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Diagnostic test for bovine mastitis by the determination of ATP
based on firefly bioluminescence
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Abstract: This study was carried out to diagnostic test for bovine mastitis by the deter-
mination of adenosine triphosphate (ATP) based on firefly bioluminescence. The results obtai-
ned are follow;

1. The infection rate of bovine mastitis investigated with 521 cows in 47 dairy farms were
found to be 3.6% of clinical form and 44.1% of subclinical form according to the degree of
infection.

2. The light yield produced in firefly bioluminescence system was proportional to the concen-
tration of ATP giving stright line within the range of 100PM~1uM.

3. When the number of somatic cell in milk was determined by the ATP assay and com-
pared with three conventional methods such Fossomatic, California mastatic test (CMT), and
rolling ball viscometer (RBV), it was shown that r=0.92 for Fossomatic, 0.63 for CMT and
0.7 for RBV.

4, The microorganisms causing mastitis were isolated Staphylococcus sp. (53.3%), Strep-
tococcus sp. (17.9%), Micrococcus sp. (13.5%), Grara negative bacilli (6.3%), Gram positive
bacilli (5.5%) and Yeast-like fungi (5.4%).

5. The endogeneous ATP levels of bacteria in a raw milk determined by the firefly biolumi-
nescence system and compared with the results of the conventional methods. The correlation
was .88 for raw milk.
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test)y, %9 AZE 7|A2 &A%+ RBV(rolling
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AZIAEY Fol sley, o4Re YHEL £U94Y
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Zeidler et al®o] A ¢+§ coulter count ¥ =} Sch-
midt-Madson®o] 319} fluore-opto-electronic cell co-
unt (FOECC)¥E #4549 AAZSE A&slz AH3
A &AL & o, olF WPEL S =Y B
H & AMEEl7] W ol FYA o] &= ol AA
ol o},

Bossuyt’ bioluminescence® o] &% A9 H4
q Fgto] #F BaE o HF5L biolumines-
cence W-&& o] &3t A3 AFTE TIFS
o] W&-& ol &3ld % Fol EASE AT 5 33
o #3 d+E& 2zdgct.
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(California mastitis test)2 $#& AAlslz, 4¥&
27" Ay $FE FTHoE A J3A4
Ao do] APAR Futs] Aol o] &3t

Y HFD ATPZ A A A 2.9} luciferin-luciferase
(Lumac, Denmark) & E%AZ otd, 4 F474
luminometer (LKB, Wallac 1250, Finland)¢] cham-
beroll cuvette® ¥ = 1027 99 %& FHEIANA
relative light units(RLU)E &4 3l4tl, o 7] of 10ul
2] adenosine triphosphate(ATP) standard €9 & A
A7 dA 71" RLUE &43 %529 A8 ATP
o] AL h& Frt,

ATP content in sample [M]=

Cr—B - vol. of ATP
C's+r—C'rX[ATP:| " ~Vol. of sample in assay

xD.F.
Cr=Counts of total ATP in sample [mV/10sec.]
Csir==Counts after adding standard ATP to the
sample [Cr]
[ATP]=Content of ATP standard
Vol.=volume
D.F.==Dilution factor

B=Background

282 HMEWHN ATP &HX : cuvette(poly vial
12x47mm)el A8 10pleF AAE ATP F2A 99l
nucleotide releasion somatic cells (NRS) 10415 @
I 30%7F £2A7 ¥ ATP &4 A %Q luciferin-
luciferase (LUMIT PM: lvial-& pH 7.75¢1 HEPES-
magnesium bupper 5mlZ £ A7 RA) 10019 £
A7 o2 luminometer® W9 F& g o] &
A shglch,

Pipeting sample 10xl in a polystyrene tube
Adding 104l NRB

Wating for 30sec

Adding 100gl luciferin-luciferase
Measuring of light yield

Adding 10xl ATP standard

Measuring of light yield

28 HZWo ATP & : AT @& 50uld A
TP %2 A <9 nucleotide releasion bacteria (NRB)
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2 48 ¥ 3027 AT ATPE 2% o ATP &
A kel luciferin-luciferase (Lumac, Denmark) 100
ml% ¥ 2 luminometer® %<& 343t
Background= NRB ®4 HEPES buffer 50ml ¥
At #F

o

& cuvetteo] luciferin-luciferase 100p1%

244 Aoz sger, LE AL 2§ 4 44
Bgl ot ﬂlft\M ATPE= & ATPAlA A F9 ATP
£ AAT Aeg 3.

Sample 50¢] in polystyrene tube
Adding 50#11 NRB

Extraction l‘for 30sec

Adding 100gl luciferin-Luciferase
Counting of light emission
Adding 10;11 ATP standard

Counting of light emission

California mastitis test(CMT): Schneider$} Jas-
per'® o] 9ated AAHH e CMT AF(FTF
2o E) 2mlgt T2 $4F 102F¢ ¢ F +F
o g3 wet WG ESE FA A

Electronic coulter counter®i 2|8t HMZE £ &
H 3" § sampleg somafixE o] &, AZLE 3
AA7 %, A4 =H P coulter counter (Model
2M, Coulter Electronic Limited, England)& A}&-3}
of 24slgdon, ¢4 AATE AsAEd(NaCD
of BfAA FES 2s EE2E AFZHIAE A
A EfH S 427 2048 WolEd oz ZAH .

FossomaticOll 2|8t HMZs HH :40°C water
batho] buffer fatE ¥ $f A& 0.5mle} F4E&
o} (0.1% ethidium bromide 26ml, 1% triton X-100
37.5mlS 25mM HOCCs COOK$# 20mM KOH buffer
2.5 litere] 42 #A) 9.5mlE& EFAA fossomatic
00¢] chambere] ¥ 10&7 ~Zld=ls ¥4EH4
ethidium bromides} A AlZ¢ DNAsH Z&3te 1ieh
W FAd 1,000 8 Ag AMZFE B3

PRE9 & HFES &3 I $HE s A3
AW o2 plate count agar (Difco, USA)e| 0.1mlE
Hgolme F W7 feEdoez Edde 37°CelA 48
Az Wk ¥ 3 ATF5FE SAA 3, Staphylococcus
X manitol agar (Difco, USA)E o] &34 37°Cel A
24~48A 7 WFF F F5E FANY R, Candida
tropicalis= chloramphenicol (0.05mg/ml)=} cyclo-
heximide (0.5mg/ml)7} %= Sabouraud’s dextrose
agar (Difco, U.S.A)E o] 3t 25°CelA 48~724

ZF ok ¥ AFFE FA39. Fre AF F
Bd colonys & A thg A M4 E F3d T
£ A AR

HA0 AUy P R e 28 FEE A
$&5 AALddA AQA = FA < asculine] A7
5 5% wWoF A Ao} w)oyate] 24 WAL £
e, 944, catalase test, DNase test 5& 4 A 3}o
AT e Fe FAsgG. AFE EHs] sk
Richard et al''s} Moore$} Jaciow'?9] ol wet F
A-%%¢ chloramphenicol (0.05mg/ml)3} cyclohexi-
mide (0.5mg/ml)7} #f= Sabouraud’s dextrose
agar (Difco, U.S.A)el FE3tA =2ste 27£1°C
o A 4847 WA 7AW okatgct. AR Wik
£ Gram 9, lacto-phenol cotton blue ¢4 4 4
8] webAl slide culture® A A &A . &5 ok
A FL& API 20C auxano gramme kit (Appareile
Procedes Identification, France)® Ab&3lo] Ee] ¥

A5 e
g1 ¥ g

2 mAb: Egel Qe Rad] 4
A 7+ £ Table 1o A9 o] 477 F4 & 52159
A oA 240%F(47.8%)7 FAH o2 HAH LS
1% JAYL 1952 3.6%A%, FY4E dE
23052 44.1% 2 vrebych,

e 2 AY LS 52.9%, YAYL 2.8%
2 dzdgen, $%= Y943 53%, I4H
3.7%2 pastgon 45U JHA A J3Y
33.9%, A4 Y L 8.6%2 Rusldrt, o grte]
AF9e] g9 Aol 2AMY, ZAAS, 24
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Table 1. The infection rate of boine mastitis

No. of
Dairy investi-
farms gated
cows

47 521

Infection rate

Total

clinical  subeclinical

19(3.6%) 230(44.1%) 249(47.8%)
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Bioluminescence Bt 0| 2|2t ATP &3 : Biolu-
minescence Ul 22 Kinetic 3 ATP =9} W &
2| BH : Luciferin-luciferase §o] <A g2 A-
TPE #7181 ¢ A @& kinetic® Fig 1o} el
ubel Zeh,
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Fig 1. Kinetic of firefly bioluminescence reaction.

Lacifeirn-luciferase £ & ATP¢} ul$3td ZA
ol wAE Wgx W Ao d4F FEE #A
e AL 2 4 3o od 4L McElory et al®®
ol 98 ¢8R o) % Delucast McElory's ATPE
A7 Wo] 0.25~0.3% ol AT HFoH,
Wulff et alle] o3l g 4& 20 A=AA &
A% #Fo2 FAHY 719 F&50 AVle AL
g A4 EH luciferaser} v 84 SFAE YA 3w
H AQgcz ok, 2t ATP 3= 334 44
H W9 &g 1027 AEHAA FFNDE F7HY
Ae€AE A EAS IR gedtz A2= d(Fig 2).

ATPo o8 445 W ATP s=99 F4& =
Asl7l 918 ATP 358 1,M~100pM7A 72 2
28l dAFY luciferin-luciferase 94 H A2
4 veld AE Fig 33 2o

2o A 2E ubel o] Yo & ATP F= ¥4
7} 100pMol A 1luM7A] A Aoz wHste Aoz
2w 43 ATP =% 100pM#ARA 243F & 4
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Fig 2. Measurement of light yield in firefly biolu-

minescence.
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Fig 3. Relationship between ATP content and
light yield in a firefly bioluminescence
system,
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Table 2. Repeatability of light production measu-

rement
Measu- ATP Milk sample
rement solution -
No. (25ng) 1 2 3
1 231.1 15.2 63.7 416.4
o e — 2 220.5 17.5 62.5 434.6
e = 3 213.9 16.0 60.6  443.2
—5 ffii’:r}‘r‘anﬂmﬂ"" 4 227.3 17.8 61.1 448.1
. \: = 5 220.0 16.6 57.6 447.7
= 100 X 37
S evda T 6 229.4 16.9 55.7 430.0
= 2 7 2110 17.7 7.0 479.0
T
i = = 8 218.0 18.8 68.5 444.6
E‘ =ES 9 212.6 15.8 64.2 4017
N N I e S =S 10 217.5 16.1 59.8  370.9
0 20 40 60 80 100
_ Mean 220.2 16.8 62.5 431.6
Time( sec. )
$.D.* 6.6 0.9 3.5 21.5
Fig 4. The time course of light emission of the i
C.V.(%)* 3.0 5.35 5.6 4.9

bioluminescence reaction in a sample con-

taining bacteria before and after adding

standard ATP.

ol 9 & @Al Het AFHY ATP =+ 99
2 A 79 standard ATP FEo o8 ZF715 W o
< 7Fe2 A 4Ed E & U

R4 HAMEZ ATP SN MYE o {5y
TA 2f5] AHNZ ATPE A Fol SlolAd &4
Wy e wR4gg &AL 9134 25nge] ATP £9
F AM 27 A7) 2 3FFY SFF 103 uhEe)
A de g A A% WolAFst BT 6% vt
9 w44 ¢ vrebd 9ok (Table 2).

Table 2014 23 uls} ko] 25nge] ATP §fo]A
AR 9] ol I HolAFrt 3% vehdd H]
H A zF7 27 G 3FEFY $RHAA 24 A
AL ATPZ 58 144 49 49 wolAls: Y&
5.3%Z vt A JeEgAR o] AEx HofFEL
TS AAZ ATPE &35 Wyoze vad
ubRAgol FHd Ao AtgE,

R4 MMESY HME ATP s=2t2] A
F94% A 8% Fossomatic ¥yl 93t AAzsE
A8tz AEEH L3Sl gstd AAZ ATP 5
& F38lA A% vlastyd vk Fig 5o vebd A
o} o] AAEF7 Frtgel =t ATP 525 &
AEe 2o, r=0.929 £& AIZAAE ey
Ak

o] 8} & AsE fluore-opto-electronic cell counter

* 8.D. : Standard deviation
** C.V. . Coefficient of variation

&
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Fig 5. Relationship between the somatic cell ATP
content and somatic cell count (Fossomatic)
of milk samples.,

(FOECC)$®} microscopic count (MIC)$} #] i3}
r=0.97¢ 232§ Schmidt-Madson®2] A =18 # 9] u)
<% £Fo|} FOECC3 NAGase 4 =439
oA r=0.72% B3 Obara?t Komatsu®e] A=}
e 34 £ A9 vehy F49dh

SRUS HAMEZ ATP 5=, CMT 3 RBV wiyn}
of AuuA I EA duldez ASHz Y& IHE
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Table 3. Correlations among various methods for
the counting of somatic cells in mastitis
milk

Methods compared Correlation coefficient*

ATP RBV 0.70

RBV CMT 0.73

CMT  ATP 0.63
* p<0.01

RBV : Rolling ball viscometer

CMT : California mastitis test

ATP : ATP measurement based on biolumine-
scence reaction

ol AAXLY DNAE Fa2AAAN A=E #FA3}E C-
MT9 243l RBV Wi £33 JA X ATP 349
#e] vz A Table 33 L& AAE Ak, F F
A A E 404F AAE AJA PEER 2FYE
W ATP %49 s RBV We wlzeld r=0.7, R-
BV CMT ¥+ r=0.73, CMT ¥ ATP &34
2 r=0.6322 AAZ ¥ A3AAE e
Poultrels} Lerondelle?®= g4 fo A3 AAMT
4% CMT¥ 3+ Fossomatic cell count & & uj =23}
o £ APAA gL A v 43 RA (r=0.71)
¢ 9932, =% 44 go] A&z g CMTH %
RBVY Atole] r=0.739 @& A3z#AE ehigl
o, @A ol e B Az A= ATP 34
A ok7lHE EXARgE vlz" CMT 2 RBV Y
o] ANEFE AR Y & d& FAFAU ¥
o] obdwl A u] %% Holetx Yz,

Arnott®?e] ®ire] 93w bulk somatic cell count
(BSCC) 7t 250, 000cells/ml 2=} wReom Ea &4
g el A ¥ FFolH, 250,000~500, 000
cells/mlol= £44Y A7t F+Fol3L, 500,000
~750, 000cells/mlo] ™ £ 438 Furdod FA7 Ao
=, 750,000cells/ml o] Ael= EA 7 A ¢4
Az EHRE AL JFEo= dd, AME ATP
FEE A9 948 Zez ER 29 ATP
%57} 60ng/ml o3}, 60~120ng/ml, 120~180ng/ml
3 180ng/ml o) 4oz FEF 471 vtz AF4d .
ozl AT ATPE 333224 £A4Y #3949
o A& A%s GEW) stgsted £ AHAA AL
45 A42 ATP 244ge) $83 ol &€ & A
3 AgE & vleld,

Y MR =A: g Add SR2EH
225 9 F& Table 40l 4 2& ule} Zo| Staphylo-

Table 4. Microorganism isolated from milk of

bovine mastitis

Percent of isolants

Microorganisms clinical case subclinical

(n=68) case(n=652)
Staphylococcus aureus 14(20.6) 113(17.3)
Staphylococcus epidermidis 12(17.6) 250(38.3)
Other staphylococcus 5(7.4) 35(5.4)
Micrococcus spp. 5(7.4) 128(19.6)
Streptococcus agalactia 4(5.9) 18(2.8)
Streptococcus uberis 2(2.9) 42(6.4)
Streptococcus dysgalactia 3(4.4) 35(.4)
Other streptococcus 4(5.9) 13(2.0)
Corynebacterium spp. 5(7.4) 3(0.5)
Listeria spp. 2(2.9) 1€0.2)
E coli 4(5.9) 1(0.2)
Klebsiella spp. 2(2.9) 1€0.2)
Pseudomonas spp. 2(2.9) 3(0.5)
Yeast-like fungi 4(5.9) 9(1.4)

n : Number of strains

coccus aureus (St aureus)7t 4438, £4AH 44
ol A 77 20.6%, 17.3%2 < ¥H&% 132 E
dAPf e 44 7.4
F9AYAN A=

coli®t Corynebacterium sp.<
%, 5.9%9 ZEEE Bolx Jovt
0.5% °13ts} @& 7Zd¢ Vet

wialo| St epidermidis$y Micrococcusoll A€ 443
oAl A 17.6%9 vl AAw¢ Fd&E tegledt &
JAY e 38.3%% 19.6%2 ¥ ZIdEe e
Woleh €3 BE} AFFE APl E 5.9%2
vebd ubd 2948 E 1.4%7F vEges, &
2| #3 = Candida krusei 55, Candida tropicalis 3
2 Candida pseudotropicalis 25, Candia albicans 2
F7 2ok At e da fudel A Peld
A FZ Staphylococcusdl & JAH, 9438 &
Wl zhzk 21.4%, 26.9%2 BRIdte B AAF ¢
7o) ol & Molm glort, utH St epidermidisS
Micrococcusol A= QA AH o)A 18.0% 8.4%, £
Ao AL 35.8%9 17.8% = Vet & AA 3 v =@
AgL wolx vt =3 A} 12 St epidermidis
o 9% gy &2 43.3%, St aureus 17.9
%, Micrococcuse 12.7%2tz Rzsle & 445
E 4719 HolE Bolz Sl

Ao f4d-g dosie AT A3t £ A7
Ax 939 fudolA 5.9%, €939 $3dodA
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1.4%< ¥218¢ 24, 9 HPe 438 44
o] A A9 FHelA A % Aol 1.3%4 #
HEE 9o AA44 fuddlAdE 1.5%9 #d &
o] Vetutvtz Ruat . It w2 g4 {44
AA 12.3%, F949 F3ddA 0.4%9 Zd £
Pt Baslgs A3 AU Add st ity H
T oY #A9EE 9.6%=tz Rudgch o) & 7ol
i S99 E doe A9 MA4EY Feg2 d
TFAbuteh tha Fol7k gled, ole F4d §udE
dosE 7y vl Ee] A9d Fx5t gEH, =%
s A A L L5 T Ao A%
o] a}—\— A2 o},

R0l Y= HT4et ATP SS9 A @ 9w
Zlii EReoziE A8 S ATY 29 A%
2 A8 2 sk7] $939 total colony count ol g
A Eeot FA= 4G 28 colony 5 =
Aetr] dAlAd e AFE WA AFAD F HAE 2
94 A= “ﬂ"&"lﬂ@“ 2 AFE & F A z2#HA
ojgl 2o FAAE 2 HAY  dE AFsn 2
A% Hc“{i suto] & AAF gTFHx %t

g2t B dToME Q479 AF o =& A
g wgure dejo g FAH3 z o] & st
S54L 2A4aA Qi LG5 e AT 59 A
T ATP 3% 4534 w3ugon F33o 4
B#AE =Astgd w Fig 63 2L A% (Y=
0.67X+3.39, r=0.88)% <4},

vhehd Aol ol 37 fFhol Ldse e
AFes o328 105~10%fu/mle] wWedeon, oH
AFolA 29 ATP 3=+ 105~10°%Mo 2 vebyt
2, 4% 88%° A#/AAE B Fh. William™E
plate count e 2 &3¢ = 5.2x107cfu/mlzA
- A Holst A7z w22 Bos-
suyt®9} Waes et al¥S gutg oz JfeE 10°
cell/ml A =9 A Z7 £413}7) w A ATPE A&
A 248y dAAE o L HA LY ATPE
AAsA god AFFE 3954 (overestimate) &
o] glo] MF ATPE £33 7] A NRS¢ ATP-
aseS A2 A AAZE ATPE AA 5 24% A
45 3L AARAE AL F YAtz By
2 A Qe 88%9 ¥ A4#AAAE ATPased
o] 43 Ry o viA AMAZ ATPE A
g A7 ATP ¥2% 337 = Folztz Atsd
.

Feta B AFAA
o] &8 AL 1A 7h el A

AN AT ATP 349
F4E ot g 4

lOJ
94
:
w
2
w 89
< . o y=0.67x-3.39
z L] r=0.8¢
< ° n= 50
74
a
-
L4 .
6—
7 . ’ ‘ .
5 [ 7 8 ¢

Viable cet| count { log cfu/ml]

Fig 6. Relationship between microbial ATP con-
tent and viable cell count of microorganism
on raw milk.

°ME+ AEgA7 9}% 7F5-A o] Q7] 9 Fell 9
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A ]i, SHATY ATPE FAFozA f9dd A
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a3l =t

L 474 EA9 B21F & d 4oz 2AF R0 7
Ad fdd A e 3ol 3.6%01A2 FY4Y
o] 44.1%= vtebyich,

2. Firefly luciferase$ o] 23 A-583 wrut-go
A ATP F=7F 100pMoll A 1uM7tA] Z7F ol Wz}
49 w9 = vAA o2 FAss

3. fwrd AGA YEIFH LFkgol o3t ATP
&49 ol % 54 E 2ATZA K3d SRl EA
8tz A M X£4E Fossomatic ¥4, CMT ¥ rolling
ball viscometer(RBV) o2 2Z2A3lo ATP 2344
% A% vlastgdd v 424 r=0.92, 0.63 2 0.79
FEAAE ey,

¢ Ba g 99 FaATe
sp.7} 53.3%, Streptococcus sp.7} 17.9%, Micrococcus
sp.7} 13.5%, Gram &4 z2tFe°] 6.3%, Gram ¥4
7hite] 5.5% B AT 5.4%°) 3 vt

. SR g ATFssd AT ATP 352+
#AE Ve o r=0.889 k.

¢

Staphylococcus

A4



10.

11.

12.

13.

14,

- HAE, HEE 39

- 4EE, Fol4, B4, HAE.

. Zeidler H, Tolle

. Bossuyt

. A, A, A8, o s

i 11 B #

AR BEE, A48 #HE %9 F94Y

furde] Zdgd AT 4F. Agd gz Fod
¥4 1982;7:51~63.

54 994 ¥ 4 X
B4 A #F AF. AFAGdE 43T
dFa =53 1987;12:115~128.

e f9F
2o $5EAAL 25449 dd AF 47,
FAF AY AT =84 1985527:39~44,

. Pearson JKL, Greer DO, Spence BK. The rela-

tionship between bulk milk cell counts and
cow quarter mastitis incidence. Vet Rec 1971;
88:488~493.

A, Heeshen W. Verbasserte
Praparation stechnikzur elekronischen bestim-
mung des zellgehaltes in milch. Milchwissensc-

haft 1968;23:564.

. Schmidt-Madson P. Fluoro-opto-electronic cell-

counting on milk. J Dairy Res 1975; 42:227~
239.

R. Determination of bacteriological
quality of raw milk by an ATP assay techni-
que. Milchwissenschaft 1981;36(5) :257~260.
Bioluminesce-
nce ¥iel % A% TR EARE AFF &
A, FFAE A3 A 1986; 18(2):88~92.

. MY, AR, AFN, A8, o5, YEF

A gyl 4F $49 AT FHH #¥ 4
. ¥F A4 1986;18(2):88~92.
Schneider RO, Jasper DE. Standardization of
the california mastitis test. Am J Vet Res 1964;
25:1635~1640.

Richard L, McDonald JS, Fictner RE, et al.
Identification of Yeast from bovine mammary
glands and their experimantal infectivity in
cattle. Am J Vet Res 1980:41:1991~1994.
Moore GS, Jaciow DW. Mycology for the cli-
nical laboratory. Reston Virginia; Reston Pub
Co inc, 1972;169~192,

S, F7E 449 Y9 A9EH 949
AT D AAZ Aol #E #4 2950 2
AT, ATz 2ARTH A =F 1984,
A3E, oY, LA4L. A¥ALY % #4949

— 390 —

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

of #F dF. 1. W9 44 ddg I 99F
&aF, g F 831X 1981:21:161~165.
McElory WD, Hastings JW, Coulombre J, et
al. The mechanism of action of pyrophosphate
in firefly luminescence. Arch Biochem Biophys.
1953:46:399~416.

Deluca M, McElory WD. Kinetics of the firefly
luciferase catalysed reactions.
74; 13:921~925.

Wulff K, Haar HP, Michal G. Constant light
signals in ATP assays with firefly luciferase:

Biochemistry 19

A kinetic explanatiation. In: Serio M and paz-
zagli ed. Luminescect assay perspectived in
endocrinology and clinical chemistry, New
York Raven-press 1982;47~52.

Chappell EW, Levin CV. Use of the firefly bio-
luminescence reaction for rapid defection and
counting of bacteria. Biochem Med 1968;2:42
~52.

Ludin A, Thore A. Analytical information
obtainable by evolution of the time course of
firefly bioluminescence in the assay of ATP.
Anal Biochem 1975:;66:47~63.

QObara Y, Komatsu M. Relationship between
N-acetyl-D-Glucosaminidase activity and cell
count, lactose, chloride or lactoferrin in cow
milk. J Dairy Sci 1984; 67:1043~1046.
Poultrel B, Lerondelle C. Cell content of Goat
milk: California mastitis test, coulter counter
and fossomatic for predicting half infection. J
Dairy Sei 1983; 66:2575~2579.

Arnott J. Bulk milk somatic cell counts: Their
interpretation and use.
Massey Uni 1981.
A, H9¥E. RafPdd #Y ERF AF
o &Y AT. 1. 94 =24k @A
1982:22:121~138,

A58, AdE. F9d ZE RN Eed
ARG Ao FAF AF. AT T3 A 1984;
20(11):684~691.

William MLB. The limitation of the Dupont
luminescent biometer in microbiological analysis
of food. Can Inst Food Technol J 1971;4:187.
Bossuyt R. Usefuless of an ATP assay techni-
que in evaluating the somatic cell content of

Dairy Farming Annual



milk, Milchwissenschaft 1978;33(1):11~13. the determination of the bacterial ATP. Milch-
27. Waes G, Bossuyt, Moffar J. A rapid method wissenschaft 1984; 39(12):707~711.
for the detection of non-sterile UHT milk by

— 391 —



