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Effect of Dietary Supplementation of Fresh Water Algae Euglena on the Performance
and Egg Quality and Fatty Acid Composition of Egg Yolk in Laying Hens
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IDeparlment of Animal Science, College of Industrial Science,
*Department of Food and Nutrition, College of Human Ecology, Chung-Ang University,
San 40-1 Naeri, Daeduk-Myeon, Ahnsung, Gyunggi 456-756, South Korea

ABSTRACT Feeding trials were conducted with Euglena strains grown under different media. The effect of supplementation
of Euglena on the laying performance, egg quality and fatty acid composition of egg yolk was studied. In experiment 1,
two hundred eighty 32-wk-old ISA Brown layers were randomly assigned to seven dietary treatments for 4 wks. Each
treatment consisted of 4 replications with 10 birds each housed in two birds cages. Control diet was formulated to have 17%
CP and 2,750 kcal ME/kg. Euglena gracilis Z. (EG) was added to control diet at the level of 0.25, 0.5, 1.0% and Euglena
gracilis Z. bleached and DHA enriched (EGBD, a strain mutated by streptomycin and cultivated in DHA enriched medium)
at the level of 0.5, 1.0, 2.0% in the diet. In experiment 2, three hundred 84-wk-old ISA brown layers were randomly assigned
to five dietary treatments: T1; Control, T2; T1 + EGBD 0.5%, T3; T1 + Euglena gracilis Z. DHA enriched (EGD; cultivated
in DHA enriched medium) 0.5%, T4; T1 + EGD 1.0%, T5; T1 + EGD 2.0%. Each treatment had 5 replication of 12 birds
each housed in two birds cages. In experiments 1 and 2, Euglena suppplementation did not significantly affect egg production
but increased egg weight and feed intake. In experiment 1, EG was more effective in increasing egg yolk color score than
EGBD. Egg yolk color of EG 1% treatment showed the highest score. EGBD supplementation increased DHA concentration
of egg yolk. EGBD 2% treatment showed the highest DHA and the lowest palmitic and stearic acids concentration in the
egg yolk. In experiment 2, EGBD 0.5% treatment showed highest DHA level in egg yolk (P<0.05). It was conducted that
EGBD is a single cell protein source rich in DHA, that can be used to produce DHA enriched eggs.
(Key words: layer, euglena, fatty acid, DHA, egg yolk)
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Table 1. Formula and composition of basal diet

Ingredients Percentage
Yellow corn, ground 52.26
Soybean meal (44% CP) 11.03
Limestone 8.76
Lupin kernel 7.00
Rice bran 4.00
Corn gluten feed 3.00
Wheat bran 2.52
Rapeseed meal 2.50
Comn germ meal 2.00
Animal oil meal 2.00
Fish meal 2.00
Soybean Oil 1.00
Calphos-18 0.87
Electrolytes' 0.41
Opyster shell 0.20
Salt 0.15
Vitamin premix’ 0.10
Mineral premix3 0.09
Anthelmintic* 0.05
Choline chloride 0.05
MHA’ 0.01
Total 100.00
Chemical composition(calculated)
ME, kcal’kg 2,750
Crude Protein, % 17.00
Methionine + Cystine, % 0.62
Calcium, % 3.90
Phosphorus, % ' 0.50
Methionine, % 038

" Electrolytes: KCI 35%, NaHCO; 40%, Na:SO; 25%.

* Vitamin premix contains the followings per kg : vitamin A,
10,000,000 IU; vitamin D;, 2,500,000 IU; vitamin E, 15,000
mg; vitamin K3 , 2,000 mg; vitamin B;, 1,500 mg; vitamin B; ,
4,000 mg; vitamin Bg, 3,000 mg; vitamin By;, 3,000 mg;
Niacin, 25,000 mg; Folic acid, 50 0 mg; Pantothic acid, 8,000 mg.

? Mineral premix contains the followings per kg : Zn, 75,000 mg;
Mn, 75,000 mg; Fe, 75,000 mg; Cu, 7,500 mg; 1, 1,650 mg;
Co, 450 mg; Se, 450 mg; S, 12.5%.

* Cyromazine 0.1%.

* Methionine hydroxy analogue.
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Table 2. Fatty acids composition of Euglenas

Fatty acids EG' EGD’ EGBD’
--------------------- % of total fatty acids -~
C12:0 222 343 0.98
C13:0 1.68 14.24 0.92
C14:0 18.27 24.830 3.56
Cl4:1 -4 0.26 -
C15:0 0.49 5.57 0.27
C16:0 13.04 8.77 3.52
Clé:1 3.86 2.68 047
C17:0 - 1.49 -
C17:1 9.25 0.87 0.53
C18:0 1.37 2.13 0.90
C18:1 453 4.27 1.86
C18:2 9.33 4.20 0.84
C18:3,n-6 - - -
C18:3,n-3 18.74 1.39 1.31
C20:0 - - 0.26
C20:2 1.81 0.60 1.69
C20:3,n-6 133 0.98 -
C20:4 6.01 1.52 5.69
EPA,n-3 5.25 3.96 8.45
C21:0 1.44 0.20 0.60
DHA,n-3 0.81 17.00 45.68
C24:0 0.57 1.63 22.47

lEuglena gracilis.

* Euglena gracilis DHA enriched.

} Euglena gracilis bleached and DHA enriched.
* Trace (<0.001%).
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228} th. Haugh unitx HU formula(Eisen et al., 1962)]]
NZ3 23T IR Atele] AEIT AR EE
Texture Analyser(Stable Micro System., 2000, UK)'Z ©]-8-3]
2389w, ML Color fan(Sam Yang Feed Co.Y'#}
Color Quest(Hunter Lab., 1989, USA)'S o] g3l] 319
o} il 179} Y82 Dial Indicator(AMES, Waltham, Mass.,
USA)9} Yolk color fan(Roche, 1989, Switzerland)'-2 AH-&-3}e]
23389tk A3 & 93-S g, BAARA F
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Alg 2 02~05 g AEE #3le] Methanol benzene
solution(4:1) 2 mL$} acetylchloride 200 «LZ 3718 3 100
T ©] heating blockol|A] 1A]7HE<E ¥ESAZITE ThA] A2
2] ¥kx) 38} coolingA]7] 21 hexane 1 mL$} 6%2] potassium
carbonate 5 mL-S& @31 vortexingdt & 3,000 rppmef| A 1587
A BT A]|F) I hexane =& FZ3}] DB-FFAP columns

A}4-81e Gas chromatography(Varian, USA)Z #-413}15ich.

5. SAIAz]
Algo| A dojzl zze] FAAMeEl= SAS(SAS Institute,

' Stable Micro System, Vienna Court, Lammas Rd., Godalming, Surrey, GU7 1YL, UK.

2 QaBA] 7 DE 77h 458K, ARALRF).

* Hunter Lab., 16 Divinity Ave., Cambridge, MA 02138, USA.

* F, Hoffmann-La Roche Ltd., Grenzacherstrasse, 124 CH-4070 Basel, Switzerland.
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Table 3. Summary of laying performance and eggshell quality during 4 wk feeding trial (Experiment 1)

Treatment
Item 0.25% 0.5% 1.0% 0.5% 1.0% 2.0% SEM
Control 1 1 1 2 ;. 2
EG EG EG EGBD EGBD EGBD

Performance
Hen-day egg production™*°, % 82.50 87.24 90.71 87.68 89.91 89.46 86.73 3.61
Hen-housed egg production®*°, %  82.50 86.16 90.71 87.68 89.91 89.46 85.36 3.86
Egg weight®*°®, g/hen day 6430°  6641° 6591  67.85° 65.59% 6571 6531° 0.686
Feed intake™°, g/day 123.3° 132.2° 136.5° 136.0° 135.4° 131.6" 129.7° 4.43
Feed conversion, g/100g egg mass 2.34 229 2.29 229 2.30 2.25 2.30 0.074
Egg quality
Haugh unit®® 80.66°  77.55° 7853%  7941%  7931™  78.61% 81.60° 1.58
Eggshell strength, g/Egg 3606™ 3811%° 3863° 3499 3804 3886" 3633 76.68
Broken & soft egg production, % 0.44 0.12 0.19 1.09 1.09 0.00 0.26 0.632
Eggshell color
Color fan™*°® 10.89°  12.00° 1178 11.86° 11.83° 11.37° 1141 0394
Color Quest4

Color tone™*° 14.03° 1458 14.77° 14.65" 14.64° 14.59° 1422 0294

Chromaticity 16.66™ 16.19° 1628  16.84° 1672  16.58™ 16.64™ 0307
Egg yolk color
Color fan***°® 753 8.64° 8.64° 9.11° 8.02° 842 847" 0238

! Euglena gracilis Z.

2Euglena gracilis Z. bleached and DHA enriched.

* Sam Yang Feed Co. Ltd.
* Hunter Lab, 1989.
5 Roche, 1989.

* Values with different superscripts in the same row are significantly different(P<0.05).
* Contrast: Control vs EG is significantly different(P<0.05).

* Contrast: Control vs EGBD is significantly different(P<0.05).

© Contrast: Control vs EG and EGBD is significantly different(P<0.05).

< Contrast: EG vs EGBD

is significantly different(P<0.05).
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AT ALRAH L 0.5%2] EG A7F7F 7B w32, ol
277 7P gskeh Auelaw Alde gz vlE RE
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It} Myristic acid(C14:0)$} Palmitic acid(C16:0)= 1.0%2)
EG ¥7H7F freld ez 71 3k, EGBD 2.0% 7+
7} 7V $ke). Arachidonic acid(C20:4)%= 0.5%2] EG F7}
T7F 7P =93, EGBD 2.0% 77 71 vk
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29

'EGBD A7h77t & A% Jehigm, a7t we 3

& veigich

Table 4. Average fatty acids composition of eggyolk from layers fed experimental diets for 4 wks (Experiment 1)

Treatments
Fatty acids
Control 0.25% EG'  0.5% EG' 1.0% EG' 0.5% EGBD’ 1.0% EGBD*> 2.0% EGBD’
--------------------------------- % of total fatty acids -

C14:0%°C 0.322° 0.363% 0.372° 0.387° 0.330° 0.334" 0.316°
C16:0° 29.334° 29.159° 29.374° 29.443° 29.419° 28.738% 27.825°
C16:1 2.770 2.850 3.029 3.100 2.936 2.838 2.880
C18:0 10.094 9.998 10.098 9.815 9.807 9.752 9.399
C18:1 29.240 29.188 28.708 29.184 29.040 28.787 28215
C18:2 20.963 20.692 20.780 20.531 20.545 20.926 20.258
C18:3,n-6%° 0.110 0.143 0.149 0.142 0.139 0.135 0.118
C18:3,n-3 0.812 0.864 0.852 0.848 0.888 0.931 0.926
C20:3,n-6 0.207 0.214 0.208 0.205 0.199 0.210 0.203
C20:47°C 2.274® 2.338° 2.294* 2.180™ 1.990™ 1.876% 1.639°
EPA,n-3%°¢ 0.101° 0.103° 0.101° 0.111° 0.112° 0.140° 0.185°
DHA,n-3%°¢ 2.499° 2.762° 2.743¢ 2.738° 3.379% 4.043" 4.544°

1Euglena gracilis Z.

? Euglena gracilis Z. bleached and DHA enriched.
“! Values with different superscripts in the same row are significantly different(P<0.05).
* Contrast: Control vs EG is significantly different(P<0.05).

~ Contrast: Control vs EGBD

is significantly different(P<0.05).

© Contrast: Control vs EG and EGBD is significantly different(P<0.05).
© Contrast: EG vs EGBD is significantly diﬁerent(P<0.05).



288 A5 5 Euglena H7HHES} ARG AW Age] B vIAE 9%

Table 5. Summary of laying performance and eggshell quality during 4 wk feeding trial (Experiment 2)

Treatment
Item - y ; SEM
Control 0.5% EGBD'  0.5% EGD*  1.0% EGD*  2.0% EGD’

Performance
Hen-day egg production, % 60.16 63.10 61.31 61.10 62.80 1.67
Hen-housed egg production, % 58.81 63.10 61.31 60.12 62.80 1.67
Egg weight*°C, g/hen day 66.40° 67.46™ 69.05" 68.46™ 68.95° 0.46
Feed intake™*° g/day 104.6° 109.2° 110.5" 114.8 16.7° 1.54
Feed conversion, g/100g egg mass 2.64 2.58 2.64 2.80 273 0.07
Eggshell quality
Haugh unit 7417 74.18" 73.32% 71.92° 73.79" 0.57
Eggshell strength, g/Fgg 3008 3017 3178 2983 2937 94.4
Broken & soft egg production, % 2.93 3.49 1.28 3.84 2.54 0.75
Egg yolk color, color fan® 7.52 8.00 7.49 7.51 791 0.20

" Euglena gracilis Z bleached and DHA enriched.
* Euglena gracilis Z DHA enriched.
? Roche, 1989.

*4 Values with different superscripts in the same row are significantly different(P<0.05).

* Contrast: Control vs EGBD is significantly different(P<0.05).
* Contrast: Control vs EGD is significantly different(P<0.05).

© Contrast: Control vs EGBD and EGD is significantly different(P<0.05).

© Contrast: EGBD vs EGD is significantly different(P<0.05).

UEe A1PdAlE G4 0.5%2] ECD(Euglena gracilis
DHA enriched)& 7}t 77} 7F¢ FAYY a2 e
EGBD #7112} EGD A7}¢] Amu| . Aoe 25 EGD
A7Hre) dFol fdoR Btk ARAHTL 2.0%
EGD 77t 71 #5ka, 277 718 wstew, An
Hl A, 278 £33 o2 AT vlal EGDE A7t
3 TEo] foAoz wgith AL HEES /3 Aol 7}
223t Haugh unit= 0.5%2] EGBD #7177} ez o=
7V ESkTh AFEAE 12 Bt G| A, duke 2
G folgt 27} gigich

Table 62 W3te] 4537 Hat At 24E BAF3 9l
k. Myristic acid:= 0.5%] EGBD #H7} 77} 7% ko,
2.0%2] EGD A7}77F felF o2 7H3 =9kt Myristoleic
acid(C14:1)9} pentadecanoic acid(C15:0) 277} 7P4 &
1, 2.0%2] EGD #7771 fo)@eg 7 ko). Palmitic
acid= 2.0%2] EGD 7} 7} ooz 713 =gkon,
EGBD 0.5% A7}F7F 718 wskth 12l myristic acid,
myristoleic acid, pentadecanoic acid, palmitic acid E57} =
T T EGBD H7}t9t EGD H7kte] 2wu|m Aldle

EGD 71771 folac g =qkt}. Stearic acid(C18:0)= T
Z77F G2 A FEd vl fe¥ o2 w3} Linoleic
acid(C18:2)= 0.5%<] EGD 717k 78 =4t} Arachi-
donic acid= WFF7F 7HE &3, 0.5%9 EGBDE /)3t
7} 7V vk}, Lignoceric acid(C24:0)= 0.5%<2] EGBD &
77y 7V E3kth. DHAE 0.5%<] EGBDE 7%t 77F
7V E%em, e AldE EGDE 7Kgk #5o] o
Z7) w8l fejatA w3tk

ol’de] AoA B AIF 1,2 BFolM dA et
AR oM e fofdt 2ol & Holx] Sk o= a4t
Z2 4 2 Nannochloropsis)t} Marine AlgacE H7ls|A A€
3t Herber-Mcneill and Van Elswyk(1998) 2 Nitsan et al.
(1999)°] B35t B9} AR 3, o fu 214 &
o] H7tZ AR w-3AAHE 7FSAA Al@ S Hargis et
al (19917} 7-2w1] 5(1997)°] Bugt AHtE FAFSFA T
Meluzzi et al.(2000)2 Ae] FFFe= A=A B4
of 93 mAA] Fertuy EiastAth

£ A @edlA = Euglena H7HES] dgol FANAAE 4
gho] A&, ol AHA Akl A o] -fut Marine algac®
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Table 6. Fatty acids composition of eggyolk from layers fed experimental diets, from 1 to 4th wks (Experiment 2)

Treatments
Fatty acids : ) 5 )
Control 0.5% EGBD 0.5% EGD 1.0% EGD 2.0% EGD
------------------------------------ % of total fatty acids -
C14:0% %9 0.384° 0.363° 0.399° 0.404° 0.439°
C14:1%°° 0.055° 0.057% 0.061° 0.067° 0.077°
C15:07°° 0.060" 0.065™ 0.081° 0.101° 0.146°
C16:0%° 26.544° 26.346° 26.692% 26.948% 27.280°
Cl6:1 2.930 2.581 2.674 2915 3.264
C17:0 0.299 0.284 0.397 0.444 0.468
C17:1%°° 0.182° 0.197* 0.253" 0.263% 0.289°
C18:0%+°C 11.076* 10.365° 10.979* 10.557° 10.411°
Ci18:1° 34.790 34.408 34.929 35.532 34.842
C18:2%° 16.151% 15.737% 16.408° 15.280% 14.905°
C18:3,n-6%7 0 0.157° 0.130° 0.152° 0.136° 0.133°
C18:3,n-3%%° 0.257° 0.336° 0.294% 0.320% 0.307"
C20:1 0.286 0.245 0.265 0.296 0275
202 0.204 0.183 0.155 0.255 0.246
C20:3,n-6"° 0.413 0.281 0.348 0.341 0.354
C20:4% %0 4.4 3.406° 3.949° 3.770° 3:767°
EPA,n-3 0.318 0224 0.106 0.201 0.544
DHA,n-3%%°¢ 1.619° 4.719° 1.818 2.109% 2.203°
C24:0%C 0.052% 0.073" 0.041° 0.062° 0.049™

' Euglena gracilis Z bleached and DHA enriched.
: Euglena gracilis Z. DHA enriched.

™ Values with different superscripts in the same row are significantly different(P<0.05).

* Contrast: Control vs EGBD is significantly different(P<0.05).
* Contrast: Control vs EGD is significantly different(P<0.05).

© Contrast: Control vs EGBD and EGD is significantly different(P<0.05).

© Contrast: EGBD vs EGD is significantly different(P<0.05).
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