KOREAN J. FOOD SCI. ANIL. RESOUR. Vol. 23. No. 3, pp. 200~208(2003)

1o SJA

1978

A=zokg go{7t 229 |H o|X= I
AEA - FE o5 25w’ o4
oot %@d%—mﬂ 7 uﬂzﬂm ARARTE, (EAEATE

Effects of Dietary Germanium Supplementation
on the Meat Quality of Duck

Hye-Jung Kim, Cheng Yun Liang, Myung Kyu Ju, Kyu Ho Lee',
Soo-Hyun Cho® and Sung Ki Lee*
Dept. of Food Science and Technology in Animal Resources, Kangwon National University,

IDept. of Animal Feed Science and Technology, Kangwon National University,
National Livestock Research Institute, RDA

Abstract

This study was carried out to investigate the influence of dietary germanium supplementation on the meat
quality of duck. Ducks raised for 42 days were slaughtered and the ground meats were stored at 3T for 12
days under 1200 lux. Experimental treatments were divided into 3 kinds of meat from ducks fed germanium
as follows; 1) Control(natural water + commercial feed), 2) T1(1~10 days : natural water + commercial feed,
11~42 days : natural water + commercial feed supplemented with 1% germanium), 3) T2(1~10 days :
germanium submersion water + commercial feed, 11~42 days : natural water + commercial feed supplemented
with 1% germanium). The pH of duck meat was not different among the treatments(p>0.05). The germanium
treatments exhibited significantly higher crude fat content in both breast and thigh meat(p<0.05). In the fatty
acid composition, T2 contained more unsaturated fatty acid than control or T1. TPA(textural profile analysis)
value such as hardness, gumminess, chewiness and adhesiveness decreased in meat from duck fed supplemental
germanium. Cholesterol contents of duck meat decreased in dietary supplemental germanium treatment
compared to control, but were not significantly different among them(p>0.05). Dietary germanium
supplementation affected on lipid oxidation of meat during storage. TBARS of meat from duck fed germanium
was lower than that of control(p<0.05), but was not significantly different between them(p>0.05). The CIE L%,
b* and h° values of germanium treatments were significantly(p<0.05) higher than those of control. Also a* value
showed more stable in germanium diet treatment during storage. Therefore, dietary supplemental germanium
to duck resulted in light brownish color formation, improvement tenderness and retardation of lipid oxidation
of meat during refrigerated storage.
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Table 1. Experimental design
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Table 2. GC analysis condition for determination of fatty
acid composition

Item Condition

Instrument Varian 3600, USA

Omegawax 205 fused-silica bond

Column Capillary column (30 mx0.32 mm LD,
0.25 im film thickness)

Detector Flame lonization Detector

Carrier gas Nitrogen(99.99%, research purity)

Column flow | ml/min

rate

Split ratio i 100 : 1

Injection port 250

temperature

Detection port 260T

temperature

Oven 200C

temperature
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Fig. 1. Effect of dietary germanium supplementation on
A3 WHC(water holding capacity) of duck meat storage
25 on 12 days.
Fig. 12 A& 120 e8]z 299 z} Ael+d 5 Control: natural water + commercial feed, T1: 1~10
442 Vet 7143 el s 25 2o vl Al days(natural water ~+ commercial feed), 11~fl2 daoys(natural
2l FelTsl Bago] kokt) B 28] o]sE water + commercial feed supplemented with 1% germa-

nium), T2: 1~10 days(germanium precipitated water +

o]
A FANE Ade 89 i Axs 247, vk 29y commercial feed), 11~42 days(natural water + commercial

3l o] It Wierbicki and Deatherage, 1958). 53| 7} " feed supplemented with 1% germanium).
Table 3. Effect of dietary germanium supplementation on proximate composition of duck meat (unit : %)

Proximate composition

Muscle Treatments"’
Moisture Protein Fat Ash

Control 80.69+0.21 17.87£0.15 0.52+0.36° 1.24+0.19
Breast Tl 81.03+0.05 18.00+0.21 0.78+0.20° 1.15£0.06
T2 81.44+0.12 16.56+0.20 0.95+0.19 1.12+£0.09
Control 77.83£0.13 20.05+0.12 1.14+0.30° 1.02+0.09
Thigh T1 78.68+0.20 19.79+0.16 1.70+0.19* 0.78+0.22
T2 77.724£0.10 20.17£0.23 1.81+0.04° 0.97+0.08

*® Means within the same column are significantly different(p<0.05).

Y Control: natural water + commercial feed, T1: 1~10 days(natural water + commercial feed), 11~42 days(natural water + commercial
feed supplemented with 1% germanium), T2: 1~10 days(germanium precipitated water + commercial feed), 11~42 days(natural
water + commercial feed supplemented with 1% germanium).

Table 4. Effect of dietary germanium supplementation on pH of duck meat

Storage period(days)

Muscle Treatments"’
0 3 6 9 12

Control 5.70+0.04° 5.89+0.02° 5.67+0.02 5.7840.01% 6.13£0.05*
Breast TI 5.7740.03° 5.90+0.02% 5.78£0.01°° 5.79+0.04° 6.01£0.03%
T2 5.77+0.01° 5.91+0.01% 5.7740.03% 5.73+0.02% 5.960.01%
Control 6.38+0.03* 6.52+0.02" 6.33£0.01* 5.46+0.02°° 6.37£0.02*
Thigh Tl 6.53+0.01* 6.72+0.02* 6.51+0.03* 5.92+0.01% 6.66+0.05"
g 6.19+0.02°C 6.36:0.01™ 6.21£0.01%° 6.30£0.03"" 6.41+0.02**

*® Means within the same column are significantly different(p<0.05).

4D Means within the same row are significantly different(p<0.05).
Y Control: natural water + commercial feed, T1: 1~10 days(natural water + commercial feed), 11~42 days(natural water +

commercial feed supplemented with 1% germanium), T2: 1~10 days(germanium precipitated water + commercial feed), 11~42
days(natural water + commercial feed supplemented with 1% germanium).
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Fig. 2. Effect of dietary germanium supplementation on
cholesterol of duck meat.

Control: natural water + commercial feed, T1: 1~10
days(natural water + commercial feed), 11~42 days(natural
water + commercial feed supplemented with 1%
germanium), T2: 1~10 days(germanium precipitated water
+ commercial feed), 11~42 days(natural water +
commercial feed supplemented with 1% germanium).
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Table 5. Effect of dietary germanium supplementation on textural profile analysis of duck meat

Treatments” Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness
(® (g-9) (cm) (o) ® (g - cm)

Control 1251276 - 190166 0.84+0.09 0.45+0.05" 554+ 94 467126
T1 1475+234° - 93+35 0.86+0.04 0.37+0.06° 554£170 478+156

T2 963+242° - 98456 0.84+0.03 0.52+0.03" 500£123 421+104

a-b

Means within the same column are significantly different(p<0.05).
D Means within the same row are significantly different(p<0.05).

" Control: natural water + commercial feed, T1: 1~10 days(natural water + commercial feed), 11~42 days(natural water + commercial
feed supplemented with 1% germanium), T2: 1~10 days(germanium precipitated water + commercial feed), 11~42 days(natural water

+ commercial feed supplemented with 1% germanium).



Azoks goizt ool 2o BxE 9% 205

0.9
0.8 I ——Control
0.7 + —=T1
0.6 —T2
05 r
0.4 r
0.3 ¢
0.2 |
0.1t

TBARS(mg MA/kg)

Storage days

Fig. 3. Effect of dietary germanium supplementation on
TBARS of duck breast meat.

Control: natural water + commercial feed, T1: 1~10
days(natural water + commercial feed), 11 ~42 days(natural
water + commercial feed supplemented with 1%
germanium), T2: 1~10 days(germanium precipitated water
+ commercial feed), 11~42 days(natural water -+
commercial feed supplemented with 1% germanium).
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Fig. 4. Effect of dietary germanium supplementation on
TBARS of duck thigh meat.

Control: natural water + commercial feed, T1: 1~10
days(natural water + commercial feed), 11~42 days(natural
water + commercial feed supplemented with 1% germa-
nium), T2: 1~10 days(germanium precipitated water +
commercial feed), 11~42 days(natural water + commercial
feed supplemented with 1% germanium).

o AMEES FAE ) e Rew veigth 1 F
2F2RE J2rkE AXFE Foln vl ALzl 1%S
A7kete] =9l 3ol A% 3L £ Aoz Yeidh

g M

Table 6= 289} 71553 thel K<) 54 ¥zE Yepd
Aoz LU'ge A7 B¢ 7% vel§ 25 Alzet
¥ OA/bF B rRT R 2 #E vehi
o} webA AlzebEg Foisle Sl Wolxk Aee B
o] FATHP<0.05). a 7k A7 Aol & Bl FA] FA

0, A7l AesE wE wolel AAEE Frkehe

C AR 2Tk 2o AZebs JATE A4 A

G52 2Tl va] Z7b Zo] ol ANLT Z 2ol
HolR) grskth o)¢} ke AFE w|Ro] Hol AlZnty A
TVt 7Y o) vaE Be Aze] ¢yl 7]odst
= Aoz AYHh b e AZekEy FAT7F 2Tl v
) dAA3 wgn AR FME e AFL B
(p<0.05). C'3te AR =2 A 77t 2 o8 Holx| &
skoh h'ghe A gho @ Tidl Hls] T377} & A4 2}
o]7} A& BeAFT AUTHp<0.05). |9} Zo] Qo] A=
oS F3H S0 o) B =AML HodME A
Zo &4 kAo ZuslE AoR eyt

7(|I:II-A|- =AM

AzrteS F43 egjar]e] AWAt 242 Table 79
A B uie} o] gl Higte] T27ee A4
9l palmitic acid(16:0)3} stearic acid(18:0)7} <F 1% F = &
A Bol 9o, v gt BEX XA oleic acid(18:1)0]
1% o} o] Eof Utk ABulE Fodd & F3ig A
wake] wigkeE QIS 18 AIR Al 2ukg HAFE A &
1% FA 127} 27 T17) vl & XAt g
o] ¥tz whA F BRSP4 ido] whth 8|3 T2
o] &} Bxsl x|k Ex]HMUFA/SFA)S] H]&-0]
2.04, Ty} B3} XAl L3R WAKPUFA/SFA)S] Hl&o|
047, & BX A WAV E3 A HMHUFA/SFA) H]&o] 2.51
2 Vel glzT1e] 1.92, 0467 23780 25 =gt} 8
U dutrE F93 3 1% AZakse J7ke TI79 A
AF ZA o] 2o v A HAe] o Bt7] o &l Al
2rkF Fojo whE A 2400 e AAAQ A7t e
% o] desivm shlich Aol wow Atale] # o]
o & 4 9A|7HChang and Watt, 1972), Fig. 3, 40]l4] H&
ule} Zo] AlZulg o 77F TR ¥ 22 TBARSH
< Jehit) oA Al2vlkgo] 2HoA MEEEE R
vl free radical-2 A7 (Hachisu et al., 1983; Komuro et
al,. 1986)3l= Aoz ¥}, olg} Zo] A=ZrtE Fo+
A BEsR|Hte] o el FiEo U= AFF 7]
9] Akl o AAE AT

2 o

Azvhse] Folvt edlel §2 vAe 9FE T
7l fgel AzekEg FASH e WEFT, A 11
U - 4297 A=vRE 1% FAT(T2), AHS 01080l A2s}
¥ A5 FAT Fol 102U Azeks 1% FoiF
(T2 1Fre] 4P AN BA A@ 22l rhs



206 ghT-2 A4 Eek3] X A 237 A 33(2003)

Table 6. Effect of dietary germanium supplementation on CIE color of duck meat

Storage period(days)

Muscle Treatments"’
Control 6 9 12

Control 41.36+0.21" 40.24:0.09"° 43.46+0.05™ 42.93+0.01"® 43.38+0.06™

Breast Tl 44.88+0.16™ 45.34=0.10°¢ 46.83+0.06** 45.74+0.08" 45.92+0.15"

- T2 44.55+0.19° 45.04-0.11"° 46.28+0.11* 46.58+0.04** 46.12+0.19"
Control 40.41+0.03°€ 41.37+0.07° 43.81+0.03* 43.58+0.04 43.57+0.16"

Thigh Tl 42.18+0.04°° 42.64+0.01°C 44.97+0.02°* 44.55+0.05™ 44.9220.12%

T2 44.50+0.11%° 45.60+0.15° 47.04+0.07 46.60+0.01% 46.37+0.08°

Control 13.97+0.01° 13.70+0.04* 12.40+0.04°° 14.53+0.13% 16.91+0.13*

Breast TI 12.94+0.08" 13.08+0.01*° 13.55+0.03° 14.31+0.02°® 15.56+0.01™

. T2 14.25+0.04* 13.27:0.21% 12.99+0.01° 10.51+0.04" 14.84+0.04™
? Control 11.58+0.04° 12.13+0.12°¢ 15.5140.15%® 15.19£0.01° 16.30+0.02*
Thigh Tl 12.73+0.08* 12.5040.02° 15.75+0.12° 15.83+0.08" 16.0120.05*

T2 11.90+0.11* 11.86+0.04° 14.22+0.13"® 14.91+0.01™ 15.82+0.03"

Control 4.72+0.06™ 7.82:0.05* 6.470.05" 4.88+0.02°C 2.99+0.05°
Breast Tl 6.83+0.04*° 7.29+0.06™ 6.80+0.01° 6.35+0.04 5.39£0.02°°

v T2 6.59+0.01° 7.67+0.04" 8.77+0.08* 8.26+0.03* 6.00+0.04"
Control 3.930.05° 6.3120.01* 4.67+0.06 4.40+0.05" 3.86+0.07"

Thigh Tl 4.48+0.09° 6.77+0.05* 6.0420.11* 4.48+0.04° 3.8620.05"

T2 5.36+0.14° 6.22+0.01** 5.94+0.12%® 4.96+0.06" 5.39+0.06°

Control 14.75+0.11°¢ 15.80+0.04% 14.00+0.05" 15.32+0.02 17.16£0.07**

Breast Tl 14.6440.05™ 15.00+0.06* 15.15+0.01® 15.65£0.01* 16.47+0.05™

o T2 15.70+0.03*® 15.34+0.04° 15.67+0.02°%¢ 13.36:0.09" 16.01£0.01™*
Control 12.23+0.01" 13.67£0.05% 16.19+0.05% 15.81+0.05™ 16.75+0.01*

Thigh Tl 13.59+0.05* 14.21+0.01*® 16.86+0.09** 16.44+0.03* 16.46+0.02**

T2 13.05+0.12°° 13.4020.12°° 15.41£0.08™ 15.7120.01™ 16.71+0.04**

Control 18.6140.11° 29.55+0.07"* 27.51:0.04® 18.47+0.05° 9.96+0.06

Breast Ti 27.75+0.08%° 29.000.11%* 26.60+0.05° 23.87+0.04°° 19.04:+0.02°

" T2 24.730.07"° 30.00:0.12°° 33.970.07" 38.13+0.02** 21.96+0.02%
Control 18.65+0.04" 27.370.15" 16.70+0.06° 16.05+0.12° 13.22+0.05"

Thigh Tl 19.1440.05™ 28.36-0.04* 20.91+0.05" 15.68+0.03° 13.460.01%

T2 24.16+0.04 27.64x0.08 22.59+0.07° 18.32+0.04*° 18.74+0.02°°

a-b

AE Means within the same row are significantly different(p<0.05).

Means within the same column are significantly different(p<0.05).

U Control; natural water + commercial feed, T1: 1~10 days(natural water + commercial feed), 11~42 days(natural water + commercial
feed supplemented with 1% germanium), T2: 1~10 days(germanium precipitated water + commercial feed), 11~42 days(natural water

+ commercial feed supplemented with 1% germanium).
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Table 7. Effect of dietary germanium supplementation on
fatty acid composition of extracted duck fat

(unit : %)
Treatments"’
Item
Control Tl T2

C14:0 0.69 0.77 0.70
C16:0 23.11 24.03 22.08
Cl6:1(n7) 4.62 4.72 4.64
C18:0 5.93 6.10 5.70
C18:1(n9) 51.53 19.41 52.85
C18:2 11.85 12.64 11.84
C18:3(n6) - - -

C18:3(n3) 0.49 0.53 0.48
C20:1(n9) 0.60 0.54 0.53
C20:2(n6) 0.32 0.31 0.33
C20:3(n6) 0.11 0.12 0.12
C20:4(n6) 0.50 0.55 047
C20:5(n3) - 0.04 0.00
C22:4(nb) 0.14 0.17 0.13
C22:5(n3) 0.16 0.08 0.14
C22:6(n3) - - -

SFA 29.71 30.90 28.47
UFA 70.29 69.11 71.53
n6/n3 20.25 22.04 20.70
MUFA/SFA 1.92 1.78 2.04
PUFA/SFA 0.46 0.47 0.47

" Control: natural water + commercial feed, T1: 1~10
days(natural water + commercial feed), 11~42 days (natural
water + commercial feed supplemented with 1% germanium),
T2: 1~10 days(germanium precipitated water + commercial
feed), 11~42 days(natural water + commercial feed
supplemented with 1% germanium).
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