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Abstract

In the last decade, the wireless biosensor technologies for cattle have been widely
spread over the world. The objective of this study was to evaluate the changes of
physiological state in Holstein growing steers using the rumen bolus sensor. A total of
thirty-two Holstein young steers (219.48 + 16.61 kg, 7.25 + 0.40 months of age) were
used and the rumen bolus was orally administered to each steer before conducting this
experiment. The rumen bolus used in this study (Smart alyac®, Hankook lot Corp,
Gimcheon, Korea) can measure not only body temperature (BT) but also moving
behavior which was expressed as indices (moving index, MI). All steers equipped with
the bolus sensor were housed in pens (4 animals per pen) and the sensor data were
collected for 29 days. During experimental period, the average MI for the day (day: 0700
—1900, night: 2000-0600) was significantly higher than that for the night (day: 111.10,
night: 98.53, p < 0.0001), but the result of average BT was opposite (day: 39.04C, night:
39.62C, p < 0.0001). The average MI in animals having low average daily gain (ADG)
was higher than those having high ADG (low ADG: 105.46, high ADG: 103.66, p <
0.0001) and average BT was the same (low ADG: 39.417C, high ADG: 39.33C, p < 0.0001).
When the steers exposed to several stresses, the average Ml was significantly lower than
that in normal condition (normal: 117.40, stress: 109.88, p < 0.01). Stressed steers also
showed increased BT compared to steers in normal condition (normal: 38.78C, stress:
39.50C, p < 0.0001). In conclusion, rumen bolus sensors, which generally used in cows
to detect estrus, can be applied even to steers to detect the physiological changes
rapidly in stressful environment.
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Fig. 1. Rumen bolus sensor. (A) Smart alyac®, (B) before oral insertion, (C) after oral insertion.

Table 1. Estimated chemical composition (%, dry matter basis or as stated) of experimental feeds used for
in vivo

Composition

ltem

Concentrate Forage
DM (%, as fed basis) 89.8 87.8
CP (%) 17.5 6.00
NDF (%) 37.1 61.1
ADF (%) 17.8 40.0
Lignin (%) 3.76 5.59
EE (%) 4.07 1.85
Ash (%) 9.25 6.85
Ca (%) 1.28 0.16
P (%) 0.76 0.19
NFC (%) 32.08 24.2
TDN" (%) 68.2 57.3

"The value of TDN was calculated by the methods suggested from NASEM (2016).
DM, dry matter; CP, crude protein; NDF, neutral detergent fiber analyzed with heat stable a—amylase: ADF, acid detergent
fiber; EE, ether extract; NFC, non—fibrous carbohydrate; TDN, total digestible nutrients.
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Fig. 2. Stress conditions. (A) head fixing, (B) oral stomach tube insertion, (C) jugular vein blood sampling.
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carbohydrate, NFC)& 737] 841 ofejo] %412 o] 85ticH9)]

NFC = 100 - (CP + EE + Ash) - NDF
NFC: non-fibrous carbohydrate
CP: crude protein
EE: ether extract
NDF: neutral detergent fiber

SH 24
In vivo APJA ZHH datar= SAS package 9.4(SAS Institute, Carey, NC, USA)2]
Shapiro-Wilk #5< &3f Xé% = A5, AdE UEE He dataw testo]] O] &

ARt BAH $o14L p < 0052 BT
Zda ¥ nE
2 QATE W9 A1 A o] 83 54 AR 49 ALt £2Y A% WA el

AT A8E SHYIS theFt ek (1) F, okt Aol7t AL
A%, ) AT 717 3, BA 529 FAF Hol7t AL L 249
Aol BXE G, (3) AZAH AEQL ofF o7k AL % §2Y A% AE oS

Animal management

TAEES] AEAHHTF(dry matter intake, DMI), ADG, At& 3 7-E(feed conversion ratio,
FCR): Table 20 Uehlch. Hl5-5-9AF#E0] oot 2 Aol AMEH S2ER] AAS-
m, 219 k)9 & FAFH S HFTFS 1.22 kg/d, 4.88 kg/d2 2 FAHJATHI]. & ?ﬂ%mﬂ
A A% 7+ DMIQ ADG B% d2XE A13|5t%Lt|(Table 3), o]= B A717|7} =9
TASEo] EHIL HRASF 991 glo] AAF o7 Al AL o)

F, OfZiofl mE 9 S22 Xt 2k
Z, ofzlo] W2 49 A4k F7to] 111.10, oF7to] 98,5302 ZA ] QItHTable 4). HH%
2 F& ot $Hlsts 20 HAEET[10], 2 Ao Ae GA] SHOE Qs ot
o g Holu, & Ao AREE B A AlA7E HEEo
Z Qltt. A& F7F 39.04T, o7t 39.62CE H#H=HY
o} Bewley 52 859 A9 AAE o] &3t AdofA Bt:s&Eo] s3] ot Al20] B+
6T & S5 Al), BAAZ 315 AJ7to] Bt 3.5417kol2k el B TskQie{11].
= °q¥°ﬂ*1 AREE AA HEo] mEH FAEEY] S Tl FFSsto] o]F %l al(data not

Table 2. Animal performances during /n vivo experiment

Animal numbers Months

Concentration intake (kg)  Forage intake (kg)  Total intake (kg) ADG (g/d) FCR

32 7.25 £ 0.40

6.46 = 0.83 0.80 = 0.11 7.26 £ 0.89 1,798.65 + 250.07  4.14 = 0.66

All values were represented as average with standard deviation.
ADG, average daily gain; FCR, feed conversion ratio (dry matter intake / ADG).

https://doi.org/10.5187/ait.2022.9.1.15
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Table 3. Comparison of predicted and actual growth performances

ltems Predict (kg/d) Actual (kg/d)
Average daily gain 1.22 1.80
Total intake 4.88 7.26
Concentrate intake 4.39 6.46
Forage intake 0.49 0.80

Predicted values of growth performances were estimated by using American feeding program “beef cattle nutrient
requirements model 2016”. Adapted from NASEM [9] with permission of National Academies of Sciences, Engineering, and
Medicine.

Table 4. Comparison of sensor data between day and night

ltems Day" Night? SEM p-value
Moving index 111.10 98.53 0.390 < 0.0001
Temperature (C) 39.04 39.62 0.013 < 0.0001

"Day, the mean values of raw data collected during 0700-1900.
INight, the mean values of raw data collected during 2000-0600 at after day.

shown), o]o] mre} Z710] W ALo] Roloz YA WEE Aoz AmEch ES B AT
oA BEE oI 2, ot A2 Aol Bialde 59| 43 A7) Asjeh Ao, 2
AN AGH WS A AAVL BEEE AL PYHOR PAWS FHT & Ut
[12].

S K40t M0 D|Xls Ha
© a70] o188 § 259 T4 5 3 491 2 9] ADGE 4l 4 958 Aol
A B2 1Y A% AL HolS WASIAI(Table 5, 6), B34 49 A 5
8749 A5t ALo] S04 Fol7t Ue Ao ATt B4 AT, 44AH
29 A% 59] ADG A& 7(105.46)7F 4] ADG H2}7(103.66)0] B18] 5]
A0 #Z¥|9Ich Dohme-Meicr 5-& B5%0] B4 29 ofulx] 287} go}
ATk Bustgom13], Wesrs S50 371} 3423 A2A0 o8 2282 F7H17

Table 5. Comparison of biosensor data between High ADG and low ADG groups

Items High ADG Low ADG SEM p-value
Moving index 103.66 105.46 0.256 < 0.0001
Temperature (C) 39.33 39.41 0.009 < 0.0001

High ADG, ADG range: 1,984-2,290 (n = 8); Low ADG, ADG range: 1,226-1,613 (n = 8); ADG, average daily gain.

Table 6. Growth performances of animals in a high average daily gain (ADG) group and low ADG

ltems High ADG Low ADG SEM p-value
Intake (kg/d) 7.55 * 0.40 743 + 037 0.142 0.5545
ADG (g/d) 2,098.75 + 113.21 1,500.25 + 126.71 44.800 < 0.0001
FCR 3.60 = 0.23 498 + 043 0.151 < 0.0001

The counts of Animals belonging to each group were 8.
ADG, average daily gain; FCR, feed conversion ratio (dry matter intake / ADG).

https://doi.org/10.5187/ait.2022.9.1.15
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thal BASITH14]. o] B3 W2 ADG A2l 85T $71= A ALt ofuA] AR
7} Z7Vsto] E2 ADGS} l;t FCRZ Hel Aoz FAHTh AL E3L, 519 ADG A2+
(39.41C)7F 491 ADG A2FH39.33C)] HIg| fojFog & ACE IFEHUU(p <
0.0001; Table 5), &% Z}o]= 0.08To £, ole H25E 54 2T AR Alm
Hth. Rutherford 52 3AR 35°] $71E 4%, A3 & W39 €35 371= A AW
Aol S7kstn, 1o whEt Aol Aoy, 1 Ayt dAA Y EAsHATH15]. whEbA
HER9 a7 @Skl AL 0]8/d0] Eot 449 ADGE HERH ZiAECl=tE sk AiAIEol
H|5 2|42 iﬂi F5E 7IHsH] ofgg Ao HAltk & A4 5H¢ ADG 9 Al
ol fFoJHstAl &1 st 11 2% Ae]7h 01T ol olfk 4479 ¥iEEE S0 uE
Aor FHHD

¢§a1|¢9| =-017r =M X429t 2Eoil 0|Xl= g
A

@ 9191 43, 24 BN A SN, A Bel 4, 5 KIS WS GOz
Normal¥} StressZ FES}FFHTHTable 7). AEF A o] 1 h T9 &84 5= f9Fdoz 7t
ABHAT(p = 0.0062), 2-3 holAT AEd A0 TE §oj2el Hol7} et gskek. ol
Van Reenen 5-9] oA AEH AL Ho] A &L cortisol HH2-S Ho|H, AEH A 2l
G Bl Qs BEAO] HYHel FIFS vATHe Aot SARE A0 FHeH16]

B, AR A3 AEAL BE AR A28 f2)Hel Z7HE ekt < 00001,
AEFA Ro] & AZto] AEE Al2o] shdshs A A SAHUT & AFoIA Al
AEFA Fol 9= Y HFHE EASH=T, Bolafios 52 Aol ofstd AEH N A
= cortisol FAIF F7HAIA EA YFHPA7E 2EHAE FETS EASHH17]. Rutherford
T& 4257 EAERQ] 40 W] A} AIME o] &3t AFolM AEHA(GE E B A
7] 87t S7Fll wet Aol Asote AL Bista[18], % AEHA — cortisold
5% 27} — hypothalamic-pituitary-adrenal axis®] &4 F7H19] — A 4502 7|AE& 49
SHRH. ol & AFoM AEHA Fo A, FAEEY A20] folHor Jsdhe At
A3t

e
A ANE 7% A 8 A7 S 91 S4t Bolold 1 B8 A7 B 9l

Table 7. Comparison of sensor data between normal and stress conditions

ltems Time Normal” Stress? SEM p-value
1h 117.40 109.88 2.036 0.0062
M 2 h 112.28 114.66 1.468 0.2482
3h 115.22 113.18 1.158 0.2094
1h 38.78 39.50 0.058 < 0.0001
Temperature (C) 2 h 38.99 39.27 0.047 < 0.0001
3h 38.99 39.22 0.040 < 0.0001

D“Normal” is defined to average values collected from each time duration before sampling stress.
2“Stress” is defined to average values collected from each time duration after sampling stress.
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