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Abstract

Four ruminally cannulated Holstein steers (BW 482.9 + 8.10 kg), fed low protein TMR (CP
11.7%) as a basal diet, were used to investigate changes in rumen fermentation and blood
metabolism according to protein fraction, cornell net carbohydrates and protein system
(CNCPS), and enriched feeds. The steers, arranged in a 4 x 4 Latin square design, consumed
TMR only (control), TMR supplemented with rapeseed meal (AB1), soybean meal (B2), and
perilla meal (B3C), respectively. The protein feeds were substituted for 23.0% of CP in TMR.
Ruminal pH, ammonia-N, and volatile fatty acids (VFA) in rumen digesta, sampled through
ruminal cannula at 1 h-interval after the morning feeding, were analyzed. For plasma metabolites
analysis, blood was sampled via the jugular vein after the rumen digesta sampling. Different N
fraction-enriched protein feeds did not affect (p > 0.05) mean ruminal pH except AB1 being
numerically lower 1 - 3 h post-feeding than the other groups. Mean ammonia-N was statistically
(p < 0.05) higher for AB1 than for the other groups, but VFA did not differ among the groups.
Blood urea nitrogen was statistically (p < 0.05) higher for B2 than for the other groups, which
was rather unclear due to relatively low ruminal ammonia-N. This indicates that additional
studies on relationships between dietary N fractions and ruminant metabolism according to
different levels of CP in a basal diet should be required.
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9] Wi nl e Ats ] ©ld S 12314 0 = Fofot ¢4d5tr] w2l Tl Eofjay
et 247} 542 o9 o]2-9-M(Choi, 2015), et FEFFAY 2 SHAELS trFet B
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I A&7 M2 Tl 2 eheskE Bl =7 W<l Cornell net carbohydrate and
protein system (CNCPS)< T3t v} Qlom, Al&siA 11 -2 7H4dskar Jlk(Licitra et al.
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At BIE o]-85h= Zlo] Al ofof o A1AHAL QITK(Choi, 2015). 53], Tl Fofofl A mf=-2] CNCPS 7]
ol =l 28571 f1shA= CNCPS Tl fraction'd Aot Ab= Fof A JES¢] Easel 5l A D Hg 2] A7t
A= 7Fst spolofof fitk. By, F Aol A u-g- W2 o] 2EHA(CP)°] &+E TMR (DM7]<E CP
9.63%)= 712 AR = §] A| CNCPS 9] 4 -8-ol/d Tl do] -2 A8 Fof 717} Hl-8-all/d Tl do] w2 dAH)
Fol TR dha v L E] ALt ZFo] 7t gl A 0 2 LeRLY elEkA Q] CNCPS 28] A] o & 5=
A7} =ZE 9T Choi, 2015). ]2t APHE-2 CNCPS 7|92 5.3 Tl ol ahy o] Aest 4 242
of| -8517] $JaliAE Bt thaFet 27 sl A 2] in vivo Al8-S B39t 7] 2At= 0] 8HH 7} ol A AIghS: oju|gict,
wabA, B oA e 220] Cp7t @G- H A G AUFAIE(TMR)E 7| ZAL R 2 Folgh AAS
2 T fractions (A, By, By, B; ¥ C fractions; Licitra et al., 1996)'H = 11 ¢H-7-5 ALRE A7 olo] AAFofet & vF
9 Fasgy Aol v A= FFS AR

Materials and Methods

CNCPS fractions CHEALR MA

HHA fractiond T AR Choi (2015)0114] A A3 fraction™ Ata 2 AWS)E], B ol Lof| A AFRH AR = AL
ZIALE B A2 FUFFAL, Licitra et al. (1996)0] A|SHe BAHH o] ©]7)5}0] N fractionS H-4] 513 tH(Table
1). Choi (2015)°14 At vie} Zro] 2] 5857 Q= AlR % THA fraction®] A9} B fraction @ B3} C
fraction2 T-E510] E0]H 0 & =11 FA|o T2 N fractionS W2 AlR S A5 | = A 0 2 o] 7] wfj &o
A9} B, AR Z Z5H B, AR 2 74 3 B39t C HBALE 2 AAPHEE A7 s3It

Table 1. Nitrogen fractionation (% of CP) of experimental feeds.

Fraction® TMR Rapeseed meal Soybean meal Perilla meal
A fraction 15.42 16.22 8.21 17.21
B fraction 4.82 12.02 6.04 8.02
B, fraction 51.57 49.74 67.91 28.42
Bs fraction 8.27 8.63 4.69 20.31
C fraction 19.92 13.39 13.15 26.04

“Fraction was analyzed according to the method of Licitra et al. (1996).

Invivo \|d ¥ &4
2 A2 g aclof ot @aLE FAdtel] flof Rk H Fk AHE Ao A|AHE o], AT
24T, Fk 60%E FAIoHH Y=t &7t i o2 ghE9] slaetE AR 4RI 7
A5 482.9 £ 8.10 kg)E ol-&ate] Al A A-§(28Y)= él* 6} ATt tiAtA R o] B4 A ATl A]
A7t FH ARAFATS ST T 2 AldollM= O & Fofote] FAARS] 14'“*@14 = =5},
Z|T &2 AFE O] 71 AH(Choi, 2015)9F2] HI S HEH, Zﬂvtﬁ H] t 27 2.40%, A 2] Fol4+=2.00 - 2.05%7F
FAEEE sttt T 2 ZF A2 F9] 7| ZAR R o] 85 TMR-2 A=E2] CP (AEV]E 11.7%) 8 TH5t3
t}. AJE A= Choi (2015)2] W7 551 4 x 4 2ElEfzh © 2 TMR FH(HET), TMR + 2 £48t Zo] 1
(AB1), TMR + 74} Fo]7H(B2), TMR + UAHF FoHB30)E 2ok, 7 w2jolE 219 T 112938
7] Z3hEe A5 QlTh 2] re] vl A Foj= 7] 2ALE Q1 TMR O] CP 23%ES AEhe chal 2 Al3 2 o A5}
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At 718t A Al F 9 At Choi (2015)9F F L3 == Q{ek. Ab o] L¥HE 5 ADFEFNDF 24134
T3F Choi (2015)] A5} 1, 1 A= Table 22} 2t

Table 2. Chemical composition of experimental feeds (% of DM basis)".

Composition TMR Rapeseed meal Soybean meal Perilla meal
Dry matter (DM) 65.0 90.9 90.2 97.4
Crude protein 11.7 33.8 49.2 50.7
Ether extract 6.48 7.35 0.59 14.21
Crude fiber 29.89 9.14 3.78 8.53
Crude ash 14.20 8.83 6.39 8.73
Ca 1.26 1.29 0.38 2.24
P 0.88 0.96 0.72 1.21
NDFY 60.7 22.4 8.4 19.2
ADF? 34.6 13.9 44 10.8

*All experimental steers had free access to water and a mineral block during the entire experiment.
YNDF: neutral detergent fiber.
ZADF: acid detergent fiber.

[0

T 219 @ A= o] £0,1,2,3,4,5,6,7 9 8 hof] §H5=9] A8Fl-Z 2| F5}of 87 9] cheesecloth

& P & SA] pHE S5, FAl ol R YokNeF S A HAK(VFA) 5782 216l AF skt =y
Z}Z} Choi and Oh (2011) 2 Erwin et al. (1961)2] ®y&of] wha 245kt @2 ZF period B
= F17:00 hell B8HS 53l 10 mLo] A< 1?4 A T, 24 AR EE T AL
(3,000 pm, 15-1:)3]'01 S weota, B4 A7 -70C 242 Yaale] Bt <, A A albumin,
9 blood urea nitrogen (BUN)]—.% ZHs @l B4 7](Modular Analytics,

—_—

glucose, triglyceride, creatitnine, total protein
Roche, Germany) ©]-8-5Fo] #4515t

o
= A9 0] 2}z 1= SAS (2002)2] GLM (general linear model)= ©]-8-5t0] EAMENSIY, Al W7 v+
Duncan’multiple range test (5% -7-2]55) 2 51 Th(Steel and Torrie, 1980).

Results and Discussion

CHH2! fractionation
At CNCPS T2 28] A3}, ZFHR A} B, fraction©] 28.2%E THE Tl Atgof| H]sl 7 =340, o
LHES B, fraction (67.9%), YA B32} C fraction©] 46.3%% T THll 2l Al of| HIS]| Z} fraction @ 2 71 =2
¥ 1013 9Itk(Table 1. o1 A1& 7] AoA H15l 2 G o] N 215} AR 402 §AH}.0 H Licira
et al., 1996; Choi, 2003; Jin, 2011; Choi, 2015), 51| - B, fraction®] A2} B, fraction 2.t} thA =7 e T
O] A& ¥t 0 2 Y= 254 2] E4 0= B, fraction 11 3H Tl A2 A of Foa} B w3lS off o FHf
O] B, fraction@=o] o0 2 H| WA o] & QA5 2] S A o2 T it
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k29| LY Y= nfE
CNCPS N fraction's 13-l Thill A Hofof| o]gh Bh=2=QJul] pH B+ ¥ feeding cycled$H2] pH ¥ Hal= 54|
2ol 8 o) A& etA] 99kHp > 0.05; Table 3 and Fig. 1). 9H59] pH 1€l Hish= Alg Fo] 3 AJ7HE pHO| A4
T} 85 -2 FEOoF sk, 2 Al @ ol A ABITFOlA AFR Fo F1-3 holl 7P W2 pHE Hol= A2 &
B-HH A fraction $FEFO] 714 P%n S 12 o) wj- o)Ak ol Axtat 11 WekElth(Lee, 2006). SHA T AB1]
A Fo 4 h o] Fol| & pH g0 H| A WA §A| Fi= -2 A 2 B, fraction> BHE9| ol A] of-¢- #ra] 2ojj x| =
= w27 Foll=] 1 w24 pH7t ﬂ%ﬂﬂ‘# Sl UdubA Q] CNCPS RE 2= O]BHSPW o]HTHRDA, 2012). &
5|, &Sk AL fraction Aol Al F7F FofqF Tl A AR 9] fraction©] A QI 5SS wff, Choi (2015)
o] AAY R 71 2ALR 9] P43l wat CNCPS e Z-go] gabd &4 9182 oJulsh= Aog 2t} E3t,
B3CH9] =2 84 I E-84 fraction (B; 2 C fraction)S 1T ] B3C7F B2E.tF Fo] 51 -3 holl A pH7} 2|
Ueh = 2 HA] CNCPS BEof|A] A7|oh= 2ofl&of o2 223t AYA| thAt |l k= tha 2o 7t Qs A o= A
ZFETH(Choi, 2003). O] FARRE ALRATF X7 Stel A= HH5=9] Eoll& 7t whe T o] o grofd uff §H59]
pH7F F43] ZHAgith= 71E dAeh= oha ANt Auto]th(Lee, 2006). TH, §H=9] pHE F91% CP 473} o
ol &53lE pEolE FAS Al T=Tthe AS AR wi(Wallace, 1988; Choi, 2003), §H=9] U P HoRN
e i o nEsor g Ao g2 A7

>

Table 3. Effect of protein fraction-enriched feeds on ruminal fermentation of steers fed low protein TMR.

Hems Treatments* SEM
Control AB1 B2 B3C

Ruminal pH 6.46 6.33 6.49 6.34 0.24
Ammonia N (mg/l) 106.9b 132.3a 117.3b 117.4b 5.93
Total VFA? (mmoles/100 mL) 100.8 78.8 92.7 84.7 12.70
Individual VFA (mmoles/100 mL)
Acetate 61.8 62.2 61.5 63.7 2.16
Propionate 20.1 20.5 19.2 18.5 1.79
Iso-butyrate 0.71 0.44 0.71 0.56 0.230
Butyrate 14.0 12.6 14.6 13.5 1.34
Iso-valerate 1.06 1.02 1.48 1.75 0.360
Valerate 1.49ab 2.13a 1.47ab 1.28b 0.389
Caproic acid 0.91 1.20 0.93 0.67 0.263
Acetate/Propionate 3.1 3.17 3.30 3.57 0.393

a, b: Means in a row with different letters are significantly different (p < 0.05).

“Treatments were TMR only (control), TMR with rapeseed meal (AB1), TMR with soybean meal (B2) and TMR
with perilla meal (B3C), respectively.

YStandard error of the mean.

Holatile fatty acid.

HF3=9] W total VFA ¥ individual VFA= F A4 0 2 2|17t 524 Q1 Zfo| & e A] 92k th(p > 0.05; Table
3 and Fig. 2). T}9F, AB17-2] valerate 3F0] B3CTRE T} 7-2] 4 0 2 =2 71 0 2 YERF O L(p <0.05), total VFAZ
gof ]| &F4 0 2 nju|ste] iAo 2 F oJu|E Hojslr|= o Pty wEnh Ak o2 B AIY ] VFA 5
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Fig. 1. Changes in ruminal pH of steers fed low protein TMR supplemented with various feeds. Treatments were
TMR only (Control, 4), TMR with rapeseed meal (AB1, m), TMR with soybean meal (B2, A) and TMR with
perilla meal (B3C, X), respectively.

260
240
220
200
180
160
140
120
100
80 3
- e
40

20

—e—Control

—=—AB1
B2

Ammonia-N, mg/I

0 1 2 3 4 5 6 7 8
Time post-feeding, h

Fig. 2. Changes in ruminal ammonia N of steers fed low protein TMR supplemented with various feeds.
Treatments were TMR only (Control, 4), TMR with rapeseed meal (AB1, m), TMR with soybean meal (B2, A)
and TMR with perilla meal (B3C, X), respectively.

= At FRFe Qg Fafo] UehA] deths 71E A A} fAFSEATH Pritchard and Males, 1985; Choi,
2015).

HFE9Q] PR UORN Fki= 8ol 4] T fraction §HEo] =2 AF S FoIg ABITOA tHE Al @ E T F
o7 0 & =7 YeRtHp < 0.05; Table 3). Fig. 20114 YERd §H39] iU olN mjElof| A= HH5=9] pH si&l 7} &
ARSHA AtEF ] T 1-5h 53 AB1T-2] FRYOEN F=7t o2 Al ol H]5)) 7 =9ttt 959 pH HE ol A
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k2 ofsffs}r] of2le AFE B E B27-9F B3CT2] YR UORN HH-2
holl A B2l Al =7 ekttt o] 22 T N fractionation @] 544-& 112{o}
91 pH T ¥ A= 23t viel Zo] CP < ¥t of gt & ohe 5 4F tE I
o0& 22wt 3%, 5 AET 23 h ol T HRUolN i 2 W ghe] SAHEe
Z(A, B; 9 By)7t =01 BHE9|9 ofRokN 57t S7Hsitha Hugh 7| et o2
(Armentano et al., 1993). 2 A8 7} S35t Al 70l A] 7] 2ALE Q] TMR®] CP 4-%4to] Th2 2 o
AT(1E AT 9.63 vs 2 AT 11.7%) 014 FEYORN Fe= A7 942 YehA] §gtod, 4214
o FEr dApEES Fof Rt A 2] 7t EA Uehs 5 2 Al the AYHE E3TH(Choi, 2015). ARH
O & 99l R YORN F&E7F 50 mg/L o == AIoHA 842 Q1 HE=9] tAR F - 2] = Itk ar Z4¢ked wi(Choi
and Oh, 2011), o]2|3t & A 7He] FH YokN 5k z}ol+= 2|22 CNCPS ol o9t AFR N fractionationS =+
W A4 Apekol 21444 0 2 28517 o= vl AlRbA o] ef il kT, TR, Tl O] jn vive §EF9] U ol &
9 ) sefo| = 7.2, k9] 6AES] ofulieAt o} 44, T Ae] 144 5 ONCPS We] shetAlofo] ofgh
fractionation = TF T ThFRE @ Qo] ofsf| Alghd 4= Qirh. whebA], ¥h5=9] pH s & ol A] g2t Hie} o] 2 Aol A
AH88 712412 2] Cp S0t} Bl e] HejolE T2 5 chare AR T A ) 2104 7]91gk 4 gl vt
(Wallace, 1988; Wallace et al., 1990; Choi et al., 2003), & 7| ZAIR O] CPHEHE F7F A7 A2 0 2 o] F0] %]
ofgr Ao g AZTE

[0
r

30 X o

e
=]
il
i
o,
lo R 1Z o
HUrBe Lol b e

-
o
2,
lo N

M

Az
CNCPS SH31 2 fraction'®] 119 AF20] Foli BUNG A|ofetnis FofeiALR 0] o] 020l Ak 1]
#]2] k= 7.0 2 Lehgeh(p > 0.05; Table 4). 8% albumin} creatinine®] $F- A1) S 514 o 2823}
o] Qlizd), B AN AET 7 2ol QIrks AL AR U] CP S0l $ARE A9 Fo] B AARY
o

fraction's z}o]7} AW T2 ShAdofl= kS n|x] 2] o= A2 & 4= QIth(Eisemann et al., 1989; Gentry et al.,
] =

*

Table 4. Effect of protein fraction-enriched feeds on blood metabolites of steers fed low protein TMR.

o Treatments* SEW
Control AB1 B2 B3C

Albumin (g/dL) 253 2.66 2.64 273 0.35
Glucose (mg/dL) 64.92 65.33 70.17 65.92 6.71
Triglyceride (mg/dL) 13.92 14.75 16.17 15.25 4.67
Creatinine (mg/dL) 1.34 1.32 1.36 1.29 0.17
BUN? (mg/dL) 6.42b 9.33ab 10.50a 8.83ab 1.92
Total protein (g/dL) 4,96 498 5.49 5.51 1.39

a, b: Means in a row with different letters are significantly different (p < 0.05).

“Treatments were TMR only (control), TMR with rapeseed meal (AB1), TMR with soybean meal (B2) and TMR
with perilla meal (B3C), respectively.

YStandard error of the mean.

“BUN: blood urea nitrogen.

Korean Journal of Agricultural Science 43(3) September 2016 384



Changes in ruminal fermentation and blood metabolism in steers fed low protein TMR with protein fraction-enriched feeds

BUN ‘s ofA& diFeto] Fofs B2+(10.50 mg/dL)7F tHZE7(6.42 mg/dL)e]l BIS] f-o]& o2 =komp <
0.05), AB17(9.33 mg/dL)¥} B3CTH(8.83 mg/dL)7} 524 0 & =7 Uelith BUN-S Tl gHA] 22 o)A A
22 FAFS on|sh= 2 © 2(Enright et al.,, 1990), HFE9 & §4-5= ¢t yolr} Z715HA Thol|A @ 4gHAd ek
Z7HAAH BUN 22| & =ol= Z o7 A& A QUth(Choi, 2015). 2 A7-0] Hf 9h9] FH L okN 2 HH ABI
T2t oA o2 11, B2A9 B3CT7L-frAlSHH, T 27 2] 2] © 2 WA Uehuhe 5 tha e Aot uret
HTH(Table 3). E3E, o] 22 8814 Tl Fof 7} ghobd w Wh9] R YokN 5= 3 BUN 57t 57 Hethe 7
&£ A7 ZIH Armentano et al., 1993; Lee, 2006; Choi, 2015)2t H]| W sl &= A5 Avto| o}, SEA|E, A|39] Ao A
2 7]H-& ©]-83F Choi (2003)2} Choi et al. (2003)2] Z3}ol| A AFE O] B3]/ N fraction HA] §H5=$of| 4] = o]
BE2] @1 95 gEdthe S 18T o, AR 9] 854 N fraction FEF §HE9] TR ORN 45

BUN & REEA] v Ho]x] g 4= 9loH, 55| ¥E-5=9 Abm U B2 4-52] CP= WH=9] f Tl ﬁﬁ
L o]-gof QlojA thE 713 0] Q& 4= 2= Aelaliof & Zo|th(Choi, 2015). TEbA], &3t BEet Zro] B} ofef
e 7|2 A= 9] CP <=1 N fraction} ¥F5=9] A tiAl A7F F714 02 Qg 210 = A7),

o)
i

Conclusion

& A= W Aheehe AR 28 AN 4F(ETAT 482.9 £ 8.10 ke)yE SAISHA] CP 0] W2
(CP 11.7%) TMR & A] &1 fractiond - Tl diAlggFo] wh5-9] Aase 2 GHhazdof va]=
V&= AL AT Ald A 2l 4 x 4 ZFAT 2 o5 TMR B2, TMR 9 ASH ol
(ABI1), TMR % 55} 5 71(B2), TMR B 92 F17H(B3C) &2 7-25H=, A 2| 7ol AR &8-S CNCPS &
AR ell €7 74 fraction ¥l =& T AL E TMRO] CP 23.0%E 2H2+] DAL= 2 oA Fofshaitt.
LA A BAH F1ARE A 02 WhE9] A0S A Foto] B9 pH, AR UORN Bl S AN (VEA) HE S
BT, APALE L2 AAWE Bo) 2| 5]oto] BAatolet. Tl A N fraction™ Tl AALE Foll k39
pHell FaFS n] A7 25t 2 t(p>0.05), ABITAA Ak Fo] & 1-3hofl 71 E-2 pHE B et R UokN 5

= -8oll'd DA fraction©] =2 AB17-ol A ThE Al TH O 212 0 2 &7 WERE S W(p < 0.05), VFA 55
TR AOI7E ST B2l oA o St AL T T QRYORN Feot tha
A 238 HAEH, ol 712AR S| CP 0l WHE N fraction¥} §H5-5-= A thAL 7H - A7 5712

rulo

ml o
™ oX

KU o2 rr
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