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Tab.1 Factor levels of the orthogonal factorization method for
combination of protein enzymatic hydrolysis, N and P sources

CP(ml/L) N(mg/L) P(mg/L)
1 0 40 2
2 12 50 3
3 24 60 4
. CP
1.3
1.02240.001 /2 (Guillard, 1975)( N
P ), 1:4
250ml ,
9 (25+1) (5000=100) Ix,
L: D =14h:10h, pH 7.220.1, :
3
1.4
1.4.1 (><10° cells/ml):
0.2ml , 4ml ,
(400 )
(K): k=(nN; InNg) /T, N: N
T
105
1.4.2 : 2
ml , 4000r/min 5min,
, 3ml 80%
, 645nm 663nm

(mg/L) = (202><OD645 +

8.02><0ODgg3) < (Becker, 1994)

( , 1994) (ng/ml):
0.1 ml, 5ml
, 595nm

=0.0074x 0.0021, R? = 0.9869
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Fig.1 Effect of combination of protein enzymatic hydrolysis, N
and P sources on the biomass of C. vulgaris
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Fig.2 Effect of combination of protein enzymatic hydrolysis, N
and P sources on the growth rate of C. vulgaris
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Tab.3 Effect of combination of protein enzymatic hydrolysis, N
3 ’ and P sources on the dry matter and protein content of C. vulgaris
(P<0.05), (mg/ml) (ng/mi)
3 9 3 9
2.2 1 0.49 0.98 61.01 67.09
2 , 2 0.53 1.02 61.01 69.12
, 12ml/L , 3 0.57 113 63.04 73.18
, (N 60 mg/L 4 1.31 212 65.07 83.31
P 2mg/L  CP 12mliL) , N/P ° Laz 230 6109 8534
6 0.63 151 65.07 71.15
' 7 1.01 1.79 63.04 77.23
24mi/L ! 8 0.67 151 65.07 67.09
! N/P 9 0.92 1.66 63.04 71.15
10, ( IN/P ,
20 25 N/P 2.3 N P
) , 9 9 ,
12.25mg/L , , 4
4 L
x2 EEOWMMBYMS N, PRASHNKELHES P N (
SRENEM
Tab.2 Effect of combination of protein enzymatic hydrolysis, N J ), P
and P sources on the chlorophyll content of C. vulgaris : ,
(mg/L) :
1 3 5 7 9 N ,
1 0.57 1.93 3.06 4.74 5.43 N/P
2 0.83 2.20 3.63 4.61 6.39 CP12ml/L N 40mg/L P 4mg/L,
3 0.50 2.49 4.23 6.55 8.38
4 0.98 4.16 7.86 1094  11.66 ’ '
) CP12 ml/L
5 0.94 4.00 8.86 11.54 12.25
6 0.97 3.40 6.36 987  10.07 N 50mg/L P 4mg/L
7 0.99 3.64 7.81 10.59 11.18 3
8 0.90 2.99 6.04 9.74 10.11
9 0.92 2.93 6.05 10.21 10.93 3.1 N/P
3.1.1 N/P
( 3, (Chlorella spp.)
: 65.07pug/ml - 67.09ug/ml ,
83.31ug/ml  85.34ug/ml, ( , 2005) , N/P
497% 3.93% 10—15 , 20
472% 3.71% Redfield(1958) N P
(2004) ) 15:1, N P 15:1
) Rhee(1978) Hecky (1988)
, 9

135mg/g , N/P N/P 12:1
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Tab.4 Results of the orthogonal factorization method for the combination of protein enzymatic hydrolysis, N and P sources
CcP N P
1 1 1 1 273.3 5.43 67.09
2 1 2 2 314.0 6.39 69.12
3 1 3 3 328.0 8.38 73.18
4 2 1 2 374.7 12.25 83.31
5 2 2 3 351.3 11.66 85.34
6 2 3 1 270.7 10.07 71.15
7 3 1 3 357.3 11.18 77.23
8 3 2 1 266.7 10.11 67.09
9 3 3 2 300.0 10.93 71.15
X1 305.1° 335.14 270.2°
X2 332.2% 310.78 329.6°
X3 308.0° 299.6¢ 345.6"
R 27.1 35.5 75.4
X1 6.7¢ 9.8* 8.5¢
X2 11.3% 9.4° 9.9%
X3 10.7® 9.6° 10.4%
R 4.6 0.40 1.90
X1 69.8° 75.9% 68.5¢
X 79.9" 73.9% 74.58
X3 71.8° 71.8° 78.6"
R 10.1 4.1 10.1
(P<0.01)
(54.0 mg/L), 1992) , 12 ml/L
N/P , , P (P<0.05), 24
Rhee(1978) Darley(1982) N/P ml/L
30 3.2 N/P
3.1.2 50% ,
, , ( , 2004)
, , (1999) ,
, (2004) (2002) ,
(1991) ,
, , 12 ml/L
(Infante, 1992;
, 1998) (1994) ,
4
85.1%), 40%( , , N P
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ANIMAL PROTEIN ENZYMATIC HYDROLYSIS, N, AND P SOURCES: COMBINATION
EFFECT ON GROWTH AND BIOCHEMICAL PARAMETERS OF CHLORELLA
VULGARIS

YE Lin-Chao, YE Jun-An,

XU Guo-Zhong, LIU Jian-Xin

(College of Animal Science, Zhejiang University, Hangzhou, 310029)

Abstract The effects of different combinations of animal protein enzymatic hydrolysis and N (NH4HCO3), P
(NaH,P0O,) on growth and biochemical parameters of Chlorella vulgaris are studied. The optimal combinations were de-
termined by the index of biomass, chlorophyll content and protein content by orthogonal design test. The results show that:
(1) Interaction occurred among protein enzymatic hydrolysis, N, and P sources. The influencing factors on the biomass
were P concentration and protein enzymatic hydrolysis, and those on the protein content of C. vulgaris was the combina-
tion of protein enzymatic hydrolysis and N concentration. (2) The optimal combination conditions (P<0.05) to increase the
biomass, chlorophyll content and protein content of C. vulgaris are: N concentration at 50mg/L, P at 4mg/L, and protein
enzymatic hydrolysis at 12ml/L.
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