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Abstract

The effect of salinity (18%o, 28%0 and 38%o) on the growth and fatty acid
composition of six strains of marine diatoms Chaetoceros gracilis (B13), Cylindrotheca
Susiformis (B211), Phaeodactylum tricornutum (B114, B118 and B221) and Nitzschia
closterium (B222) was investigated. The relative growth rate showed an increase in B13
and a decrease in B114 and B222 with the increase of salinity. The dry weight of B13
increased with the increase of salinity and reached its highest value (0.21) at the highest
salinity (38%o). The dry weight of B114, B118, B221 and B222 both reached their highest
values (0.26, 0.32, 0.40 and 0.30, respectively) at salinity 28%o. No significant difference
was observed in B211 (0.35~0.36). The major fatty acids of the 6 strains were 16:0,
16:1(n-7) and 20:5(n-3). B211 also had a high percentage of 20:4n-6 (5.6~7.4%). B13
also had a high percentage of 14:0 (20.0~ 30.9%). Saturated fatty acids decreased with
the increase of salinity in B211, B221 and B222, and reached their highest values in 18%o
in B211 (41.7%), B221 (37.6%) and B222 (31.7%), and in 28%. in B13 (48.1%), B114
(33.0%) and B118 (31.0%). Monounsaturated fatty acids increased in B114, B118, B221
and B222 while decreased in B13 and B211 with the increase of salinity. Polyunsaturated
fatty acids had their highest values in 18%o in B13 (31.3%), B114 (19.6%), B118 (23.4%)
and B222 (18.6%), and in 28%o in B211 (25.1%) and B221 (16.3%).
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INTRODUCTION

Fatty acids play an important role in animal nutrition as energy sources, membrane
constituents, and metabolic intermediates. Many marine animals cannot synthesize the long-chain
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polyunsaturated fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA); they
must be obtained from food. Insufficiency of EPA and DHA in the diet of marine animals can result
in serious problems such as malnutrition, abnormality development, stunted growth and even death
in aquaculture (Yongminitchai and ward, 1989; Renaud et al., 1991; Reitan et al., 1994). One way
to solve this malnutrition problem is to provide them with polyunsaturated fatty acids (PUFAs),
especially EPA and DHA. Rotifers, copepods and brine shrimps can be reared on microalgae rich in
EPA and DHA. Although EPA and DHA are not essential to some animals, addition of these two
fatty acids to their food can increase growth rate and survival rate (Yongminitchai and ward, 1989;
Renaud et al., 1991; Reitan et al., 1994).

The biochemical composition of microalgae changes when culture conditions are changed.
The relative EPA content of a certain algal strain is not only determined by its heredity, but also can
be modified under different growing conditions (Teshima et al., 1983; Thompson et al., 1990;
Renaud et al., 1991; Yongmanitchai & Ward, 1991; Reitan et al., 1994; Zhou et al., 1996). Salinity
often has a dramatic effect on the biochemical profile of most microalgae (Cohen & Heimer, 1988;
Al-Hasan et al., 1990; Yongmanitchai & Ward, 1991; Floreto et al, 1993). In this paper we present
data on the growth and fatty acid composition of six strains of marine diatoms (obtained from the
Microalgae Culture Center (MACC), Ocean University of Qingdao) cultured at different salinities,
in order to establish for each strain the most appropriate salinity from the point of view of its
nutritional for aquaculture,

MATERIALS AND METHODS

1. Microalgal strains

The following 6 strains of marine diatoms were obtained from the Microalgae Culture Center

(MACC), Ocean University of Qingdao.

Chaetoceros gracilis MACC/B13

Cylindrotheca fusiformis MACC/B211

Phaeodactylum tricornutum MACC /B114

Phaeodactylum tricornutum  MACC /B118

Phaeodactylum tricornutum  MACC /B221

Nitzschia closterium MACC /B222

2. Culture conditions

Cultures were carried out using 3-L flasks in f/2 medium (Jing, 1995) at 22+1°C; Successive
aeration and 5000lux light intensity were supplied (using fluorescent tubes as light source). The
salinity of culture media was adjusted to 18%o, 28%o, and 38%o, respectively. The relative growth
rate K was calculated during logarithmic phase as:

K= (log(Ny-log ,Ny) /T,-T,
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where N, _ cell density at time 1 (T;) and N, = cell density at time 0 (T,)

3. Harvest

The cell density for each microalgal culture was determined every day with a haemocytometer.
The cultures were centrifuged (4000 rev/m) at the late exponential phase. Vacuum dried samples

were preserved at -40C in test tubes filled with nitrogen until analysis.

4. Fatty acid analysis

Fatty acids were analyzed on a HP5890II gas chromatograph fitted with a carbowax capillary
column (30m x ®0.25mm) by the modified method of Volkman et al. (1989). High purity N, was
the carrier gas at a flow rate of 2ml min’, injector and detector temperature 280°C. The oven was
programmed from 150°C to 200C at 15°C min™, then to 250°C at 2Cmin and held until all
peaks had eluted. Fatty acid methyl esters were identified by comparing the retention times of the

experimental samples to those of known standards.

RESULTS

1. The relative growth rate and harvested biomass (expressed in dry weight)

The effect of salinity on the relative growth rate and dry weight of the six diatom strains were

shown in Table 1.

Table 1 The harvested biomass and dry weight of the six diatom strains

Microalgal strains Salinity Relative growth rate DW(g/l)
18 0.2740.00 0.06+0.02

Bi3 28 0.2740.04 0.08+0.02
38 02940.01 0.21+0.09

18 0.3610.05 0.2510.04

Bi14 28 0.3540.01 0.2610.01
38 0.2240.01 0.2010.01

18 0.32410.02 0.2740.05

B118 28 0.3740.02 0.32140.11
38 0.3510.01 0.29+0.02

18 0.2740.02 0.24+0.02

B221 28 0.3110.01 0.40+0.09
38 0.2740.02 0.16+0.02

18 0.35+0.02 0.2940.07

B222 28 0.3410.04 0.30+0.02
38 0.2940.00 0.25+0.05

18 — 0.35+0.04

B211* 28 — 0.35£0.01
38 — 0.3610.04

* — not detectable
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The relative growth rate showed an increase in B13 and a decrease in B114 and B222 with the
increase of salinity, and reached their highest values at salinity 38%o in B13 (0.29), at salinity 18%o
in B114 (0.36) and B222 (0.35), at salinity 28%o in B118 (0.37) and B221 (0.31).

The dry weight of B13 increased with the increase of salinity and reached its highest value
(0.21) at the highest salinity (38%o¢). The dry weight of B114, B118, B221 and B222 all reached
their highest values (0.26, 0.32, 0.40 and 0.30, respectively) at salinity 28%.. No significant
difference was observed in B211 (0.35~0.36).

2. Fatty acid composition

The fatty acid composition of the six strains of marine diatoms cultured at different salinity
was given in Table 2 and Figure 1~3.

Table2  Fatty acid composition of six diatom strains cultured at different salinities
(expressed in percentage of total fatty acid)
Fary s Chagpers graii e
18 28 38 18 28 38
Saturates
14:0 20.00.5 30.942.1 20.0:0.4 6.842.2 4906 42201
15:0 0.820.1 04403 0.6x0.1 0.620.1 0.5+0.1 06402
16:0 12.82.1 16,4404 10.6£0.2 34.120.1 32104 323426
180 0.8+0.1 0403 0.6£0.1 02402 0.520.1 06201
Sum% 344 48.1 318 417 380 377
Monounsaturates
16:1(n-9) 1.20.1 0.8:0.8 46401 1.540.5 10£0.5 06201
16:1(n-7) 28 5%1.6 283404 23.120.4 272412 254436 24.840.1
18.1(n-9) 1.240.1 1.0£0.0 1.240.1 2004 36405 38405
18:1(0-7) 1.540.3 14+0.0 12401 0540.1 06201 0620.1
Sum% 324 315 30.1 312 306 298
Polyunsaturates
162 (n-7) 0.920.1 - 0.70.1 1.040.0 0.620.1 0.720.4
162 (n-4) 1.840 1 19+06 1.520.1 1.0£0.0 0.70.0 06+0.1
163 (n4) 21202 1.540.6 1301 29401 15£1.0 19:0.1
16:4 (n-1) 0.120.0 — 0.2+0.1 0.6+0.2 0401 0500
182 (n-6) 1.540.2 1.2:0.1 1.940.1 17404 23201 254011
183 (n6) 9.334.5 49409 33202 34416 36204 2306
18:3 (n-3) 0.210.1 12400 0.120.0 0.740.1 0.820.1 0.820.1
18:4 (n-3) 0.50.1 0220.1 0.5:0.1 0.120.1 03#0.1 0300
20 4 (n-6) 45206 T 28:05 7.0£0.2 5.6+0.6 74213 7420.1
20:4 (n-3) 0.120.0 - 0.1x0.1 — 0220.1 02401
20:5 (n-3) 8.741.3 45504 6.240.1 49412 6.7+0.8 6.8+0.8
22:5 (n3) 03203 0.120.1 0.320.1 — 02+0.0 0240.1
22.6 (n-3) 13402 0.4£0.0 2.40.1 0.520.2 0420.0 04+0.1
Sum% 313 18.7 255 224 25.1 246
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Phaeodactylum tricornutum Phaeodactylum tricornutum
Fatty acid MACCB1i8 MACC B114
18 28 38 18 28 38
Saturates
14:0 3.7+07 3.7:06 4.8+1 1 3.6+0.0 3.8+0.7 2.540.2
15-0 0.4+0.2 0.6+0.1 0501 0.2+0.1 0.6+02 04+0.1
160 21.7£1.0 259+1.0 23,0404 259+1.4 27.95+0.4 23.60.6
180 1.2+0.0 0.8+0.1 1.1£0.9 0.9+0.1 0.7£0.1 0.60.1
Sum% 270 31.0 294 30.6 330 271
Monounsaturates
16 1(n-9) 0.2£0.0 0.8+0.1 1.2204 0.9+0.0 1.1£0.1 4.4+0.1
16.1(n-7) 332410 394413 40.0+6.4 341123 42.540.1 40 80,2
18.1(n-9) 5.103 2.2+0.1 4509 3311 2.8+0.1 2.540.0
18.1{n-7) 1.4+02 1.3£0.0 1.1z01 1.2+0.1 1.320.1 2.0+0.3
Sum% 399 437 46.8 39.5 477 49.7
Polyunsaturates
162 (n-7) 0.8+0.0 0.8:04 0.8+01 0.4+0.1 0.4+0.0 0.50.1
162 (n-4) 13202 0.9+0.1 0.920.1 06+0.4 0.7+0.2 0.7+0.0
16.3 (n4) 2.0+03 1.4+0.1 1.720.5 1.0+0.5 1.120.1 13203
16:4 (n-1) 0.9+02 0.7+0.3 0.8+0.1 0.5+0.1 0.5+0.1 0.5+0.0
18.2 (n-6) 1.6+0.1 1.120.1 1.0+£0.0 1.2+0.5 13404 1.120.1
18:3 (n-6) 33408 4.0+1.8 3.740.6 3.543.1 21413 1503
18:3 (n-3) 0.4+0.0 0.5+0.1 0.5+0.1 1.0+0.1 0.1£0.0 1.0£0.1
184 (n-3) 0.8£0.1 0.4+0.2 0.3+0.0 0.5£0.1 0.4£0.1 0.2+0.0
20:4 (n-6) 1.5%03 1.2+0.4 1.1£0.3 0.9+0.6 0.740.1 10+0.1
204 (n-3) 0.5+0.0 0.5+£0.0 0.5+0 4 0.5+0.0 0.3+0.1 0.420.1
20:5 (n-3) 89+13 8.9+0.1 72421 6.9+22 5.4+1.9 7.3x1.5
225 (n-3) 0.6+0.3 1.2+0.1 1.0+£0.6 1.6£0.3 0.9+0.4 1.3:04
226(n-3) 0.8+0.3 0.8+0.2 04+0.3 1.0£0.5 0.6+0.2 0.60.1
Sum% 234 24 19.9 19.6 14.5 174
Phaeodactylum tricornutum Nitzschia closterium
Fatty acid MACC B221 MACC B222
18 28 38 18 28 38
Saturates
14:0 5.30.5 3.8£0.6 3.4+04 4.5+0.5 3.440.1 26+04
15:0 0.320.1 0.3£0.1 04+0.1 0.4+0.1 0.5+0.2 0400
16:0 31.1£1.2 274+18 25.5+2.1 25.8+2.8 24.1%1.1 24.8+0.4
18:0 0.9+0.1 0.70.0 0.7+0.1 1.040.3 0.610.1 07£0.2
Sum% 376 322 30.0 317 286 28.5
Monounsaturates
16:1(n-9) 0.6£0.1 35433 0.2+0.0 0.8+0.4 3.8+4.1 20£1.6
16:1(n-7) 40.6£2.3 40.0+4.0 44.5+2.0 39.1%1.3 37.740.7 458435
18 1(n-9) 33402 3.9+04 3.840.6 4.8+1.6 49404 4.0+09
18:1(n-7) 1.3£0.1 1.3£0.1 2.5+0.3 14102 1.530.0 29+06
Sum% 458 487 51.0 46.1 479 54.7
Polyunsaturates
162 (n-7) 0.5+0.0 0.5+0.1 05£0.1 0.740.2 0.5+0.4 1.1200
16:2 (n-4) 0.7+0.1 0.7+0.2 0.6+0.2 0.740.2 0.7+0.2 06+0.0
16:3 (n-4) 1.120.1 1.0£0 1 1.120.1 1.4+0.6 1.240.1 1100
16:4 (n-1) 0.3+0.0 0.3+0.0 0.5+0.0 0.740.3 0.8+0.1 06+0.1
18:2 (n-6) 0.9+0.2 1.1£0.2 0.9+0.1 0.6+0.3 0.8+0.2 0.6+0.1
18:3 (n-6) 1.1202 2.3+03 0.8£0.2 1.60.1 2302 2104
18:3 (n-3) 1.0+0.1 08+0.0 0.8+0.0 0.3+0.1 03+0.0 0300
18.4 (n-3) 0.4+0.0 0.3+0.0 0.3+0.1 0.320.0 0.3+0.1 0.2+0.0
20:4 (n-6) 0.740.2 08+0.1 1.0+0.2 0.5+0.2 04400 0.3+0.0
20:4 (n-3) 0.4+0.1 0.5£0.1 0.3+0.1 0.410.1 02400 02+0.1
20:5 (n-3) 6.0+0.6 6.6+0.7 6.6+0.9 9.0+2.8 8111 59+2.1
22:5 (n-3) 0.7+0.1 10+0.0 1.0£0.1 1.8+£0.6 1.5+0.3 1.0+0.6
22:6 (n-3) 0.4+0.0 0.4+0.0 0.3+0.0 0.6£0.1 04+0.0 0.3+0.1
Sum% 142 163 14.7 18.6 175 14.3
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The major fatty acids present in B13 were 14:0 (20.0~ 30.9%), 16:0 (10.6~16.4%), 16:1n-7
(23.1~28.5%), 18:3n-6 (3.3~9.3%), 20:4 n-6 (2.8~7.0%) and 20:5n-3 (4.5~8.7%). The total
saturated fatty acids reached its highest value (48.1%) at salinity 28%e. The total monounsaturated
fatty acids and polyunsaturated fatty acids both reached their highest values (32.4% and 31.3%,
respectively) at the lowest salinity (18%o).

In the case of B211, the major fatty acids were 14:0 (4.2~6.8%), 16:0 (32.1~ 34.1%)), 16:1n-7
(24.8~ 27.2%), 20:4n-6 (5.6~7.4%) and 20:5n-3 (4.9~6.8%). The increase of salinity caused a
decrease in total saturated fatty and total monounsaturated fatty acids; they both reached their
maximal values at salinity 18%o (41.7% and 21.2%, respectively). The total polyunsaturated fatty
acids increased when salinity increased from 18%e to 28%o followed by a slight decrease at salinity
38%o.

As regard to B114 and B118, the major fatty acids were 16:0, 16:1n-7 and 20:5n-3. But the
levels of each of them changed with the medium salinity of the culture. The total monounsaturated
fatty acids increased while the total polyunsaturated fatty acids had a decrease tendency with the
increase of salinity. The total saturated fatty acids reached their highest values (31.0% and 33.0%,
respectively) at salinity 28%o.

The major fatty acids in B221 and B222 were 16:0, 16:1n-7 and 20:5n-3.The two strains show
an increase in the levels of total monounsaturated fatty acids and a decrease in the levels of total
saturated fatty acids with the increase of salinity. Polyunsaturated fatty acids did not show any
significant difference in different salinities.

DISCUSSION

A wide range of relative fatty acid content has been reported for different diatom species
(Orcutt & Patterson, 1975; Volkman et al., 1989; Thompson et al.,, 1990; Yongmanitchai & Ward,
1991; Viso & Marty, 1993; Dunstan et al., 1994; Reitan et al., 1994; Zhukova & Aizdaicher, 1993;
Grima et al., 1996; Zhou et al., 1996). This is connected with the wide use of diatoms in
aquaculture and their worldwide distribution. The results show that almost all diatoms contained
high proportions of 14:0, 16:0, 16:1(n-7) and 20:5 (n-3) fatty acids. C,g and C,, PUFAs were minor
constituents, Our experiment also reached this conclusion. We also found that the proportion of
14:0 in B13 is higher than that of the other 5 diatom strains, this could be due to different genus and
different species.

The results presented in this work show the differences in the growth and fatty acid
composition among strains as well as among different medium salinity. Salinity often has a
significant effect on fatty acid composition of most microalgae (Cohen & Heimer, 1988; Al-Hasan
et al 1990; Yongmanitchai & Ward, 1991; Floreto et al, 1993). For example, the EPA content in
Porphyridium cruentum decreased from 37.5% to 18.9% when sodium chloride concentrations
increased from 0.25g/1 to 2.0g/l. The results of Yongmanitchai and Ward (1991) showed that EPA
content did not show any difference when sodium chloride concentrations were 0~5g/1, but EPA
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content decreased significantly when sodium chloride concentrations are higher than 5g/1. But not
all microalgae has this trend; the results studied by Teshima (1983) showed that the alteration of
salinity within the range of 4-30%o did not result in the variation in the EPA and other fatty acid
levels of Chlorella lipids. In our experiment, salinity has an evident effect on fatty acid composition
of the six strains of marine diatoms. Saturated fatty acids decreased with the increase of salinity in
B211, B221 and B22; Monounsaturated fatty acids increased in B114, B118, B221 and B222 while
decreased in B13 and B211 with the increase of salinity; Polyunsaturated fatty acids had their
highest values in 18%0 in B13, B114, B118 and B222, and in 28%o in B211 and B221. It is not easy
to compare data on the biochemical composition of microalgae. Differences in the cuiture
conditions, in the analytical methods or in the growth phase harvested make it difficult to compare
the results presented by different authors.

In conclusion, the biochemical properties of microalgae change when the culture conditicns
(water temperature, salinity, light intensity, medium composition etc.) change (Teshima et al., 1983;
Thompson et al., 1990; Renaud et al., 1991; Yongmanitchai and Ward, 1991; Reitan et al., 1994;
Zhou et al., 1996). This allows us to select the culture conditions to produce microalgal species with
a balanced fatty acid composition for the larvae and spat of bivalve mollusks.
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