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A study to establish a relatively simple and reliable small scale mass production and the nutritional
profile of Nitocra affinis was undertaken. The result confirmed the feasibility of maintaining N. affinis on
a small scale for a long perlod using cheaply available culture vessels Within SIX weeks (42 days) a
minimum harvest of 43.6 x 10° copepod L™ and maximum of 44.5 x 10° copepod L™ were obtained. Usm%
several numbers of vessels (2L-capacity) for mass production, it was feasible to harvest 15.0 x 10
copepod L™ daily after two weeks of inoculation. Nitocra affinis has a great potential as live food
because it contained high protein (39 to 52%), lipid (13 to 23%) and carbohydrates (8 to 11%). It also
contained high level of n-3 HUFA (up to 44%) and n-6 HUFA (up to 14%). In addition it contained high
amount of DHA (up to 19%) and EPA (up to 25%). Moreover, levels and ratios of fatty acids closely
matched both the requirements of marine finfish and shrimp larvae.
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INTRODUCTION

For decades, the aguaculture industry has relied primarily
on brine shrimp and rotifers to provide the necessary
nutrition for rearing the early life stages of fish and
crustaceans (Millamena et al.,, 1998; Szyper, 1989;
Marcus and Murray, 2001). However, the continued
supply of Artemia cysts sufficient to meet demands of the
aquaculture industry is in question due to poor yields
(Lavens and Sorgeloos, 2000) . In addition, brine shrimp
and rotifers are almost always unsuitable as first feed for
fish larvae due to inappropriate size (too large or too little)
(van der Meeren, 1991; Pepin and Penney, 1997,
Knuckey et al., 2005). Moreover, both food items may not
elicit a feeding response, are difficult to capture and their
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swimming behavior makes them less susceptible to
predation (Buskey et al.,, 1993; von Herbing and
Gallagher, 2000). Because of these problems, there has
been a great interest in the identification of alternative live
feeds to increase the variety and survival of aquaculture
species that can be cultivated. There have been a
number of studies done providing evidence of the
effectiveness of copepods as a food item, and many
investigators have obtained good growth and survival of
fish larvae and crustaceans when fed with copepods as
test food organisms (Fukusho, 1980; Fukusho et al.,
1980; van de Meeren, 1991; Holmefjord et al., 1993;
Naess et al., 1995; Stottrup and Nosker, 1997; Drillet et
al., 2006; VanderLugt and Lenz, 2008).

Despite the growing interest and success obtained
using cultured copepods, still they are not routinely used
by the aquaculture industry. This was due to several
reasons but mainly, that copepod cultures are difficult to



Table 1. Summary of experimental design used for the culture experiment.

Types of culture vessels (Treatment)

No. of replicates per

No. of gravid female inoculums  Feeding density

treatment per culture vessels (cells/ml)
Acrylic plastic aquarium 3 150 1x 10?
Polypropylene plastic basin 3 150 1x10°
Borosilicate glass beaker 3 150 1x10°

maintain in ponds or in the laboratory on a continuous
basis, and the procedures for their large-scale cultivation
are still in the developmental stage or have not yet been
established (Marcus and Murray, 2001; Stattrup, 2003;
O'Bryen and Lee, 2005). As copepods form an important
component in the food chain of fish larvae and
crustaceans, culture trials aimed at establishing a reliable
mass production system were attempted by several
earlier workers (Huntly, 1982; Arnott et al., 1986; Szyper,
1989; Stegttrup et al., 1990; Millamena et al., 1998).
Successful culture of copepods in few liters of culture
medium was also reported by Parrish and Wilson (1978)
and Bretler (1980). In addition, Fukusho (1980) reported
that 2 to 3 kg (wet weight) of planktonic Tigriopus
japonicus can be harvested daily in large outdoor tanks.
Moreover, Uhlig (1984) found that mass cultivation of the
harpacticoid, Tisbe holuturiae, could satisfy the
requirements of mariculture. Furthermore, Sun and
Fleeger (1995) succeeded in vyielding millions of
harpacticoid, Amphiascoides atopus, per day in a
relatively small basal surface area of four square meters.

Nutritional quality of food offered to culture marine
organisms is crucial during the first few weeks of larval
life (Ben-Amotz et al., 1987). Several reports (Fujita,
1979; Scott and Middleton, 1979; Watanabe et al., 1983)
have suggested that lipids in general and specifically n-3
highly unsaturated fatty acids (HUFA) have an essential
role in the larval diet. According to Norsker and Stottrup
(1994), the fatty acids in the copepods reflected largely to
that of their diets. Hence the quality of food, whether
natural (algal diet) or artificial is important priority since
the nutritional content of food is transferred directly or
indirectly through the copepod mediation to the cultured
organisms.

With the purpose of evaluating the potential of Nitocra
affinis as a new candidate species for mariculture, this
study was undertaken with the following objectives:

(a) To describe an easy and economical method for small
scale mass culture of this species.

(b) Evaluate the nutritional quality of the species fed with
different food items.

MATERIALS AND METHODS
Culture vessel

Three different culture vessels ranging from glass to plastic

materials and of different shapes were used; however, all the
vessels were maintained at uniform volume of two liters. The first
culture vessel was a small semi transparent plastic basin of
N 2
polypropylene material with a base area equal to 176.7 cm”, mouth
area of 415.5 cm2, and a height of 10.0 cm. The basin was
cylindrical, with smooth surface from inside and out. The second
was a small acrylic plastic aquarium commonly used to raise
ornamental fishes. The aquarium was rectangular having a base
area of 185.0 cmz, mouth area of 240.0 cm? and height of 15.0 cm.
The third vessel was a borosilicate glass beaker with base area of
122.7 cm2, which is equal to the mouth area and height of 18.5 cm.
Three replicates for each culture vessel were used in this
experiment (Table 1). The experiment was repeated several times
to validate and confirm the results.

The experiment was set up in an outdoor laboratory at the
Aquatic Animal Health Unit of the Veterinary Faculty, University
Putra Malaysia. The temperature inside the laboratory ranged from
25 to 35°C (average of 30°C most of the time) depending on the
time of the day. The culture was started by transferring 150 gravid
female copepods (from the original stock) in 2 L of filtered aged
seawater to each culture vessel (Figure 1). The cultures were
maintained at 30 ppt salinity and at temperatures between 25 to
35°C (seawater at room temperature changed from a minimum of
25°C in the early morning, while a maximum of 35°C usually in the
mid afternoon). When the salinity level increased, fresh water was
added to the medium until the desired salinity was achieved. The
cultures were provided with natural lighting conditions (ranging from

25t0 40 umol‘s‘mz) and photoperiod (12 h light: 12 h dark cycles).
All the above parameters provided for in this study have been
determined to provide the maximum population growth of N. affinis
(Matias-Peralta et al., 2005). The cultures were provided with mixed
algal food, that is, Chaetoceros calcitrans, Nannochloropsis oculata
and Tetraselmis tetrahele which were maintained at 1.0 x 10

cellsmi™ throughout the 14day culture cycle. Daily salinity and
temperature readings were determined using YSI 30 salinity-
conductivity-temperature meter.

Nutritional profile

After choosing the best culture vessel to be used for the small-scale
production, a semi-continuous culture was started. The culture was
started by isolating 150 gravid female copepods (from the stock
culture) in the culture vessel with 2 L of aged seawater. The
protocols established from the previous experiment were followed
for the mass production of N. affinis for nutritional analysis. Ten
different food items were provided, which include three types of
algae (that is, C. calcitrans, N. oculata and T. tetrahele) at different
combinations and three artificial food (that is, baker's yeast
(Saccharomyces cerevisiae), shrimp feed (Mixed Feed for
Penaeus. monodon, Higashimaru Co. Ltd.) and rice bran) (Table 2).
Feeding densities were maintained at 1.0 x 106 (:ells'ml'1 and 0.06
mg/ml for algal food and artificial diet, respectively, for the whole
duration of the study (Table 2).

Copepods were collected and counted every 14 days following
which, new batch was started (collection/harvest was done for four



A Culture maintenance (150 gravid female inoculums)
Partial water replacement (approximately 30%) is carried out every two days
(for 14 days) before feeding commenced

Water from the basin is siphoned into a plastic bottle (10 cm diameter) with

attached net of 50 um mesh size

Any copepods attached to the sieve net were flooded with filtered seawater and

replaced in the same vessels

The vessels were then filled up back to 2 L with freshly filtered aged seawater

Cultures were provided with mixed algal food at 1.0 x 10° cells mL-1

B. Harvesting (14 days after inoculation)
Total harvest is accomplished in such a way that gravid females are separated

from nauplii and copepodids

Water is poured from the culture vessel through a series of nets with different
pore sizes of 300 um (trapped mostly the adults and gravid females) and 50 um

(trapped all the nauplii and copepodids)

All the remaining copepods inside the basin were washed with filtered seawater
and passed again through the nets until all the attached copepods were in the

sieve nets

The trapped gravid copepods were then transferred into new basins and used
to start new batch while the rest of the copepods are counted and used as live
feed for fish or shrimp

Figure 1. Flow chart showing the procedure for maintaining Nitocra affinis’ culture.

culture cycles, until there were enough samples for nutritional microscope. After counting, the gravid copepods were then
analysis). Copepods were harvested in such a way that adult transferred into new basins and used to start new batch.

copepods (gravid females) were separated from nauplii and Prior to analysis, the collected copepods were concentrated and
copepodids (Figure 1). Gravid females were counted in concave washed three times with distilled deionize water (thorough and

watch glass (15 mm diameter) under Wild Heerbrugg dissecting careful washing was done to remove all traces of salts, which may



Table 2. The different food items, feeding densities and number inoculums used for each food item.

Food items Feeding density No. of gravid female used
C. calcitrans 1.0 x 106 cells/ml 150/basin
T. tetrahele e do--—-—- e do------
N.oculata e do--—-—- e do------
C. calcitrans + T. tetranele ~ cmeeee [ — do------
C. calcitrans + N. oculata ~ —ee- do-—— e do--—---
T. tetrahele + N. oculata e do--—-—- e do---—-
C. calcitrans + T. tetrahele + N. oculata @~ --—--- do--——- do--—--—-
Baker’s yeast 0.06 mg/ml do---—--
Shrimp food e [ — do------
Ricebran e o — do--—---
accumulate after freeze drying and later on hinder the analyses) RESULTS

using centrifugation. The concentrated copepods were then
transferred in plastic vials (50 ml capacity) and freeze-dried.
Proximate contents of freeze-dried copepod samples fed with
different feeds were analyzed following the method described by
Meyer and Walter (1988) with some modifications following the
basic analytical scheme from Zéliner and Kirsch (1962), Itzhaki and
Gill (1964), Herbert et al. (1971), Holland and Gabbott (1971) and
Rausch (1981). The fatty acid methyl esters (FAME) were prepared
according to the direct methylation techniques (Divakaran and
Ostrowski, 1989). The FAME of the samples was analyzed with a
gas liquid chromatograph (Shimadzu GC-8A) equipped with a FID
and BPX-70 (SGE) or Supelco 2330 capillary column. The fatty
acids were identified by comparison with retention times of known
standards obtained from Sigma Chemicals Company and using cod
liver oil as a secondary standard. A Chromatopac (SHIMADZU C-
R3A) quantified the magnitude of the peaks of each
chromatographic reading.

Analysis

The maximum specific growth rate (K) of copepod was calculated at
the end of each culture cycle following the method defined by Omori
and Ikeda (1984) as follows:

K= In(x) - In(x)

t2-t1

where:

X1 number of copepods at the initial of the selected time interval.

X2 number of copepods at the final of the selected time interval.

to-t1 = selected time (in days) for determination of number of
copepods (in this experiment 14 days which was the day of
harvest).

The collected data were analyzed using one-way analysis of
variance (ANOVA). Significant differences among individual
treatment effects were determined using Tukey’'s honestly
significant different test (T-HSD) at 0.05 level of probability. All
values expressed in percentages were arcsine-transformed to
satisfy the condition of homogeneity of variance (Gomez and
Gomez, 1983; Zar, 1984). Statistical analyses were done using the
Statistical Analysis System (SAS Inc. 1992) computer package.

Culture method

High and sustained production of N. affinis was
maintained in all the culture vessels used (Figure 2).
Although during the second trial, the number of harvested
copepod was reduced in all the culture vessels, the
values overall were insignificant (P>0.05) (Figure 2). The
highest mei':m total production obtained were 29.80 x 10
copepod'L ™ for a period of 14 days with a total of 75
gravid females'L'1 as inoculum. Whereas the lowest total
production obtained was 14.55 x 10° copepod'L’l. In all
the trials performed, no significant differences were found
in the copepod production regardless of the type of
culture vessel used (Figure 2). Similarly, the specific
growth rate of N. affinis (K = 0.42+0.05) did not varry
significantly (p>0.05) among the different culture vessel
used in all the trials performed (Figure 2).

Nutritional profile of copepod N. affinis fed with
different food items

The highest (p<0.05) protein content was obtained with
the copepod fed with mixed algal food, followed by C.
calcitrans singly and yeast (Table 3). Likewise, copepod
fed with mixed algal diet, C. calcitrans, T. tetrahele, and
their combination was found to contain the highest
(p<0.05) percentage of lipid, while, the lowest percentage
of lipid was found in copepod fed with yeast (Table 3).
Generally, carbohydrate content was high in copepod fed
with algal diet, except for those fed with N. oculata and
combine N. oculata and C. calcitrans. Moisture and ash
content was highest (p<0.05) in copepod fed with shrimp
feed and rice bran.

The result showed that the fatty acid composition of N.
affinis was readily affected by the fatty acids of their diet.
Although at different proportion, all the fatty acids present
in the diet were detected in the copepod. The same
proportion of saturates, monounsaturates and
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Acrylic plastic
20:5n3, 22:5n3 and 22:6n3 (Table 4). For

copepod fed with artificial food, the common fatty acids
present were 14:0, 16:0, 18:0, 18:1n9 and 20:5n3. N. affinis
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Figure 2. The density (copepod production/L) (a) and maximum specific growth rate (b) of harpacticoid copepod,
N.affinis reared in different types of culture vessels after two weeks of culture. Bars indicate standard error of the

mean.
polyunsaturates in the diet were also obtained from the

copepods. The major fatty acids present in N. affinis fed
with algal diet were 14:0, 16:0, 18:0, 18:2n6, 20:0,



Table 3. Proximate composition (% dry weight) of harpacticoid copepod Nitocra affinis fed with different food items. Values are means +
standard error of the means. Means in the column with the same superscript are not significantly different (p> 0.05, n = 3).

= dit Parameters
ood 1tems Protein Lipid Carbohydrates Moisture Ash
C. calcitrans 48534011  21.40°+0.57  11.25°40.34 5.53°+0.11  8.57°+0.20
T. tetrahele 44244117  19.88%+1.14  11.00%40.01 8.27°+0.47  9.40°°+0.23
N. oculata 44.95"%185 18.98%°+1.19  9.08°+0.31 8.34°40.30  8.93°+0.47
Algal food C. calcitrans: T. tetrahele 46.02°°+0.80 21.42%+1.37  10.73%0.12  7.53°+0.11 10.47°+0.06
g C. calcitrans: N. oculata 47.44"°41.08  19.91%+0.27 9.26°+0.40 7.61°°40.07  10.40°+0.23
T. tetrahele: N. oculata 48.22°+079 18.23%°+028  10.72%+0.38  6.62°°+023  8.93%+0.47
Mixed (C. calcitrans: T. tetrahele:  52.32%+2.13  22.82%:0.54  10.69%0.11  6.56°:0.17  7.57°°40.17
N. oculata)
Baker's yeast 46.72°°:0.38  13.46°+0.97  10.82°:0.01  7.33"%:0.27 9.57°°+0.20
Other food Shrimp feed 39.98"+0.27  18.2777+0.29 8.78"+0.55 12.27°+0.21  14.487+0.15
items Rice bran 30.22°4022 1621”4073  8.36°+0.17  10.54%40.25 12.48%:0.18

fed algal diet consistently had high amount of 22:6n3
(docosahexaenoic acid or DHA) and 20:5n3
(eicosapentaenoic acid or EPA) in their fatty acid profile,
except for those fed with the algal diet N. oculata which
contained untraceable amount of DHA. Although the
yeast does not contain any EPA, this fatty acid was
detected in minimal amount from copepod fed with this
diet (Table 4).

DISCUSSION
Culture method

The main objectives in developing a method for the
culture of N. affinis were to establish a system that is
reliable, highly productive, less labor intensive and cheap.
For this method, within six weeks (42 days) operations
we could harvest a minimum of 43.6 x 10~ copepod'L’

and maximum of 44.5 x 103 copepod'L'l. Our present
work on harpacticoid copepods appears to be easier and
less intensive compared with previous studies (Chandler,
1986; Sun and Fleeger, 1995; Souza-Santos et al., 1999;
Payne and Rippingale, 2001).

In this study, three different culture vessels of different
sizes and shapes were used. Using the same initial
densities of gravid female inoculums, this study showed
that copepod production was the same, regardless of the
culture vessel used. Three trial runs were performed for
this study to verify the effectiveness of the method. The
copepod production obtained from all the trials showed
no significant difference. Although during the second trial
the production decreased (Figure 2), the difference
compared from the first and third runs were insignificant.
All the culture vessels that were used for this study were
available locally anytime. However, glass beakers

command high price and very susceptible to breakage,
therefore, proper care and handling should be observed
when working with them. The acrylic plastic aquarium
tanks were cheaper compared to the glass beaker;
however, since acrylic plastics are brittle and cracks over
time, they are also prone to breakage if not handled
properly. On the other hand, plastic basin was the
cheapest available material in the market compared to
the rest of the vessels used. This type of plastic is easier
to manage and no special treatment was needed. Among
the three types of culture vessels, the plastic basin was
chosen for the small-scale production of N. affinis.

One main advantage of this method is the ease of
maintenance, since N. affinis can be grown without the
need for aeration. In addition, the culture vessels were
small, therefore harvesting can be done anytime with less
effort and labor cost. Harvesting time for three basins
takes 30 min, which included the filtering, collection and
feeling the basins with fresh seawater for the new
inoculums. Using several numbers of basins for mass

production it was feasible to harvest 15.0 x 103

copepod'L'l daily after two weeks of inoculations.
Moreover, contamination of culture and deteriorating
water quality was not significant problems in this study.
Partial water change and replenishing every two days
effectively prevented water quality deterioration from
occurring.

Many meiobenthic harpacticoid species have been
cultured in quantities with promise for mariculture
applications (Tseng and Hsu, 1984; Kahan, 1979; Kahan,
1980) . However, it is difficult to compare the result of our
study with other published works because they usually
report growth rates rather than yield and culture densities.
Nevertheless, the results of this study suggest a potential
for aquaculture application because the yields of more

than 15,000L" copepods daily could be produced



Table 4. Fatty acid (% of total fatty acids) profile of harpacticoid copepod Nitocra affinis fed with different food items. Values are means + SE. Means in the row with the same superscript are
not significantly different (p> 0.05, n = 3).

. Food items

Fatty acids C T N CT CN TN Mixed Yeast Shrimp food Rice bran
C12:.0 nd nd nd nd nd nd nd nd 11.76°41.13 nd
C14:0 8.17%+0.10 8.97°+0.57  0.89°:0.06 8.13%+0.15 8.60%£0.07 5.56°+0.46  0.65+0.02  3.29°+0.49 1.47°:002 2319031
c14:1 1.44%+0.06 nd nd 2.25%40.74 1.04%+0.02 nd 0.60°+0.01 nd 1.37°40.29 nd
C15:0 nd 0.39%+0.02 nd 5.40°+0.19 nd 2.23°4059  065°:0.11  1.45°0.65 nd 17.61%+1.28
C16:0 8.13%40.09 6.55+0.09  2544°:0.06  6.3640.26 9.09%£0.38 6.55+0.09  545%+0.80 18.26°:0.29  5.05%131  27.03%:0.42
Cil6:1 nd nd nd nd nd nd nd nd 1.14%40.21 nd
C16:1 n7 7.35%40.06  5.29°40.14  24.55°+0.05  5.46°+0.20 8.22°40.12  5.20°:0.08  1.31't0.03  30.28%:0.25 nd nd
C17:.0 nd nd 2.72%+0.08 nd nd nd nd 2.63%£0.06 nd nd
c17:1 5.92°+0.15  3.98°:0.19  5.82°:0.13 nd 6.44°+0.22  7.64%+0.30 nd nd nd nd
C18:0 553°:0.77  8.97°:0.29  7.41°:0.12 4.40°+0.06 5.50°40.84  8.97°+0.29 nd 2.83%+0.10 154°+0.27  13.66°0.17
c18:1 nd nd nd nd nd nd nd nd 4.61%+1.58 nd
C18:1n7 nd 3.12%+.24 nd 1.76°0.25 nd 3.12%+0.24 nd nd nd nd
C18:1n9 4.63°£0.30 nd 5.88%+0.13 3.59°+0.14 4.57°+0.36 2.48°:0.09  14.10%+0.10 13.10°40.01  21.26°+2.99  23.55°+0.40
C18:2n6 1.21°40.12 3.48%+0.09  2.83%°+054  2.45°+0.32 2.49°+0.08 1.77°+027  1.73°+0.08 nd nd nd
C18:3n3 1.61°+030  1.77°+0.27 nd 1.35°+0.27 1.56"+0.04 0.82°40.14 3.55+0.15  5.84°40.11 0.48°+0.00 nd
C18:3n6 nd 1.22%+0.24 nd 0.47"+0.02 0.89%°+0.07 nd nd nd 0.13°+0.00 nd
C18:4 nd nd nd Nd nd nd nd nd 0.37a10.00 nd
C18:4n3 1.86°+0.06 nd nd 1.10°40.12 4.05%£0.28 nd 0.86%+0.00 nd nd nd
C20:0 4.38%+0.34 1.82°4020  4.02%+0.12 4.88%+0.17 nd 4.70%£0.17 nd nd nd nd
C20:1n9 nd nd 1.16"+0.08 nd nd nd nd nd 3.73%+1.79 nd
C20:2 nd nd 1.10°:0.07 nd nd nd 2.32%:0.26  1.67°+0.11 0.30%+0.11 nd
C20:4n3 nd nd 2.61%+0.30 nd nd nd nd nd nd nd
C20:4n6 10.15%+0.39 9734034  2.99+0.06 8.97°+0.03 10.08%+0.15  9.40°°+0.15  2.32°:0.26  4.38%:0.19 5.13°£0.06
C20:5n3 22.62+1.04 25.06°0.34 12.15°+0.36 23.36 "0 +0.62 23.94°°:059 25.06°:0.34 11.26°:0.73  0.76°:0.14 0.64°:0.19  5.90°+0.36
C22:1n11 nd 6.09%£0.19 nd 3.65"+0.31 nd 3.00°:0.19  0.88°+0.18 nd nd nd
C22:5n3 6.32%40.38  4.38"°+0.12 nd 6.17°+0.16 6.66°+0.12 438°+0.12  2.57°+0.23 nd nd nd
C22:6n3 10.36°+0.33  8.62°+0.04 nd 10.32°+0.71  1054°+0.33  8.62°40.04  19.50%+0.29 nd 8.07°+1.87 nd

d cd b C e cd f cd e a
SFA 26.21%¢1.15  26.70°°+0.60  40.48°+0.16  29.17°:0.14  23.19°:0.66  28.01°°+0.58 6.74+0.77 28.47°°+0.31  8.06°+0.57  60.61%+1.24
MUFA 19.34°%40.11  18.47°+0.38  37.41°+0.13  16.71'+0.51 20.27°+0.62  19.05°%+0.14 16.82'+0.14 43.38%+0.24  32.10+7.57  23.55°+0.40
PUFA 5413%%+1.11 54.26°°+059 21.68°+0.33  53.71%°+0.83  56.15°+1.08  5253°+029 41.37°+1.08 12.65°+023  1511%¢163  5.90+0.36
Unidentified 0.32:¢0.15  0.57+0.24 0.43+0.33 0.41+0.20 0.38+0.05 0.41+0.28 34.56+1.30 15.50+0.17  44.74+7.44  9.95+1.24
n3 28.40°+3.01  39.83%°+0.42 14.76°+054  42.29%:0.49  4358%+0.95 39.83%°:042 37.32°40.80  5.84'+0.11 9.19°+1.68 5.90'+0.36
né 11.36°40.29  14.43%+0.26  5.82°+0.60  11.43°+0.35  12.57°+0.14  12.70°:0.28  4.05°+0.29  4.38°:0.19 5.26%+0.6 nd




Table 4. Contd.

n3/n6 2.50%+0.25 2.76%+0.04
Total Identified 100 100

2.59%+0.36 3.70°+0.08 3.47°+0.04
100 100 100

3.14°%40.10

02674046  1.34+0.07 1.75°4030 nd
100 100 100 100

nd = non detectable level; SFA = Saturated Fatty Acids (12:0,14:0,15:0,16:0,17:0,18:0,20:0); MUFA = Monounsaturated Fatty Acids (4:1,16:1,16:1 n7,17:1,18:1,18:1n7,18:1n9,20:1n9,22:1n11).
PUFA = Polyunsaturated Fatty Acids (18:2n6,18:3n3,18:3n6,18:4,18:4n3,20:2,20:4n3,20:4n6,20:5n3,22:5n3,22:6n3).

. : 2
in a relatively small culture vessel (<200 cm”).

Nutritional value of N. affinis

The result of this study showed that N. affinis
contained relatively high amount of protein, which
was more than 40% except for those fed with rice
bran, which contained only 39%. In fact, copepods
fed with mixed algal diet contained more than 50%
protein (Table 3) . The copepods fed mixed algal
diet was found to contain 52.3% protein followed
by those fed C. calcitrans with 48.5%. Similarly,
mixed algal fed N. affinis was found to contain the
highest amount of lipid, together with those fed
with C. calcitrans. In general, the chemical
composition of an organism depends greatly on
the dietary input. According to Bamstedt (1986)
and Lavens and Sorgeloos (1996), generally the
amount of protein content of copepod ranged from
a minimum of 44% to a maximum of 82%
depending on the geographical locations. Proteins
are continually required for growth and tissue
repair, and thus its continuous supply is needed in
the diet. A study by Roman (1983) noted that the
growth and reproduction of marine invertebrates
are often dependent on the amount of protein
ingested and that the protein content in the diet
can affect their biochemical composition as well as
their growth rate.

Since the yeast contained the lowest lipid
among the food provided, the lowest (p<0.05) lipid
content was found in the copepod fed with yeast.

According to Sargent and Falk-Petersen (1988)
and Greaeve et al. (1994), the variability of lipid in
the copepod often reflects the lipid composition of
algae, which varies between taxonomic groups.
Watanabe et al. (1983) suggested that lipids,
specifically the HUFA have an essential role in the
larval diet. In addition, these fatty acids are crucial
to the survival, growth and development of
cultured marine organisms (Whyte, 1988).

A few differences were noted in the fatty acid
composition within the different diets of N. affinis.
These differences were best indicated by the
summary of saturated, monounsaturated and
polyunsaturated fatty acids and the calculated
ratios (Table 4) . Among the algal diets, the
highest (p<0.05) SFA (40%) and MUFA (37%)
and lowest PUFA (22%) was found in the
copepod fed with N. oculata. Whereas, among
artificial diets, rice bran fed copepod contained the
highest (p<0.05) SFA of 61% and the lowest
(p<0.05) PUFA of 6%. According to Sargent and
Falk-Petersen (1988) and Greaeve et al. (1994),
levels and ratios of fatty acids in copepods vary
depending on the dietary input. The result of the
present study suggested a close relationship
between the percentage of HUFA (specifically n-3
and n-6) content of the diet and the copepod. The
algal food with highest n-3 and n- 6 HUFA content
also gave the highest percentage in the copepod.
The high ratio of n-3 to n-6 PUFA was used as an
indication of high nutritional value of potential food
organisms in aquaculture. In this study, the
copepod N. affinis fed with mixed algal diet was

found to contain a significantly high proportion of
n-3 to n-6 PUFA (9.25), followed by copepod fed
with combined C. calcirans + T. tetrathele and C.
calcirans + N. oculata with 3.7 and 3.5,
respectively.

The nutritional composition of a good live food
species should match the nutritional requirements
of the organisms being cultured (Watanabe et al.,
1983). Fatty acids are important components of
biomembranes in fish, as well as providing a
source of energy. Similarly, fatty acids primarily
the n-3 HUFA are required by most marine shrimp
species for growth and survival (Sorgeloos and
Leger, 1992). The result of this study showed that
the copepod, N. affinis has a nutritional
composition that closely matches both the
requirements of marine finfish larvae, which are
predominantly HUFAs including EPA (20:5 n- 3),
DHA (22:6 n-3) and arachidonic acid (ARA:20:4 n-
6) and of marine shrimp, which are mostly n-3
HUFA.

Conclusion

It was feasible to maintain N. affinis on a small
scale for a long period (> 6 months) under the
culture conditions described in the present study.
For this method, within a six week period (42
days) we were able to harvest a maximum of
nearly 50.0 x 103 copepod'L'l. Using several
numbers of vessels for mass production, it was
feasible to harvest 15.0 x 10° copepod'L'1 daily



after two weeks of inoculations. The ease of maintenance
may indicate that this species could be a good candidate
as a live food organism for mariculture industry.
Furthermore, N. affinis has a great potential as live food
because they contain high protein (39n to 52%), lipid (13
to 23%) and carbohydrates (8 to 11%) . It also contains
high level of n-3 HUFA (up to 44%) and n- 6 HUFA (up to
14%). In addition, it contains high amount of DHA (up to
19%) and EPA (up to 25%) . More importantly, levels and
ratios of fatty acids closely match both the requirements
of marine finfish larvae and of marine shrimp.
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