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The chemical effects of milking machine detergents on the rubber
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This study investigated the effects of the alkaline detergent and acid rinse used for cleaning milking
machines on the rubber composition of the newly-developed teat cup liners. The samples prepared for
use in the clean-in-place process were analyzed by ultraviolet spectrophotometer, ion chromatography
and liquid chromatography. In the absorption spectrum of the first sample solution, the form of absorb-
ance or absorption peak was largely different, compared to the absorption spectrum of alkaline detergent
alone, but in the absorption spectra of the second and third sample solutions, the absorbance decreased,
which was similar to the absorption spectrum in the pure acid detergent. In the ion chromatogram, two
main peaks only, which might be shown by the pure alkaline detergent alone, were measured. In the
liquid chromatograms, however, new peaks were observed in addition to the two main peaks caused
by the pure alkaline detergent alone, which suggested that various molecular materials were created or
eluted from the liner by the reaction with the alkaline detergent, but when washed with the acid de-
tergent, any ion species were not produced. Therefore, we propose that an acid rinse should be applied,
after cleaning the milking machine with the alkaline detergent.
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Table 1. Formulation of the rubber composition of the newly-
developed teat cup liners (unit: phr¥)

. Rubber Rubber
Items Materials .. ..
composition 1 composition 2
Polymer NR 50 55
SBR - -
BR - -
EPDM 15 25
Butyl 35 20
Filler Carbon Black - 30
Silica 45 -
Activator MgO 5 3
Fatty acid 1.5 2
Colorant TiO; 30 -
Antioxidant & BHT' 1.5 3
Antiozonant ~ 6PPD* - -
Wax 3 -
Process oil Paraffin oil 4 5
Curative Sulfur 14 1.6
Accelerator TBBS' 1 0.8
*part per hundred rubber.

Tbutylated hydroxytoluene.
iN-( 1,3-dimethylbutyl)-N’-phenyldiamine-p-phenylenediamine).
STBBS: N-fert-butyl-2-benzothiazolesulfenamide.
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Fig. 1. Ultraviolet spectra of the
alkaline detergent solution (5 g/L
H,0) after reaction for 20 minutes
with the rubber composition of the
newly-developed teat cup liner 1 at
80°C (a) and the acid detergent
solution (5 g/L H,0) after reaction
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Fig. 2. Ultraviolet spectra of the
alkaline detergent solution (5 g/L
H,0) after reaction for 20 minutes
with the rubber composition of the
newly-developed teat cup liner 2 at
80°C (a) and the acid detergent
solution (5 g/L H,0) after reaction

Wavelength
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with the rubber composition of the
b) newly-developed teat cup liner 2 (b).
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Fig. 4. Ion chromatogram of the alkaline detergent solution (5 g/L
H>0) after reaction for 20 minutes with the rubber composition of the

newly-developed teat cup liner 1 at 80°C.
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Fig. 3. Ion chromatograms of the alkaline detergent solution (5 g/L H>O) only after reaction for 20 minutes at 80°C (a) and the acid de-

tergent solution (5 g/L H,O) only (b).
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Fig. 5. Ion chromatograms of the acid detergent solution (5 g/L H,O) after reaction with the rubber composition of the newly-developed teat cup
liner 1. First and second mean that the number of the times with the acid detergent solution.

Korean J Vet Serv, 2018, Vol. 41, No. 2



57| HETPE A Ha $57 2048 DRAME Al olxls ey du 129
R — TEEQIE olof ZE A= dF 7]E Zho|H 9
0.01000 ! ;(HZ]_L}_ Ol—;ﬂ—ﬂ Ux] /‘R_]-/Rg Aﬂ;ﬁ)zﬂ% =] % ];;] 1:1/\“]‘0‘]— O]
0.008004
0.00600- %E_EU}EZEHE]Q] 7:337_]—9]- 51%6—]’ E]'(LCC, 2013)
JV oliz A elolye] mEEEE0] o] Aol A
0.002004
v W L zAselA @ze AEAL westel owd o
2o S5 gauA 0es o 4 ol
0.0000 5.0000 10,0000 15.0000 20,0000 Aﬂi—]xﬂ ] 3ESkE 07]&]—}'_}— 7 ]/‘l_]_— O]Q,]oﬂ AHgk
AA= gro|d o} HES AAE 2 gl Hzly =
Fig. 6. Ion chromatogram of the alkaline detergent solution (5 g/L U= eholuier vh-astef 4 S A _E
H,0) after reaction for 20 minutes with the rubber composition of the 29| 7% O]&ﬂiu]—ilaﬂﬂ‘ﬁoﬂ A= BT

newly-developed teat cup liner 2 at 80°C.

0.60000

0.50000

0.40000

0.30000

0.20000

0.10000

0.00000

o

2
T

°ui7l 2ol HAZRutEIH S o]-83}
|

o]
=3Ee 28 FAskAtH(Lee, 2013). Fig. 8ac] e}

——/

;s 538

First

0. 60000

0.50000

0. 40000

0, 30000

0. 20000

0.10000

02|

Second

9.677

—

M

0.

oooo

5.0000

10.0000

(a)

15,0000

20,0000

25.0

5.0000 10.0000 15.0000

()

20,0000 5.0

Fig. 7. lon chromatograms of the acid detergent solution (5 g/L H,O) after reaction with the rubber composition of the newly-developed teat cup
liner 2. First and second mean that the number of the times with the acid detergent solution.

0.07000
0.06000
0.05000
0.04000
0.03000
0. 02000
0.01000
0. 00000
-0.01000

2.5

-8.165

0.08000

0.06000

0.04000

0.02000

0.00000

-0.02000

1

0.0

no

10,0000 20,0000

30,0000

(a)

40,0000

50,0000

60.00

0.0

00

10,0000 20.0000

(b

30.0000 40,0000

Fig. 8. Liquid chromatograms of the alkaline detergent solution (5 g/L H>O) only after reaction for 20 minutes at 80°C (a) and acid detergent sol-
ution (5 g/L HxO) only (b).

0.080004
0.07000
0.06000
0.05000
0.040004
0.03000

0.020004 ¢

0.01000
0.00000+
-0.01000

0.08000

0.06000

0.04000

0.02000

0.00000

0.0

oo

10. 0000 20,0000

30.0000

(a)

40,0000

50.0000

60.0

0.0

10.0000 20.0000 30.0000

(b)

40.0000 50.0000

Fig. 9. Liquid chromatograms of the alkaline detergent solution (5 g/L H,O) after reaction for 20 minutes with the rubber composition of
the newly-developed teat cup liner 1 at 80°C (a) and the acid detergent solution (5 g/L H,O) after reaction with the rubber composition of the
newly-developed teat cup liner 1.

Korean J Vet Serv, 2018, Vol. 41, No. 2



130

0IEA]

0.07000

-1

0.06000
0.05000
0.04000

2.862]

0.08000
0. 06000
0.04000

0.02000

0. 00000 —'ﬂ

0.03000
0.02000
0.01000+
0000004

i

0.000(

(a)

10.0000 20,0000 30,0000 40.0000 50,0000 0, 0000

0.0000 10,0000 20,0000 30,0000 40.0000 50.0000

(b}

Fig. 10. Liquid chromatograms of the alkaline detergent solution (5 g/L H,O) after reaction for 20 minutes with the rubber composition of
the newly-developed teat cup liner 2 at 80°C (a) and the acid detergent solution (5 g/L H,O) after reaction with the rubber composition of the

newly-developed teat cup liner 2.

W ute} o] okzhelg AHARE WA 3 4e
SAA 208 5o S0°Ce] SEolX FAHAD T,
A oA AR okE Tl 65T 8T i
R N CIES I ET A=

S ]7(-]1—"13]—_9_ %]X]— QA-IEkOi §JA—I/\]7;] fxé‘ad—

A A0z 1o A= Fig. 8boll LrEhdl Hhe} o]

°"HU

L

Jﬂ @ o _ll)l'
O:

2480)9) UjRE A7HS ZHe shite] wante] 7
Hlodek e AR AR oy wRxAE

= BRSAIA A2 Al 7HA] AEol HiRt HA A==
IS =431 Fig. 99} Fig. 100] YeRfiich 3
WA AmgHe] dHIARUTEIHAN A= 623 8
o] MiEE ARES Ze T e FE =099

AN gholy R 2dEsol 3Rt shte] w=
o MiEFo] gl EdE0] Tl &riet A &
HojA= Hasoe l WA ol Aik= o
2l AAAS] dF S Ak A Fholy ARz
dEEa H7Isto], 80°CE] koA 202 &%k WA
T Aol AN Foly aimzAdEe] dEeAd
AHAeE JEgste] o2 7HA] EAHd o] AAE
A AR gholy] IRZAPEREEH §EHI 9]
o= UEt= 2ol

AN Fholy RAdE 13} 2] it A Al A
Aol Hh-g- A 2-gH | AR ARuEIH A= 2.3
o] mFEE ARtE s shte] vlavto] wEE gl
ohoolEel Aits AR 7€ Fold e AR &
2] 9 A AAAIE RESAIA AR A A zntE
Teu] o) Ao} Hlszsh itk (Lee, 2013). WS AIZHRE
ghojd o] aR/AdEEo] dEEd AAA Rt BA

F

° Aol hE Eapy Bl AHEAL 59
S QAT ey AHAZ olgdl AR o,

HRR AbY AAAE o)gstel AlHT FolE oy
S ol g3 4tk S o 4 ek

ARBAA £ e AHAE Folzatal

Korean J Vet Serv, 2018, Vol. 41, No. 2

A8 NAAZA dzde] AAt A AR R o] Fo
A QAthBava 5, 2011). 12|al A-gA| AL &7
of wel WA Hg 5 onlesz W W AHsR 1
& Tegoh AU ARAZ ol gste] AH
e A AEAlS Bleas Agstel AlHE
(Reinemann 5, 2000). = A5 A1} 215712 A9
WA AFZGA AAAE AHEshE Ffole &
e A= AAS ok HEEA] A AlAl = AlA
3 Fr=s FAAAF & Aotk

4 E

AWIAA AHATE AL o]y i EA B
ofwgt Blota e nlXE HE 2AFSH] Slstol
ALY HES, ol eazrtEIR S o §5tol
W] YIRS SISt

A AHA WHEAIZL A o]y my
25 §Huach FHEE IAHE WA
S Hpol7h FglOL), 4AFEI WA B9
Wbl e o 4 etk B3 ol eaEnbEe
5w A eoly mREAHEET vg 5ol
o olgammtEaWe] Awt Ay AHAT
et fabste] of Wt ol eFE AN ke

19k

fr o ox

1w Y fe

el ARAY AN ol myx
B WA AL 3ERO] AEE] thstol
AN HES, ol LA zutE TS 13 R
S2ntEe s S ol gl AR AACINE B
Atk 3 WA Azgole] FosEEYes
ey AFHANY FHANEYY FREY F4
5)z19) gejrh 2 o), ol eamukE 1A
L st e AR A 98] ekt A

o

o omr 2>
> o ox

rl



7| MEmZL A R RFY 20|HE nREME M| olXs AN I 131

o g wzgto] ZyHYck et A ARLE
el et ey ARARe] o8 s)el
SR S EE=EEDELEAENEEEERTE
sz5o] WaHo], ey AHAt vhgstel of
o b4 BAA 2o AHEAY soluziE &
ZH O, A ARE AHG AL o o
T2 AAEA gkl

2 (A

B odTE SR UL

==

REFERENCES

Bava L, Zucali M, Sandrucci A, Brasca M, Vanoni L, Zanini L,
Tamburini A. 2011. Effect of cleaning procedure and hy-
gienic condition of milking equipment on bacterial count
of bulk tank milk. J Dairy Res 78: 211-219.

Hamann J, Mein GA, Wetzel S. 1993. Teat tissue reaction to
milking: effects of vacuum level. J Dairy Sci 76:
1040-1046.

Hogan JS, Harmon RJ, Langlois BE, Hemken RW, Crist WL.
1984. Efficacy of an iodine backflush for preventing
new intramammary infections. J Dairy Sci 67: 1850-1859.

Hovinen M, Aisla AM, Pyo6réld S. 2005. Visual detection of tech-
nical success and effectiveness of teat cleaning in two
automatic milking systems. J Dairy Sci 88: 3354-3362.

Kim JM, Park JM , Kim KT, Moon KW, Park SJ, Shin DW, Kim
MH, Kim JM. 2013. Analysis of dish detergent in anion-
ic and nonionic surfactants by HPLC. Food Eng Prog
17: 137-142.

Langlois BE, Cox JS Jr, Hemken RH, Nicolai J Jr. 1981. Milking
vacuum influencing indicators of udder health. J Dairy
Sci 64: 1837-1842.

Lee JC. 2007. Study on the physical properties of new developed
teat cup liner compounds. J Vet Clin 24: 201-207.

Lee JC. 2013. Chemical effect of the detergents used for cleaning
a milking machine on the teatcup liner materials. Korean
J Vet Serv 36: 273-281.

Lee JC, Park HR, Kim MS, Lee CG, Lee CY. 2005. A study on
the physical and chemical properties of teat cup liners.
J Vet Clin 22: 100-107.

Magee C, Sagi R, Scott NR, Gates RS. 1984. Bacterial transport
within and among various teatcup and cluster assemblies
during milking. J Dairy Sci 67: 2034-2040.

McDonald JS. 1975. Effect of milking machine design and func-
tion on new intramammary infection. J Milk Food
Technol 38: 44-51.

Mein GA, Williams DM, Thiel CC. 1987. Compressive load ap-
plied by the teatcup liner to the bovine teat. J Dairy Res
54: 327-337.

Morin DE, Petersen GC, Whitmore HL, Hungerford LL, Hinton
RA. 1993. Economic analysis of a mastitis monitoring
and control program in four dairy herds. J] Am Vet Med
Assoc 202: 540-548.

Park JK, Kim CH. 2010. Cleaning effects of environmental-
friendly washing detergent on milking installation in dai-
ry farms. J Fd Hyg Safety 25: 346-353.

Rasmussen MD, Madsen NP. 2000. Effects of milkline vacuum,
pulsator airline vacuum, and cluster weight on milk
yield, teat condition, and udder health. J Dairy Sci 83:
77-84.

Rebhun WC. Diseases of dairy cattle. 1995. pp. 298-302. 1 st ed.
Williams & Wilkins, Philadelphia.

Reinemann DJ, Wolters GMVH, Rasmussen MD. 2000. Review
of practices for cleaning and sanitation of milking
machines. http:/citeseerx.ist.psu.edw/viewdoc/download?doi=
10.1.1.548.7193&rep=rep1 &type=pdf.

Smith TW, Eberhart RJ, Spencer SB, Kesler EM, Hargrove GL,
Wilson RW, Heald CW. 1985. Effect of automatic back-
flushing on number of new intramammary infections,
bacteria on teatcup liners and milk iodine. J Dairy Sci 68:
424-432.

Spencer SB, Jones LR. 2000. Liner wall movement and vacuum
measured by data acquisition. J Dairy Sci 83: 1110-1114.

Korean J Vet Serv, 2018, Vol. 41, No. 2



