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A b stra ct

    T he effect o f salinity (1 8％o，28％o an d 38％01 on the grow th and fatty acid

 com position of six strains of m arine diatom s C haetoceros g racilis fB  1 3)。C ylind rotheca

fusiform is (B 2 1 1)，P haeodactylum  tricornutum  m  11 4。B  l 1 8 and B 22 1) and  N itzschia

 closterium (B 222) w as investigated．T h e relative growt h rate show ed all increase in B  1 3

 and a decrease in B  1 l 4 and B 222 w ith the increas e of salinity．T he dry w eight of B  1 3

increas ed w ith the increas e of salinity and reached its highest value fO．2 1) at the high est

 salinity (38％o)．T he dry w eight of B  114。B  1 1 8。B 22 1 and B 222 both reached their highest

 values (0．26，0．32，0．40 and 0．30，respectively) at salinity 28％o．N o signifi cant diff erence

 w as observed in B 2 11 (0 -35～0．3国．T he m ajor fatty acids of the 6 strains w ere 16 ：0。

16：l(n一7) and 20：5(n一3)．B211 also had a high percentage of 20：4n一6 (5．6-7．4％)．B 13

 also had a high percentage of 1 4：0 (20．0～30．9％1．Saturated fatty acids decreas ed w ith

the increase of salinity in B 2 11，B 22 1 and B 222。and reached their hi甜1est values in 1 8％0

in B 211 (41．7％)，B 221 (37．6％) and B 222 (31．7％)，and in 28％o in B 13 (48．1％)，B 114

(33．0％) and B  1 1 8 (3 1．0％)．M onounsaturat ed fatty acids increas ed in B  114，B  1 1 8。B 22 1

 and B 222 w hile decreas ed in B  1 3 an d B 2 l 1 w ith the increas e of salinity．Polyunsaturated

fatty acids had their highest values in 18960 in B 13 (313％)，B 114 (19．6％)，B 118 (23．4％)

an d B 222 (18。6％)，and in 28％o in B 2 11 (25．1％) and B 22 1 (16．3％)．

  K eyw ords： D iat om ，salinity,relative growt h rate，dry w eight，fatty acid

C L C  num ber：Q 949．27 Q 547 P73 1．1 2

IN T R o D U C T l0 N

D o cu m en t cod e：  A

  Fatty acids play an im portant role in anim al nutrition as energy sources，m em brane

constituents，and m etabolic interm ediat es．M any m arine anim als cannot synthesize the long．chain
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polyunsaturated fatty acids eicosapentaenoic acid’(EPA ) and docosallexaenoic acid (D H A )；they

m ust be obtained from  food．Insuffi ciency of EPA and D H A  in the diet of m arine anim als call result

in serious problem s such as m alnutrition，abnorm ality  developm ent，stunted grow th and even death

in aquaculture (Y ongm initchai and w ard，1 989；R enaud et a1．，1 99 1；R eitan et a1．，1 994)．O ne w ay

to solve this m alnutrition problem  is to provide them  w ith polyunsaturated fatty acids (PU FA s)，

especially EPA  and D H A ．R otifers．copepods and brine shrim ps can be reared on m icroalgae rich in

E PA  an d D H A ．A lthough E PA  an d D H A  are not essential to som e an im als．addition of these tw o

fatty acids to their food can increase grow th rate and survival rate (Yongm initchai and w ard，1 989；

R enaud et a1．，1991；R eitan  et al。，1994)．

  The biochem ical com position of m icroalgae changes w hen culture conditions are changed．

T he relative E PA  content of a certain algal strain iS not only determ ined by its heredity,but also can

be m odified under different grow ing conditions (Teshim a et a1．，1983；Thom pson et a1．，1990；

R enaud et a1．，1991；Yongm anitchai& W ard，1991；R eitan et a1．，】994；Zhou et a1．，1996)．Salinity

often has a dram atic eff ect on the biochem ical profi le of m ost m icroalgae rC ohen & H eim er, 1 988；

A 1一H as an et a1．，1 990；Yongm anitchai& W ar d，1 99 1；Floreto et al，1 993)．In this paper w e present

dat a on the grow th and fatty acid com position of six strains of m 撕 ne diat om s fobtain ed from  the

M icroalgae Culture Center(M A Ce )，O cean U niversity of Q ingdao)cultured at  different salinities，

in order to establish for each strain the m ost appropriate salinity fr om  the point of view  of its

nutr itional for aquacultu re．

Ⅳ【A T E R lA L S A N D Ⅳ匝T H O D S

  1．M icroalgai stra in s

  T he follow ing 6 strains of m arine diatom s w ere obtained fr om  the M icroalgae C ulture C enter

(M A C C )，O cean U niversity of Q ingdao．

  C haetoceros g racilis M A C C 但】3

  Cy lindrotheca fus@ rm ／s M A C C ／B 2 1 1

  P haeodacty lum  tricornutw n M A C C ／13 1 1 4

  P haeodacty lum  tricorn utum   M A C C ／13 1 1 8

  P haeodacty lum  tricornutum   M A C C ／1322 1

  N itzsch ia closterium   M A C C ／13222

2．C u ltu re eon d ition s

  Cultures w ere carried out using 3-L flas ks in f／2 m edium (Jing，1995)at 22+1℃；Successive

aeration and 50001ux light intensity were supplied (using fluorescent tu bes as light source)．The

salinity  of cultu re m edia Was  adjusted to 1 8960，28960，and 3 89／00，respectively．The relative growth

rate K w as calculated during logarithm ic phase as：

  K = (109 10N 1一log loN o) ／T1_To
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w here N l：cell density at tim e 1(T1)and N o= cell density at tim e 0 (To)

    3．H a rv est

    The cell density for each m icroalgal culture was determ ined every day w ith a haem ocytom eter．

The cultures were centrin ged (4000 rev／m)at the late exponential phase．Vacuum dried samples

w ere preserved at一40。C in test tubes filled w ith nitrogen until an alysis．

  4．Fatty acid analysis

  Fatty acids w ere an alyzed on a H P5890II gas  chrom atograph fitted w ith a carbow ax capillary

colum n (30m ×qb0．25m m ) by the m odified m ethod of Volkm an et al。(1989)．H igh purity N 2 w as

the carrier gas  at a flow  rate of 2m l m in l．injector an d detector tem perature 280℃．The oven W as

program m ed from  150℃ to 200℃ at  15℃ m in～。then to 250℃ at  2℃m in。and held until all

peaks had eluted．Fatty acid m ethyl esters w ere identified by com paring the retention tim es of th e

experim ental sam ples to those of know n stan dar ds．

R E S哪 S

  1．The relative grow th rate and harvested biom ass(expressed in dry w eight)

  The effect of salinity on the relative grow th rate and dry w eight of the six diatom  strains w ere

show n in R 出le 1．

Table 1 T he harvested biom ass and dry w eight of the six diatom  strains

‘ ——not detectable
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    T he re lat ive grow th rate show ed an increase in B  1 3 and a decrease in B  1 1 4 an d B 222 w ith the

in crease of salinity, and reached their h ighest values at salin ity 38％o in B  13 f0．29)，at  salin ity l 8％0

in B 1 14 (0．36)and B 222 (0．35)，at salinity 28‰ in B 118 (0．37)and B 221 (0．3 1)．

    T he dry w eight of B  1 3 increased w ith  th e increase of salinity  and reached its highest value

(0．2 1) at  the highest salinity (38％0)．The dry w eight of B l 1 4，B 1 1 8，B 22 1 an d B 222 all reached

their highest values (0．26，0．32，O．40 and 0．30，respectively) at salinity  28％o．N o significant

diff erence w as ob served in B 2 1 1 f0．35—0．36)．

  2．Fatty acid com position

  The fatty acid com position of th e six strains of m arine diatom s cultured at different salinity

w as given in Table 2 an d Figure 1-3．

Table 2  F atty  acid com position of six diatom  strains cultured at diff erent salinities
    (expressed in percentage of total fatty acid)
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  The m ajor fatty acids present in B 13 w ere 14：0 (20。0～30．9％)，16：0 (10．6～16．4％)，16：1 n．7

(23．1～28．5％)，18：3n-6 (3．3-9．3％)，20：4 n-6 (2．8-7。0％) and 20：5n一3 (4。5N8．7％)．The total

saturated fatty acids reached its highest value (48．1％1 at salin ity  28％o．T he total m on ounsaturated

fatty acids and polyunsat urated fatty acids both reached their hi曲est values (32．4％and 3 1．3％，

respectively) at the 10w est salin ity f 1 8％曲．

  In the case ofB 21 1，the m ajor fatty acids w ere 14：0 (4．2,-,6．8％)，16：0 (32．1～34．1％)，16：ln一7

(24．8～27．2％)，20：4n一6 (5。6-7．4％) an d 20：5n一3 (4．9~6．8％)．The increase of salinity caused a

decrease in total saturated fatty and total m onounsaturated fatty acids；they b oth reached their

m axim al values at salinity 1 8％0 (4 1．7％and 2 1．2％，respectively)．The tota l polyunsaturated fatty

acids in creased w h en salinity  increas ed from  1 8960 to 2 8％o follow ed by a slight decrease at  salin ity

3 8‰ ．

    A s regard to B 114 and B 118．the m ajor fatty acids w ere 16：0，16：1n一7 an d 20：5n一3．B ut the

1evels of each of them  changed w ith the m edium  salinity of the culture．T he total m onounsaturated

fatty acids increased w hile the tota l polyunsaturated fatty acids had a decre ase tendency w ith the

increas e of salinity．T he total saturated fatty acids reached their highest values f3 1．0％ and 33．0％，

respectively) at  sal in itv 28％o．

    T he m ajor fatty acids in B 22 l and B 222 w ere 16：0．16：1n一7 and 2 0：5n一3．T he tw o strains show

an in creas e in the lev els of total m onoun saturated fatty acids an d a decrease in th e levels of total

sat urated fatty  acids w ith th e increase of salinity ．P olyunsaturated fatty acids did n ot show  any

sign ifi cant diff erence in diff ere nt salinities．

D ISC U S S l0 N

    A  w ide range of relative fatty acid content has been reported for diff erent diatom  species

(O rcutt & Patterson，1975；Volkm an et a1．，1989；Thom pson et a1 ．，1990；Yongm anitchai& W ar d，

1991；Viso & M arty,1993；D unstan et a1．，1994；Reitan et a1．，1994；Zhukova & A izdaicher,1995；

G rim a et a1．，1 996；Zhou et a1．，1 996)．This is connected w ith the w ide use of diatom s in

aquaculture and their w orldw ide distribution．The results show  that alm ost all diatom s contained

high proportions of 14：0，16：0，16：l(n-7)and 20：5 (n一3)fatty acids．C 18 and C22 PUFA s w ere m inor

constituents．O ur experim ent also reached this conclusion．W e also found that the proportion of

14：0 in B 13 is higher than that ofth e other 5 diatom  strains，th is could be due to different genus and

different species．

    T he results presented in this w ork show  the diff erences in the grow th an d fatty acid

com position am ong strains as w ell as am ong different m edium  salinity．Salinity often has a

significant eff ect on fatty acid com position of m ost m icroalgae (C ohen & H eim er,1 988；A I．H asan

et al 1 990；Yongm anitchai& W ard，1 991；Floreto et al，1 993)．For exam ple，the EPA  content in

P orp hyridium  cruentum  decreased from  37。5％ to 1 8．9％ w hen sodium  chloride concentrations

increased from  0．259／l to 2．09／1．The results of Yongm anitchai and W ard (1991、show ed th at  EPA

content did not show  an y diff erence w hen sodium  chloride concentrations w ere 0- 59／l，but E PA
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content decreased sign ifi cantly w hen sodiu m  ch loride con centrations are higher than 59／1．B ut not

a11 m icroalgae has this trend；9 the results studied by Teshim a (1983) show ed that the alteration of

salinity w ithin the range of 4．30％o did not result in the variation in the E PA  and other fatty acid

levels of Chlorella lipids．In our experim ent，salinity  has arl evident effect Off fa tty acid com position

of the six strains of m arine diatom s．Saturated fatty acids decreased w ith the increase of salinity  in

B 2 1l。B 22 l and B 22；M onounsaturated fa tty acids in creased in B 114。B 118。B 22 1 and B 222 w hile

decreased in B 1 3 and B 2 11 w ith the increase of salinity：Polyunsaturated fatty acids had their

h ighest values in 18％o in B 13．B 114．B 118 and B 222．and in 28％o in B 2 11 and B 22 1．It iS not easy

to com p are data 011 th e bioch em ical com po sition of m icroal gae。D iff erences in the cultu re

conditions．in the analytical m ethods or in the grow th phase harvested m ake it di疆cult to com pare

the results presented by diff erent authors．

  In conclusion．the biochem ical properties of m icroalgae change w hen the culture conditio弱s

(w ater tem perature，salinity,light intensity ,m edium  com position etc．)change (Teshim a et a1．，1 983；

Thom pson et a1．，1 990；R enaud et al。，1 99 1；Yongm an itchai an d W ard，1 99 1；R eitan et a1．，1 994；

Z hou et al一1 996)．T his allow s US to select the culture conditions to produce m icroalgal species w ith

a balanced fa tty acid com position for the larvae and spat of bivalve m ollusk s．
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盐度对六株硅藻生长及脂肪酸组成的影响

梁 英 麦康森 孙世春 黄国效 胡海燕

(青岛海洋大学教育部水产养殖重点实验室 青岛266003)

摘  要

    在温度为 22 ±1℃，盐度为 18％o、28％o和 38％。的条件下，用 F／2 培养基对青

岛海洋大学微藻种质库保存的6 株硅藻 (纤细角毛藻 ChaetocerosgracihsB l3；  筒

柱藻 Cyh'n& ocheca fiM form is B 21 1：三角褐指藻 Phaeodactylum  tricom utum  B l 14，

B 118，B 221；新月菱形藻 N iczsctffa closted um  B 222 ) 进行培养，在指数生长期末期

进行收获，测定了 6 株硅藻的生长及脂肪酸组成。实验结果表明：  盐度对六株硅

藻的生长及脂肪酸组成均有影响，但作用结果因种而异。B 13 的相对生长率随着盐

度的增加而增加；B 114 和 B222 的相对生长率随着盐度的增加而降低。B 13 的于重



62 海 洋 湖 沼 通 报 2000 年

随着盐度的增加而增加，在盐度为 38％。时达到最大值 (o．21 )；B 118、B 114、B 221

和 B 222 的于重均在盐度为 28％o时达到最大值 ；盐度对 B 211 的干重影响不明显

(O．35--'0．36 )o 六株硅 藻的主要脂肪酸为 16：0、16：1 (n一7 )和 20：5 (n一3 )，B 211

还含有较多的20：4n- 6 (5．6—7．4％)，B 13 含有较多的 14：0 (20．o～30．9峋。B 211、B 221

和 B 222 的饱和脂肪酸总合随着盐度的增加而降低，在盐度为 18％o时达到最大值

( 占总脂肪酸的百分比分别为 41．7％、37．6％和 31．7％)。而 B 13、B 118 和 B 114 的

饱和脂肪酸总合在盐度为 28％o时含量最高 (分别为 48。1％、31．0％和 33．O％)。B 118、

B 114、B 221和 B 222 的单不饱和脂肪酸总合随着盐度的增加而增加，而B 13 和 B 211

的单不饱和脂肪酸总合随着盐度的增加而降低。B 13、B 118、B 114 和 B 222 的多不

饱和脂肪酸总合在 18％o时含量最高 (分别为 31．3％、23．4％、19．6％和 18．6％)。B 211

和 B 221 的多不饱和脂肪酸总合在 28％。时舍量最高 (分别为 25．1％和 16．3％)。

关键词：硅藻，盐度，相对生长率，干重，脂肪酸


