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Effect of Dietary Supplementation of Fresh Water Algae Euglena on the Performance
and Fatty Acid Composition of Breast Muscle of Broiler Chickens
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ABSTRACT A feeding trial was conducted with Euglena strains grown under different media. The effect of supplementation
of Euglena on the performance, nutrient availability and fatty acid composition of breast muscle was studied. In experiment
1, two hundred ten hatched broiler chicks (Ross) were assigned to seven dietary treatments for 5 weeks. Each treatment
consisted of 3 replications with 10 birds each. Control diet was formulated to have 22% CP and 3,150 kcal ME/kg for starter
diet, 19% CP and 3,200 kcal ME/kg for finisher diet. 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, two hundred fifty hatched broiler
chicks (Ross) were assigned to five dietary treatments: T1; Control, T2; T1 + Euglena gracilis Z. DHA enriched (EGD;
cultivated in DHA enriched medium) 0.5%, T3; T1 + EGD 1.0%, T4; T1 + EGBD 0.5%, T5; T1 + EGBD 1.0%. The weight
gain and feed consumption were measured weekly. Fatty acid composition of breast muscle was determined. In experiments
1 and 2, Euglena supplementation had no significant effects on weight gain, feed intake and feed conversion ratio. In
experiment 1, EGBD treatments significantly increased DHA concentration but decreased concentration of linoleic acid and
arachidonic acid in breast muscle. EGBD 2% treatment showed the highest DHA concentration (14.27%) which is 3.9 times
of that of the control (3.66%). In experiment 2, 1.0% EGBD treatment showed highest EPA, lignoceric acid and DHA level
in breast muscle (P<0.05). Also, EGD treatments significantly increased DHA and EPA concentration. It was concluded that
EGBD and EGD can be supplemented to broiler dict to produce DHA enriched broiler meat.
(Key words: broiler, euglena, breast muscle, DHA, EPA)
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Table 1. Formula and composition of experimental diets

Ingredients Starter Finisher
%

Yellow corn, ground 55.88 65.26
Soybean meal (44% CP) 31.52 23.10
Comn gluten meal 3.57 3.20
Rapeseed meal 1.30 2.00
Tricalcium phosphate 1.70 1.38
Fish meal (60% CP) 1.00 1.00
Limestone 0.38 0.48
Animal fat 4.00 3.00
Vitamin premix’ 0.15 0.12
Mineral premix2 0.10 0.08
Salt 0.20 0.20
M H. A’ 0.13 0.07
Choline chloride 0.07 0.03
Lysine - 0.08
Total 100.00 100.00
Chemical composition{calculated)
ME, kcal’kg 3150.00 3200.00
Crude Protein, % 22.00 19.00
Crude Fat, % 3.00 3.20
Lysine, % 1.18 0.99
Methionine + cystine, % 0.89 0.76
Calcium, % 0.95 0.85
Phosphorus, % 0.80 0.71
Methionine, % 0.51 0.42

' Vitamin premix contains the followings per kg : vitamin A,
10,000,000 IU; vitamin Ds, 2,500,000 IU; vitamin E, 25,000 mg;
vitamin K3, 1,700 mg; vitamin B,, 2,000 mg; vitamin B, , 5,000
mg; vitamin Bs, 3,000 mg; vitamin B, 16,000 mg; Niacin,
34,000 mg; Folic acid, 1,000 mg; Biotin, 84,000 mg; Pantothic
acid, 9,000 mg.

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

® Methionine hydroxy analogue.

o8 ZA&E/ ME Row %A om, oAL
DHAZL 78t WiAold Wgd el A 7K 2l

Euglena® &4 724171 & Alg-8l%

2. ANdA
Al 12 2t Faigt S7 #olelRoss) 21053, 5+ 4



Choi et al. : Effect of Euglena Supplementation on the Fatty Acid Composition of Breast Muscle in Broilers 275

10558) 8 wHES 10528(, 4 2 544) ko2 u)
ettt HFTe HEHTDARR] EGDE 0.25%(T2),
0.50%(T3), 1.0%(T4) ¥7}8 79} EGBDE 0.5%T5), 1.0%
(T6), 2.0%(T7) A7}et 72 7 T& 3Tk

AlE 28 gt F-elet S ®olel(Ross) 2505, o 2
125788 WHE 10572(, & ZF 594) SyHEo R ul
2&gdeh Al FE dZHT) A= EGDZ 0.5%(T2),
1.0%(T3) H7ket e} EGBDE 0.5%(T4), 1.0%(T5) #7}sk
79| sHFE sk

3. ArkAlE 2 CHAAE

AFFAIE S 2tzb 53 AAjsllen, AR Bt
I Alg e AHrREe] AFsH otm, HEe 2443t Al
st wiF AARAdHADE, FAE, AFRLTE 2 9
SRR AFFAE FE F R HEA Fol
43 He 159 AEste] A A} cagedl] 88
AbA ol o] g3ttt A E-2 3dzkel AH-g7]7k
AR & HE 243 H(Leeson and Summers, 2001)2.2 3
7+ B ATt Euglenad] thAl dl\x|7HE &3 &)
)&} TME(true metabolizable energy)®} AME(apparent
metabolizable energy)Z~g thA}A] & (Leeson and Summers, 2001)
< AABIH e, MEZME —78‘0}7] s A &

1 g A% Z3)A pelletingdt & bomb calorimeter(Parr, USA)
£ o] &3l GEE =339t

o
=
Z

bW
o x

Mo

i

N g & U > ol
Ol

4. Rt 2

AlE <k 05g A= E Z|sle] Methanol benzene solution
(4:1) 2 mL9} acetylchloride 200 L& 718 & 100C2]
Heating blockolA] 1A]7F B¢F whe-A17Ith ThA] Ab2o)A]
Hhxjele] WBZEA]F)|3 Haxane 1 mL9} 6%2] potassium
carbonate 5 mL-2 Y1l vortexing®t & 3,000 rpmoll A 15%-
2 AAEZAlF] 2 hexane=S FZ35le] DB-FFAP co-
lumng A28 Gas chromatography(Varian, USA)E A
ATk

(199073 oja) 2A3ET NGl ol Auke
SAS(SAS, Institute, ]995)4 GLM(General Linear Model)
procedured o] &-3le] FAREAE AAIE T, ek
Z#v] 2 Duncan's multiple range test(Steel and Torrie,
1980yl oJ3f AAlstin AMeElEe] BlmE $18] Con-

trast(Z] B )& AABIATE F8 HAH L 5% FFolA
(P<0.05)| A1 AAI BT

()

du 3 nE

Euglena®] ZAJE3) darstagr 2 xbal 248 Table
2, 3 18|31 40 VERYT) Table 204 HE ulel o)
Zold ke EGBD7F 5025%% 7F% &3 EGUt
46.7% 12]1 EGD7} 45.52%2 25 newE g gd <4
gt} o9} e uwiAo] ghek2 Nigam et al(1991)0]
molasses®} sugarbeet pulpZE 7|AZ o] AL Cadida
utilis, Candida tropicalis®] T2 Skl 47.5%, 43.4% <}
FALE Eoldl). A 2 EGD7} 16.03%2 7
Z =3 th&od EG7) 15.19% 183 EGBD7} 12.03%
2 257t aAW AlRd] &3t aga 2R T
25 0.35% o|akFith

Table 3014 £ &= e EG’} AME 4,677 keal,
TME 4,578 kcal 22|31 EGBD7} AME 3,561 kcal, TME7}
3,840 kealkgo. g A koA EG7E ket ol %
x|} shake] zlold] wE AoZ WQITh Table 49] |4k
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Table 2. Chemical composition of Euglenas (%)
EG' EGD’ EGBD’
Crude protein 46.75 45.25, 50.52
Crude fat 15.19 16.03 12.03
Crude fiber 0.33 0.35 0.35
Crude ash 496 430 2.16
Moisture 3.49 3.81 3.62

" Euglena gracilis 7.
: Euglena gracilis 7. DHA enriched.
¥ Euglena gracilis Z. bleached and DHA enriched.

Table 3. Apparent metabolizable energy(AME) and true meta-
bolizable energy(TME) values of Euglenas (kcal/kg)

Treatments AME T™ME
EG' 4677 4578
EGBD* 3561 3840

" Euglena gracilis Z.
* Fuglena gracilis Z. bleached and DHA enriched.
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Table 4. Fatty acids composition of Euglenas

Fatty acids EG' EGD’ EGBD’
---------------------- % of total fatty acids -
Cl12:0 222 343 0.98
C13:0 1.68 14.24 0.92
C14:0 18.27 24.80 3.56
Cl4:1 -4 0.26 -
C15:0 0.49 5.57 0.27
Cl15:1 - - -
C16:0 13.04 8.77 3.52
Cl6:1 3.86 2.68 0.47
C17:0 - 1.49 -
C17:1 9.25 0.87 0.53
C18:0 1.37 2.13 0.90
Cl8:1 4.53 427 1.86
Cl18:2 9.33 4.20 0.84
C18:3,n-6 - - -
C18:3,n-3 18.74 1.39 1.31
C20:0 - - 0.26
C20:1 - - -
C20:2 1.81 0.60 1.69
C20:3,n-6 1.33 0.98 -
C20:3,n-3 - - -
C20:4 6.01 1.52 5.69
EPAn-3 5.25 3.96 8.45
C21:0 1.44 0.20 0.60
C22:0 - - -
C22:1 - - -
C22:2 - - -
DHA,n-3 0.81 17.00 45.68
C23:0 - - -
C24:0 0.57 1.63 2247

" Euglena gracilis.

? Euglena gracilis DHA enriched.

* Fuglena gracilis bleached & DHA enriched.
* Trace (<0.001%).
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Table 5. Weight gain, feed intake, feed/gain and mortality of broiler chickens fed experimental diets (Experiment 1)
Treatments'
Item 0.25% 0.5% 1.0% 0.5% 1.0% 2.0%
Control ’ ’ ) ’ ) )
vk EG' EG EG EGBD’ EGBD pGBD. oM
. . 0~3 708.15 724.49 740.85 733.08 701.08 716.63 736.93 10.26
Weight gain,
g/bird 4~5 797.19 755.76 799.56 767.67 763.50 758.33 795.00 8.03
0~5 1505.34 1480.24 1540.40 1500.75 1464.58 1474.97 1531.93 15.45
. 0~3 1022.46 1042.27 1073.72 1039.80 1005.58 1037.31 1041.87 11.92
Feed intake, b . " . N N
g/bird 4~5 1529.05°  1500.69 1574.37° 1493.77 1517.00 1491.17 1650.22° 20.35
0~5 2584.51 2542.96 2648.08 2533.57 252258 2528.47 2692.09 27.59
, 0~3%%° 1.49° 1.44° 1.45° 142 1.43° 1.45° 1.41° 0.01
Feed/gain
(@) 4~5 1.92 1.99 1.97 1.95 1.99 1.97 2.08 0.02
0~5 1.72 1.72 1.72 1.69 1.72 1.72 1.76 0.01
0~3 333 3.33 6.67 0.00 0.00 0.00 0.00 1.43
Mortality, % 4~5 0.00 0.00 3.33 0.00 0.00 0.00 3.33 1.17
0~5 333 3.33 10.00 0.00 0.00 0.00 3.33 1.43
IEuglena gracilis 7.

2Euglena gracilis Z. bleached and DHA enriched.

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

*Contrast for Control vs EG 0.25, 0.5, 1.0%(P<0.05).
“Contrast for Control vs EGBD 0.5, 1.0, 2.0%(P<0.05).

“Contrast for Control vs EG 025, 0.5, 1.0%, EGBD 0.5, 1.0, 2.0%(P<0.05).
Table 6. Nutrients availability of diets fed to broiler chickens in Experiment 1

Treatments DM Protein® Fat Fiber NFE Ash

(%)
Control 79.96 79.80 87.61° 413" 85.67 33.13
0.25% EG' 78.77 80.86 78.56™ 1.06° 84.72 27.67
0.5% EG 78.19 79.83 77.24% 6.43° 84.20 26.67
1.0% EG 79.18 79.65 84.34® 7.09° 85.13 29.17
0.5% EGBD’ 77.03 71.96 80.01™¢ 3.98% 85.18 34.22
1.0% EGBD 76.38 71.74 73.70° 17.84° 84.33 30.83
2.0% EGBD 77.65 70.52 83.90™ 7.89° 85.86 29.04
SEM® 122 3.94 1.76 1.62 0.79 2.86

'Euglena gracilis Z.
2Euglena gracilis Z. bleached and DHA enriched.
*® Values with different superscripts in the same column are significantly different(P<0.05).
*Contrast for EG 025, 0.5, 1.0% vs EGBD 0.5, 1.0, 2.0%(P<0.05).
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Table 7. Fatty acids composition of breast muscle from broiler fed experimental diets (Experiment 1)

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

C14:0 043 0.56 0.59 0.66 0.65 0.42 0.81
C16:0 25.46 26.07 25.64 26.09 26.36 26.57 26.94
Clé:] 2.11 1.99 2.12 235 1.71 1.16 194
C18:0 15.58 15.93 15.62 14.42 14.78 15.30 15.41
C18:1%+° 17.72 16.83 17.17 16.05 14.77 13.33 13.95
C18:2%° 20.17° 21.29° 19.20™ 21.58° 18.93™ 17.39° 13.41°
€20:1 0.61 0.49 0.61 0.45 0.55 0.35 0.50
€202 0.97 1.05 1.16 1.14 1.16 0.83 0.92
C20:3,n-6° 2.17* 2.32% 2.63° 1.85™ 1.80% 1.84 1.74°
C20:4% °© 9.29% 717 9.10® 949" 7.11° 7.83% 5.24°
EPAn-3%° 0.94 1.01 0.87 0.91 1.17 1.60 1.74
DHAn-3% 3.66° 4.55° 448 3.76° 9.81° 12.22% 1427
C4:0% ° 0.70° 0.75™ 0.86™ 0.84™ 0.99° 1.33" 1.26°

lEuglena gracilis Z.

: Fuglena gracilis Z. bleached and DHA enriched.

" Values with different superscripts in the same row are significantly different(P<0.05).
* Contrast for Control vs EGBD 0.5, 1.0, 2.0%(P<0.05).

" Contrast for Control vs EG 0.25, 0.5, 1.0%, EGBD 0.5, 1.0, 2.0%(P<0.05).

© Contrast for EG 0.25, 0.5, 1.0% vs EGBD 0.5, 1.0, 2.0%(P<0.05).

Table 8. Weight gain, feed intake, feed/gain and mortality of broiler chickens fed experimental diets (Experiment 2)

Treatments
0.5% 1.0% 0.5% 1.0%
wk Control | ) SEM
EGD EGD EGBD EGBD
. . 0~3 718.26 710.30 738.08 732.10 732.89 9.08
Weight gain,
. 4~5 913.70 900.20 928.40 906.96 905.16 18.29
g/bird 0~5 1631.96 1610.50 1666.48 1639.06 1638.04 23.15
. 0~3 1018.01 989.06 1029.92 1027.55 1040.76 14.08
Feed intake,
) 4~5 1649.26 1625.68 1663.28 1670.06 1668.78 25.88
g/bird 0~5 2667.27 2614.74 2693.20 2697.61 2709.54 36.34
0~3 1.42 1.39 1.40 1.40 1.42 0.01
Feed/gain (g/g) 4-~5 1.81 1.81 1.79 1.84 1.84 0.01
0~5 1.64° 1.62° 1.62° 1.65° 1.65° 0.01
03 0.00 0.00 0.00 0.00 2.00 0.89
Mortality, % 4~5 0.00 0.00 0.00 2.00 0.00 0.89
0~5 0.00 0.00 0.00 2.00 2.00 1.26

lEug/ena gracilis Z. DHA enriched.
2Euglena gracilis Z. bleached and DHA enriched.

** Values with different superscripts in the same row are significantly different(P<0.05).
* Contrast for EGD 0.5, 1.0% vs EGBD 0.5, 1.0%(P<0.05).
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Table 102 Al 7R W ARate] 24S& BoFErh o] ti& o Hg] FoletA w3krh T3 linoleic acide}
Linoleic acid(C18:2) 3tge tZ77F 52314 =331, 1.0% arachidonic acide= EGDV} EGBD2] H7l&d wkal A3
o] EGBD #7177} 713 25k}, Arachidonic acid (C20:4)=  Solxle Adko] glth EPA(C20:5), DHA (C22:6)9
Z79 ZE Euglena 71159 Fmu|nr]o] A7V g Lignoceric acid(C24:0)x= 25 1.0%%] EGBDE 713k

Table 9. Nutrients availability of diets fed to broiler chickens in Experiment 2

Treatments DM Protein Fat Fiber NFE Ash
(%)

Control 81.21 82.86 91.78 8.81 86.88% 36.81
0.5% EGD' 83.20 84.26 92.74 15.03 88.87° 37.76
1.0% EGD 79.27 76.88 92.90 9.92 86.06" 29.50
0.5% EGBD 81.20 82.63 92.93 10.12 86.72° 36.48
1.0% EGBD’ 78.95 82.01 91.46 10.24 84.97° 33.89
SEM 1.30 2.34 0.62 2.80 0.84 3.18

lEuglena gracilis Z. DHA enriched.
* Euglena gracilis Z. bleached and DHA enriched.

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

Table 10. Fatty acids composition of breast muscle from broiler fed experimental diets (Experiment 2)

Treatments

Fatty acids 0.5% 1.0% 0.5% 1.0%
Control 1 5 SEM

EGD EGD EGBD EGBD

% of total fatty acids

C14:0 2.51 2.63 2.56 2.52 246 0.13
Cl4:1 1.39 1.43 1.24 1.41 1.33 0.14
C16:0 24,57 24.07 24.46 24.52 25.74 0.80
Cl6:1 0.97 1.53 1.07 0.99 0.95 031
C18:0 20.49 18.72 21.33 18.01 18.52 292
C18:1 13.39 14.12 12.68 12.09 11.72 0.79
C18:27° 19.04° 18.02* 15.82% 16.69™ 15.01°¢ 0.80
C20:1 0.44 0.35 0.36 0.32 0.30 0.05
C20:2 1.06 1.00 0.53 122 1.14 0.19
C20:3,n-6 1.67 1.66 1.72 1.77 1.52 0.17
€20:47° 11.12 9.63 8.95 9.18 6.72 0.96
EPA,n-3-°C 0.60° 0.76™ 1.23% 1.41° 1.61° 0.17
C24:0°°° 0.72° 0.82% 0.91% 1.28* 1.45° 0.15
DHA,n-3%%9¢ 2.04° 528 7.16° 8.60" 11.54° 1.02

'Euglena gracilis Z. DHA enriched.

? Euglena gracilis Z. bleached and DHA enriched.

" Values with different superscripts in the same row are significantly different(P<0.05).
* Contrast for Control vs EGD 0.5, 1.0%(P<0.05).

“ Contrast for Control vs EGBD 0.5, 1.0%(P<0.05).

© Contrast for Control vs EGD 0.5, 1.0%, EGBD 0.5, 1.0%(P<0.05).

© Contrast for EGD 0.5, 1.0% vs EGBD 0.5, 1.0%(P<0.05).
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