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In this study, the effects of feeding citrus by-products on the quality and fatty acid compositions of
chicken eggs were investigated. Two samples of chicken eggs were used for this study: TO (eggs of
chickens that were not fed citrus byproducts) and T1 (eggs of chickens that were fed 4% citrus
byproducts). There was no statistically meaningful difference between T0 and T1 in terms of various
properties, such as chemical composition, cholesterol content, minerals, vitamins, pigments, and total
structural amino acid. The caloric content of the egg yolk was higher in T1 than in T0, and total free
amino acid of egg albumin and egg yolk was higher in T1 than in TO (p<0.05). There was a not
significant difference in SFA:UFA ratio between TO and T1, but the linolenic acid content was higher
in T1 than in TO (p<0.05). The results of this study show that citrus by-products can be used for feed
for laying hens by adding them to general feed.
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Table 1. Formulation and chemical composition of experiment

diet
Formulation T0" T1?
Ingredient
Corn 56.25 53.25
Soybean meal (44% crude protein)  19.26 22.83
Rapeseed meal 2.50 2.05
Wheat 6.50 521
Wheat bran 4.38 3.57
Dried citrus byproducts - 4.00
Tallow (Animal fat) 1.00 0.82
Total crude protein 0.56 0.49
Limestone (CaCOs) 8.78 7.18
Salt 0.20 0.18
DL-Methionine 0.04 0.04
L-Lysine 0.02 0.02
Vitamin premixS) 0.05 0.05
Mineral premix” 0.01 0.01
Choline-(chloride) 0.06 0.06
Additive (Antibiotics) 0.30 0.15
Total 100 100
Chemical composition
Dry matter 87.07 86.97
ME (kcal/kg) 2,692 2,658
Crude protein 14.72 15.01
Crude fat 2.82 2.71
Crude fiber 3.84 4.02
Crude ash 12.03 12.34
Calcium 3.44 311
Available phosphorus 0.37 0.31
Vitamin A 0.05 0.02
Vitamin B 0.02 0.04
Vitamin B, 0.10 0.12
Methionine 0.31 0.32
Lysine 0.82 0.84

l>Eggs of chicken that were not fed with citrus byproducts.

2>Eggs of chicken that were fed with 4% citrus byproducts.

IContained per kg: Vit. A, 10,000,000 IU; Vit. D, 2,500,000 IU;
Vit. E, 15,000 IU; Vit. K, 2,000 mg; Vit. By, 15,000 mg; Vit. By,
4,000 mg; Vit. Be, 3,000 mg; Vit. By, 3,000 ug; niacin, 25,000
mg; folic acid, 5,000 mg; biotin, 12,000 mg; pantothenic acid,
10,000 mg; antioxidation, 6,000 mg.

YContained per kg: Zn, 75,000 mg; Mn, 75,000 mg; Fe, 75,000
mg; Cu, 7,500 mg; I, 1,650 mg; Se, 450 mg; S, 125,000 mg; Co,
150 mg.
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methanol:tetrahydrofuran (75:25) &9 2.2 3|45t HPLC
(Hewlet packard, Model 1100 series, USA)Z 438} th2].

Zd 3 welopo| At SHE
A 24 A8 002 g= 6N HCL 15 mlZ 110°Cell A
=) =)
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3tk 40 A8 E column ¥ #4212 column size
4 mm x 150 mm, absorbance 570 nm<} 440 nm, reactor tem-
perature 120°CO] R TH22]. frejobv] =4t AJE 0.2 goll 75%
ethanol& 7}Fted 3027+ JIAIA 10,000 rpmell Al 1027+
Adestel Aol A AS Fsta, F& Al Al 75%
ethanol S 7}ste] dojzl 3 A 7 1HsF3te etha-
nolS A AT o] ool 25% trichloroacetic acidE 7}3}
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acidE A A v e Eske] 2738 ethyl etherS A1
3tk o] AL Amberlite IR120 (H) 47} 39 24
of BHAIA opr| =4S F2 A7 T 0.2N sodium citrate
buffer (pH 22)2 £3|AA stz ofv|mikEA7]
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ferg ©]83t9 15 ml/ming] F422 && A F TH18].
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Table 2. Chemical composition, calorie and cholesterol content of chicken egg

Egg albumin Egg yolk
ltems 0" 117 T0 Tl
Moisture (%) 89.2+0.37* 88.6+0.3" 55.0£0.5° 545+0.4°
Crude protein (%) 10.0£0.3° 105+0.3° 16.8+0.2° 17.0£0.2°
Crude fat (%) 0.1£0.0° 0.1£01° 26.7+0.3° 26.7+0.1°
Crude ash (%) 0.7+0.1° 0.8+0.1° 1520.2° 1.8+0.1°
Calorie (kcal/kg) 571+7° 586+18° 3,640+23° 3,779+34°
Cholesterol (mg/100 g) - - 974+33 962+9

DEggs of chicken that were not fed with citrus byproducts.
YEggs of chicken that were fed with 4% citrus byproducts.
IMean+SD.

“Values with different superscripts within the same row significantly different at p<0.05.



Table 3. Mineral content of chicken egg yolk (ppm)

Mineral T0" T1?

Phosphorus 3,843+62” 3,874:+22
Sulfur 1,471+15 1,496+9
Potassium 1,296+28 1,284+6
Calcium 1,053+25 1,10112
Sodium 519+1 541+11
Magnesium 98+1 99+1

"9The same as in Table 2
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Table 4. Vitamin and pigment content of chicken egg yolk

Items 10" 17
Vitamin A (mg/100 g) 2.56+0.06” 2.30+0.18
Vitamin E (mg/100 g) 1.62+0.10 1.98+0.19
Vitamin B; (mg/100 g) 0.20+0.01 0.23+0.03
Vitamin B, (mg/100 g) 0.39+0.03 0.34+0.02
Xanthophyll (ppm) 15.28+0.83 14.82+0.14

"9The same as in Table 2
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Table 5. Amino acid composition of chicken egg albumin (%)

Amino acids T0" T1?

Aspartic acid 1.090.09” 1.19+0.03
Threonine 0.44+0.02 0.46=0.01
Serine 0.66+0.05 0.72+0.03
Glutamic acid 1.43£0.10 1.26+0.54
Proline 0.39+0.03 0.37+0.00
Glycine 0.38+0.03 0.41£0.01
Alanine 0.54+0.01 0.58+0.02
Valine 0.75+0.03 0.77+0.05
Isoleucine 0.55+0.02 0.60+0.02
Leucine 0.94+0.03 1.01+0.04
Tyrosine 0.42+0.02 0.45+0.01
Phenylalanine 0.65+0.03 0.70£0.01
Histidine 0.28+0.02 0.31£0.04
Lysine 0.68+0.09™ 0.86+0.02°
Arginine 0.51£0.03 0.55+0.03
Methionine 0.22+0.01 0.22+0.01
Cystein 0.40£0.01 0.41+0.01
Total 10.33+0.51 10.87+0.27

"YThe same as in Table 2.
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Table 6. Free amino acid content of chicken egg (ppm)

. ) ) Egg albumin Egg yolk
ree amino acids 5 )

TO T1 TO T1
Phosphoserine 20.010.42” 19.87+0.07 79.92+0.11" 81.86+0.28"
Taurine - - 16.71+0.01° 124.62+0.25°
L-Glutamic acid - - 78.58+0.54° 39.65+0.03
L-Glycine 0.52+0.45 0.47+0.41 98.09+0.27° 132.72+0.73°
L-Valine - . 142.93+0.50° 185.7241.38°
L-Proline - . 89.60+0.15° 79.83+0.67°
L-Isoleucine - - 72.16+0.18" 109.2640.56
L-Leucine 1.70+0.11° 3.44+0.00° 250.29+0.11° 307.48+5.74°
L-Tyrosine - - 110.62+1.13° 219.89+1.51°
L-Phenylalanine - - 125.95+1.14° 184.82+1.13°
L-Ornithine 12.57+0.79° 14.91+0.14° 127.65+0.12° 111.70+0.19°
1-M-L-Histidine - - 152.50+0.24 288.92+0.34°
L-Histidine - - 28.12+0.01° 49.98+0.16°
Total 34.80+1.77° 38.69+0.07° 1,373.12+2.44° 1,916.45+2.11°

"YThe same as in Table 2

Hzte| XA =
AR d8to] Ak =
Aok 842 2 HSFA:USF

ZAL Table 77} 2t} T0 2 T19] X3}
A)9] Hl&-2 77} 37.813:62.187
9 37478:6252% 7HERAME Fo19] o] gtk A B
o] fH EA P42 palmitic acidZ TO % T1o] 27
26.472% % 26.357%°] 11, BE A HAL oleic acidE 27}

43580% % 42.770% Qo ERAE
2ol ARG tH

2o 3t Y BESAPS 2L T

T1 Atelell f-2)g 2] 7k g1 21 magaric acid, m.

magaroleic

Table 7. Fatty acid composition of chicken egg yolk (%)

Fatty Acids T0" T1?
Myristic acid Ciag 0.378+0.004”  0.396+0.044
Myristoleic acid Cisq 0.084+0.002  0.087+0.008
Pentadecanoic acid Ciso 0.068+0.004 0.075+0.008
cis-10-Pentadecenoic acid Cisq  0.024+0.040 0.055+0.012
Palmitic acid Cieo 26.472+0.032  26.357+0.844
Palmitoleic acid Cie 3.033+0.103 3.126+0.079
Magaric acid Cizo 0.175+0.008"  0.198+0.008°
Magaroleic acid Cizq 0.142+0.016"  0.178+0.012°
Stearic acid Cigo 8.582+0.127 8.282+0.147
Oleic acid Cisg 43580+0.752  42.770+0.610
Linoleic acid Cisa 13.811£0.119  14.789+2.285
7—Linolenic acid C18;3n6,9,12c 0.103+0.004 0.115+0.008
Linolenic acid Ciss 0.255+0.008°  0.301+0.016"
Eicosenoic acid Capq 0.302+0.028 0.281+0.024
Eicosadienoic acid Cy. 0.211+0.008 0.139+0.075
Eicosatrienoic acid Cys 0.167+0.008 0.174+0.018
Heneicosanoic acid Cpig 1.914+0.092 1.917+0.071
Docosahexaenoic acid Cx 0.474+0.024 0.507+0.059
Tricosanoic acid Caso 0.163+0.024 0.198+0.040
Lignoceric acid Casgo 0.060+0.008  0.055+0.035
SFA:UFA’ 37.813:62.187  37.478:62.522

"YThe same as in Table 2.

*Saturated fatty acid : Unsaturated fatty acid

acid 2 linolenic acidE T1¢] TORT H93A =gt
(p<0.05). Samman 5 [27] omega-3 A®AHS F g date]
E AP EEES ALY Bl Eo] 3136872 tiET9
33.8:66.3 Bt} L8} Ak Wi EX At =01 &
9oH, Choi 5[6]& DHAS g o A AERAS
DHA7} 3718kl palmitic ac1d7} At Bt B
Ztol7b AAT 2eju o] 52 At Al &

SRR
HYRg FIsEo) WEe) e 232 $95 5, Kang
S(1200] AU BAG $ABL T BB THA P

EX3 A4 v o] 31.44~32.19:68.56~67.810] 1L T X
= 31.65:68352 FAHE H7be] ko] gthE A9l A
A= = Yang —0—[36101 AERANES Fo3 BEEY
Aol A HhE LA Y] B E0] 37.946:62.054F
) 2 79] 38349:61.6519F 58 2o 71 QI Axel o
A8k Aotk o] de] A A THEFAHES FoIdt A
&9 cholesterol 3] 9]¢k 2fol= o AR tj2F Ko}
S FES FASAL, FEotr st FEko] Eokon,
linolenic acid 22 X3} A4 gaFo] oA 7HaHkE
o] AARHQ At 753 AT Aite] 7 Ao R AL
¥
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