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(FZE] DT T AN i e 2 0 4 R B S 3 R 19 A I R R R T 52 ) o S50t 6 S 4
BB BB BERSIE . 0, 10, 20, 30, 40, 50 mg/L, Zp5lich CO, C1, C2, C3, C4 FICS 41, #4413 AT,
PR 16 d BREEE TR . SCIRA RN 1) AEIRERY BTRER W R/ NS AR K (P < 0.05) , Hp @3
UPNERBEH I IR, 2) AATRR Y BB v B 25 M/ N K AR E T (P < 0.05) o JEFREE3 R, C2 Al
C3 AR PR PO AR B 3 T HAb A 4 (P < 0.05) 5 555 K, €2, C3 I CS BN THAR3 4 (P <
0.05); %8 K, Cl ~C5 FARMPURMIEZE R ARE, HIYRZFMTIIML (P <0.05) , HALLC3 HA
A TR P Bk 3) AT A T h vk P 25 S/ DR BE X K BRI R (P < 0.05) o SEBTTIR%E 3 ~5 K,
C3. C4 F1CS ABMREZ LT CO, CL M C2 41 (P <0.05) ; 7ESLEGHEATHI 8 KIF, LB L
TGk SR EE R UL AR AT LU S AR DR ARG, SR SR/ NER B KA R BRI, How
T AR A R AR R 30 mg/ Lo ARFEASSCIRZE AU, /NEREES IR 8 d AT b SEHANE . RAMBEAEE SR Y
i, VAZERE/NEREE RSO A K
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The Effects of Different Concentrations of Glucose on Nitrogen and

Phosphorus Utilization of Heterotrophic Chlorella
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Abstract: The present study investigated the effects of different concentrations of glucose on growth and u-
tilization of nitrogen and phosphorus of heterotrophic Chlorella. Six culture medias with 0, 10, 20, 30, 40 and
50 mg/L glucose( marked as CO, C1, C2, C3, C4 and C5) were prepared to culture heterotrophic Chlorella for
16 days. Each treatment contained 3 replicates. The results showed that: 1) With the increase of glucose con-
centration, the cell concentration of Chlorella was firstly increased and then decreased. The growth of Chlorella
in C3 group was the fastest, followed by C2 and C4 group, while growth curve of CO, Cland C5 were gentler
during the experiment.2) In the third day, the concentration of nitrogen in the culture media was significantly
lower than that of the other groups (P <0.05) . In the 5th day, the concentration of nitrogen of C2, C3 and C5
were significantly lower than those of the other three groups (P <0.05) . After 8 days, the concentrations of ni-

trogen in cell media of C1 — C5 groups were not significantly different, but all of them were significantly lower
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than the control group ( P <0.05). The lowest nitrogen concentration was observed in the C3 group.3) The
phosphorus concentrations in cell medias of C3, C4 and C5 were significantly lower than CO, C1 and C2 in the
3 -5 days after the experiment started (P <0.05) . The phosphorus concentration of each group reached plat-
eau in the 8th day of the experiment. The present results suggested that 30 mg/L glucose supplementation in
the water could promote the growth of heterotrophic chlorella and improve the utilization of nitrogen and phos-
phorus in the water for 8 days, after that glucose, nitrogen and phosphorus need to be supplied to the water to
sustain the rapid growth of Chlorella.

Keywords: Chlorella; glucose; heterotrophic culture; nitrogen; phosphorus
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Yol TR AT . FERE A H L KA WL B 4 oK T LR SRR K R TS e, H R
AR LRI FE P AR (9 R 75 0 T TR X . 2R W 4 AR A 24 4K S K A b T 1 —
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P I B 5 O RGBT R MK TS Y SRR R R S AR
ST FH S R . R P AT LA A 2R TS K R 0 S R . T 4 TR T RIE LR
AETL0T T EINERIE G 3B 0T AT RO 1 5 B 10 32 6 HE B ) K= R 2 e, s AT A 4
E/NERWE I 31T Tinsoo 451D FH BBEK B S /INBROEIN R B, /NERBEAHS K IR (R
BT BRI, YRR LT T MR K rh 25 MR JE LB R G I R R S o
BRATHE KO INEREHEAT 11 76 . IRFERIR IR 0BT 0 R B, SRR /NERSENE COD | Cr ALY 2213 %
SYRIRERF] 76. 8% | 77.9% F1 68. 2% o HA BT L WIER A LI, SRR ST G, M
AR . BEGINFETT 2, TR, ZEd i ORI HL T LA A7 Ml % 4 5 Fs X FE A AR A,
PR . 2SSOSR MR R 4 B 150 1 S 6 e BF S At 2, RS/ A b R I e A A B e 52
FerE KRN, BRSNS ) P G AT TR R R B 10 T I e SR I IR B
Fe T TR PR R R 1%

1 #RFAEE
1.1 ##

RS R R Y 0 0 Rk S A R 9%, B2 D7 R . NaNo, 0.75 ¢/L, KH,PO, 0.175 g/L,
K,HPO, 0.075 g/L, MgSO, « 7TH,0 0.075 g/L, CaCl, - 2H,0 0.025 g/L, NaCl 0.025 g/L, FeCl, - 6H,0
0.005 ¢/L, ZnSO, - 7H,0 0.287 mg/L, MnSO, - H,0 0.169 mg/L, H,BO, 0.061 mg/L, CuSO, - SH,0
0.0025 mg/L, (NH,),Mo,0,, - 7H,0 0.001 24 ¢/L, pH =6.5,

] B Al B SR TP ES N 25 mg/L (YA HE AT 100 TU/mL 585 3 2 BUSEAP 3 B 45 7 2

AR TR SRR AR KRR, 51U A B PR o B 3G ek b, TGRSR, 195 ~7 d J5HsER
H AR RFREIE, B T, SR RaEny kst O bR R 2 A K R ) —
PR, AL, B h/NREE (Chloralla sp. ) o ¥ C3RAFHY - F7/ NEREE RO IREE IR 5 IR
1.2 ZWH*E
1.2.1 2L

H OGO I/ NSRS e AR ARG kb, B TOLRREE A, TREEh 28 °C, JBIEEREE Y 3000 ~
4000 Ix, YGEGEWIN 14 h: 10 h, §53:5 ~7 d, EFEBERY.
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1.2.2 PEHRICH bR

BHBERIMALTHRBUE R ISR, BHRAWRE R 100 IU/mL, 5373 dJ5, HU10 mL 3K
JIAZE] 90 mL JCR IR, FEIMA KRR E ZE RN 100 TU/mL, gkgii5: 3 d J5, 10 mL i
A 90 mL R IEFRIEM, FHIMARIRE R 2 HEZR R 100 IU/mL, 1:3E3 d,
1.2.3  BERPRYRE R

e il 2 £578 72 AR Wk B B SERIRT IR 3L 500 mL, in A TG 1R AR B S F8 0 KRG #8500 mL, FHE 1A
U EAHIE, TR, B RBA, WESEAMM A, 15 d 5, Z 88 408 I i
BRI AT 3 5L
1.2.4 Skt

I 72/ NEK B 500 mL $2 A 2000 mL (Y R ARG SR b, AAWE TRV 25 o/L, B R$E
M3 ES K, BEREFRT d.

Wit 6 NEA T EWER . 0, 10, 20, 30, 40 F1 50 mg/L, 4r%lid>h CO, C1, C2, C3,
C4 1 C5 5204, R 3 A FAT. BERCRIIERE R SR 1:5 W HLBlR &S, 2] 18 4~ 500 mL (1)
HEFE R, BR300 mL, RS54 BN A A 2T B R . DI R SR BRSO A
AASBE . AT, (ORPROEIREE N 0. B IREE 7740, R R 28 C., HkE
1d X . SAEUVRURBER & U T, SCIRRELE 16 d,
1.2.5 JWEE

PR S I S SR FH BRI BSOS 45,  El p  SR M o B R AR T, R I SR
Rl B A Ak E
1.3 HiEAIE

12 SPSS 17. 0 #4455 e 5ot vh 45 4L [R]— R5 SRS a] A S 4 M . 5 ZE0RI BBl 1) 5 et 43 ) 2R 4 2 K]
FI7225500 (one-way ANOVA) . W22 573 525, W Tukey Z2 HAGKRIEAT IR, BE KN
P <0.05, Fra¥dELSFME £ 5ifE2E (Mean £SD) IR,

ARG EARE IR, @R BIEER Y = L - U(R - X)) o Ho: R, LAY S0 AR
(R. L), RAYTA; Xp&/NT RIPAZR (X) {H; URHEHZL X, MR, YX>REF, EX (R-
XRL) =0,

2 KWER
2.1 FEERERENRHNKEE KR
SH RS KA | R, 4R D700

SRR TSR (P < 0.05) | FiATME —Zo00 -C1
SRS 5 RIFIG SIS K. B S TS50 1
KJe, €2, C3 Fl C4 H/Nek vk i 3% w5 F HiAlh g@m s
KA (P <0.05) , 4512 KJg, C34U/NRMEWEE <2300
SR T4 (P < 0.05) < 2200
2.2 WERREREMPFRNGERABGOEm 110
A LA, SRR 3 KA, 2 MC S 0 7
YL RO TR TRV I I T A 4L (P < by Snd oy S day Sty 10
0.05) . HFEEH 8 ~16 K, Cl ~C5 % 41A M (I Time
FEv i B BT T X R4 (P < 0.05) ; T CI. 1 7FIﬂﬁ"'ﬂ"%ﬁ%’&&ﬁd\iﬁ%?ﬁ%i%ﬂ‘]%ﬂI'ﬂ]
e e T o et ¥ [

0.05) , fHEL C3 dHESRH R B e L ik
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F 1 RRER A A AR B R RERE (Mean +SD)

Tab.1 Total nitrogen concentration in each group at different incubation time (Mean + SD) (mg - L™")

i ] 2H 51| Group

Time CO Cl1 C2 C3 C4 C5
251K 1st day 200.0 +0.0 200.0 +£0.0 200.0 0.0 200.0 +£0.0 200.0 +0.0 200.0 +£0.0
25 3 K 3rd day 160.0 +5.3" 150.0 £5.6° 150.0 +5.5" 140.0 £11.0"  160.0 +2.6" 160.0 £1.5°

455 K 5th day 98.3£2.1° 91.0 2.0  74.7£5.5" 75.7+1.5" 98.7 +1.5" 80.0 +15.6"
45 8 K 8th day 26.3+5.1° 18.7 +5.1" 10.7 +1.5° 10.3 £2.5° 11.7 £0.6° 13.7 £3.5"™
%5 10 X 10th day 19.7 £6.4° 16.7 +3.2° 8.0£3.0" 6.0+£3.0" 6.7+2.1" 11.0+1.0"
%5 12 K 12th day 16.3 £5.1° 7.7+2.5" 4.7=+2.1" 5.0+0.0" 5.7+1.2" 5.3+1.2"
%5 14 X 14th day 12.3 £3.8° 5.7+3.1" 6.7 £0.6" 3.3£2.1" 5.0+2.0" 4.3£0.6"
%5 16 KX 16th day 10.3 £2.9° 3.0+2.6" 4.3+1.5" 1.3+0.6" 2.3+0.6" 3.0+1.0"

Yl 178 EAR PR SRR 255 B3 (P < 0.05)

Note; Values with different small letter superscripts mean significant difference (P < 0.05)

TRIBOM A e PR C3 41, % 05 e vk 2 i 250
Bigrmf 1] ) 22 A AT A R 07 2200, R BLAR) '
Jo A JRE B 7 I 1) A A 2 R AR (P < 0.05)
2 Tukey ZH WAL R, RAREAEEES 1K,

— [\
9] o
o o

.
.

100 . Y=5.2431.583(7.282x)

SR 1 MR BE Nitrigon
concentration/ (mg- L")

3RS KAS S KERBE (P <0.05) 5 b, R=0999

Mg 8 KEH 16 KEFAGBE (P >0.05) . & =i O W
E]Uﬂﬁ*ﬁ, é’%ﬁ%ﬂ?ﬁéﬁr/ﬂ (ﬁn[?/ﬂZ)o FHF{EIZ ﬂby‘% /?gtzhsdiir /lﬁ.gt}}%j% /l;f;:t}}?lji ;Ef(:");t}?(()ld?fi
L SR R 0 0 R R 30 me/L i, I Time ’

F£ 7 d G R FR P A e T B PR E T R 2 COHEEARBRARERESERNENXR
(F=E- Fig.2 The relationship between total nitrogen

concetration and incubation time for C3 group

2.3 FHEEREREXRF/NKERMNANZIE

M2 AIUL, SEERITER%E 3 K, CO X MARm PRk s 5 C2 e F 25, (HEF&T Cl,
C3, C4MCSZH (P <0.05) ; {ESCHIEATH S R, €3, C4 Il CS HIBIRKRE LB EZER (P > 0.05) ,
HEFELT CO, C1AC2 4 (P <0.05) ; fESLHIEATE 8 Ry, KSR EMZES (P > 0.05) .

x2 FEHEFHEEAZEFTRPBERRE (Mean £SD)

Tab.2 The concentration ofphosphorus in each group(Mean + SD) (mmol - L")
inNEE| 2[5 Group
Time (00] Cl 2 C3 c4 C5
1 K st day 1.40 +0.00 1.40 £0.00 1.40 +£0.00 1.40 +0.00 1.40 £0.00 1.40 +0.00
553 K 3rd day 1.26 £0.02" 1.16 £0.06° 1.30+0.06" 1.15+0.03° 1.17+0.06° 1.19 +0.023"™
%55 K 5th day 0.91 £0.03*  0.81£0.02" 0.89+0.03" 0.79+0.03" 0.82+0.04" 0.81 +0.02"
%5 8 K 8th day 0.50 +0.06 0.51 +0.07 0.62+0.13 0.60 +0.04 0.56 +0.03 0.56 +0.03
45 10 K 10th day 0.39+0.09"  0.47 £0.04"  0.48 £0.08" 0.50+0.03" 0.51 £0.06" 0.55+0.09"
512 K 12th day 0.31+0.02"  0.39+0.03" 0.45+0.01™ 0.47+0.04™ 0.49+0.04° 0.52=0.02°
45 14 K 14th day 0.26 +0.11 0.30 £0.05 0.31+£0.02 0.29 0. 14 0.42 +0.04 0.36 +0.04
4516 K 16th day 0.23 +0.01 0.24 +0.03 0.24 +0.02 0.15+0.09 0.26 +0.09 0.29 +0.06

Yl R AR AR TR RN 25 B3 (P < 0.05)

Note: Values with different small letter superscripts mean significant difference (P < 0.05)

TEBO WA e A C3 2, WA HE R 55 IR 6 18] A AR AL R AT PR IR 3207 2200,k B e 2 it
AR AL BN (P < 0.05) , Tukey ZTKI R, BRI K. M3 K, 55 K. 58 K2
ZHRE (P <0.05), H8~12 RZEERAEE (P >0.05), 512 K55 14 REFARE
(P >0.05), 5514 5% 16 KEFALE (P >0.05) ,
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3 iFig
3.1 AREEERERENNNGERFEKNZMN

WA TR B TS AN MR AT HLBR VR R S b A= K. Lewin 287 1 1953 AR B 5 R B T — L
SEREF A WL AR I — BRI FIRE I EAT S 3526 16, Endo 255 5 2 T /INER 3 RE A8 ) T 5047 ALK U
RS . AW AR 60 2R, Liu &7 @5 LA 400 . S RO, TR . B
P 6 FROR[R BUBRIR , & BT FRACE T KE 5/ INER e R U A i U2 A A B LR, LR IS R FN £, R
BERAT S JE M AN IE A AR AR o AN SEI0 7% A 200 LU R nAS B AIG, DRI o FH A 2 M A R /N ek il S
TR FE BRI o

AGRIGEE LR, HARERE I W/ NERBE ) SR AR, T — R W v B VS R P S RNk
P A A S R ) 2 W I VAR B P TR TR, A A R MR BN 30 mg/ L B IR KR, A RERE T v
JEE R D) BT A A, U B A T R R AN R S BRI /NER B A, T e R R R 1) A X /N
BRI B S IR KA M RIVE ] o Sasaki 257 HFSE T /NBR¥E 15 40 14 1R A 55 37 19 75 7K b FEAK 28 b 40 b
JoE R X /NER AR KA, PR A A A T v ARG, PR A, ARG R B R A A
R R E T T E R R /NEK T . 18 2228 BWESE R, /NBR S S R A R rp X 2 B 1 R
AR, (S v B A A/ NER S A K AT IR 2
3.2 AREEERERENRFNKERF BN

AR M T MERER ., S RAMBESNLHTE, AAH/NRETER 10%, FHit,
INERIE A b U SR R T K, Lin PV RS T AR R BUIE R S 55 85 35 AN ER AR K s, R
CO (NH,) il I35 F2 1 /NER A K, T KNO, | NH,NO; ., NH,Cl fl (NH,),S0,% 4 F4 I XI5
FEREF /R A KA AR EAREEAE R . ©ABRGE 'O W], NBRBETE SRR AR AT DA
FIRAAR PR, I 2K AR PE R . R AR TP 0 2R A R A S A, PRk, &
LI IR LI NO, M NH, " N EE WA, AR EY, eI 3 RS HE R P A
A J R R S IR R R, 3k 6 B 2 B X T ) S 1 /NBRBE I R A R EVE T . SEBR TR IR 5 Y
B3 ~8 K, C2 M C3 ARG b B A i vk B i (K At 41, PR in 20 ~ 30 mg/L 4 %5 B RE
S TG MR S/ NER XK AR TP R R o FEARSCIG AT, C3 dl/NBkiE IR IE 3R INEE 3 ~7 K, HX)
B RO A R R BRI, 57 RIGETFS, HEHARSLZE T, S8/ NERE ) Pk A48 K 37
3~ 14 K, HISEFR/INER B AR K 3 2 B 0 R KR A IR ) 2 5 o B TR R AR RO IF S 0 A s IR
PIRES, WATRBAETFRFMET, INREEXT A . BRI HAESS 2 Rk RME, {HE5 3 R s
P R K, BEBTE SR 4 0F T /INERE FT RE VT LA BRI R TR TAE K,
3.3 AEEEEREREISHNKCER BN

WX AP . BT R AR R T s ok 1 SR AR I T B B R 8 R
W, SRR BB BT MR, HLAESE 5 ORI C3 g R% F2 9 il 0 ok B b K T oAb & 4
VBN , 30 me/ L )4 26 W o d vk B8 RE A5 T G b 02 0 3 A BRSO AR i s SR TR 8 d
MBI TS, HELRAKE TS SEZER AR E, MK 3 AT, AR N7
30 mg/LET, SR/ INEREEXTEE IR P B PR A H A A ERE SR B0 ET 8 X, MG MRk BE 18 N RE, X
MG 5RICRE AR, U] DAEN, 785738/ NER B SR 7 ~ 8 Ry #h su A M 55 5 =Y
DLAERE/INER R P2 A K

[ & % Tk ]
(1] T, HOCE. AEMRIRIRI ARG A R B R R (1], K7=Rha, 2006, 25(4) ;

171-174.
(2] X%, kiR, AWEEHORTEA SR P RN [T]. KA, 2005, 25(1) : 63-65.
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