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1.1 A&t

BT B RHAT . L5 1 PHB ¥
BEAr € R 0,50,100,200,400 A1 800 mg/L,
PR PHB 524k pq 1 i) fe B ok B2 YO B 5 76 o Rk
|, 525 2§ PHB ¥k 43 % € i 50,100, 150
1200 mg/L, X% PHB 32 1k pq H 4 K B
/NERBE (5 x 10°4/mL) $ VR 3T B . 4R
B3 FATHE

PHB & ¥ 8} Wi Y FC ) - 7R — %€ & i) PHB
#37K (GoodFellow, UK) F 50 mL ¥R 5.0 1,
BA 45 mL K (FREE 2 30) . KELEETHE
FERRAL S P AL 3 5 min, fH A i) PHB 43 (3
59 LA 10 ~50 um,
1.2 g H4EEFLF PHB 32

I b H B ok YR T 3 B s S L
BN AL SR 0T - K (R 2SN 30) ,pH Oy
8 ~9, IR 28 C,/KRE RN 2 000 lux, HELE
TR 24 h )5, rEIFIRET 4K, K
100 M55 60 BTG5 4l 1A A6 200 mL 7K
ML B E 1 P I AR R 2 PHB &iF
B, 4R E h PHB A BB B YR B, 42
BigR 72 ho SRALEE IR S5 R o0 HR 00 R AL R 1
5 ) 6] 4 K #e K 100% , pH ZE 5 7E 8. 30 ~
8.45 , %A (DO) >6 mg/L,
1.3 I HERMERKBNE

BRIK R, 4350308 5% 24 h,48 h #1172
h &40 i B BTG . IR EE R (72 h) , B4
10 ~ 20 Hopg i, 78 57 4K ## & 58 ( Nikon
SMZ645) Tl € i B iR K, IF B HE. R
AbFER A CCD B ECRE R G Imganaly TR AL
LR G ¢l
1.4 BHUxgHERN PHB REMLBHUE

JEFHE A B—FiiE R HUR, W T KL
B, Zide ik A Jeta iy PHB FURLIE 706 BA%
BN 2GR EOGRE, T4 E A B IR
FHTARESREASLS S, N2 AR
@7 ARKS M4 B b PHB JI0RL A 5263 6
%, % PHB 38463557 48 h g &t 1% e B ik
A e 1 h K5 BUBCH [ € L 7E 543 nm K92
R T, 7E BAEBE T (Nikon Eclipse Ti) WLEE 3R
o pa ik Py ) PHB R RIE B

1.5 B xikR PHB S EMIIE

i B &P PHB 22 41+ PHB [y £ 4h
SeiEmisE J 0 . PHB 7E B BRI P A
AUERFUNE TR, J5&7E 235 nm bF —
WS E . 2 T HERR T H B IR R T,
Y m SR S 'ETR,

21| PHB el Ze: ¥ # FRHL 0. 010 0 g
PHB % T5& & & {5 ( Mettler, AL204),60 C
K 1 hJ5,100 CTFZERE, A 10 mL Y5
FREC AL PHB 8-, 437K # #5 B 10,20,30,40
150 wL PHB B F L&, inA 10 mL Y6
B2, kRSP PHB & &350 1,2,3,4 HI
5 wg/mL, ¥ HESET 100 C/KE 10 min, ¥
G, FHEIMIEEE T (Pgeneral T6) T 235 nm
TIEROLE , W ER & B X B, B S bn o
LE 1 s, BIHF RN y = 0. 128x +0. 019

(R*=0.984) .
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Fig.1 Standard curve of PHB concentration
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b HGRIEEAL 24 h AR T K. ¥
— B B4 AR ASEA 1000 mL K )4
BB E T, Hk% BN 300 4~/mL, L1 100
mg/L PHB ¥ fE #1758 4L, s b 24 RIRT. 43 531
F 6 h,12 h,21 h F124 h BFEUHE 200 mL 58 {k 55
TR, 4 E5R A, F 100 H 8l ki 3, I
B Rk S B2 vk, AR BR i ARSI & ) PHB 5
B, T - 18 CUKFEH R HRIRFE. K& PHB 381k
FIpGH (0 h) FE R XT B, fif 2 F0 A i 4R 58 B
JG KR T 60 CHEFEH T4 3 h, BB g T
HH o

FEHAFREL 0. 010 0 g pg B T i T HEE b,
B IA S mL & 45,60 CTFKEHE1
h,7£ 100 CTFZEEEN . FHmLEEF A S mL
Adi, B30 pL PHB @R T T LEaE
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EFEME, A 5 mL ¥EHER, 100 C /KB 10
min, ¥ #, F 235 nm T E WGE, R R NE
FXTHR , ARIEFRUER R, 158 4 i s P PHB B8

B(HTH):
5xax5x10° x10°°
W=""30x0.0100g *100% (1)
A W s PHB & &; o AbrERZH
# 3 PHB ¥ (pg/mL) o

1.6 HiEGItHH

R FH SPSS 17. 0 SRR LM B 21T BN R
J7Z51#t (one-way ANOVA) . B 5 848 72 44T
BEEEZRKLZAT, H Levene” s IR 5 5]
P, QRIS VEA G, TR BHE % 10 Bk Bk F

FR)G BT Mo Tukey’ s multiple range test
Rk BE P2 (P <0.05)

2 4R

BIRR-1 M2 2R, B IO , REE B A
e, YUK 48 h i pa gl (ki E#E B, T PHB 55
1648 h g B IE R . B EIRR-3 A4 W LUR
H,543 nm FREFOIOCHAE T, ZRF I A Bt
8,48 h UK R A B 2 K5 B G, T PHB 3216
48 h i B I8 SR H AR B AR, TR K R
REME X PHB BEATA LI E Y2 o

200 pm

EhR PHB 32K 48 h sl 48 h mHMHEZERRER A (1 f12) LR FE A LERHRELEHEBH(3F04)
Plate Light (1 and 2) and epifluorescence microscopy (3 and 4) images of Nile Blue A-stained
Artemia after 48 h of starvation without (1 and 3) and with (2 and 4) PHB enrichment

Szig 1 H43 5124 0,50, 100,200,400 1 800
mg/L PHB ¥R B9 AL 55 5% pq 3L, #R K PHB 321615
WAV VO, 45 R I 2 MR 3, FEE R
AR5 R0 (6] 9 JE K, 45 20 pa H AR SR B BB R,
24 h,48 h 172 h BIE K55 H 64% ~96% ,
34% ~88% 1 10% ~66% , /~[F] PHB ¥ B Xf pi

RTG53, PHB Y 22 100 mg/L B,
AT R A% = (398 96% ,88% F166% ) , HoE
Lk 50,200,400 #1800 mg/L PHB 3&{k {4 55 HL i,
5 ZRAR IR, T LR b HL ) BT 3 4T 200
#1400 mg/L PHB 22 [A] (P <0.05) , 5®fb3EF+
72 h g HUARK T 909 ~ 1 117 pm, 454 5K
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sk 5 AR % S B IR 75 f R, 24 PHB
YREEH 100 mg/L I, Jsi (R 1 117 pum, B 8
& F 200,400 F1 800 mg/L PHB 5& {k 1% 35 /) pi B
&K (P <0.05),
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Fig.2 Survival percentage of Artemia enriched
with different concentrations of PHB in trial 1
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Fig.3 Growth of Artemia enriched with different
concentrations of PHB for 72 h in trial 1
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DASR MR /N R 1 o R4, 336 5 PHB 33 1k ¥k
BG5S OLIE 4 FIEl 5. BREEMR/INBREE o L 1 AL
T F A B A (4351 100% ,95% ,88% il
1593 wm) ,7E PHB 384k 3541+ ,100 mg/L PHB
SERAL S IR 50 HURE ARK (43510 97% ,83%
50% F1 1025 pm) 45 .2 = FHEH (P <0.05),
HE L) 50,150 H1 200 mg/L PHB % fk 3 35 ) 15
HURE R AR B, 52 5% | 2l
i,

SEALpa e PHB & & (58 BRI 25 R LI 6,
fE24 h 4, BB SR AGAS (8] R E 4 , B HL {4 Py PHB

RS BZWHEZ 58166 h,12 h,21 h M124 h 5,
PHB & 8 53 5 5 0 T EH) 3. 56% ,4. 01% ,
8.40% #110.73%
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Fig.4 Survival percentage of Artemia enriched

with different concentrations of PHB in trial 2
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Fig.5 Growth of Artemia enriched with different
concentrations of PHB for 72 h in trial 2
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B MR AR AR S B IR R R R W
— B K/NRRCIR P A0 2 T e SIHAIE Y, 7K
FEYH A R pa T ] R B B R A
R, BEA B B SR R B 1, SUAT 5k X
Sely i A K o BT AR IR 2R K iR TS
Yet' g A A A RO 5 5 A 5 e B SR K
AN, VAR s AL B (8] 55 VDA O, A BF 5215 i iR Ak 19
WA iE PHB ¥k B A0 B [H] 4351 24 100 mg/L Al
24 h, DEFOIRDT Z:!'°) #E BF 5% PHB XfJ& L % ¥
SIKER (V. campbellii) pq B LR VE FI B, {55 F PHB
FIER 1 g/L, AR &E R &K 10 £5; 1
HALET %) 57 fi #1 2 PHB # i & 40 B
Brachymonas denitrificans AS-P1 B #k (PHB & &
HT AN T E 32% ) #EAT RIS, 2L PHB 5i &
AT 10 mg/L, Ay AW 55 il A & 1 1/10,
T X R 22 5 1 R R — O T RT RE S R
SRALEE TR BURLIE A PEESRA K, —MR/hT 50
pm BRI R A R g A . AR
b R, BT HERR,PHB EiF TKHHE
GBS, AT PHB A3 K HFH i e b 2 4
# PHB B IR T LT BR G SIS, AR A B3
RROR o ASHIF 5T 2R A 8 7 8 Ak 3 3 P AR 47
HKs PHB J5URL 43 5L 50 9 S ¥R BE 30 pum
(10 ~50 pm) 2 ¥ W, i DEFOIRDT 21 3:
BeA %t PHB £ 9% W47 75 b 3, HALET 217
{8 P %) 400 TR SBURE U G /N F 30 m, 55— 5 T,
PHB X pq d A4 K FIHTH RE 1 AR VR A %
RN HAE 0T H AR N BEAR K BT B-REE T R
FRRRE S, IR IR E AN B BRET
PR RIS 2 3 B 9 Bh 3 i i 5 S R i 2R R
TERERNEZRAEME (G ) M4, 7£
D () 200 B 5 e A A B RS IR H T,
BARA pH ] T B B TE R, 38 6EHAE W 4 A A
FARERERBEAR T, NP H G- WA, R
B-FAHE T R IR W] LASE i 3% i i 3R 45 6 1 K/
MEEETE ), (228 M IE AL E 29 1)
W, R m B YR B R Y AR R,
MRS A K

PHB R &k R G, A WP 5 E T YUK pd B
Joxt R4, AR PHB fB 45 p R fERE R . 52
I LR 4 BRI 2R A K 3 KT 100 i 50

mg/L PHB & {b3%5 5741, 3R 81 PHB 7] DL 2k H AR
KIRtRE R, 3 5 DEFOIRDT %' f1 WELTZIEN
SOV g R — 3R, ABESE RISE T /R
SRACIE IR P O 5 — X RR A, /NERBE SR LS SR
) BT R I AR P BT R AR K S 3 R T PHB SRk
HFPURA, X 5/DRBEFENELRIEELSE
BRARA R, PERENRNSTAHEREER
B A Ak A E Y, DA B A Rt R A
JRICE , BB ypd R LA FE SR Y L, T PHB
HRBAE B E A R VR W B A A, o9 S SR TE R
B E AT AR AR SR Z B,

AR PRI LS R B UE T PHB ¥R B
F 100 mg/L B, A8 52 g 3L AE K IR 2 BTG RS
WEEREAR . FRATHE X — 75 1 2 B F i O il
RNRFRY, KR THRKEF KL, 2F
HizghaE , WA IR ISR Pk ik D
YERd. PHB ¥R EEE T 100 mg/L B, 7K F) R 58 BE
e, 51 UK R B33 3 R IR 3 B — 8 RS e,
OGS K AT, 73— 7, 7K PHB
W R T 100 mg/L, Al B 3T B - T
B2, T B B BR R B4, S8k st

25 L RTR sk b B BciE PHB Y& B2 A [A]
535124 100 mg/L 124 h, #B/NWBURLE A F T
X R E, HEA G R K B-RE TR
A, T4 1 BT A o (. PHB {4 P A MR IR A
AR, DA B = PHB ¥R BEXS b B AR KR,
15 BT B 1 T R e, IR T ik — 2P Y o

AP B R4 A PHB % & 5 k43 2 0 A) i AR 4 X
%2 (Gent University, Belgium) Peter De Schryver # 4 #) &
SHEFRAERBAGREDRED ESKRESART R
oA M L B 204 KA 69 8 k9P b R AR
PEL D TIE-€ & 2o B ¥ S BN T

B %3k
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Artemia nauplii enrichment with poly-B-hydroxybutyrate

SUN Hui-xian, SUI Li-ying
(Tianjin Key Laboratory of Marine Resources and Chemistry, College of Marine Science and Engineering, Tianjin University of
Science & Technology, Tianjin 300457, China)

Abstract: Effect of poly-B-hydroxybutyrate (PHB) on survival and growth of Artemia was investigated.
Various levels of PHB concentration (0, 50, 100, 150, 200, 400 and 800 mg/L, respectively) and different
enrichment periods (24 h, 48 h and 72 h, respectively) were applied during Artemia enrichment in two
separate trials. PHB suspension was prepared with ultrasonicator to make the particle size smaller ( ranging
from 10 to 50 um) and fed to the newly-hatched Artemia nauplii according to the designed concentration. The
initial density of Artemia nauplii was 100 ind/200 mL. The results showed that survival of Artemia enriched
with 100 mg/L PHB for 24 h was significantly higher than that of other treatments, which was reduced
remarkably when Artemia were enriched with other PHB concentrations and longer periods (48 h and 72 h)
(P<0.05). And the 72 h-growth of Artemia enriched with 100 mg/L PHB was also significantly higher than
that of other groups (P < 0. 05). The result of quantitative determination indicated that, within 24 h
enrichment, PHB content in Artemia increased along with enrichment time and reached the highest at 24 h,
accounting for 10.73% of Artemia dry weight. In conclusion, we proposed that PHB can be applied efficiently
in larviculture through Artemia enrichment at a level of 100 mg/L PHB for 24 h.

Key words: Artemia; poly-B-hydroxybutyrate (PHB) ; enrichment; growth; survival
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