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Effects of Dicarboxylic Acid as an Alternative to

Antibiotic on in vitro Rumen Parameters, Milk yield and

Milk Compositions in Lactating Cows

Nam, In-Sik - Ahn, Yong-Dae - Jeong, Ki-Hwan - Ahn, Jong-Ho

This study was undertaken to investigate the effects of dicarboxylic acid
supplementation, as replacement antibiotics, of on in vitro ruminal parameters and
milk yield and milk composition in lactating cows. in vitro treatments were 1) Con
(4 g of basal diet), 2) CM (4 g of basal diet + 0.05 ml of monensin), 3) CR (4
g of basal diet+ 0.1 ml of dicarboxylic acid) and in vivo treatments were 1) Con
(25 kg of basal diet/head/day), and 2) CR (25 kg of basal diet+5 g of dicarboxylic
acid/head/day), respectively. A total 10 lactating dairy cows (649+19 kg average
body weight, 99+65 average milking days) were divided in to two groups
according to mean milk yield and number of days of postpartum. The cows fed a
basal diet during adaptation (2 wk) and experimental diets during the treatment
periods (4 wk). In the first in vitro experiment, there were no statistical differences
between treatments in pH, gas production, and ammonia-N and lactic acid
concentration during incubation. However, dry matter digestibility was significantly
higher in CR treatment compared to control or CM treatment (P<0.05). Total VFA
was tended to higher in CR treatment than those of control and CM treatment (P>
0.05). In the second experiment, milk yield was significantly higher in treatment
(40.39 kg) compared to control (35.19 kg), (P<0.05). Milk composition and MUN
were not changed by dietary supplementing dicarboxylic acid. Therefore the present
results reporting that supplementation of dicarboxylic acid might enhance the
stabilization of ruminal fermentation and increase the milk yield of lactating cows.
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I. M =

WEFEAA AUAE Fo 2 F38 408 sFAEE A 7 '3}‘?5, HH= 2
nAEe] Lae} T AAkE ek §9 Evrd ol AIAl HH, EFee] & 4
THLooper et al., 2001). °ol&= A= FAF pH Astol|l oste] Acetate 473 &Fo
Lactic acid 3%=7} £7}5te] 455 (Lactic Acidosis)S Y2710, HASH | = st=H H A}
A AA 4Fe] 96%E Lactic acid’} XA 3FA] B th(James, 1997). & d-Lactic acid”} AUl
SA & o] Ht o]2o] &4 afgld FeE EAst7] vl o = AEZY S HCOE 1L
ZA 7101 A Be] pH FAE o] H A TR Owens et al., 1998). 53], 2ugte} 2o ZAR
woFo] i wFAR Fo 9579 ARFAANAE B4 HlF 2/F7] 1YY
20% ol/dolA FUFE FriteEol WSt AARHAT A, AFraLstE Ast fAS
At AFE F7F E Hed SV 59 A O Z(Stone, 1999) A3F ZAbErle] £ao] =
Zbata ok whebA] RS B EE JMYSAIZ| AL AL SHistelr] s AT B
o] 18 =]o] gt

Dicarboxylic acid= o] EA4ste 24 =& 2719 712547
Z 4 A3 At} Dicarboxylic acide= QA 2& T EA3=

A, Wanapat®} Khampa (2007)+= Dicarboxylic acidE HF% &0l F¢
Hl w2 G243 487 3l pHe 571 ¥ 74, Ammonia-Nitrogen®] 2] 3},

= A, vAEA o d S SV 9 Volatile fatty acid (VFA) =71 718t Ry
sttt ol21d &= lonophorel FAAE w9 H7Mgk 839} FAFSITHNewbold
et al., 1996). 1214} TonophoreZll FAYAE WHFEE] 59T A EA ¥4 A=
Streptococcus Bovis®| 215 AAste] ZA4F AT F4& A9 E A
ol = AL 8 HVIAIE ARgo] FXF o] gt} Wbl Dicarboxyile acide W9 n] AP &<l
Selenomonas ruminantium®] *3S-& ZF313to] Z4HE Propionate 2 ASIEE FEstal Hh
F9 LESE S AN A 2357 AW S oA TH(Nisbet and Martin, 1993). 3 Russell
I} Van Soest (1984)= Dicarboxylic acid®ll 3t f714H2 HEE9] vhE 2ol Al §4E o
vado g AFsteg drHgole] MEe] JFS vtk BSOS, Martind
Streeter (1995)5‘ H}—r-r] &3 v Ee HEE FZ8t= B Al Propionate, Total VFA A3
A% 2 HAE p 7M1t aL 3T oF2-2] Dicarboxylic acidis= HFE$ol E4)3)+=
Selenomonas rumznannum‘ﬂl &l A Lactate FT&< FXIThal 3t TH(Nisbet and Martin,
1993; Strobel and Russell, 1986). ©]* ¥ Dicarboxylic acid®ll thgt B2 A7} Y=o gk
Sy g FEE FobA| e HISE R A P HA e ZA{HSE HFoE 3
A= ob7EA] Kl AL gk

webA], B A= lonophoreAlE A A tHAAZA] Dicarboxylic acid E3F=9] F17F

m
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A2 WEE9] Wahdstel ALY Toll Al IS A 9% HHow 4
AlBtAtt ol & 3k, WA] Dicarboxylic acid E&E2] H7V7} in virro W EAGol v|X+=
FFE AR Y, EME Dicarboxylic acid EFES 2ol Folste] AL 2
Aol PR dFS AT

1. A3 A5 Fv] 9 in vitro &S waEAAAL 24

£ AF2 AL Y] Dicarboxylic acidE H7Fste] vEF9 W] 14349 A}, 259 4t
A& Hrrer] flst] AAstA o™ Al AMEE Als dE 9 88HE] 242 Table
1o] YRt 2 Al A8-2 Dicarboxylic acid (Nextec, Korea)2} Monensin (Bio-Agri,
Canada) AlFol A A== AFS TFUs ARSSIATE in vitro REF9 HEAS A
2 93te] AAF AREE HET(Contro)Z AlFALE 4 goll 0.05 mle] ETOH 181 =
T 0.1 mlE #7Fste ARS8 A2l 1(CM)2 A AR 4 goll Monensin 0.05 ml L
7T 0.1 mE HI7FetART A2l T 2(CR)= AFALS 4 goll Dicarboxylic acid 0.1 ml
3 0.05 ml9] ETOHE 7}k th
T A 939] o] ZEE Holstein 4474 959 WE&ES AfFH st B
ol CO, gasE X F Az ewstgon, WEES 482 Cheese clothZ 21
31, o] E buffer §(McDougall, 1948)3} 1:12 &3ste] W39 wjfg oz AL
ot HEE9) v o] 54 9 o3} A A S Nitrogen free CO, & AN fldo] O,
EE2HA FEE A5} _rﬁ, CO, bubbling®. & pH 6.4% RBA3HTE wjF A w39
Hi S 40CE FAE F AEF vl A Basidt

=9 ) dE NS ZA}om et ALgE FA AFRE 2 mm Wiley mill 2 £33}
Pore size 250 un sieveS A A I UAS A AR AL, vl S Tillyek Terry (1963)2] ¥
Hol| whet st on, AlE7F SfrEo] e 250 ml 9] flaskol] 200 ml o] WHE=9] Hl kol
(100 ml HF=2]<H + 100 ml buffer)S 43}, Nitrogen free CO, gasE FYSHHA] gas =4
717} %25 Butyl-rubber StoppersE ©|-&3dt WY& E AV|H o2 WEIFoH, o=
39£0.5CE AAH &2 wHk7|(Vision Co, Ltd)o1 A 150 rppm o2 W vl F3}3Th

Wl & pH 42 AA 72 A7 sampleS AIZPEE 7AWo] SA] Digital pH meter
(ORION 290A)E pHE A3t o™, E438-2 Moore (1970)9] ol olsto], 7p2t
A &2 Waghorn Stafford (1993)2] WHe 2]3}a], Ammonia-N< Chaney2} Marbach (1962)
Wi o 2 =43 th VFAE Gas Chromatography (HP 6890, USA)S ©]-&3le] #4319 =

£ o

o
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d], Column< HP-FFAP (00.53 mm x 30 m)°]%1. 2™ Detector= Flame ionization detector
(FID)E ©]&3FAT} Injector =59} Detector =%+ ZH2F 235C, 240C 2 A AH3sIH o,
Oven ==& 120C ollA] AlZFste] B 22.75CH F5A1Z1 $ 160TC ol A 383 fA135H3
T}, Lactatet™= Lactate assay kit (K607-100, BioVison)A]¢F& E3A|A A-L2ofA] 3083 Wk
SHA i FS & O.D. 570 nm 3722 Microplate readerol| Al 23319t} FA] AbRe] £4
2 AOAC (1990)2] ®Ho &3] Alg9] 28-S BA4351% 3, Goering®} Van Soest (1970)
o] B4 ol w2} Neutral detergent fiber (NDF)2} Acid detergent fiber (ADF)E 2493} %
ot W39 e] pH 342 pH meter (HM-30G)E AH&-3te] AT

2. Dicarboxylic acid Fo17F A4kl v X+ of &

B AgL 2H3-9-2] Dicarboxylic acid 971 §3 2 AR WIS dolRy] ¢35}y

o)
=
49£19 kg 2 LY AkfF-aFo] 38+3.95 kg, A1 3.22+0.23%, - 2.70+0.15%,
=i

BEAF 6

AH-Y S 99+65.93Y, Bt 2.5£1.43 4F2FQI Holstein 29 10575 4k 2 4H-3F 58 1
Hste] AlFALR S & 27 TH(HZT 5, Dicarboxylic acid 7‘*7]—? 55)0.2 Ui & &
A A AFFAIR S AAEAT SAIEES 271 TIRALRE st AR AZTE F
Ao, 1 F A 7IxF < AFse e 9]’3@ Table l°ﬂ Uehd FFAR 9 A}
2E 46922 19 238(05:009 17:00)0] AH SUF K25 ke/head/day, DM basis) ©.2 L}

Table 1. Ingredient and Chemical composition of experimental diets for lactating cows (in
vitro and in vivo %, DM basis)

Chemical Ingredients
compoosmon Concentrate | Cracked Beet Cotten Oat Timothy | Alfalfa | Mineral
(7o) mix" corn pulp seed hay hay mix?
Dry matter 88.20 88.40 89.66 89.46 91.32 88.70 88.70
Crude protein 17.90 7.79 9.48 18.13 7.42 6.40 15.80
Crude fat 4.45 3.56 0.78 22.06 3.11 1.20 1.80
Free
Crude fiber 10.34 221 25.80 34.06 35.43 30.10 41.11 .
choice
Crude ash 5.80 1.36 6.51 6.01 5.21 4.50 9.70
NDF? 29.55 10.07 56.42 41.36 71.29 69.50 56.20
ADF? 15.40 3.00 28.77 54.97 44.88 42.40 43.10

) Commercial concentrate which was manufactured for lactating cows producing 35~45 kg milk for day.

2 Containing 200 mg manganese, 100 mg cobalt, 4,000 mg sulfur, 150 mg iodine, 2,000 iron, 100 mg zinc, 100
mg copper, 50 mg nickel, 2,000 mg calcium, 3,000 mg magnesium, 40 pg selenium.

» Neutral detergent fiber, ¥ Acid detergent fiber.
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o] 53t S M, Dicarboxylic acidi= AFE T 2%E 7tk 19 23] 247 &%
2 Al :"013}%‘:]'.

FAIRE F 23] ZH Al AFH P, 2HF-EFS Milkmeter (Waikato mark 5)Z 4537 =
75‘0}04 3+t % Fotar, - W AW} g 723 Milk urea nitrogen (MUN) 52 743
& #2412 Milkoscan (Fossmatic 5000)°.= A3t A . FAE 2 24 AT 1
AR % 2 FAHAEL 7|Fo2 AL o™ 4% A& Fat corrected milk (FCM)%
Gaines?} Davidson (1923)] ™ol o3t T2 02 ZAsITh of2e MAE A &
AR BEAANE ATt 273t vasty] olsteS A3 VA A9 & "37—‘19/] zto]

2 10002 BAsk] AN ST,

In vitro A2 A3=Z AAX U272} Dicarboxylic acid H7F72] Q9 & A gl
gt A E]= SAS (Statistical Analysis System, 2002) package®] GLM (General Linear
Model)Z ©]-&3tq TAHEA(ANOVA)S AABERom [F23k Zpol7t = &=l thafAl
= A& S o] &8st Fold Aol E HFIATE Invivo A AAE A2 tix
T AYTF fEF B Al td FAAYE FEol sl = T-tests ©]-83t #9
4 ztelE 53 ATHP<0.05).

N
Kl

. = & 3

1. Dicarboxylic acid o7} in vitro ¥r3$] waA Al u|X]&= o3k

ook

Dicarboxylic acid 717} in vitro W91 pH, gas A4S, A E48E, dEYolex H &
2L P A= FEF-2 Table 29} 2Tk wjFe W9 RO WE P pHE thxTol
A 6.38, CMT- 6.36, CRT- 6.195 WERHO] 2273t o)A UehtA] Sgkont oz
A 7P =931, w2 CRT77F 7P e 43S YERRI T Dicarboxylic acid= Yl 719 &
SUAE FAEYCH W AEAE EA5taL A THLehninger, 1975). T3+ Dicarboxylic
acidv F7IMHFEIE EA8EAL Qo] AHEe A WrEEE vH9E A5 w59 pHe ¢
HIALE Fof Al B} Yol Ao g Audn o]2)3 Axs= “P—r-rllﬁ EastEd e
Aol = AoE HRAT B AF9 AEASHES HH Dicarboxylic acidE 371814
&2 UZT9.12%)HF CMA] Bl 7+(12.48%)°ll H]3F] Dicarboxylic acidE 0.1 ml® 3 7}3F CR
A2 TH15.70%) M A FrelH o2 F718H Thp<0.05). Callaway2} Martin (1996)2] H.are] <]
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3™ ALEo) Dicarboxylic acid B+ Monensin
acid®} Monensine &= & 73—?— AELSE] SVt B sl =T

Ao} FASAH. Wk o —7}— &9l Dicarboxylic acid’} ¥7}t8 A5E Fo& ZH9
F9W pH7E HE3E HHA AEASES §820F YA & As

o o]# 3 A= Folx| oAl Dicarboxylic acidE 3 A3} AA5AFH Fo) =71

gFo] AE Utk B33k Sanson Stallcup (1984)-/] AFA e} dAEA

Table 2. Effects of supplementation of dicarboxylic acid on pH, gas production, DM
digestibility, ammonia-N concentration and lactic acid concentration, in vitro

Dietary treatments”
Items SEM? P-values
C CM CR

pH 6.38 6.36 6.19 0.08 0.29

DM? digestibility (%) 9.42° 12.48° 15.70° 2.69 0.03
Gas production (ml/0.1 g) 16.09 13.55 17.96 3.21 0.80
Ammonia-N (mg/100 ml) 0.13 0.17 0.16 0.10 0.65
Lactic acid (nmol/ul) 0.85 0.74 0.72 0.09 0.17

% . mean in the same row with different superscript differ significantly (P<0.05). V" C: corn (0.2 g) + ETOH
(0.05 ml) + D.W (0.1 ml), CM: corn (0.2 g) + monensin (5 ppm, 0.05 ml) + D.W (0.1 ml), CR: corn (0.2 g)
+ dicarboxylic acid (0.1 ml) + ETOH (0.05 ml), ? Pooled standard error of mean. * Dry matter.

dryol T thETolA 0.13 mg/100 ml, CM*] 2] 7oA 0.17 mg/100 ml, CR* ]+
o4 0.16 mg/100 ml= YEF} CMA 2|79} CRA 2] 77F &2 TR o} 54 el o 57
Ho g fo3 ol AR @drh WY Lactic acidEEs tHETlA 0.85
nmol/ulZ 7H& &9k CRAE] Tl A 0.72 nmolulZ 71 w3kou BAH Fo42 i
T}, Monensin®} 22 Ionophore Al ¢8| A E v S5 ARl H7lstA ALbdel S7HEH
HEE2] Y] Lactate 43S ZFAAIZITH(Russell and Stroble, 1989). 3k Callaway2} Martin
(1996)2] R.a1e) 2J5}HA Dicarboxylic acidE HFF214 3} v FslHA Lactateo] =71 2443
i Busted ol B AT A3k JA5H T Dicarboxylic acid®] H7h= 1
FEAS= Selenomonas ruminantium®| 21| A Lactatee] F+7F =7 B Ao
(Nisbet and Martin, 1994) ¥+5=9] W Lactic acid®] & 251 &332 1t
Y& = AFRol Dicarboxylic acidE 74 Fosh= Zo

Dicarboxylic acid 3717} in vitro HF5$U] VFA 5%
ATt Monensin® 22 ITonophore Al 8 2] A= vEF2] P ES] Streptococcus bovis

Aske] Lactic acid A TS AFoZE A 717

mlm
1©2
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ruminantium®] S& ZZFA|A Lactic acidE Propionic acidZ &3} == = 3HCH(Nisbet
and Martin, 1993). &3} Dicarboxylic acidi= Propionic acid /& S7FA1Z 2Tl olyg} F

VFAS] AAHS Z7HAA 7152 S A7l 528 FE 302 BuFHy
ATHMartin et al., 1999). & A= A3 AFAE AHe} FARE A34E YERR L e
ol ¥H59] U] VFAS ¥ 8 AFRE T8 BY o3 2ok F VFA A FS CR
8] 762.63 mM), CMA] 2] 7+(58.42 mM) 183l tZTH56.12 mM) =O. 2 =4O}t BA
Ho R [Folgt Alol= A FSFHATHP>0.05). Acetate A8/ FE Dicarboxylic acid”7} 3
7F8 CRA 2] 74(35.34 mM)7} thZ7432.63 mM)St CMA 2] 7(30.02 mM)E Tt 24 glo]
A Ueld F VFARA ZF3 fASE 7388 B o] FQ T} Propionic acide CMA 8] 7+(22.75
mM)oll Al CRA 2] 75(17.81 mM) 183l thZ&7(14.21 mM)oll Hlsted oAl Qlo] 7184
t}. Butyric acid A3 -2 CRA 2] Foll A 7.93 mMZ YERY tZ274(7.05 mM)E T {22 o
2 =4 AAERoH, vt E Monensin®] H7He CMA ] F+(3.70 mM)= 7HE e A=
H o THP<0.05).

Table 3. Effects of supplementation of dicarboxylic acid on VFA concentration, in vitro

Dietary treatments”
Items (mM) SEM? P-values
C CcM CR

Total VFA” 56.12 58.42 62.63 9.77 0.88

Acetate 32.63 30.02 35.34 4.04 0.81
Propionic acid 14.21 22.75 17.81 5.25 0.43
Butyric acid 7.05% 3.70° 7.93" 0.83 0.04
Isovaleric acid 0.60 0.31 0.58 0.10 0.13
Valeric acid 0.55 0.43 1.11 0.18 0.18

& . mean in the same row with different superscript differ significantly (P<0.05). " C: corn (0.2 g) + ETOH
(0.05 ml) + D.W (0.1 ml), CM: corn (0.2 g) + monensin (5 ppm, 0.05 ml) + D.W (0.1 ml), CR: corn (0.2 g)
+ dicarboxylic acid (0.1 ml) + ETOH (0.05 ml), ? Pooled standard error of mean. * Volatile fatty acid.

3%

rlr

2. Dicarboxylic acid Fo17F 3 2 54 &0l 1|3

Dicarboxylic acid 3997} 7 2 FAEN "X I Table 491 YERH ST Dicar-
boxylic acidZ= 3 g o] AFERe 4039 kgO & thETH(35.19 kg) tiH] oF 14% =7}
3 THP<0.05). &vo% A3 A7} Fo 2ol 10002 BASHE th2TFAA 11.95%7F
Zrag B A FA e 4.50%7F skl SAIA frolAdES UERATHP<0.05). 4%
FCM-2 A 2] ol A 37.85 kg 12]aL thZ&Toll A 30.52 kg &2 UEFRT o] & 10002 B
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A =Tl A 9.15%7}F F4gt vhA A2 Foll A= 5.03%7F F4dske] iz v 2
sokou FAA ol UEhA dthP>0.05). 43 d3 FE 10022 BA
W3S tzTollA 4 7Vt oy Aol Al 0.93% Fadshe S U
frtd s} MUN s ﬂl—%ﬁ%} AT AE Fo4 jlol 7 ==
< UER o Dicarboxylic acid®] Hol= fFaH Aoy FA el IFS WAA B2
FALGEL izl 871% 2 Ael7olA 881%= WEhe
°l& 10002 BAZ A}, thxT oA 5.04% S7FAIL A ToNA 5.72% F }—3}5 A
2 ZAE AT Dicarboxylic acidE Fo13tHd WU L& 7o FAstE o F
S7VetaL F9-9 el St TFHo2E B4 AL S A %‘f‘f}% =

31 Callaway$} Martin (1996)°] R3IREH ol 2 A2 79} X3
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Table 4. Effects of supplementation of dicarboxylic acid on milk yield and milk com-
positions in lactating cows

Dietary treatments"

Items SEM? P-values
Control Treatment
Milk yield (kg) 35.19° 40.39° 0.49 0.04
4% FCM” (kg) 30.52 37.85 0.49 0.11
Fat (%) 3.11 3.45 0.10 0.39
SNF5) (%) 8.71 8.81 0.06 0.47
Protein (%) 2.89 3.07 0.08 0.39
MUNG6) (mg/dl) 15.80 15.11 0.24 0.40
Index against 0 week (%)”

Milk yield (kg) -11.95° -4.50° 0.42 0.05
4% FCM (kg) -9.15 -5.03 1.73 0.49
Fat (%) 4.66 -0.93 2.64 0.56
SNF (%) 5.04 5.72 0.67 0.66
Protein (%) 8.33 10.48 2.51 0.72
MUN (mg/dl) -6.44 -7.72 1.59 0.73

» *: mean in the same row with different superscript differ significantly (P<0.05). " Control: without supple-

mentation of dicarboxylic acid, Treatment: 2% dicarboxylic acid supplementation ? Pooled standard error of mean.

»_ : decrease rates, + : increase rates. ¥ Fat corrected milk. ¥ Solids non fat. ® Milk urea nitrogen.
A AR 9] TR YR FFe Hd 8.7% FFOF H% 31 l+=H|(Higginbothan et al.,

1994) B AFAAANNE FARE 2= YERRA S M Dicarboxylic acid wofoll W& J3F



< e ZoE dddny, B A7 2T
dIZ YEY Dicarboxylic acidg ool mW&
Moon5(2000)0] H18 21 2§90 7
JE Aoz YEhygt

2] 79 B MUN 55+ 15.11~15.80 mg/
Fo ZrolE 4 Qldth =k B AT A
MUN &%=21 12~18 mg/dl B W] &3ta

Q
oo 32
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V. [+]

B AF= FAYA A A ZA Dicarboxylic acid”} in vitro W9 a2, 292 &
72 AR HX e IS ZAEH] A HHO0E AASHAT v dRAdE =
A7) 913F] batch culture HH-2S ©]-8-3199 2™, Dicarboxylic acid®] F47F 22
F 2 FAR PAe 9FS AR fEt] BEAT 649419 kgl ® AA AFE
38+3.95 kg, FAIY 3.22£0.23%, AF 2k 2.5+1.432H%] E2ERR] FH-9- 1075 AF 2 9 AH
F 5 ¥t AFARY WE 27 FH(WET 55, Dicarboxylic acid 597 55)o2
o] AdS AASFATE Dicarboxylic acid= AR F A E2] 2%E 718k 19 23] oA
I 25 2ZF Al 5399339 Dicarboxylic acide HFFESIU] pHOll 54 A< %‘ﬁ—‘% ZFo] A

r&l
o
2

|

8

o
a2 ol

N

A

A3}go] fojF oz FIlslATh Iq-?/]-/\i Dicarboxylic acid= W9 28
= Ao2 ddEtt AE43HE2 Dicarboxylic acidg &5
6‘

Fe mx

ATh 3 Dicarboxylic acidE F7F o3t w9 W F VFA o] F7lste Aads
YUERN AT} Acetic acid &=+ Dicarboxylic acid T # 2] -l A] ln71] A== BEFe Y
BRI AT

2599 -2 Dicarboxylic acidE gk ATl A theT tiH] oF 14%9] FEol
Z7}3kA ). Dicarboxylic acide= FAE 2 MUNoﬂ“ FEHFE HAA Fe HoE -’*DPQE}
w2k A A A A A ZA4] Dicarboxylic acid 37F= HF49] Ul HE 3 & <k s)ste] A
&35 A7 AR FES Y 7 S AoE AgHT

[Submitted, April. 12, 2016; Revised, June. 2, 2016; Accepted, August. 3, 2016]
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