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Physicochemical Properties of Korean Ogol Chicken, the Cross-Bred Ogol Chicken and
Broiler Meat

H. S. Chae"', C. N. Ahn', B. Y. Park', Y. M. Yoo, S. H. Cho, J. M. Lee' and Y. I. Choi’

"National Livestock Research Institute, RDA, 253 Gyesan-dong, Yusung-gu, Daejeon 305-365, South Korea,
QDepartment. of Animal Science, Chungbuk National University, San 48 Gaesin-dong, Heungduk-gu, Cheongju, Choongbuk 361-763, South Korea

ABSTRACT : This study was conducted to compare the biochemical properties on chicken meat among Korean Ogol
Chicken(KOC), the Cross-bred Ogol chicken(CBO), and broiler(BRO). The results were as follows: the total protein content
of the CBO was significantly(P<0.05) higher by 0.83% in male and by 1.37% in female than that of KOC. In the total protein
content, CBO also had significantly(P<0.05) higher percentages than that of BRO(21.73%). In the total fat content of CBO,
there was a significant (P<0.05)difference between male(0.69%) and female(0.91%). However, on the regarding both sexes
the total fat content percentage of CBO was a greatly lower than that of BRO(1.92%). The CBO showed a significantly
(P<0.05) higher calcium ion content, with 103.67 ppm and 118.00 ppm in male and female, respectively, than traditional broiler
breed(73.80 ppm). But KOC and CBO contained similar calcium ion content in each other. The CBO contained
significantly(P<0.05) higher essential amino acids(cystine, serine, lucine, phenylalanine, arginine, proline) than the BRO. In
fatty acid composition, the CBO contained higher unsaturated fatty acids, with 34.22 and 26.23% for male and female,
respectively, than the KOC containing 29.76 and 24.59% for male and female, respectively. These were substantially higher
levels compared to 19.59% in BRO.

Higher trend in Docosa hexaenoic acid(DHA) level was observed in the CBO(5.47% and 2.89% for male and female,
respectively) compared to the KOC(2.92% and 1.00%). While DHA in the broiler meat was not detectable. In the ratio between
n-6 and n-3, the CBO(3.87~6.14) appeared to have a better profile than BRO(25.71). The brightness of Commision
Internationale de L'Eclairage for CBO were 56.97 and 58.06 for male and female, respectively. Whereas broiler meat showed
62.88. Collectively, these color properties were higher than KOC.

(Key words : Korean Ogol Chicken, Cross-bred Ogol chicken, broiler, biochemical properties)
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Table 1. Gas Chromatography conditions for analysis of fatty

acid
Item Condition
Instrument Varian star 3600. U.S.A
Column Omegawax 205 fused-silica bond
capillary column (30m X 0.32mml.D.,

0.25 um film thickness)

Detector Flame Ionization Detector

Carrier gas Nitrogen(99.99%, Research purity)

Column flow rate Iml/min
Split ratio 100:1
Injection port temperature 250C
Detection port temperature 260°C
Oven temperature 200C

A E ) # 5t methylation tubeo] ¥ o] 0.5N NaOH 1 mlE
AH7E F100To] 1583 71dste] WAz th Boron
trifluoride methanol 14% solution(BF; methanol ; Sigma, Co,
US.A) 3 mlE Yol o] 1583 71 3 ztele] Alg o
%71 1 ml heptane 2 5 mit NaCl ¥3}-84-& Hotet & &3
del Fo] 2218 WX AAGD FEAE AAHA Vi
Hol go] W¥E(—80T)E#staA auto-sampler7} 2+
gas chromatography (Varian 3600 U.S.A)E o] -&3&lo] EA&}
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71719) 274 Table 13} 2t}

3. 24 % 22N 54

1 = A

212 Chromameter(Minolta Co. CR 300, Japan)Z CIE
(Commision Internationale de Leclairage) L*, a*, b* Zh-& 9ut
Bom Zyagon oY A8E EIBE Y=9240,
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A2 09%A k. Hustg e, 1658 AVS3 957
=

FEe] 710 0.69% 2832 ARR3 QTAC 4
A= ]

0.12%% 6533 Hmr)Bt} Zx|wo] Yot
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H
A7l 24zt 103 ppm, 118 ppm o2 58752 73.80 ppm

Table 2. Chemical composition of Korean Ogol chicken, cross-bred Ogol chicken and broiler meats (unit: %)
Korean Ogol chicken Cross-bred Ogol chicken
Items Broiler
Male Female Male Female

Moisture 75.99+0.08" 73.80+0.70° 73.87+0.30° 73.42+0.15° 75.11+0.09°
Protein 22.84+0.46° 22.20£0.20° 23.67+0.20° 23.57+0.16° 21.73+0.26°
Fat . 012+001° 0.40+0.11° 0.69+0.06° 0.91£0.08° 1.92£0.12°
Ash 0.96+0.01 1.0010.04 0.95+0.03 0.96+0.02 0.93+0.01

*"*Means in the same row with different letters are significantly different(P<0.05).

'Mean+S.E.

Y Warner-Bratzler shear meter, USA.
% Dae Han Co, Model 10-101, Korea.
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Table 3. Mineral contents of Korean Ogol chicken, cross-bred Ogol chicken and broiler meats (unit : ppm)
Korean Ogol chicken Cross-bred Ogol chicken .
Items Broiler
Male Female Male Female

Ca 1086+ 9.67" 94.0+ 1.53* 103.6+ 853" 1180+ 431° 73.8+ 2.92°
P 2202.6+ 68.86° 2214.6+10.93" 1928.1 +44.49 2026.0+31.73° 1890.0+23.52
K 2794.3+110.67 2743.0+80.76 2711.8+57.35 2729.0+59.21 2717.6+62.94
Na 517.0+ 8.62° 651.6+ 9.84° 471.3+15.48° 500.4+16.07° 530.0+20.08°
Mg 268.6+ 3.93 258.6+12.02 2480+ 8.88 271.1+ 6.86 250.6+ 4.95
Fe 33+ 033 6.0+ 1.00° 48+ 035° 63+ 0.75° 142+ 097
Zn 43+ 033 50+ 0.58% 6.1+ 035> 6.8+ 031° 104+ 0.40°

2~Means in the same row with different letters are significantly different(P<0.05).

'Mean+S.E.

Table 4. Composition of amino acids in Korean Ogol chicken, cross-bred Ogol chicken and broiler meats (unit : %)

Korean Ogol chicken Cross-bred Ogol chicken .
Items Broiler
Male Female Male Female
1

Cysteine 0.24+0.02 0.24+0.01 0.26+0.00 0.26+0.00 0.23+0.00
Methionine 0.52+0.03 0.54+0.02 0.54+0.01 0.54+0.01 0.52+0.01
Aspartic acid 2.07£0.05° 2.10£0.04° 2.23+0.02° 2.2340.02° 205£0.05°
Threonine 1.00+0.02° 1.01£0.02° 1.09+0.01° 1.0940.01° 1.01+0.02°
Serine 0.87+0.02° 0.87+0.02° 0.96+0.01° 0.97+0.01° 0.90+0.02°
Glutamic acid 3.36+0.07" 3.43+0.07 3.5040.03% 3.56+0.03" 3.45+0.07
Glycine 1.1440.13* 0.97+0.01° 1.02+0.01% 1.00+0.01° 0.93+0.02°
Alanine 1.3440.04° 1.34+0.05° 1.37+0.01° 1.37+0.01° 1.2240.05°
Valine 1.08+0.03° 1.07+0.04* 1.01+0.01° 0.99+£0.01° 0.96+0.01°
Iso-Leucine 1.05+0.03* 1.06+0.02* 0.98+0.01% 0.96+0.02° 0.94+0.02°
Leucine 1.9240.04° 1.964+0.04° 2.01+0.01° 2.0240.02° 1.79+0.04°
Tyrosine 0.75+0.03 0.76+0.02° 0.82+0.01° 0.83+0.02° 0.72+0.02°
Phenyalanine 1.18+0.02® 1.0940.10° 1.19+0.01* 1.2440.01° 1.00£0.02°
Lysine 2.00+0.08° 2.01+0.05 2.07£0.02° 2.0640.02° 1.774+0.09°
Histidine 0.91+0.04 0.85+0.07 0.9440.03 1.01+0.02 1.11+0.32
Arginine 1.35+0.04 1.38+0.04 1.45+0.01 1.37+0.05 1.29+0.04
Proline 0.88+0.04 0.80+0.03 0.88+0.04 0.86+0.04 0.85+0.03

*"*Means with different letters in the same row are significantly different(P<0.05).

'Mean +S.E.

HZoe o gted, 237 2 EARF(1996)0] et L BA K] 715 FAHL Ca

SHE H|59 A ¢S JdER
P O TAImMPTESo] 1,928~2,026 ppmoZ S-EA o
1,890 ppmell ¥l3le] Eovk, 2 F A5 2,202~2,215 ppm
HoE ‘5%8 fz}—a— [Bi20=d

=
His=gh AgkE vERd vHH, Fee} 7Zn
Z+z} 14.2 ppm, 104 ppmo 2 I3 E F4
£ e etk

220 ppm, P 1,660 ppm, Fe 12 ppm, Na 800 ppm, K 2,450 ppm
olaivlr—c ®no} B AAS vmel 2 ) Cao) PHE B3
o1} Po] &hake 268~554 ppm FH & With Na 2 Feo] &
F= AFAER1996)A AT FET #A vEbteu
K e o @itk

3) ofol=L4h =4



190 A

ZA, LEATTE L SEAFY oAt 2YE F
A8 Aa}= Table 49} 2t} alanine, leucine, phenyalanine,
lysine& A} EARZLES ele e Apolrt
Ao SEASTHE F2l A<l 2po]E HoH(P<0.05) 2
FASONA =2 TS JEATE oA S esAng
T oA zpol & Bo|=(P<0.05) 52 aspartic acid,
threonine, serine, tyrosine©. 2 @ A @A kb =7}
3t 43S VERITH

A 3} ofuAt 2L Aol Baw v glx|qt
A EFAEE1996)00A] 78] RuEAed 1 245 AT
X glutamic acid 13.95%, aspartic acid 8.79%, lysine 8.37%,
leucine 7.39%, arginine 5.86%, alanine 5.30% S{(AE71H)2
2 B33ta i}t o] EE4AS8- R} glutamic acid, lysine,
leucine, arginine 2] Frobu| At ko] 1.2~5.5% H =
2ol &F3ta 9lo] LEAVt TR dufoz £
Sl= A= Al E3F SFASC 2.51% = FHirE
o] t}2 2§KHr} v|wA B methionine2 cysteine®}
tyrosine?] HAddl] Tl ol ZAR Ha opjeilo
24 o]Ae] HEF3H RiEA] 2Fo 2 RE AFH s okyt g
th 28]B2& o] opujiz4t 8ol A =™ methionine®] A
of8-5 7P e Slie] dtia griHamilton et al,
1989). 3t 2 ZA 9} Zo] TR Y o] 8HE T
A%e] BF Dfolulmt FHEE S30%gO B Ao
e 9BASe S0 508% STAmMYEY F3ol
50.5%, &-&A1%0] 50.0%= Yeht SEAETE W 3
< Yehiiglch vl 22 3 (1996)9l Vel 25171 9]
ot At FH-8-2 46.6%5 JER, LEAS0] 4317
9] dpotu et 3-8 Bt thd 2 o2 Ryt

ook

ol 477] o1d ololBols Fe ABHF

3 A7 Table 59} 1
acid(C16:0)= 27 2 QA WAEE0] 2040~22.59%F
ek W K882 24.10%% FTtetE S

U o3t SATHP<0.05). L ZAI9} L FAwRE 3t

v &et Aee JeRSich 2ar1e] A, BRIA A
oleic acid(C18:1)2] gafe] =g A¢ dvtdoz 537t
A & A4S wsgktln 319 =(Dryden and Marchello,

3
1970) 2 AT M= §8AGo] 43.10%2 BA S F7

olft
to
ikt
=
to
]
X
Bl
=
oy

25.58%E ) oA o g =9on(P<0.05), LEAmEEL
FA 31.88%HETE =2 TS YEUTE arachidonic
acid(C20:4, n6)9] &2 S8A 59 25 0.12%E &-Fst
I Pgoyt QEAE 7.10~19.95%% VEM I, SEA L
FEe 5.96~12.02%E UEh SEASHY fejdor
(P<0.05) E2 S H ) Eicosa pentaenoic acid(EPA,
C20:5, n3) = 237 9 S84 Sol= AEHA Aoy 2
ZAZFZANE 0.06~0.07% H% HZE= ATt Clandinin
et al.(1980)-& 17He E 3 ER-FollAe] v w2, 3
o, e} Fdo] won, 53] xo FxA|Ad 7Y FH
g Zoz dEx: gjon], MEELH synaptogenesis}
membrane biogenesis7} &31A dojvs AR S
%719 = thE o3k Zleor dexzm YE Docosa
hexaenoic acid(DHA)E §-84| 8o = AZE A &skont
QIA LA 1.00~2.92%, LIAWFESAA 2.89~547
%7t AEHACE HZ A 7k Aldel slojA DHAE
T3 7154 245 Aato] AnjAdA F& uheS B
o|3 gle] 4H§Ado| £ DHAY §&ko] & L&A uE
L 71548 AFLE Almdnh

SIAILHPUFA)E 2 FA 8] 23.00~32.87%,
1ESo] 21.97~26.81%0.2 S84 18.85%KT}

rlo

kv
N
e
by

LAY

oA oz =o TS JERITHPL0.05). n6/n3e] B]go
M SE8AIEY A5 25.71%E v 52 H&S Ve
o, QEBASE 6.77~14.75%2 FL ¥ &S BT E3)
LIATTESS] B 387~6.14%2 LIZASHET} ¢
2 &S JeR) WHOCA AAstn sl 520 5% (n6)

1 1%(m3)¢} B3t e Ve 3 AndESE F2F
A 2SR e AeE gadnh

o9} o] AMAE 2o YA LEAISS trHEEd
Awktol © @o] &3 Ay 887 AR oE] 7R
ol A8 At e A8 FAE Hrishd, TAU
n-3 Alge] PUFAZ} B34 0] n-3/n-6 ¥ && AA A &
o 47} 9lth= E3(Linda and Steve, 1990; Ajuyah et al,
1991; Hargis et al., 1991; ¢F3 =, 1998)2 wzjg of, &
Alde] AR E | FFo & 2o Rote ARSEH
o] 7118 AL 2w AR HAT FFo] WE Zfo|= A&
T Rk

= B A-o] FAIE 9 ZA9 A EHE ALE 819
7] wjiol] 2]Ee] st E-H n-6 AE AAE linoleic
acid(C18:2,n-6)¢} n-3 AlE A|%4t linolenic acid(C18:3,n-3)7}
Zo| g8 A8 FE 9 A E FEA, HES A T

< AHAE F AW el LIA S e 2SR



Chae et al. : Physicochemical Properties of Korean Ogol Chicken, the Cross-Bred Ogol Chicken and Broiler Meat 191

Table 5. Composition of fatty acids in Korean Ogol chicken, cross-bred Ogol chicken and broiler meats (unit : %)
Korean Ogol chicken Cross-bred Ogol chicken
Items Broiler
Male Female Male Female
C14:0 1.774£0.24" 1.2940.12° 1.0640.10b° 0.91:£0.07 0.66+0.01°
Cl16:0 21.98+1.38 22.4940.20 20.40+0.60 22.59+1.00 24.10+0.36
Cl6:1n7 0.68£0.15° 3.13+0.74° 1.30£0.16° 2.7810.42° 5.71+0.03"
C18:0 12.09+1.14° 9.00+0.53 10474036 8.72+037° 6.42+0.31°
Cl18:1n9 33.58+2.10" 39.16+2.19* 31.88+1.42° 38.48+0.74° 43.10+1.01°
C18:2n6 10.2541.40° 14.79+2.05% 13.304+1.00% 15.02+0.46™ 18.36+0.84°
C18:3n6 0.00£0.00° 0.06£0.01° 0.00+0.00° 0.03+£0.01™ 0.18+0.01°
C18:3nm3 0.04+0.04° 0.28+0.04° 0.30+0.06° 0.48+0.05° 0.7440.03"
C20:1n9 0.14+0.01 0.35+0.04 0.66+0.32 0.29+0.04 0.43+0.04
C20:2n6 0.22+0.01 0.14+0.00 0.15+0.04 0.12+0.03 0.10£0.02
C20:3n6 0.41+0.01° 0.21+0.03* 0.38+0.05° 0.33+0.05° 0.09+0.00°
C20:4n6 11.95+3.21° 7.10+1.08" 12.02+1.49° 5.96+0.86" 0.12+0.01°
€20:5n3 0.004+0.00 0.00+0.00 0.06+0.03 0.07+0.02 0.000.00
C22:4n6 2.03+0.05° 0.70+£0.22% 0.96+0.21" 0.50+0.11™ 0.00+0.00°
C22:5n3 1.94+0.23° 0.3140.08™ 1.5840.18" 0.8140.13° 0.0040.00°
C22:6n3 2924029 1.0040.12% 5.47+0.53° 2.89+0.59° 0.00+0.00°
Staturated 35.84+0.10° 32.7740.66° 31.93+0.64° 32.2240.74° 31.174053°
Unsaturated 64.1640.10° 67.23+0.66° 68.07£0.64° 67.784+0.74° 68.8340.53°
Monounsaturated 34.40+2.25° 42.64+2.96° 33.85+1.42° 41.56+1.01° 49.24+0.98"
Polyunsaturated 29.76+2.31° 24.59+2.73° 3422+1.34° 26.23+1.37° 19.59+0.78"
n3 4.90+0.46" 1.594+0.21° 7.4140.62° 426+0.71° 0.74+0.03°
n6é 24.86+1.92° 23.00+2.54° 26.81+0.99° 21.97+0.88° 18.85+0.81°
n6/n3 5.07+£0.38° 14.75+0.52° 3.87+0.45° 6.14+0.85° 25.71+2.29°

“"“Means with different letters in the same row are significantly different(P<0.05).

'Mean+S.E.
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Table 6. Comparison of physiological characteristics of Korean Ogol chicken, cross-bred Ogol chicken and broiler meats

Korean Ogol chicken

Cross-bred Ogol chicken

Items Broiler
Male Female Male Female
pH 5.7540.16' 5.6440.05 5.60+0.07 5.71+0.08 5.7740.09
WHC (%) 58.96+0.4° 60.53+0.52 60.94+1.19 59.15+1.8 60.98+1.55
_ Cooking loss(%) 19.89+0.30 21.27+091° 21.04£0.51° 21.31+091° 24.45+0.66"
Shear force (kg/0.5inch’) 2.68+0.32" 2.2340.06" 1.41+0.11° 1.61+0.10° 1.56+0.12°

**Means with different letters in the same row are significantly different(P<0.05).

'Mean+S.E.
*WHC : Water holding capacity.
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Table 7. Color characteristics of breast meat in broiler of Korean Ogol chicken, cross-bred Ogol chicken and broiler meats

Korean Ogol chicken

Cross-bred Ogol chicken

Items Broiler
Male Female Male Female
L* 47.97+4.55" 51.09+2.36° 56.97+0.78 58.06+1.26" 62.88+1.88"
CEE” a* 3.27+0.27° 1.5440.73* 1.01+021° 1.64+0.57 0.96+0.25"
b* 5.06+0.32° 5.22+0.26° 2.90+0.24° 4.63+051° 6.79+0.58"

*Means with different letters in the same row are significantly different(P<0.05).
UCIE: Commision Internationale de L'Eclairage, L*=Brightness, 'a* = Red to green axis, b* = Yellow to blue axis.

Mean+S.E.
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Fig. 1. Cross-bred Ogo! chicken(left), Korean Ogol chicken
(right).

Fig. 2. Breast meat of Korean Ogol chicken(left), breast meat of
cross-bred Ogol chicken(right).

Fig. 3. Leg bone of Korean Ogol chicken(left), Leg bone of
cross-bred Ogol chicken(right).

9] 22.84%9} 22.20% Ht} 937 ozt =gkm B3
£9] 21.73%9) ¥l o)A 0 2(P<0.05) E
Wlem 2 3 mow l
L BEIAR SEASETGE oo g Yol T2 A%
e UTE}LH%\:}@<0 05). & ] LEA LT E] FUE

A Caol £F LEASHE HIEIAoY SE8ASES
= fojd o @ 2olP<0.05), Ca T3 F& 2A2 3AR
o}, olm|xAt SR serine, leucine, phenylalanineoljA] @
AngEHel S8AFA Hlstd fejxezn Fpow

i

84
U

EF0BA S M

=

nQL' A

£

fijo

S

ox
O{N BN

(P<0.05), w3} #edo] B2 glutamic acid®] & F2] %9l
2ol & UA L P<0.05), LEABFETHO] LE3A 2 58
ASBT £ 2L etk

S FAFAESL AWl FAld] glojA & arachidonic

acid(C20:4, n6) o] Tl M &-8A 52 vHlmsle] dA3] &

& S Yehlon £F 2348 % 5 Ve
WStk DHA o e Z2AladEHE 73 ¢3lo]l 4
7} 5.47%9} 2.89%2, F QEA S 2.92%, 1.00% Hrii
=2 S e, §8A184= DHAS] gaFo] 7
Ve ool eAlnEee] At 240§

i
Aoz VJeldtl QA wAESe] CIE L* 3}t £F o F
ASREE ot @ AEE vehllod eIl 549

ALAMe agE fAlsk Ak

(AQlel: e FA|, LEANFE, §A, Eelsshy 24)

AOAC 1990 Official Methods of Analysis(15th Ed.) Asso-
ciation of Official Analytical Chemists. Washington D C.

Ajuyah AO, Lee KH, Hardin RT, Sim JS 1991 Influence of
dietary full-fat seeds and oils on total lipid, cholesterol and
fatty acid composition of broiler meats. Can J Anim Sci
71:1011-1019.

Clandinin MT, Chapell JE, Heim, LS, Sawyer PR, Chance GW
1980 Extrauterine fatty acid accretion in infant brain
implication for fatty acid requirements. Early Hum Dev
4:131-138.

Dryden FD, Marchello JA. 1970 Influence of total lipid and
fatty acid composition upon the palatability of three bovine
muscles. J Anim Sci 31:36-41.

Folch M, Lees GH Sloane-Stanley. 1957 A simple method for

the isolation and purification of total lipids from animal



194 AN

tissues. J Biol Chem 226:497-509.

Govindarajan S 1973 Fresh meat color. CRC Crit Rev Food
Technology 27(4):117-122.

Hamiiton EMN, Whitney EN, Sizer FS 1989 The proteins and
amino acids, In "Nutrition:concepts and controversies".
West Publishing Company MN 146.

Hargis PS, Van Elswyk ME, Hargis BM 1991 Dietary
modification of yolk lipid with menhaden oil. Poultry Sci
70:874-883.

Hulan HW, Ackman RG, Ratnayake WMN, Proudfoot FG 1989
Omega-3 fatty acid levels and general performance of
commercial broilers fed practical levels of redfish meal.
Poultry Sci 68: 153-162.

Laakkonen E, Wellington GH, Skerbon JW 1970 Low
temperature longtime heating of bovine. I. Changes in
tenderness, water binding capacity, pH and amount of
water-soluble component. J Food Sci 35:175-179.

Caston L, Leeson S 1990 Research note:Dietary and egg
composition. Poultry Sci 69:1617-1620.

Morrison WR, Smith LM 1964 Preparation of fatty acid methyl
esters and dimethylacetals from lipids with boron trifluori-
demethanol. J Lipid Res 5:600-608.

Pearson AM, Young RB 1989 Musele and Meat Biochemistry.

ofrt
to
uk
2
to
L]
Y
&
o
ofN

Ho
op
2
Ho
o
=3
o
£
)
il
ox

Academie Press San Diego.

SAS 1996 SAS/STAT user's guide, Edition SAS Institute Inc.
Cary NC USA.

Yu LP, Lee YB 1986 Effects of postmortem pH and tem-
perature on bovine muscle structure and meat tenderness. J
Food Sci 51:774-780.

7279 10179 1997 1°’EEH/\PH 7:3025.

AEAEE 1996 w25 5 MR

otnle] B7kM duhiled 7159 71014 ZIAE 2000 F5E2)H)
A7 AS3 Al AR vAE 9% =71
=38 x| 27(3):197-202.

F AEA NEH A HET o]FF 1998 opnhFA
o] gogdE E FA7Ie] SAEAY A 7

plasma cholesterolol]] W] X|+= gk :’2?/}_ F32 40(1):130-

137.

%"1—*&71*04?-* 2001 A2 AR FEEEAE. 14,

S o8 7T 1985 FEA 2] H4 2 727
ao;g o A3 AT 1. | A] 3l EA} AL Sl=

V288 A] 12(2): 65-73.
43S 1996 3+ A <

aks|%) 23(3):145-151.
& 1981 AR 2ozt FATG AL| 1172

ZA19 A &2 A3 U



