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Abstract

This study was conducted to understand on the effect of the phenotypes of k-CN and
B-LG genetic variants of cows on Cheddar cheese yield. Among 50 Holstein cows raised
at the experimental farm of Yonam College, 15 cows were selected and divided them
into two groups based on the routine milk quality managing system. The phenotypes
of k-CN and B-LG were analyzed by PCR-RFLP and curd production vyields (37%
moisture content corrected yield) of each cow were compared. B-LG phenotypes AB
(12.77% and 15.26%) showed higher curd production than B-LG phenotypes AA
(10.67% and 10.86%) or BB type (10.11%). As a result, the curd production yields of
Group-1 with a C/F ratio of 0.63 and Group-2 with that of 0.72 were 11.95% (theoretical
yield of 11.88%) and 9.69% (theoretical yield 9.86%), respectively. The cheese yield of
Group-1 was high about 2.26% (theoretical yiel 1.92%) despite of the lower than
Group-2 in C/F raio. In fact, the weight of cheddar cheese made with 100 L of Group-1
bulk milk was 12.8 kg and the yield of cheese was 11.93% (theoretical yield of 11.67%).
This study suggests that it is possible to secure price competitiveness in the domestic
market by improving the cheese production yield and by supplying dairy cows with high
production yield genes to cheese-making farms through molecular breeding studies of
cows.

Keywords: B-LactoglobyLin (B-LG), k-Casein (k-CN), Phenotypes of genetic variants,
Cheese yield, Domestic cheese price
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OFEPHA ‘IT7]~J_01§X]‘§ SEE T 97 AR = A 77k BRG8N FUHEENA
212%5, 2671 FEHANA 98FS, 1471 FAIAPERINA 89%5) & 399&=9 A=2e &
R E R ) 08%01] Eoith2,3]. ol 22 wf¢ A &9 AAXRE APAbotar 0“:
ol-f= FUHoIA Axoh= F4F AAAN 29 714 Ao =it =9 X[ Z2of| H]s] -
) golch, 3, 7 492 AZE 120] 7o) B8 F AL T4 29 Al Wl
629 S I Q8 A7l S0 i 87 SEOIe) A 1%
S 5 Sl QAT HUSRA 2] AR AR A 9 8GR ) A
2 712 A7 gore meEs] B 2 9k 1
23 | Ant BUHe gl o] 28T
o 9ol 7 ol AZAZ WAl A4 G A5 A9l 1
R 3 ﬂ]olﬂ ald gl B-lactoglobulin(8-LG) A% AARY 19 wE - A4l
Bolth A= YA +8& 249 B30 e sl sE 5
B WelE $404 90 Aolo] U2 w-CNoF 4-LGE] 404 Wolale] LT, 3],
AE Fol A, 240 AT Sl 1E g 249] Hol, Z8] cascin/fue] FLE(C/F ratio)
T 292 A B3] B2 E Aol Fol SR AT Wrh. BoNA lecasein(s-CN)T}
B-LG & F2 e AAIsh= FAAH] T @A (polymorphisms)e FA| 402 Fa37T A
999 3349 9B 549, 2od=2 FEY SAIYE B G2 A 82
O AHho] B Z4thOo 2 0]-85}= marker assisted selection(MAS)of] &% 11 9} FYAE
PCR-RFLP 7|%& O]% 3t R AR 24 A7E7} Chung et al.ofl 2J5) AlZFE Q7). o9t 2
2 GARARA (-CN3} f-LGE) ofd] S5 WolA] B4 H940] BRAAE 2 947
A2 AR 48 7112 % Uk Q771 olo] Choi & Ng-Kwai- Hangol SJa}4] SEE2
e S LKL G B 8591 403 oo o8 05 24, 56l
6-LGS] EHH] o U 249) Folo] T AT o} T
o4 ASFT Y BLEY (-CNI} g-LG % Hole] HaY
mil)E FAele] A% AZAAE A= B4 280 Aol UL R, ol T A2 717
A Huc] A9Ae EAE A4S A0 JlthErt 2 Bgold A
N §-LG ERF0] et A )9 355 Aol 2 ofst A5l Agakn
S 50%9] ZAEjIo] Hfstol 5-ONIH 4-LGO] BRHO] Tty 1558 A, 45 54
o vt Belshs 9] Aazol Gl ARG AT DA LU T AARE £-CN
BLGE) BHY A= A 285 2 Razo] YFRE AR At A2 YA $83 v
Qsteltt

Mz 3 HitH

= [e)
A 249 A3E 7lii 1558 At on, o]58 Yf F4 ki EAoA e
Sh= 2709] A (group-13t group-2)2. 2 E2|5t3iTt.
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30| QAR 24
58 G9APAHYLOIA PCRRFLP 924 A% B4 /M2 5ol 3249 B4
AAIBSAEHT]

Genomic DNA extraction

Chung et al.o] AFof|lA ARGRE RO R 7 7iAS-2RE AFE Y 10 mLE 754 xgO =
108 QAR elsio] B MAT HEo] 500 uLe] 0.2 M NHCl -8k 7fsio] 7o) 4@
2 & A|ASFAL} TA| STE(0.1 M NaCl, 10 mM Tris, 1 mM EDTA, pH 8.0) 300 uL<}
proteinase-K(10 mg/mL) @ SDS(20%) 882 7+ 30 uL H7kste] 65CAlA 24|17t 308 &<t
A5kt PCl(phenol:chloroform:isoamyl alcohol = 25:24:1)8} chloroform& ©]-&3te] DNA
SEHE B3ty £2]H DNA £59L cold ethyl alcoholZ FHA]A genomic DNAS
FEot3on, &4 genomic DNAE 30C 9] X704 1587 Ax $ FFol &3fisto

ARE ARSI

Primer

£-CN<2 Denicourt et al.2] AF-Q} 0] 530 bp2] THE JEA|Z &= U= primer(25 men)E
ol-§st3iomH, B-LG= 262 bpo] THE FEAL 4 Sl= ZO& Chung et al.o] AT 4
Medrano & Aguilar-Cordova®] @20 Qg EXH primer(25 men)E ARESITH7,8].

ey 52

k-CNI} B-LG #AA4 SF2 s AR 2 primer®] H7[H{A2 Table 10] AAISFAT
k-CNZ} B-LG 547 32 Yol GeneAmp 9600(Perkin Elmer, Waltham, MA, USA)Z ©]
25199t} Reaction mixture®] %2 genomic DNAE EFsto] 3t Al 25 uL2 A5t 0
W, I reaction mixturel] ZAI} ZZ Uk 2% ZZAL Table 2 Y Table 39 AHA|St vk}
2t} k-CN9| denaturation> 95T oAl 30%, annealing= 53T OJA] 45%, Z18]1L extension
73Co|A 1202 HAsto] 403] BHEESIATE B-LGY] denaturation> 94T o)A 30%, annealing
L 63CoA 30%, 18|21 extensionS 72T oA 40x2 AA5o] 353] HHEs}9ch

Xjateg Lol &2l

PCR 850 95to] SZH ,-CNZ} 8-LG 449 thg/dE Bl s k-CNY| A%, &
FEAE 10 pLol 0.3 uL(10 U/uL)®] Taq I polymerase(Thermus aquaticus B.M.[Roche
Diagnostics International, Rotkreuz, Swiss])@} 1.7 uL9] buffer & 3 uLo] 755 716l 65C
ol A 2417t BCt digestiondFHTHI]. B-LGY] A$ ZFEAME 10 ulof 0.5 ul(10 U/uL)2] Hae

Table 1. Sequences and amplified fragment sizes of k—CN and B-LG specific DNA primer used for PCR

Primer Sequence Fragment size
«—Cassin 5' - ATA GCC AAA TAT ATC CCA ATT GA(A/G) T- 3 530 b
5' - TTT ATT AAT AAG TCC ATG AAT CTT G - 3' P

5' - GTC CTT GTG CTG GAC ACC GAC TAC A -3'

B-Lactoglobulin 5' - CAG GAC ACC GGC TCC AGG TAT ATG A 3! 262 bp
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Table 2. Reaction mixtures for k~CN and B-LG gene amplification

Mixture k—Casein B-Lactoglobulin
10x reaction buffer 25 ul (1x) 2.5 ul (1x)
dNTP 1.0 wL (100 uM) 0.8 uL (80 uM)
Primer 1 0.5 uLl (1 uM) 0.3 uL (0.6 uM)
Primer 2 0.5 wl (1 uw) 0.3 uL (0.6 uM)
Taq DNA polymerase 0.4 uL 2 U) 0.3 uL (1.5 V)
dH:0 18.1 uL 18.8 uL
Genomic DNA 1.0 uL 2.0 uL
Total 25.0 uL (for one) 25.0 uL (for one)

Final concentration of each component.

Table 3. Thermal conditions for k-CN and b-LG gene amplification

Thermal condition

Reaction

k—Casein B-Lactoglobulin
Denaturation 95C - 5 min 94C - 5 min
Denaturation 95T - 30 sec 94°C - 30 sec
Annealing 53T - 45 sec 40 cycles 63T - 30 sec 35 cycles
Extension 73T - 1 min 40 cycles 72C - 40 sec 35 cycles
Extension 73T - 10 min 72°C - 10 min

III restriction enzyme(Promega, Promega Korea, Seoul, Korea)#} 1.5 uL9] buffer ¥ 3 uL9]
ZE24E 7hsto] 37004 1A17F 158 591 digestions A TH7].

gE ¥ HE
AFad AY T oA GHEL £-CNO| Z-F 3% agarose gel(1x Tris-borate-EDTA)O]
100 V& 50—&7& 71952 sto] AL, B-LGY A o] oE& 79 bpe} 74 bp
1

T4HS oA &Rlst7] Yot 8% PAGE gel(1x Tris-borate-EDTA)O] 20 mAZ 147} 30
B Bl A719%S shich A719%0] By gel ethidium bromide2 FAj3te] UV Apof 4]
solstelnt

Cheddar X|X XX

At AzE dgdista f7R718M8 Y Ad7RdolA Axstlt dafie MR
£ 47 1 kg 19 SFERE AFote] 1097 A FRE Aot (25 AZXsI3ict. 12
U 2 AJSE AEE SRS o &5 Aol 1T S st Bt 3;
of ofsto] ¥heE AU ofA] Folglth A o] wE 27) Zae] &Y AYo] 2f3
499} opol 293 AT 100 kg2 F5ko] 200 L A= HjEO|A] At} M= xﬂ&o—@Oﬂ
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wje} A3
YBLLE 65T A 2587 A5t oH, A nYEZE 59 Directive 90/220/CEEQ]
FAA N2 FAFR SEE A G2 L. lactis ssp. lactis. L. lactis ssp. cremoris? T-/3%H A L&
DVS(Ezal MA-14, Rhodia)E 4 units/100 LE A7I5F9 o, WL HALA rennet(CHR-
Hansen'syg d% ARERH(2.5 g/100 L)o] SH50f AREsigitt. Satd #A=w 2F APt
0.75%7F 2 wW7HA] AtgdS AASHEA 35 AASALH, A MEE A 2 x 3 x5
em® 7|2 Aot F 7HH(1.5%)5H . 7R A= Wilson JFE(10 kg)ofl A= M2
oI, 1T ASE BT ANE BE 7 25 kyfon'e] YRS 340! 24T S A
Sl Qo] BE AL AFEAH] ST WL HEslsit
g 24
A FAAE A5E47](Bently 150, Bentley Instruments, Chaska, MN, USA)E A}-&-5}of
milk fat, milk protein, lactose®] TFS ZAotaL, F7]E, FA LG E(Solids not fat, SNF), FiL
FE(Total solids, TS) 59| $tFd} casein/fat ratio(C/F ratio)= AF-EA7]of A= AA 24
EEEELT )

AF 59 N PR =4S x2Puu|dHo] webA Difco™ plate count agar(Fisher Scientific,
| mLE AA845t0] 5 T, 3209 LElA 487k WS
R )

j'/z 7-/52/’ ’__CI'/
2o $HZ=77](FD-600, Kett, Tokyo, Japan)S AME3to] 175C 0|4 587 ARae] S8
Sk (moisture content)S J-oFFC}.

HEYMAE AN
AL @ A2 PApE2 AA $2E(actual yields)[10], Van Slyke 0] 4>E(theoretical yields)
[11,12] ¥ 37% $~E B $=8(37% moisture adjusted yields)[10] 5 37FA 2 &5t Zz¢

AASASIEL A B Bl yeDE U2 T A2 5E BB, SR, 43
512 EHH) @S var o] ARG FHOR At

Van Sylke O & 488 T} FA0z Astgon,
CYvs = (0.93MF + 0.80P — .1) x 1.09 / (1 — Desired M / 100)
I CYE A2 48 MFE §A03, P eld 9%, ME 8okt 83l

37% G5 A4S Barbano & Shebon®] BF4][10]0]] wekA] Van Sylke O] 2 428 F-24]ofA|
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s|els SEEERS 37%E tUste] AAlstglct.

CY;; = (0.93MF + 0.80P — .1) x 1.09 / (1 — 0.37 / 100)

-

Zn o 13

xY

SEGNA 2 $U 24 5079 e AFoto] -CN p-LG F44

A5t 1555 Adstola, #@F0 BAgle] 24E group-134 group-2
= E5Foto] A2 strk(Table 4). 24 group-17-2] o2t group-27-9] AFFY ¥ 24
% C/F ratio(Aol4]l S A thet GAS] vl&)d} AF4E, & Mletse Table 49} 2t

19 AFAEE group-2 AER7} 0.14%2A] group-1a- HeF- 0.16%ETF £ HolQlA|
ot & Mlda+= group-1 A7t Log. 4.692 4] group-2 JE+ Log. 5.06Ect 2512 &t
A4 group-19] AEF+= C/F ratio7} 0.6350] H|A] gromz X2 YAl =&o] £4] &S Ao
2 7R 5 QAR e ko] 3.43%2 Wl w2 Holal, Al A 441%=2 oA
A2 BAF g0l 25 A0 7Y EQie). vhdo] A group- 29] HAgHE CfF ratio?} 0.728

o9 EX)uk R Fgol 3.06% 4011, HAY THE 341N Sobd X2 A S-go]
22 R0z Ut Skeic®] 959 FAT X% 580] ¥k £A 1|4 «-CN BB,
B-LG BB §714 #olA| 7k 1ehe 9-99] A2 40| Erhy sgom], ANEAT} go.

L

TS E AT} a5 R R-AOJAE ot A2 88 AstAl7|H, FEA AR Ca¥o}

Sl 1S T4 SHbIe), WSl MRS BREA AL AZ 2

Fh3 SREHI). Guinee et & ATk A2 583 240] BF B B2 JFS AT

ke, 151 il o S 8ol 306 ol oAk M 240943 200
eF = AE $E0] 104%(°12 & 10.1%) o1 EoFH Tl sk3iTH14]. Choi

Ng-Kwai-Hang®| Aol A= A2l C/F ratioS AESHA] %o HlolHE &Rlet 4

, 5 2145 A9 C/F ratios 0.710]1 29, BB/AAZ I AB/AAE L 27} 0.79¢} 0.619]

tHe6]. Cipola-Gotet et al2 B& X2 A|F FA 5ol Al Brown Swiss A X2 $E0]

A%, S, 5 2 5 G el G oA AL 52 AL o

Qo] et A2 A4S AZIAHIS]

¢

1;‘.:;2:&2"&
_?L
N

ral
o&

MR k-CN1t B-LG2| phenotypesit 7E MLt 2
AdFoE AU A4 15579 £-CNI -LG FH% oA EEFOE tiro] HY
AA/AAY 2%, AA/ABE 55, AA/BBY 4%, AB/ABE 15, BB/AAE 25, BB/ABY 1532

Table 4. Compositions of bulk milk in two cows’ groups

Nutritional components (%) C/F
Cow’s group n TA (%) " TBC (Log No/mL)
Fat Protein Lactose SNF TS U0
Group-1 8 0.16 4.41 3.43 5.05 9.47 13.04 0.63 4.69
Group-2 7 0.14 3.41 3.06 5.08 9.03 11.98 0.72 5.06

n, number of cows; TA, titratable acidity; SNF, solids-non-fat; TS, total solids; C/F ratio, ratio of casein content vs fat content; TBC, total bacterial counts.
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H, AB/AAE, AB/BBE, ¥ BB/BBd—%

HAa AAER 293 1,000 mLA A o A
Nz BARE HE AS B SES ALIUHTible 5). A2 L S8 AAF £-CN
T} BLGE % Holqo] JAHE FTFS WA, 2ROl H, ANES, AFH{14] 2
QA PA6)0] GAAE FTE T % 91 B, 2 AFolHE S Hole] gt
Qa0 Aehe U ST ASSHL AERIN URe) Bhol vt FRelol Beloi
45 PR G 5 9T AERE e

133 ¥ B4 A BA 582 AA/AAT 25E 10.67%, AA/ABE 55= 12.77%, AA/BB
¥ 421 10.11%, AB/ABE 151 15.26%, BB/AAE 25 W3t 10.869%(ZF2F 9.03%, 12.68%)
9 BB/ABE 15+ 9.69%°]3tt. k-CNZ}F B-LG 3dF HE 7= A 8- v|us)] & o
AB/ABEo] 15.26% =4 7F =kor, 11 t420] AA/ABF L2 A 12.77%°] it} T3 £-CN
BBl 7HA -] AL At &2 AANS 1255 AQotile vlud 32 g HolF1
UL

AR0] p-LC HARE ABE 7%, AAT 4%, BBE 4524 §-LG ABZI} 4-CN AAE
Fe ABFHO 232 o|& /MAI-Y AT At g0l 27} 12.77%2F 15.26%2 A U9 =3t
O} -CN BBE2 9.69%= A o] Wttt B-LG AAZ T -CN AAY E+= BB 239
2 o2 /MARFY A= A &2 2 10.67%2} 10.86%=2A F7F AL &L HAL
B-LG BBE¥} £-CN AAFo] 232 °|f BF+= AL 80 10.11%=A 7HF Wl

Group-2 H3H79] AL F&o0] W2 o|fF=ZA A et A do] ool ¥ L2

Ql Ao A= ATk, Choi & Ng-Kwai-Hang®] AollAL 3.58%2] F-A|%safa) 3.22%2]
HE 729 Fod g JRolA BB/BB phenotypes 11.36%9] &2 A= Jitea
Hel AyHe]et vlistd S&3 Argo] HA| @t LA A g dldye] #AE
P/F ratio®] 29It A& £ A% Guinee et al. ©] AHIsteFo] r oW P/F ratio’} =2 &%
7]' H 1, AHpgteFo] =olXH P/F ratio”} W& 87} E =4, P/F ratio?} 0.8 o]dlo|d AA|

E(actual yield 11.0%)°] &1, 1.0 o]Ao|H Thalidyl 2vt] S normalizest X2 &

et

Az ASE AxHAL

HU§2

0 AL A FS
}.

|1 r>~

O

Table 5. Frequencies of cow and curd-yields by phenotypes of k-CN and B-LG

Cow No.

Fﬁfgl?l%pflf@ Freqléincy Of Group-1 Group-2 SR
AA/AA 2 m 51 10.67
AA/AB 5 90, 100, 117 96, 145 12.77
AA/BB 4 63, 140 64, 144 10.11
AB/AA 0

AB/AB 1 1,473 15.26
AB/BB 0

BB/AA 2 92 110 10.86
BB/AB 1 125 9.69
BB/BB 0

Corrected vyield is on basis of the 37% moisture adjusted content of curd.
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(11.1%)°] kL 3t AF17]9 2ol F414 HolA 9] FF 219 thE 2159 FFU ALz
ek sict,

AAE = Joo AR AR A Bt BAEES Table 6014 Hi= vio} o] =1
I 37%E HASLAE W group-19] Hdt & 11.95%(0] & 11.88%)= group-29] &
9.69%(C] 2 $+& 9.86%)E Tt OF 2.26%(0]2 $+& Ao] 1.92%) H2 AOFE UERdTh

ol=gt zfol= - A 2 Ekj’Jr Aol atoldl SalE FAAI ol ofsh =i -’F—i“é
o] glycol-macropeptide®} 58491 SHTHIAL Aolat 7A12) o] X% 4-80] AT i
Tfzof & Ao Af= ofof thgt —5:’—‘40] o]F0]A ] 533t o]0 ¥t Bonfatti et al.o] ?i:rloﬂ
A ZE micro-A 2 AL AZR F4 oA aa-, ao-, B-, 7-, glycosylated & unglycosylated «-
CN ¥ 8-LG, a-LA 59 97 @A FoA B-CNI} glycosylated x-CNoJ 2= 4=&0f 7}
2 JFZ FH, £-CNIY ¢0-CN2 229 1&g IA F7HI71A EstEzE 2|29
1PE FFo] Lot 0a-CNF} B-CN HZ2 A= 8o AFAQ JF= =0l ok
oH18].

UERQ AT XX M 58
0] 2 852 T4E goup-19] B4 A3} obHol 83 YES oF 100 LL
AHocle A0 AL AT $ol B S A Tl 7 2% O 1o 58
259 k-CN¥} 8-LG 713 HolAlE EFFPL R o] B AA/AATY 17, AA/ABY
3%, AA/BBE 2%, AB/ABE 1%, BB/AAE 153 tH(Table 5).

Group-19] $-7-(100.6 kg) £/ O 2 AAFSE Van Sylke O] 2 &2 12.11%0]1 0.1, A
AR 29] FEFL 12.8 kg, TETF 39.3%0] et o] A2 AA &2 12.72%, 37% T
WA SEE 1L6MES 1174 lgolgleh ole 22 ATk ol 18 2] 4] 1= 2o
AZF Hot 80| 9.88 kg/100 kg milko] T Barbano & Sherbon®] #-+ ZA3H10]4+ Choi
& Ng—Kwal—Hang_Q] AF[6]o1A HHFZE AR 2|20 AAFF(11.42 g/100 g milk) L 37%

2 B 58 11.18%ET =& AFtolt;.

Table 6. The corrected and theoretical curd yields of two groups of dairy cows

Cows’ group n Corrected yield (%) Theoretical yield (%)
Group-—1 8 11.95 11.88
Group-2 7 9.69 9.86
G-1) - (G-2 2.26 1.92

Corrected curd yield is on basis of the 37% moisture adjusted content of curds.

Table 7. Production yields of Cheddar cheese made from group-1 bulk milk

Weight (kg) Moisture (%) Cheese yield (%)
Cheese milk used 100.60 86.96 12117
Cheese weigh produced 12.80 39.3 12.72?
Moisture adjusted weight 11.74 37.0 11.677

"Wan Sylke theoretical yield.
Inctual yield.
937% moisture adjusted yield.
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Table 79| A7HE B 4-LG EEF-2 AAFoY BBEETH= ABFo] H& &2 A= P4t
$8g Yehd Fojgke 2FE GAE Zoh I8y o] AdE x-CNIF 4-LG EEFH]
BB/BBEQ! A%, dE/9 A 255 Fotor X2 A 80| 7P E9ktHe Choi &
Ng-Kwai-Hang®] A+ 232} o2 Z0]tH6]. Mayer et al.2] AFo]lA] k-7}A]Q1 gHgo] HoH
ALY Fa EAo] tHEH|, £-CN AA /&= ABET x-7HAIQl Fgo] AL, A= 4=&0]
2 39 Ty HolAH 9 24L& B-CN A’B, k-CN AA, -LG AAQl 9-fol, 3-CN
A’A%, k-CN AA, B-LG AAQl 9 A= $80] 30% H= STkl SIITH19]. £-CN AA,
B-LGEol| p-CN& 233t 359] o] §474 HolA7F A2 80 FFE F= AUAES
AEHog AmEH, ¢-CN BB $-RF& 79l $HFo] &7] figo] #d -§a/do] &0,
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