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Chemical Composition and Nutritional Value of Algae
Meal Produced from Dairy Cow Wastes as a Feedstuff

Y. K. Kim, J. S. Eun, S. D. Kim
Department of Dairy Science, Chungnam National University

ABSTRACT

Algal meal (cell) was produced from the solution of dairy cow wastes by fermentation
of wulothriz. sp. and chlorella sp. Raw wastes mainly feces were diluted with ground
water to give dry matter concentration of 0.5 w/v of wastes in 20/ amounts of ten
plastic containers. Each containers were covered with plastic nets and vinyl films to
protect from the insects and rain. Algea cells were harvested every 3 to 5 days and
dried by sunlight and artifitial heat., Dried cells were ground by a feed meal, and
analyzed and tested for the chemical composition of dry cell, in vitro DM and protein
digestibility and the safty of algae.

Protein contents in algae meals, ulothrix (29.37%) and chlorella (29.24%) were similar.
However, chlorella contained lower Neutral detergent fiber (5.92%) than ulothrix
(20.76%), and higher ash (32.86%) and calcium (12.62%) than ulothrix (28.66% and 6.09
%) (P<.01). Ulothrix protein had higher for essential amino acids; valine, isoleucine
and phenylalanine, than chlorella (P<.05). Algal fats contained high saturated fatty
acids, C16:0 and C18:0, for ulothrix and high unsaturated fatty acids, C18:1 and
C18:2, for chlorella (P<.01). In vitro digestibility of. ulothrix tended to be higher for
DM, but lower for protein than chlorella, The weight gain and survival percentage
were higher for pond fishes (loaches, Misgurnus sp.) fed diet added chlorella meal than
diets added ulothrix meal and control diet (P<.05).
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349712 (Fx) o)A algae meal (cell) & AJAbsle] AL 2.2 A FE- 317] H5be] opo A A3t
2%9] algae, wlothriz$} chlovella-& wiok3te] algae meal S AAbslgdch AAE aigae meald] Yuk
AE, FIIE, ohxAb A o Ake] AAkRA S $452H in vitro AE P 2 43}
$ 2243l o] Fol W3t MZP}'&‘_S’} 2 S 2F ZHS v FA3gc}t. Algae meal (ulothrix
2 chlorella)] YW R F AEV]E 2ebya ek 29 03% 2 29.24%2 fA}8Fg] o) o2 AR
E3] NDF &3 (20.76% 2 5.92%), Z3]8 32F(28.99% I 32.86%) I Ca ek (6.09% 2
12.62%)-2 algac® 7}oll Ab}3t —42]——5 eI (P<.01). Algae meal®] F5oln] =it FA0A
ulothrix”} valine, isoleucine % phenylalanine £2] #gko} chlorellad]# ¥} =4 vielys
isoleucin, glycine % proline 382 chlorella (1.46%, 9.79% = 8.25%)¢] A ulothrix (1.16%,
144% 2 1.03%)elA Hoh w]$ =74 vebdoh (P<.01). Algae mealA¥}e] E3RA|HAF 2AJS
C16:0 2 C18:02] 3eke] ulothrix(33.07% % 20.70%))A chlorella (27.17%  7.03%)o]|A ®
o U (P<.01) EEZ3 2wkl 242 Cl18:1, Cl18:2 2 C18:3& chlorella = (24.83%,
13.06% % 5.76%)¢) ulothrix ?}"*(4 69%, 0.03% % 7.51%) B} v)¢ =9k (P<.01). Algae
meal?] in vitro W39 Y AA AE 2382 ulothrix (36.33% 2 69.43%)7} chlorella (42.57%
9 72.83%) A EH(P<.05). Algae meal®] oJF ol tjdt ABES 2 AHFP(FAE F AL
¥/8%)2 chlorella (178% % 100%)7} ulothrix (1.59% 2 90%)u} =T (158% 2 86.7%) K.t}
a4y BAA e VA dateH(P>.05).

HME0] : T, Hasl)7lE, AR, A%E, A

o3t algaeD wioksta AAE algaeZ A}

LM B 8232 o4 4 A3t} ofgy A1 A

go] 7l Holth. Algaet: 2 ¢4 A3}

AA AbgAle thEke H7]Ee] WA EHEY o A7} F vt o=} (Lightowers, 1988;
(Van Horn ef al., 1994), ol& ﬂ7§_9_°391 Govindan, 1989) ©}& 2t H|sld whef =
7 g9lo] H7|= ok AFHEE Hy] g BAge] ¥& A (vAE)Z 4=y 4l
(Lanyon, 1994), Biogas (¥ £, 1983) ql o} (Fallowfield and Garrett, 1985; Govin-
A}E (Anthony, 1970; Bhattacharya and dan, 1989). £3] algae: A ek (40~
Taylor, 1975)24 ol whle] &&A glovt 50%) 3 F71% ek (10~20%) o] o} 2E 7}
AR Akl vl ALgE uln]d Aol & AlRE AlgEH. &, W5rtE (Hintz et
ALg71EF d4L E8 I ET dF o al., 1966; Hasdai and Ben-Chedalia,

3lEe] 4 Aer}l Hed oot 7L HS4E 1981), 7} (Rowland et al., 1979; Lipstein
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and Hurwitz, 1980) % o]3]% (O’Connor
and Nell, 1991; Sommer et al., 1994) Al&
28] 7HA7} A H gl

259k algae AP F2 A At FE
#HelA] YA algaeo] wigt A77 WA
(Wilson and Houghton, 1974; Fallowfield
and Garrett, 1985) %5 =4l Wit A3
Z A dA 4 T HTo Ha AR
2 e A AR Al SlsER
718 Ao AHG7L ol AM-Eo] Y4 o)
NEFE FEFHIL e AAolth weiA B
Ad7E He A7 ES o)&3ted WA algae
mealell 3t 33t A oJFH 7IAE S
dto] AlREH o] Mt EAFaA ATE
AA st 1 AE s vlelo

2 Mz 3 WY

2.1 Algae

B AT FA)8 algae F7- A4 7] E9
A gl T & Ao Adste] whf
(James, 1978) 3tded, WADGA] 22 =}
Aol A $:313F algae (A, 1992) FolA] ALst
71 (2% 2 T M AAbe] gzt 4
4 NEE gAsled o] Lo|qt ulothrix
Z3} u]= South Dakotad BrookingsA] T3
A 445 algaeE T2 (X8, 48 2 27}
)N A5o] A chlorellaFE HELS

2 ol galsie,

2.2 BAHI|E

AAA7E (Fr)2 FEAgdn SEARSA
oA ARSEI e 1‘34_ & 20kg A== 9
wbdel {9 ARE g Aol u)
=5e dJUlE &, -‘:-(177’»)7]- =3} 2
)5 A% oJ&sided 3 x9 NPK
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Table 1. Mineral composition of dairy cow feces and
urine
Mineral N P K Ca Mg

Feces, o of DM 258 0.67 0.75 220 0.68
Urine, mg/100ml 8.00 5.60 793.00 - -

a2 Table 13} 7},

2.3 Algae mealQ| M4t

1) wjek : A7 55cmx¥°] 15cm9 25
liter £32] 9% plastic®7] 1070 Z+zt 20
literd] RAEYR 0.5%, w/v wgdS Yo =
Feoluv 7lel Hae 298 WAy st <
S 93 oA A4 8lEe] 249 wAlg}
22 FIAE 93ld vinyl filmE Yol algaeE
shefatalet.

2) 8 £ ST A 3~59 HL
2 algaed] ARAHE &G0z sl A
A4t el A 0.5mm screeng o]-&3lo] 4]
A A Eget. $83) algae cell-& 33] ol A
a2 AFHste GRATIT HEHLE 60°C
FEAZ7IAM 2447 o] AxAZ] F
0.5mm screenc¢] H&A¥ AlEE47] (Cem-
otec 1090 Sample Mill, Tecator, Sweden)
2 Bistd B4 9 Aoz o] 43kt

2.4 Algae cell2] 3}st™ MEEM

Algae cell®] QuizAgR & zohia oz
A, 2, ENE P AHETALE GBS
AOAC (1990) ubdl 9o)sle] HA 7 AHAL 3
g2or] NDF (Neutral Detergent Fiber) %
ADF (Acid Detergent Fiber) 32 Goering
7} Van Soest (1970)¢] W& o] &3l ¥4
3. Al 8% carotene -2 AOAC (1990)
el ool EAssch AR B9 FL T
718 £, Calcium, Phosphorus % Magnes-

ium-& Atomic absorption spectrophotome-
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ter (Shimadzu AA-680)2} Spectrophotome-
ter (Shimadzu UV-160)2 43t}

Algae @A oAl AL 10mg N
9 ABE 250mL flasko] ¥ 0.1% phenol
£ ¥3sl 6N HCl 100mLg ¥ 110~120°
CollM 24X 5t FafAR Foll Y73t
whatman #1 o3}x]¢] A7l Fo} amino
acid AFEEA7] (HPLC, Spectra Physics
8875) 2 #A3lglcl. algaed] AwWARE AWtE
butyl esterificationdt v} Gas chlromato-
graphy (Supelco, Inst. Inc., USA) 2 BA3s}
Aot

2.5 In vitro AE % CHHE ASAIH

Algae meal?] 43811382 Tilly9 Terry
(1963)8] 2244 A3AY = 194 @ ulde
23A8d 2 234 @ #49] (pepsin) &3HAF 4
WE 7122 3] AAEied a3 7
7} 48217122 Aok s HYAF P A
glub-& vk3=9)e)| 3 (festular)S A2st 2}
f$ollAl CO27F 548 1L Erlenmyer flask
o 500 mLe] $|Y-& AF 3] HEFE o]-83}
of 94 =& fAste] AFAHZ -l
o, s 992 COx7t 338 F9 vinyldd
24 WA 37 9] cheese clothZ oJ2}3t thgo
A4 d922 o ajech

2.6 SH40{2 0|28} algae meal2] oA AlH
1) FAEge] - g AF 2.6g F=9 7
3217 (Loach, Misgurnus sp.)S A&
(HAFFA T T4 AN T3t
of FAsted A7 304 (3uHE) S i
2)5te] ZF 904E o] &3} Tt
2) AFAIEE 1997 89 209 YE B
104 2094 717] 857k A A8kt
3) AlFFuA) ¢ 27, ulothrix meal®7}

HII1ZXA3) M6 A M1 &, 1998

T+ 9 chlorella meal@d7}+& 7+2t 34t
oz AAsle 9749 AHExE 2 W
oz WA s

4) AFSZ 1 7FE 40cm X A2 30 cm X 0]
20 cm®] Zgla®! 2o uige 5em A
=29 &S 43 AEE A2eAM W
Ashe] 4e& oo AT oFE 29
13] 10L AHx7} 9 23 EF A5
38 3o

5) Al&¥ 7]EAFE (Table 2)E 715 (Hep-
her, 1988)°2 3}l AlR AHEV|FOR
AF] 3%E Y Fodstded ATl
Me 7122 90% (2.7%) 2 algae
meal 10% (0.3%)S Z}7} Foslgloen

Table 2. Ingredient and chemical composition of the
basal diets for pond fishes (Loaches).

(% of DM)

Ingredient composition 18.62
Fish meal, Manheden 24.68
Wheat flour 15.00
Wheat bran 5.00
Defatted rice bran 10.00
Corn gluten meal 23.71
Soyben meal 0.30
Salt 0.18
Choline 0.05
Stay 0.11
Calcium propionate 0.10
MGO 0.50
Mineralmixz 0.80
Vitamin mix®

Chemical composition
Crude protein 34.88
Crude fat 4.00
Crudeash 8.70
Ca 1.10
p 0.80

a(mg/kg): 1 5.00, Co 3.00, Cu 3.00, Fe 150.00, Mn 15.00, Se
0.20, Zn 40.00.

bVit. A 9,600.00 IU’kg, Vit. Dz 1,920.00 IU/kg, Vit K; 8.00
mg/kg, Vit B; 8.00 mg/kg, Vit. B2 6.40 mg/kg, Vit. B¢ 8.00
mg/kg, Vit. Bi2 20.00 meg/kg, Biotin 80 meg/kg, Folic acid
2.40 mg/kg, Niacin 100.00 mg/kg.



algae meald S} 3Asle 22 pellet
P2 A Foll Az Fodsiaot
6) ZAFEE © o]Fetx] (loach) 8] AF2 F
13] AAA-EE o]43ld FA 5o
NEE (FHAHP 2 vl skl

2.7 EAIXNZ

AtRe 7+ st zA L in vitrod g
algaeZ (§8) 7F(ulothrix®} chlorella)2] o]
= T-testZ 43S, 22T Hdold] dat
A AFeA Az AMelte] A 2t
°]& Duncan 957 Al 2jste] A X F24
3hd et

o
=0
olN

3. 4

ic)
L]

%

3.1 Algae mealQ] 3}&tE XN

Table 3ofl vield vhe} Zo] & AlgofA £
A= ulothrix 2 chlorella meal(cell)8] A&
71E F9 od%Aa 32 Table 37 2

Ulothrix % chlorellad] bzl gk 7}
7+ 29.37% W 29.23%2 & (HE)7e) wlsd
AE Bk, A ek o H7]E
A AR algaed] &eF 45~51% (Hintz ef
al., 1966; Garrett et al., 1976; Hasdai
and Ben-Chedalia, 1981; Durrani and
Khalil, 1989)X.c}= I9kv Nikil’ Burskii
(1990)7} B.13)} red algae?] 29.97%%2= H]
23 Al

27 gehe QuapRe el S
2 == ulothrix (3.08%) Xt} chlo-
rella (4.74%) oA E7 bt (P<.01).

FAR e T EFF AT oy HEd o
2 g7 A3} (4~6%) 2 APt 2 ulothrix

(5.70%) e A chlorella (5.59%) Xro} &kt
ZAN A4 (NDF) ke g2 F3oMe
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Table 3. Chemical composition of algae meal produc-
ed from dairy cow wastes

Algae
Component
Ulothrix Chlorella

———————— (% of DM)¢ --—--——--
Crude protein 29.03+0.332  29.2440.032
Ether extract 3.08+0.022 4.74+0.100
Crude fiber 570+0.190  5.59+0.28°
Neutral detergent fiber  20.76+£0.79* 5.92£0.16°
Acid detergent fiber 6.33+£0.972 3.43+0.16°
Ash 28.99+0.022 32.86+0.03°
Nitrogen-free extract ~ 33.20+1.002 59240420
Calcium 6.09+£0.122  12.62+047
Phosphorus 3.25+0.212 2.70£0.160
Magnesium 1.52+0.122 3.08+0.14>

Carotene, ppm 9.86+£0.100 1098+ 1.14

abMeans within a row with unlike superscrips differ (p<0.05).
¢Mean £ SD.

ByEz ¢kokont B AIolA  ulothrix$:
(20.76%) o] chlorellaZ(5.92%) Hox oj$-
=9kt (P<.01). o] ulothrix$Eo] AFA T
25 /A3 glenz A9 HHE A5
$}3led hemicelluloseZ =}A] 3Ad3ted NDF
ghego] wA viepd ez shdslch @ Ab
AR AAGA (ADF) &k ulothrixel A =74
gepten e 94 FASAE AT 4
A EAY ¢4 ALer FE5En.

23|18 geke ulothrix (28.99%) ¥ chlo-
rella (32.86%) 2 25 Yulrlg.el] nlsle] of-$-
Eokow EEz® ek Aozt BAA
93} (P<.01)E E9lch. o]+ Hintz 5 (1966)
o] X113} 6.24%, Garrett = (1976)2] 6. 4%,
Durrani$} Khalil (1989)2] 6.8% E 7.2%,
Fallowfield®} Garrett (1985)2] 18.82 4
16.85% Xt} =A el Hasdai®d Ben-
Chedalia (1981)o] X33} 25 5%9= v|2y
frAb AR Bolot A £ AlY At
o okt e 4 gloh webd] 34 H7)
EoA AAMR algae meald] Z3EEHS ot
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algae meald]] H]3}e] A3 2 S o
o}.

HHeFRLERRE W Z3% ol ¥
2. ylothrixZ (33.20%)°] chlorellas (27.56
%) Bt Furt.

Ca TeF2 chlorella® (12.62%) o] ulothrix
%(6.09) 1ot AA3] ERom (P<.01), F4
o] &= o H7]EAM AALE algae meal
9] e 2~6% (Hintz ef al., 1966; Lipstein
3} Hurwitz, 1980; Durrani®} Khali, 1989)
Bop= w4 dvepgdet. Pel Mg @32 o] 59
H el fa)eled o}, whx] Lipstein® Hurwitz
(1980)7} ®.38 algaed] P g FTAVF
11.7%2} v]wste] B Agel|A PAHH algaed]
P geF 3.25% (ulothrix) ¥ 2.70% (chlorel-
la)ebs st zpelE 2wk wielM 24 4
71 Eol|lA AR algae mealoll= o 7}5o)
v} Mg oM AAEE algae mealol] B]d}hed
Ca o] ¥ P g2 2 7oz g
Holen, &3] Ca® o] chlorella®:
(12.62%) A A vepd Zo] wif Helgt
Ao g

2 Ago)A] Al B-carotene ¥ uloth-
rixZ2] 9.86 ppm-2 chlorella®] 10. 98 ppm
£ Hintz £(1966) 221.4 ppme] ¥]3] Foh=
d ol AEAH F EHA7A 7171 (14) €]
797] W Fol} Y3 caroteneo) FHHYL 7}
SHE o 2350 Go2 44 9 ARE
Bl F e A7 BHA 27T
o,

2
L

A
T

32

3.2 Algae meal2| Oto|it =M

£ AgM AL algaed] ofn|xAF AL
Table 49} 72249 ulothrix] "4 ofm| At
FAL valine (1.44%), isoleucine (1.26%)
9l phenylalanine (1.22%) ] &3] chlorella<

HolgX22), H6H H1 =, 1998

MEoh F33, BES ofu|xAtE glycine}
proline®] ¥ efe] ulothrix (1.44% 2 1.03%)
B} chilorella (9.79% 2 8.25%) oA v]-$- &=
A viebseh(P<0.01).

2 479 A (ulothrix)E ofv] Had
algael %ol Fof A IF opn|:AbE leu
cine, arginine, lysine ¥ valine ¥ phen-
ylalanine (Chung ef al., 1978; Lipstein and
Hurwitz, 1980; Durrani and Khalil, 1989)
2 B 3yl vi$ o2 Garrett F(1976)°)
R 773} lysine, leucine, phenylalanine, argi-
nine ¥ tyrosine ¢} G £ AE Aol E
B, wlgs oAl £ glutamic acid,
alanine 2 aspartic acid £28 ¥=A ‘ehd
W& (Chung ef al., 1978)3 ulothrix W43}
= A2y chlorellagh= AF Abelsty

Table 4. Amino acid composition of algae produced
from dairy cow wastes

R . Algae
Amino acids
Ulothrix Chlorella
———————— (% of DM)e —-----—-

Essential 1.104+0.032 0.92+0.07%
Arginine 0.28+0.072 0.18+0.07»
Histidine 1.26+0.072 0.87+0.08
Isoleucine 1.16+0.052 1.46 :0.04b
Lycine 1.16+0.03= 0.92+0.02b
Methionine 0.43+0.022 0.27£0.02%
Phenylalanine 1.2240.022 0.84+0.03°
Threonine 1.12+0.012 0.89+0.02b
Valine 1.444-0.032 0.99 +0.05%
Non-essential

Alanine 2.25+0.032 1.51+£0.01®
Aspartic acid 2.30+0.042 1.94+0.02%
Glutamic acid 2.824+0.022 2.00+£0.03b
Glycine 1.4440.032 9.79£0.04>
Proline 1.034+0.03= 8.25+0.02b
Serine 0.97+0.022 0.97+0.02%
Tyrosine 0.75+0.032 0.55£0.02°

abMeans within a row with unlike superscript differ (P<0.05).

¢Mean+SD.



ol 53] £ dFelA 388 chlorella®] 7%
+ glycine (9.79%)3} proline (8.25%) % eFo]
o]~ =gkt wlebr] ulothrixe] ofu]xAl A
2 oju] Buy gEdg Ao YAt
% algaes} A Fo] wor} chlorella®] of
vt 2 7180 E e Aol HL u
42] z}o| g} vl Ho] algaeF ()9 EA g2
7] a2 S

3.3 Algae X|gto] A|HhAITA

Algaex|u}e] AWFALZEAIS BA3 Ade
Table 59 vepd vie} 2H2d] E3px]upAle]
gFeF2 ulothrix®o) M= C16:0, C18:0, C24
10 % C22:0 €22 ¥ JeltT chlorella
Z2 C16:0, C18:0, C14:0 ¥ C22:0 £=o=2
A et @ nlgx get AAes i
o]l& viehjon XA uML FPu|EE F
Rl & AolE Byed 58], Ci8:lx}
C18:2% chlorella (24.83% % 13.06%)9lA
ulothrix (4.69 % 0.33%)Et} o)$- ¥t

Table 5. Fatty acid composition of algae meal produc-
ed from dairy cow wastes

Algae
Fatty acid -
Ulothrix Chlorella
———————— (% of DM)¢ ——-~--——-
Saturated
14:0 0.02+0.002 6.90+0.02b
16:0 33.07+1.562 27.17+£0.31®
18:0 20.0740.292 7.03+0.03b
20:0 3.37+0.022 0.01 £0.000
22:0 5.40+0.022 2.3040.02b
24:0 8.57+0.022 0.024+0.00b
Unsaturated
16:1 5.06 +0.03a 5.55+0.020
18:1 4.69+0.242 24,83 +0.070
18:2 0.03+0.022 13.06 +:0.35%
18:3 7.51+£0.172 5.76+0.12b
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(P<.01).

Lipstein®} Hurwitz (1980)2] X 3o ¢J3}
o chlorella®] A}l ZAJo] C16:0 20.5%,
C16:1 10.9%, Ci18:3 29.5%, C18:2 14.9%
9 C18:1 10.2%% 2 dFA7 )= o] S B
At o]} ZE zlo]: algaewhofg- #H7]E2
Z5F9} ok algaed] £, = chlorella® o}A]qt
F(FE) ol 3 vt gZ27] g FLeE F34

gt

3.4 In vitro HAE % XCHHE A58

2 Algel|A F8sle] 2X & algae meald)
in vitro A% 2 ZguiA 434842 Table 6
o viepd wiel Zrt

ulothrix ¥ chlorella®] u¥FE¢] AEB 43S
(14 2 AAL3HE (2249 36.33% 2
30.16% 1¥]3l 69.43% = 68.35%%. el
F7e A3tge] oAt dAHATG (P<
.05). 3| zhwa]l 43}8-2 ulothrix ¥

-chlorelladl*] 37.61% % 42.57% 8|3

71.02% Y 72.33% = WFE$AsEo) M= B4
Hx}o]E ¥ chlorellad) A A3}go] of
g AR Yebdd (P<.05).

Hintz 5 (1966)0] X318 Q4= (sewage)ol
A BAE algae meal®] AE 9 FxbgA &
3142 mekol| A 54.2% 9 72.5% 28T &%

Table 6. in vitro dry matter and protein digestibility
of algae produced from dairy cow wastes

Algae
Stage -
Ulothrix Chlorella

———————— (% of DM)®¢ -——————-

Ist DM 36.33+0.292 30.16 £0.66b
Protein 37.61+1.23 42.57+1.38b

2st DM 69.43 +£0.092 68.35+40.33b
Protein 71.02+0.362 72.33+0.572

abMeans within a row with unlike superscrips differ (p<0.01).
¢Mean+SD.

abMeans within a row with unlike superscrips differ (P<0.01).
¢Mean+SD.
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A 50.5% 2 73.8%%H ¥ AT At} v
T3l AF a3gelMe AolE Byo} A
il A3gefl M o] 5] Xael fAkstsde
=3} Hasdai® Ben-Chendalia (1981)¢] ¥ %
gk 2 4ollA] A algae (chlorella) 7} Z1E7]
Fo7 36% TAE Akl o Fute] &5 A
gelo] mofelAle A AL AFL34E
69.3% % 79.3% AN ZRUA 3hE2
71.3% % 83.6%Z algae meale] IFH AR
o] Ashgol dFute] Fid AR AHEe]
AE g9 oA mRA A Jepd RS
2 4 gleh

uteb] algae meald DA E0|BEZH HE
Blo] dehslm g Ashge] AEA AbRe] ulst
of "ol o2 dAgddo. e £ d7
of AH3-3 algae meald AATHA £3ES
A3tEE 2373 ot A g F, b
F943hgo] W3 ubRgle} 49] 435S
AA LS 8 Hag) fAlstEE Hbae
E3 dwlA (ruminal undegraded protein =
+ ruminal bypass protein)®] &3}7} 7]t =
o GOE ol |7} ALAH A7t 27
diglel, uf2lr algae meald] ek YAk
Zeo] =] w2 Aike] V¥ AF
HhE7bE AbRe] ArAlzAel b ok}
WA Alg 2 E YAk 9 o] go] A43h) 7
Hopal gekgd

ki

U of G ]

3.5 Algae meal?| MIIHZ AL &1tet oFX A
Al

£ AT FHE "o (vFER) Al
o) ™38} algae meal®] 7} &3}= Table 79|
vepd whe} 2o

Algae meald A7} AIRE Foigt AT
o] A A (chlorella, 4.61 g/85)7} =7
(4.11g/8%) B} ¥gkem (P<.05) $A4

HISAAS, HeH X1 =, 1998

Table 7. Weight gain and mortality of pond fishes fed
algae meal produced from dairy cow wastes

for 8 weeks
Diets

Control Ulothrix  Chlorella
Initial wt., g 2.6 2.6 2.62
Final wt., g 4.112 431 4.61b
% of initial 15.82 1592 1782
Total No. 30 30 30
Sruvival No. 26 27 29
Dead No. 4 3 1
% of survival 852 90 98a

15 Means within a row with unlike superscrips differ (P<0.05).
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