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ABSTRACT These studies were conducted to evaluate developmental competence
of follicular oocyte collected from the ovaries of Hanwoo cows with the high offspring
meat quality (1++ and 1+ grade). Cumulus oocyte complexes from individual cows
were matured, fertilized and cultured using protocols of in-vitro maturation (IVM), in-
vitro fertilization (IVF) and in-vitro culture (IVC). The rates of blastocyst development
from Hanwoo cows with the offspring meat quality grades of 1++ and 1+ were 18.6
and 21.2%, respectively. The rates of blastocyst development were 26.3, 20.7, 20.7,
17.2 and 31.2% from Hanwoo cows with the meat quality grades of 1++, 1+, 1, 2 and
3, respectively. Fiftyseven transferable embryos were recovered from 11 Hanwoo
donor cows (5.2/head) with the high offspring meat quality grades of 1++ and 1+ in
vivo, and the pregnancy rate after embryo transfer was 61.1%. In conclusion, these
results suggest that in vitro embryo production from the ovaries of cows with the high
meat quality grades using individual culture system can be used an efficient method
for livestock improvement. In addition, for the successful industrialization of embryo
transfer, conception rate should be improved.

Keywords: blastocyst, cumulus oocyte complexes, individual protocol, meat quality,
transferable embryos
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EAAE ALY welE S FAHCE fFshe T oI T
oMol A7t dasia A AP 7HENFY aEe S
5 Y AT AU B A oA PAtE SRS S
ol oAsto 24, A4, XA sk e Zleclth Al
WedeE AAtsh] flst fddes 939 i) 22Ee
Aot Hufighe =t ¥ AF+H 7200 F A aelA =
AH-Z 3]4oto] o]-€-stal(Andrade, 2003; Ax 5, 2005; & 5,
2006; 7 5, 2012), A=A Bike AshME =55k 9
o] oA dAE AF% F A QoM FsAA A+ F,
7-947t vl AeEshE e ol th(Hasler, 2000;
Ward 5, 2002; 2 5 2004; ¥ 5, 2008; A 5, 2015). =%
e ArAE2 AANPRE ERIsHA] il FAE AFsH,
s it o] gde 2 FHZEE &+ e THO] UA
ot 22y, FZole =5 44 JIA AR & & AjAE
2 daoM d2E AFske AAME 7182 5, 200002 &
oM, ¢4 FAFES 7 AAE A At
= o] g3l wet ST B8 w2 & AE AR AR
Hrh. E5449 A =SSN FES SAERAE
725 H AAFASE, 30 =484, Fd # FuigR
TS IY 9o, I e M s e &
T A AR F9 st T =AAF ol

£ Aol s AA, FAH 71217 22 F9] §d0] 1+54
o/ ¢F FAE =5T u, AR R FaoN FxTES A3
St A AGs H A, Aejuid & vivhE dgEs g}l
StRoH, =S5k % g4 B9 S8 b wiRtE
95 5. 7 HiAE AREE SRR B 7P
HE3HL A= A FollA o] §40] 1+5+ o8 3¢
£ Aldste] A E] & A3eE AAISHL, 7R O A8
oM A8 3t o]4 Thst £ 5 AR
A Fdi o] A5H0] AT ALl mAE ¥ AFSHA

=

e oYY

M2l it

SR THHIE A RF

ALEE Yo AESZT BN E5E= )
o E AESMFEIY /AP LRI E o]-§3 55 AH
ot H4HEEAP7HEY TS HH S g]lstalon, £
ool AY7t 5L & FRIE A dAE AHSIL, &
LAdA o] 1+5Foldel 5 /IAIE Aol SAlst. A<
AT AYARS A 303 BHEARS AAISAH dAE A
¥ FESE 5 FAYA(Penicillin G 100 IU/mL + streptomy-
cin 100 pg/mL, Sigma)7} H7HE da A dol HA 5k
3AIZEoIof] APAR 2utstylon dxgt HHE flsto] o
YA A5E AHst3T

2O XM=

2] fF = 18 gauge FARIO] ARHE FAZ]O 5% fetal
bovine serum (FBS, Gibco)°] &7} Dulbecco’s phosphate
buffer saline (D-PBS, Gibco)& &35t Wa AAUZE FA+
AL Y2 T 7 mm olst 27]9] FEoA dRHS Fisto] A
A@u(Leica, Germany)stoll Al FExHS AFstAT. A
S XS 10% FBS7F A 7H Tissue culture medium (TCM)
199 HFH(Gibco)2 &2 2-33] AIFg &, follicle stimulating
hormone (FSH, Sigma) 0.5 pg/mL, luteinizing hormone
(LH, Sigma) 0.5 ug/mlL, p-estradiol (Sigma) 1 ug/mLo] &
7+ TCM 199 ¥i%F 100 uL dropoll YAHS 15-20714 Yo,
38.5°Ce} 5% CO, 2719] vjF7](Forma, USA)OIA 20-22A]7F
S Higete] A sS Rkl

HMeleH
T FEAA NS 38°CY 204 20%7 g3t & gl
Ao Brackett & Oliphant’s solution (BO¥)<S #7}s}aL

1,000 rpmollA 587t Q4RI F5HE AASHAT A
BE AAT BN pelleto] BO¥-S Egsto] 23 LAHEHE 9
Fom, 45N AAG L, FF FA HE7t 5x10°/mL7t HE
£ IVF100 ¥iFA(UFP, Japan)& 7Fste] 3145t 2241%F
A9l vt dAE IVF100 MigA o= 2-33] A &, 42+
o] 7} dropell 9o, 38.5°Ce 5% CO, 2719] wjg7]olA] 5-6
AIZE B AeAS AT A Y-S At FAA
AF8-3H IVF100 Y A(IFP, Japan)2 BOY Q] AES U7 ¥H7
3t v FH 0 2 A 25 mM sodium pyruvate, 0.5 mM cysteine,
5 mg/mL bovine serum albumin (BSA), 5 mM caffeine, 7.5
mg/mL heparing Z3ic}

ofp

X/ Rl MRt
ALeA F FAES A FAA 10% FBS7H H7H TCM
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19922 3-43] AlFgstal A Quid 100 uL dropl FAE
20-30704 gof wintx Waag FIA717] fste] dx uj
FA FAOIA Rl EA 2t el gst R 2™, 38.5°C 2 5%
CO, 2719 wiF7IoA 7-9L3t Mottt 4 F 244 &
e+ F 7-92LA 0 AAE vtz &S ERIStH o 48
A7kt A Qe g A AT

MLz et

el o 11
SR SA

AHREFBOARLE SAAGIOIA AL 5 TS G 2
Foh AREE CAY 57k B9 TS G 9052 AN A
Aol BAFGOH, BHLE FAEEARAANA T £X]
MR Rlste] A5 Fol 1+5Fol4 NS Asioint.

ST iR 2| H S-E 3

-9 g fFE5t7] flste] WA Hd} #A glo]
progesterone releasing intravaginal deviceQl controlled
internal drug release (CIDR, g=38lo|A5EFE)E Ao 4
st 49AEE follicle stimulating hormone (FSH)Q! An-
torin R-10 (Kawasaki mitaka K.K, Japan) 28AUS Z&H o
B 497 122 A 0 2 8 FALSIIH FSH F9 53]9} 63
Aol PGFo (FFZAIEA)E 28 FARHAL 6314 CIDR
= AAsH CIDR A 843} 9UA 0 33| AA AF+BZ
AAEAt AZ+A 7R 2-way (EE 3-way) 7HHEFS 0]
8oto] HlQHQl Yo R F AFZoA FFHE 35013
ok AU Ak fsiA 53] BEEAYES AAlsH

o =
T A THSEA TA 7-8LA00 AA A= 30
A% 165 o439 T, 58 ANFALE 41E §9NT ¥ 2

5o olAlsirt. 44 oAl 73] WEAIgo ® AN
Q41013 4ol 4] 90070 AR E o R sl

B2 AYo)A BEAEAL SPSS 23.0% o] 839, EAHY
Lo =3 #E t-ZAA(independent t-test) D YLu[x] BALEA
(one-way ANOVA)S AAst9lon, A9+ & E3&3} v
ShE IgEo] vlwel, AA £3T 52 379 o]Alo| mE

4

Table 1. Registration status of slaughtered Hanwoo cow

e A 794 BHS Y3l 7rolAlEF AA(Chi-squared
test)= AA|SIA T

A BES0IA =5EE &S WA
MFd3le] AP RZI]E ol8sto] 5F FHE &ARIsA, &
o] HA] o2 #5853 71255, €655, LSoHE &
St TH(Table 1). 27149 =534 SA1E ¢ FaE 1,587
Folgler, d=FS/MFEI o] 50l © A= 1,512F
(95.3%)°19 1L, SHHA &2 WA= 757(4.7%)°1 9. 54
WA 1,5125F FoA 712552 4607(30.4%)°14 1L, B55F
2 985%(65.1%), 155F2 675F(4.4 %)°19r}.

o] oA FTFHA+E 87 B A=A 71Eel FEE
£ R ol A7t &E A vl&E 42.7% (678/1587
) oldith. A7t &8 AEFE FolA SoHRE AL e
2 60.2% (408/678%F) ol9, F7t= FHio] =AGAE gld
Hl&2 11.4% (77/678%) o13tt. 3o AF & AAHd# o] &
A a9 HEL 6.6% (45/6785) ©1%tt.

(o]

{240l et Jriel SESS M2 Mo+ X

40

=
Hi

I A

H ok
nz 4o
(o) m_l:l_ o

ok

e

=5 Ui Foio §2 SF0] 1+5F o4l /A 38
oA dEFS FFHst] TCM 199 (10% FBS, FSH, LH, -
estradiol ZFHHFAC R HAF&5S A7 ¥, T 5Z2ZY
S IVF100 ¥igFA oz HA47t 5x10°/mL7t HEs 245
o, 5-6A17t B A stk AdeA T GdES A
FAQl TCM 199 (10% FBS)ollA AL} Fuif shalomn,
38.5°C & 5% CO, ZFAA 7-9U7F vt +4 T 294
of £8&3 £ T 7-9Y4A o vivtE LS 15}

T35 % U4 9 §4 5300 wEA 9] £, £
k9] =, A QA T BEg, ik W82 v walgth(Table
2). 39 &4 530 1++53%U &F & F4 554 F
220709 FxgS AFsom, 1+55< 33514 % 1,080
A9 dxT-E Aot =5 T A Fd9 4 530

2 5 dExT £ 1++539%0 S 44.01 93, 1+53

No. of Registered

Slaughter house No. of slaughtered Hanwoo cow

No. of Unregistered (%)

Total (%) Basic Pedigree Advanced
A 1,075 1,030 (95.8) 310 677 43 45(4.2)
B 512 482 (94.1) 150 308 24 30(5.9)
Total 1,687 1,512 (95.3) 460 985 67 75 (4.7)
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Table 2. In vitro fertilization and blastocyst development rate from Hanwoo cows according to offspring meat quality grade

Meat quality grade No. of cows No. of oocyte No. of oocyte/head  No. of cleaved oocyte(%)  No. of blastocyst(%)
1++ 5 220 440 141 (64,1) 41(18.6)
1+ 33 1,080 32.7 652 (60.4) 229 (21.2)
Total 38 1,300 34.2 793 (61.0) 270 (20.8)
t/4 -0.997 1.063 0.732
p 0.325 0.302 0.392
*p < 0.05.

Table 3. In vitro fertilization and blastocyst development rate of oocyte from Hanwoo cows according to meat quality grade

Meat quality grade No. of cows No. of oocyte No. of oocyte/head No. of cleaved oocyte (%)  No. of blastocyst (%)
1++ 2 80 40.0 46 (57.5) 21(26.3)
1+ 6 188 31.3 125 (66.5) 39(20.7)
1 14 561 40.1 321 (57.2) 116 (20.7)
2 13 378 29.1 245 (64.8) 65(17.2)
3 3 93 31.0 56 (60.2) 29(31.2)
Total 38 1,300 34.2 793 (61.0) 270 (20.8)
t/y’ 0.409 8.500 10.525*
o 0.800 0.075 0.032
*p < 0.05, **p < 0.01.
Table 4. Recovery rate of in vivo embryos from Hanwoo donor cows
No. of No. of No. of No. of
No. of donor
recovered embryos recovered embryos/head transferable embryos transferable embryos/head
11 116 10.5 57 5.2
BF 32.7NE, F5E 5%stolA SAHE v—l s 1}017} A% o] &4 530l 1++53 A% 4670(57.5%), 1+5a% B+

Achp = 0.325). AL4F F £2TH G &= &5 3
A 3019 83 53] 1++532A ¢ 1417H(64 1% ¥, 1+
53U 4% 652702(60.4%), F9F 5%cto|A =5 3 &
4 F9 $4 530 et 2EE2 [T i}OI H“iiﬂr(p =
0.302). E3 7-94#A 0| wfjutz=z tl;a%& TS =5 o
4 39 83 30| 1++53U B¢ H(18 6*V) AL, 1+
=39 A9 2297M(21.2%) =, =% 9 U4 Trjo 84 53
of et wigtE IdEL SAZoRE o3t A7} YIiHp =
0.392).

9] Table 2004 =5 ¢ U4 T §4 53 w2t &4
& HiEtE HgE ] A9E £ 5 ¢F 44 3UY &
53L& 5719 ¥FQ 1++5F, 1458, 158, 255
o g FEste] dAe] 5, £F dAp9] £, A 94A
S WHEE WSS FU1E BASItHTable 3). 3 8
o ¢~— 1++582 4% 40.071, 1+55% 3% 31.37,

$ 40.170, 2532 A% 29.17, 353 AF 31.
, TYFE S%otolA B e A g9 $4
Fol 02 5F 423 £ FAZGR F93 Zoj7t gl
(p = 0.800). A2+ & B IR FE=E5 T G4 T
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71(64.8%), 353 A% 5671(60.2%) .3
olgt i}°l7}

]_

Al B 32170(57.2%), 2552 B 245

, ol BAHLE

AUTHp = 0.075). Bt 7-9L4A ] wivtz s g

—5—]_ o 01—/\ 1%]—1:]1_4

52 580 1++58 4+

2170(26. 3%) 1+53< 3 3971(20.7%), 153! 4% 11674
(20.7%), 258 A% 6570(17.2%), 358! 3% 2970(31.2%)
gom, g% s%stolA g Hol7t Atk = 0.032).
et B4 9 94 G 84 53] 1++5F, 353U 2
97} 71 0 919] Bl uls) iAo hutE wekgo] ok},

HUSH 514 L 2HA0|A 5 2E1S
#0019 82 i) 153 o4 39 115

ﬂrﬂﬂﬁ‘r A2

SR £ 1057 o190, oA R 4 57711@1
5 o A7FsF A S 5.270 o] et.

55 faon A4 £4% 30712
16%0 olASHT, §31 52 44 471 2590 o5
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Table 5. Pregnancy rate after transfer of Hanwoo embryos produced
in vivo

Embryos No. of recipients  No. of pregnancy (%)
Fresh 30 16 11 (68.8)
Frozen 4 2 0(0.0
Total 34 18 11(61.1)

o O 23 sHE2 AA 89 3¢ 68.8% olgeu, 52
T 4¢ dAlo] HA ke (0.0%) (Table 5), ol 2
TF 5%5tolA FAH LR Fo7t Zol7t YATHp = 0.137).
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B9 8 5 QNS Y AR, AT B9 AF S=9

&7 0F sty gt thiH oS4 P A= Pt A
. A 5201002 S2A5F0] 1++ & 1+ A == 49 das
o|gsto] =TS Aot FATo|A 0 R Hojd =FoAE
AXsI 7192 o, &8 53°] 1+57 ool 90%=, ¥4
FATE| IFSK Aol TS Fohal skl ojeh 22
HUSS UG OR E A7 S45F 1+014 &40 gd/+
9 84 555 23S 95 FAFH] AU 2 AdeAHHS
Aare of AFHE dApSek vigtE Wgdgo] ojd JFE nXe
A& FIst7] flsto] Syt

ARETY 27404 E5H & G4 1,587F 3 55
H AAE 1,5125%095.3%)013 29, 1 F 712552 460%
(30.4%), @ES2L 985%(65.1%), L5522 675(4.4%)°]
Aok =59 A FolA FHXAYFLF 3T B4hH9 A4
7|#0] HE B2 o] Ayt @5 o& FRIH MAE 678F
(42.7%)°19031, 1 FoA Hold $olx|9 53& FHE - 9]
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+ 17.6719 dxT-Z AFHSA £ AFolM = B dExEH
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GxT = SAFoRE Fo3t Ao|7} glYlod, 1++3 1 57
9] GaoA FET 7 7P €1 2539 YholA B2 A
o] 91gitt. o] A= 7 5(2015)3 FAFEE Hol Uit =3 A
5(2006)2 712 559-0A Hat 24.770, @S5 E B
26.7709 dxTZ AFHHAY, SHAGTEFS 1++, 1+, 12 FE
sto] AF S FET = A2 v

o]

Y,
o k

e
fr o

R

rolu

54
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9, FSH 28AU Z%F 59, 12|3 4947 12417 7HE 9] 285
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EWHoE S+t FHE T &4 550] 1+57 ol
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7Vt #8% = STARA 3T 53 o] 7sd 4% ¢
= 5.270013it}. o] dit= T2 T2E A Eo R 3% 7
5(2006)9] -2} AlF S04 o]Al7Hs’t 470l 2+ 5.0
7Hek 3.5704 gl4== Axkel A 5(2012)0] BCS wte} 4.6-5.7
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A 343 Akt ARt wtE) 2HH & 5(20006)0]
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. ¥ 5(2000)2 CIDR & progester-
one AAIE AMESHA] il A|7]0] FAATEERE F oot
o|al7ts £ATE 4.27] 35ty R IFO A, proges-
terone AAE &&HA L1k o] s A7) AJAto] 7t
S HoFnt. A 5(2002)2 &% AU o] AT o 4=
g&o 9 vXE 990z $#eo A 5IH 5715 A
T, $ATY B8, 55, 3E9E 5= & ¢ o, o
mh EfEo] Bt 40.2-45.7%2F1 BT £ 5(2006)2
3F9- AA A7) FHjE0] 43.9% °|3 T, A 5(2013) AlA|
FAAFBCS) 2.5°]8}, 2.5-3.0, 3.50140F FE}0] SHE
o] 11.76%, 40.79%, 11.11%= Bt 33.33% =1 stAct. A &
(2006)9] A 2H(39.7%)2 -9(43.6%) E&5H2 & A
o7} Ytk B 135k, Stroud?} Hasler (2006)= FHS&S
66.2%% ¥sto] £ A AR FHE 61.1%% FARE H4
o|itt. & Aol AA AT FAFATE o|AFE o 4
Hl&o] A gou SAHE Fo3t Aol7t Yd A2 Al
HE FASFFHY AN dnY F+Q2HE Q1T A
S 9] 3HAIE W5t QlojAl 37} A4t7t P a st

A 7ttt 390 =FTE o]Ad T FHEE H[E2
oSl Yehta glow, o= w7hE Aot AR 2ol
21, oA AFe 8%l o= 7] A, oA A|&AY
71& 9%, A, A, o259, 9FH 5ol b= AL
2 Hlrh. mEhA £87o]A9] 4RISHE AoiAE FHES =
A 4 A= AFFEE 2 SR04 7] digk 2E23e 542
AT A3 T AR AlmETh

S FABACl AW 9 A9 Az AT o AFE IR
WEgo ojd PFE FA BASH| fste] £33
& o4 B3I FHIES
A

o] 7h5eA] Blstuzt
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