 34.0

Temperature (°C)

SA| B2 SAS (SAS Institute, Cary, USA) ZZ 2 15385 o|-8-51of AAJ5IQIT) vigALE A3, RAME AFH=F

e WA AT, T2 AT, 99 SAHH L AFR 2782 PROC MIXEDZ AHE-51H0]

Fig. 1. The relationship between ambient temperature and dry matter intake (DMI) during the experiment
period. The close circle (@) represent daily mean temperature and average DMI of all animals (n=7).

Table 3. Effect of supplementation of acetaminophen on growth performance in Hanwoo steers.

Items Control’ AAP SEM p-value
Initial BW (kg) 383.0 382.8 16.14 0.994
Final BW (kg) 459.0 465.2 18.33 0.810
ADG (g) 766.2 840.9 90.46 0.560
DMI (kg/d) 7.36 6.94 0.305 0.341
CDMI (kg/d) 5.67 5.24 0.295 0.319
FDMI (kg/d) 1.69 1.70 0.110 0.962
FCR 9.99 8.27 0.971 0.237

BW, body weight; ADG, average daily gain; DMI, dry matter intake; CDMI, concentrate dry matter intake; FDMI,
forage dry matter intake; FCR, feed conversion ratio.

Yno supplementation (n = 4).

*acetaminophen supplementation at a level of 3 g per kg (0.3%) of concentrate on a dry matter basis (n = 3).
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Results

Ag7|7H ke 2xof wh2 B F 3ol tiet A AI S EA%H Aah 559 1Y HEAHFS 257t ok
o wet-f-2 4 0 2 ZASIFITHR =02114, p<0.0001). 73 =7} 1°C okl w2k oF 008 ke A2 FFro] T4
SIATHFig. 1). oOFHIECH| i 0] 717} &he- 74| 1] §-2- Ab /g Aof| 1] X]= G2 Table 301 L ERH HEt ZHTh 71 A|
A2 Bt 383 kg, T& AE-2 Bt 462kg O 2 F %2R R-2] A ol & Ho| %] §iktp>0.05). T HEAIHTHOMI),
iR 23 HCDMI), 2AME A= AHFIZHEDMI) 3 LFSAHADG)OIA = = 2]2|3E 2] 2 Ql 2ol & Ho]
A] 3kThp > 0.05). THF til ol sl obx| Eopn| el 2|17} 5 HEAH T} vl b AdF Tl 21408
Z¥7}k 0¥ 5.7,7.6% R W, YFZAZoNA=ADG) oA Eokn| 3l 2] 2] 717} o 2o H]el =24 0 & k9.7 =
o}A], 2]2] 77} e o] H]S) ALR 2 71-8(feed conversion rati, FCR)C] 4>X] 2.0 2= 17% 7A@ HE B oLt -5-0] %]
O] A= Qo Thp=0237).

Discussion
geluzhe Tecksdold7] 7158 71T Qo ol el HaiE R S BAle) Zalle e
B2 fUSICE ofo] nfe e AEHAR QIR g-S A7l Si5) o] ZAEE FoTshAL ALE U]

d5H= AA7(Beede and Collier, 1986; De Rensis and Scaramuzzi, 2003) 2 ALE. 71415 7idkshe A7t &

[ B = s
2] ZYE AL QU o] F ALR 7 Aol iRt ATs 59t tRE 5ol 1. 5] A= AU HIER Bl o]y

2kS %] © & 0] 20]2{ kO M(Chaiyotwittayakun et al., 2002; Kumnar et al,, 2009; Chauhan et al,, 2014; Alhidary etal., 2015), &}

Atst G312 2| ok of| thgh AL E T 7158 5= 77} o] o Rl thZhang et al., 2016). 2] 2] F B2 QT H] A
| 20| = FAZAHNSAD)E HE571E0] £oldto] AEF A HRS-S AZIAZ] A7A37 s vE7E A THIo et
al, 2014; Seo etal,, 2019), 112 AEAZ A7 ok A EA] o) AA|7} HEE7 L0l 71 vh= 72 gl A7 olth
ufEbA] 12 Aol A=, HEEjollA] mAEol ofsl o] 8E| AU ARl n|AEE D BIERT] AAET ThEA] A7ollA
R 40189 4= glom X5 Yl s, Atst ke AU HA = F2kgo] -2 710 2 gdefzl ofA| Eofr| el
o] HkE7FEol| A 9] -2 AEA 27 7| 2A Q) 7HsAd 2 7 Fet i om, E5] A7t 487 Ee] SHoA B
7¥stdct.

AF7|7E 52te] 7] 20l wh2 Z1EAF 7ol et A S BAISH Aol @7 =7} Eobilol mat AM¢-
o] HAEAFH ol Zhach= R ARl B9 A
73RS A -] AdF ol BAA 1 YIS nXIth= S oJuehH, 2 Ants 5ol $he- A7 AF 717 Bt
1.2 AEF A0 FFslo] QA= AL ojnjgit), 1.2 AEFHAZ HEO 2. 0] AEAMZ|To| ZHASH Avf= 2e)
o] AFESof|A] 1 BE QJTh NRC (1981)°1A1+= 25 - 27°CollA] Z-9-0] Ad3&o] 1443 ] Akttt 30°Col/gollA]
S a7t dojdtial Bugha} 9l O, Hahn etal. (1992)= 25°C oo 2ol A i &-9-0] ATl 2
1M H ISR O'Brien etal. (2010)= 294 - 40°C Ao 2] A1t 712 ¥ jollA] 12%9] F-9-2] A=A T 7
ATk 2 A7 A3t JA] 712 A BIHETH -3t 12 3ol Q= 522 AbsAdFEo] s o]
-2 g7l Al W S AR L] JYT S Sl Wshe tiAtE S 2| Asteto] A Uf AARS T

< QA5 =280 & Qs ¥hA¥stthar B 1 B Q) TH Tumer and Taylor, 1983). 5HA| Bk $R-0fl A= =) 514
o] $h-0] Al AHFrE TAsHA Jth= ZaHE-2 9=t via Wo] B 1w 7] oo, Q5|8 Ats
F&Fo] 7hA51A] ek AMS-S vreRd HE QJIT Park et al. (2015), Cho et al. (2016)2} Choi (2018)2] Aol A= &%

r

M
i
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7F30°C1 A& AE 2| A SH slol| A ghe-0] A3 TFe] a0 Ao 2] gib=t, F At B A F e i3kt 6l
AH o] -2 AR EZo|A AXoh= AL FoldkS T5oto] 3364 &3t whizo|ztal Aottt ojek= 2]
2 At Ak T 67 a2 AEIA Aol A ghe-o] ARl F e At A fold o 2 Holgict
(Fig. 1).

2 At Aaf 12 AEY A= TR AN ] AH TS AT = A0 LEP O, ofA| Eor| o] M7=
AM-] AHH T 7ol 520491 GRS 1R A] 2 A 0 2 LERHTE. o] % A+of| A, Stilbom et al. (1988)= CFH|E O}
0] = H7}-GAFSH SRS 5= NSAID 5 5hHR] ofAw] P (acetylsalicylic acid) S 112 A EHAE #74517] Q8 2527 &
AlS] A 1 kg 125,250,500 mg 7 Fot S w, Ab= AdF ol SARRe] 714 S3hE Ho#] ehghe. 2| AtollA|
LT opAT|RE A2 AEYAES 7o = 257 Japanese quail2] AFE 01| 500, 1000 mgkg?] 5 & Fofstal 427 A
A}, o] 5 H7IokA] g2 tiRret Hlalsto] T X2 qt B A3 T B S|l Xko] 7} glITHELKholy etal, 2018). El-
Kholy etal. 2018)= L o]-§-& otAm]|& o] Ak W] 7 o] -8t AE R AC] ZFw o 2|4 A|7hol| 9HA| F-251A] ¢
et Asich

ojeh= ARk A2 A ofAu|RIe] AR W] H7Hs 1.2 AERA AZoM AR &8-S SAIZItHE APt B
3% v} QJ=H|(El-Soud et al., 2006), Rokade et al. (2016)= heat stress A}l A 45:7F-8-712] AF& 0] 250, 500 mgkg®] Ok~
S H7FelE o AFRAIFH ol = 2ol 7§l oL FCRO] R-ol 4 Q1 2 Gab7} Qle-2 Balsla, o] &t
A1) o] rteFo] BE4E Zir

2 A= F9 AkEolA obM|Eotu el M7t SIS A 2| 20| AR HIE BAX O R FolokA]= ggke
ZA7]0] ofA|Eotn|Bo) b= ALR @782 RFo] ALR 0|8 §&8 T7HIZ & AU 7Hs/dS AAFSHIT
|27t 2ol 7} BAK 0 2 3-o]51A] ¢k o] & A2 AF WHE 5 & 4= Qlrk TS QI FLof|A] obA| Eotn] il
AAle] U A-gFoll 9] iRIALE 1 kg B 3 g2 7=, @A7HA] E20lM= 7HERete TEA 12 AE
2|2 A&l A AR U ofM| Eota] islo] L NSAIDS -2 A E2] 524 E1he 7] 915k 7o) A A1 v ¢l
o g ofy|Eotn| o] 1.2 AEA SlojlA| AR Q-89 HA BHE o] QoA 5 AtollA] 2 A
AIE 71E 371 3 gkg Bt 371 Fold - BAlol| of2] A7t 4FollA L &akE Hrlok= Zol o Ao 3
ek

Conclusion

39 71490l AL U] obALEo}m o] M o] 5 e AERA SO ALE LT EE A ET )

¢

& 5 12S ARSI SR 2 Aol A 7l obH Eota] o] Hrlake &) A2 Y FAel Yot %
SRNE=EE S
Acknowledgments

& A= S eUek Sha ] A o= 3= iU o

Authors Information

Mingyung Lee, https:/orcid.org/0000-0001-8952-9725

Korean Journal of Agricultural Science 46(3) September 2019 457



Effect of supplementation of acetaminophen on the intake and growth of Hanwoo steers in summer

Seoyoung Jeon, https://orcid.org/0000-0002-8276-317X
Seongwon Seo, https://orcid.org/0000-0002-04131-0545

References

Alhidary I, Shini S, Al Jassim R, Abudabos A, Gaughan J. 2015. Effects of selenium and vitamin E on
performance, physiological response, and selenium balance in heat-stressed sheep. Journal of animal
science 93:576-588.

AOAC (Association of Official Analytical Chemists). 2000. Official methods of analysis. AOAC, Gaithersburg,
USA.

AOAC (Association of Official Analytical Chemists). 2005. Official methods of analysis. AOAC, Gaithersburg,
USA.

AOAC (Association of Official Analytical Chemists). 2006. Official methods of analysis. AOAC, Gaithersburg,
USA.

Beede D, Collier R. 1986. Potential nutritional strategies for intensively managed cattle during thermal
stress. Journal of Animal Science 62:543-554.

Bernabucci U, Ronchi B, Lacetera N, Nardone A. 2002. Markers of oxidative status in plasma and
erythrocytes of transition dairy cows during hot season. Journal of Dairy Science 85:2173-2179.

Chaiyotwittayakun A, Erskine R, Bartlett P, Herdt T, Sears P, Harmon R. 2002. The effect of ascorbic acid
and L-histidine therapy on acute mammary inflammation in dairy cattle. Journal of Dairy Science
85:60-67.

Chauhan S, Celi P, Leury B, Clarke I, Dunshea F. 2014. Dietary antioxidants at supranutritional doses
improve oxidative status and reduce the negative effects of heat stress in sheep. Journal of Animal
Science 92:3364-3374.

Cho YK, Choi SH, Han OK, Park JH, Choi CW. 2016. A study on changes in feed digestibility and
establishment of energy requirement for main tenance of growing Hanwoo steers under severe heat
stress. Journal of Agriculture & Life Science 50:163-172. [in Korean]

Choi CW. 2018. Nutrient requirement for maintenance and nutritional changes of the Hanwoo steers in
early-fattening stage under heat stress. Korean Journal of Agricultural Science 45:74-83. [in Korean]

De Rensis F, Scaramuzzi RJ. 2003. Heat stress and seasonal effects on reproduction in the dairy cow-a
review. Theriogenology 60:1139-1151.

El-Kholy MS, El-Hindawy MM, Alagawany M, El-Hack MEA, El-Sayed SA. 2018. Use of acetylsalicylic acid
as an allostatic modulator in the diets of growing Japanese quails exposed to heat stress. Journal of
Thermal Biology 74:6-13.

El-Soud SBA, Ebeid TA, Eid YZ. 2006. Physiological and antioxidative effects of dietary acetyl salicylic acid
in laying Japanese quail (Coturnix japonica) under high ambient temperature. The Journal of Poultry
Science 43:255-265.

Fuquay J. 1981. Heat stress as it affects animal production. Journal of Animal Science 52:164-174.
Goering HK, Van Soest PJ. 1970. Forage fiber analyses (apparatus, reagents, procedures, and some
applications). Agriculture Handbook No. 379. Agricultural Research Service, Washington, D.C., USA.
Hahn G, Chen Y, Nienaber J, Eigenberg R, Parkhurst A. 1992. Characterizing animal stress through fractal

analysis of thermoregulatory responses. Journal of Thermal Biology 17:115-120.

Hall MB. 2009. Analysis of starch, including maltooligosaccharides, in animal feeds: A comparison of
methods and a recommended method for AOAC collaborative study. Journal of AOAC International
92:42-49.

Korean Journal of Agricultural Science 46(3) September 2019 458



Effect of supplementation of acetaminophen on the intake and growth of Hanwoo steers in summer

Harmon R, Lu M, Trammel D, Smith B. 1997. Influence of heat stress and calving on antioxidant activity in
bovine blood. Journal of Dairy Science 80:264.

Hinz B, Cheremina O, Brune K. 2008. Acetaminophen (paracetamol) is a selective cyclooxygenase-2
inhibitor in man. The FASEB Jsournal 22:383-390.

Huber J, Higginbotham G, Gomez-Alarcon R, Taylor R, Chen K, Chan S, Wu Z. 1994. Heat stress interactions
with protein supplemental Fat, and fungal cultures. Journal of Dairy Science 77:2080-2090.

Jo N, Jung J, Kim J, Lee J, Jeong S, Kim W, Sung H, Seo S. 2014. Effect of vaccination against foot-and-
mouth disease on growth performance of Korean native goat (Capra hircus coreanae). Journal of
Animal Science 92:2578-2586.

Khor B, Gardet A, Xavier RJ. 2011. Genetics and pathogenesis of inflammatory bowel disease. Nature
474:307-317.

Krishnamoorthy U, Muscato TV, Sniffen CJ, Van Soest PJ. 1982. Nitrogen fractions in selected feedstuffs.
Journal of Dairy Science 65:217-225.

Kumar N, Garg A, Dass R, Chaturvedi V, Mudgal V, Varshney V. 2009. Selenium supplementation influences
growth performance, antioxidant status and immune response in lambs. Animal Feed Science and
Technology 153:77-87.

Licitra G, Hernandez TM, Van Soest PJ. 1996. Standardization of procedures for nitrogen fractionation of
ruminant feeds. Animal Feed Science and Technology 57:347-358.

Mahmood KAS, Ahmed JH, Jawad AM. 2009. Non-steroidal anti-inflammatory drugs (NSAIDs), free
radicals and reactive oxygen species (ros): A review of literature. The Medical Journal of Basrah
University 27:46-53.

Marshall TS, Constable PD, Crochik SS, Wittek T. 2005. Determination of abomasal emptying rate in
suckling calves by use of nuclear scintigraphy and acetaminophen absorption. American Journal of
Veterinary Research 66:364-374.

Moore C, Kay J, Collier R, VanBaale M, Baumgard L. 2005. Effect of supplemental conjugated linoleic acids
on heat-stressed Brown Swiss and Holstein cows. Journal of Dairy Science 88:1732-1740.

Morrison S. 1983. Ruminant heat stress: Effect on production and means of alleviation. Journal of Animal
Science 57:1594-1600.

NRC (National Research Council). 1981. Effect of environment on nutrient requirements of domestic
animals. National Academies Press, Washington, D.C., USA.

NRC (National Research Council). 2001. Nutrient requirements of dairy cattle. National Academies Press,
Washington, D.C., USA.

O’Brien MD, Rhoads RP, Sanders SR, Duff GC, Baumgard LH. 2010. Metabolic adaptations to heat stress in
growing cattle. Domestic Animal Endocrinology 38:86-94.

Park DW, Hwangbo S, Han OK, Jo IH, Choi CW. 2015. A study on establishment of nutrient requirement for
maintenance of Hanwoo cow under heat stress. Journal of Agriculture & Life Science 49:225-235. [in
Korean]

Rejeb M, Sadraoui R, Najar T. 2016. Role of vitamin C on immune function under heat stress condition in
dairy cows. Asian Journal of Animal and Veterinary Advances 11:717-724.

Rokade J, Bhanja S, Shinde A, Bhaisare DB, Mandal A. 2016. Evaluation of aspirin (ASA) in broiler chicken
during hot dry summer using zoo technical, molecular and physio-biochemical tools. Indian Journal
of Animal Research 51:97-104.

Sandikci M, Eren U, Onol A, Kum S. 2004. The effect of heat stress and the use of Saccharomyces cerevisiae
or (and) bacitracin zinc against heat stress on the intestinal mucosa in quails. Revue de médecine
vétérinaire 155:552-556.

Schaer S, Herrli-Gygi M, Kosmeas N, Boschung H, Steiner A. 2005. Characteristics of acetaminophen

Korean Journal of Agricultural Science 46(3) September 2019 459



Effect of supplementation of acetaminophen on the intake and growth of Hanwoo steers in summer

absorption in healthy unweaned calves as an indirect measurement of the oroduodenal transit rate of
liquid meals. Transboundary and Emerging Diseases 52:325-332.

Schingoethe D, Linke K, Kalscheur K, Hippen A, Rennich D, Yoon I. 2004. Feed efficiency of mid-lactation
dairy cows fed yeast culture during summer. Journal of Dairy Science 87:4178-4181.

Seo J, Song M, Jo N, Kim W, Jeong S, Kim J, Lee S, Seo S. 2019. The co-injection of antioxidants with
foot-and-mouth disease vaccination altered growth performance and blood parameters of finishing
Holstein steers. Asian-Australasian Journal of Animal Science 32:792-799.

Sivakumar A, Singh G, Varshney V. 2010. Antioxidants supplementation on acid base balance during heat
stress in goats. Asian-Australasian Journal of Animal Sciences 23:1462-1468.

Stilborn H, Harris Jr G, Bottje W, Waldroup P. 1988. Ascorbic acid and acetylsalicylic acid (aspirin) in the
diet of broilers maintained under heat stress conditions. Poultry Science 67:1183-1187.

Tripathy D, Grammas P. 2009. Acetaminophen inhibits neuronal inflammation and protects neurons from
oxidative stress. Journal of Neuroinflammation 6:10.

Turner H, Taylor C. 1983. Dynamic factors in models of energy utilization with particular reference to
maintenance requirement of cattle. World Review of Nutrition and Dietetics 42:135-190.

Van Soest PJ, Robertson J, Lewis B. 1991. Methods for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. Journal of Dairy Science 74:3583-3597.

Weismann D, Hartvigsen K, Lauer N, Bennett KL, Scholl HP, Issa PC, Cano M, Brandstatter H, Tsimikas S,
Skerka C. 2011. Complement factor H binds malondialdehyde epitopes and protects from oxidative
stress. Nature 478:76-81.

Zhang X, Zhu H, Qian Z, Tang S, Wu D, Kemper N, Hartung J, Bao E. 2016. The association of Hsp90
expression induced by aspirin with anti-stress damage in chicken myocardial cells. Journal of
Veterinary Science 17:35-44.

Zimbelman R, Baumgard L, Collier R. 2010. Effects of encapsulated niacin on evaporative heat loss and
body temperature in moderately heat-stressed lactating Holstein cows. Journal of Dairy Science
93:2387-2394.

Korean Journal of Agricultural Science 46(3) September 2019 460



