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PREFACE

Nutritional research on cultivable species of aquatic animals
has been receiving greater attention all over the world. Live food
organisms such as phytoplankton and zooplankton are successfully
used for rearing the larvae of fish and shellfish in hatcheries. Using
the knowledge of nutritional requirements of candidate species of
cultured organisms, compounded feeds are being developed with
locally available raw materials. Techniques have been sucessfully
evolved to prepare microencapsulated diets for rearing larvae of
fish aod shellfish. Continued efforts are on to produce nutritionally
welt balanced feeds through deeper understanding of amino acid
and fatty acid requirements of animals. As a major cost-factor
in the production, feed is a very importaat component in the overall
development of mariculture.

Prof. Takeshi Watanabe, Laboratory of Fish Nutrition, Tokyo
University of Fisheries, Tokyo, Japan, who is an authority in fish
nutrition, visited this Institute, as expert consultant on fish and
shellfish nutrition at the Centre of Advanced Studies in Mariculture
for a brief period during November-December 1985, to offer
advice and suggestions and to upgrade research and education in
fish and shellfish autrition. During this period, scientists and
post-graduate students had extensive group discussions on various
topics. Dr. Watanabe organised and conducted a two day workshop
on Nutritional Quality of Live-food organisms and their Enrich-
ment. The course programme covered in detail, the nutritional
quality of different live food organisms available for use in aqua-
culture. Tt highlighted the effect of culture techniques used for pro-
ducing the live feeds on their nutritional quality. Food organisms
cultured using certain culture media are deficient in highly unsatura-
ted fatty acids (HUFA) which are very essential for the growth
of fish and shelifish larvae, Feeding of such deficient food orga-
nisms te larvae may result in large scale mortality. Dr. Watanabe
developed techniques to enrich these food organism with lipids rich
in HUFA which can be incorporated into the food organisms.



This manual was prepared in connection with the workshop
conducted by Dr. Watanabe. The nutritional quality of different
live-food organisms were discussed and the techniques of enrich-
ment of these food organisms with lipids are described in detail in
this publication. It is hoped that this manual will be immensely
beneficial to scientists, students and entrepreneurs involved in
rzg:ling of fish and shellfish larvae and hatchery production of their
seed.

I express my sincere thanks to Prof. Takeshi Watanabe for
preparing this valuable manual and for making various suggestions
regarding fish and shellfish nutrition. I thank Shri Syed Ahamad
Ali, scientist and counterpart to Prof. Watanabe for the assistance
given in the preparation of the manual as well as for the keea interest
shown in the conduct of the workshop.

P. 5. B. R. James
Director,
Cochin - 31, Central Marine Fisheries
3-7-1987. Research Institute



INTRODUCTION

Upto the present, more than 300 different species of finfish and
shellfish have been cultivated throughout the world and the number
of species is still increasing every year with the advancement of
rearing techniques and methods for mass production of live feeds.
Especially after finding the suitability of rotifers as the initial live
food for hatched larvae in 1965, mass sesdling techniques have been
developed very rapidly. The use of rotifers was dpioneerecl by Japanese
workers some time ago. The most suitable diets for various deve-
lopmental stages of some fish according to our fresent knowledge,
are as follows: For freshly hatched fish of body length greater than
2.3 mm, rotifers are given as the initial diet and this is continued
for about 30 days after hatching. When fish reach 7 mm or more
in body length, marine copepods such as Tigriopus, Acartia, Oithona
and Paracalanus or in their absence, Moing and Daphnia of fresh
water origin, are fed to larvae together with rotifers, as rotifers are
slightly smaller for larvae of 7 mm size. Brine shrimp Artemia,
distributed commercially, are very frequently used as food for
larvae of many marine fishes when there is shortage of marine cope-

. Larvae larger than 10 to 11 mm are fed on minced fish,
shelifish and shrimps or an artificial diet. When juveniles attain
30-50 mm in total body length, larval production is considered to
be completed.

Thus, rotifers have been used most extensively and are very
important as the initial live food for rearing larval fish. At present,
without the mass culture of rotifers, larval rearing of marine fishes
would be virtually impossible, although artificial microdiets are
being gradually developed to replace costly live feeds. This impor-
tant organism, systematically mass produced, has made fish larval
production possible. However, some problems have been encoun-
tered regarding the dietary value of these live feeds. One of these
problems concerns rotifers and the Artemia.



Rotifers were mass cultured on marine Chlorella as a feed orga-
nism until baker's yeast Saccharomyces cerevisize, was also found
to be very suitable for this purpose. When baker's yeast was used
as food for rotifers, the density of the rotifer culture reached about
10 times higher than that was obtained by using marine Chlorella.
Thus, recently, yeast has been used increasingly as food for rotifers
as the production of juvenile fish has increased progressively in
Japan from year to year.

However, the rotifers cultured with yeast frequently resulted
in sudden heavy losses of larval fish (Kitajima and Koda, 1976;
Fujita, 1979; Fukusho, 1977; Kitajima, 1978 Kitajima e? al., 1979).
These high mortalities could be prevented by culturing the rotifers
with both yeast and marine Chlorefla, or by culturing the rotifers
with yeast and then feeding them on marine Chlorella for a short
period before feeding them to the fish (Kitajima and Koda, 1976;
Fukusho, 1977; Kitajima et al., 1979). This was one of the most
important findings for the mass production of juvenile fish.

Our recent investigation on the nutritional quality of live feeds
has demonstrated that the content of essential fatty acids (EFA) in
the live feeds is the principle determinant of their dietary value,
The purpose of this account is to review the nutritional quality of
live feeds from the viewpoint of EFA for fish and shrimps and the
methods of enrichment of live feeds for improving their dietary
value. The nutrient contents such as minerals (Watanabe et al.,
1978 a) and essential aminoacids and protein quality (Watanabe ef
?{58129)78 b) of various live feeds were reviewed in Watanabe et al.
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NUTRITIONAL QUALITY OF LIVE FOODS

Recent studies ont EFA in fish have demonstrated that (Table 1)
the EFA requirements of fish differ considerably from species to
species. Rainbow trout require fatty acids of the linolenic family
{w3) as BFA (Casiell ez al., 1972; Watanable et al., 1974), whereas
carp, eel and chum salmon require not only linolenic, but also lino-
leic acid for good growth (Watanable, 1982). On the other hand,
these fatty acids did not meet the EFA requirement of marine fish,
and higbly unsaturated fatty acids, such as 20:5»3 and 22:6w3,
(w3HUFA) had to be supplied as EFA for them (Yone, 1978;
Yone and Fujii, 1975), although these w3HUFA were also found
to be very effective for freshwater fish species except for Tilapia
(Watanabe, 1982). Based upon these results recently obtained
in various fish on EFA, the dietary value of live feeds was discussed
in this section.

‘TaBLY L.  Essential fatty acid requirement of fish
Species Requirement

Rainbow trout 18:3e03 1%
18:363 0.82/

Reference

Castell ef o, (1972)
Watanabe er af. (1974

18:3 03 20% of lipid Takeuchi &Watanabe (1972 a)

«3IHUFA 10%; oPllipid Takeuchi &Watanabe (1972 a)
Carp 18:2c6 1% and Watanabe er al. (1974)

1833 1% Takenchi &Watanabe (1977 1)

Eel

Chum salmon

Coho salmon
Ayu

18:2 w6 0.5% and
18:3w3 0.5%
183:2¢e6 1% and
18:3003 1%
«3HUFA 0.5%
Tri-18:3 w3 1-2.5%
18:3w31% or

Takeuchi et al. (1980)

Takeuchi ef al. (1979, 1980)

Takeuchi et al. (1980)

Yu & Sinnhuber (1979)
Kanazawa er af. (1982)

253 1%
THapia zillii 18:2 6 1% or Kanazawa et al. (1980}
20:4 06 1%
Tilapia nilotica 18:2 w6 0.5% : Takeuchi et al, (1983)
Red sea bream w3IHUFA 0,5% or Yone er al. (1978)
20:5¢3 0.5%
Turbot w3HUFA 0.87%, Gatesoupe et al. (1977)
Yellowtail w3HUFA 2% Deshimaru ef af. (1984)




Rotifers

The relationship between nutritional quality of rotifers as a
live food and their culture organism, e.g. baker's yeast or Chlorella,
was investigated from the viewpoint of EFA for fish (Watanabe
et al., 1978 ¢). Table 2 shows some of the w3 fatty acids of rotifers
cultured with baker’s yeast, marine Chiorella or both the organisms.
The most striking difference was the content of EFA. The rotifers
cultuced with yeast were quite low in w3 highly unsaturated fatty
acids (w3IHUFA) such as 20:5w3, and heigh in monoenoic fatty
acids such as 16:1 and 18:1. Those cultured with marine Chlorella
contained high amount of 20:5w3, which is one of the EFA for
marine fish. The rotifers fed on both yeast and Chlorella showed
intermediate values. These results may explain why rotifers cul-
tured with yeast are always inferior to those cultured with marine
Chlorella in their nutritional quality as a live feed.

TapLe 2. Some @) fatty acids in the total Npidy from rotifer Brachionus
plicatilis cultured with baker's yeast Saccharomyces cerevisiae
and marine Chlorella

Rotifer fed on
Fatty acid Yeast Yeast + Chiorella
Chiorella

20:4 w3 0.4-0.5 04- 0.6 tr - 0.2
20:5¢3 1.0-1.9 8.1-120 22.8-30.5
22:5w3 tr -0.3 1.7- 29 3.0- 38
22:6 3 tr 0.5 tr - 0.9 tr - 0.5
E wIHUFA* 2.2-1.1 11.3-14.7 26.2-31.9
Lipid in
rotifer {%2) 1.4-2.3 2.2- 28 37-42

'Cgo:ggﬁﬂ; fatty acids (Watanabe, 1985. Plant and Soil, 89: 351-369).

Table 3 lists some fatty acids in the total lipid of the culture
organisms. The baker’s yeast used for mass culture of rotifers
contains a fairly high amount (52-82%) of monoethylenic fatty
acids, 16:1 and 18:1, and essentially no w3HUFA. On the other
hand, marine Chlorella contains a high level of 20:5w3. These
resuits show why rotifers cultured with yeast always contain little
w3HUFA. The fatty acid composition of freshwater Chlorella is
quite different from that of marine Chlorella. The freshwater
Chiorella contains high amount of 18:2w6 and 18:3w3, but is low
in «3JHUFA. Consequently, rotifers cultured with freshwater
Chiorella had high levels of 18:2w6 and 18:3w3. Thus marine
Chiorella should be used as the culture organism for rotifers inten-
ded as a food for larval marine fish.
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These results have shown that the fatty acid composition of
rotifers is readily affected by the fatty acids of their food organism.
Experiments were then conducted to verify the relationship between
the dietary value of rotifers and theit w3HUFA content by feeding
them marine Chlorella or freshwater Chlorella and feeding these
rotifers to larval red sea bream. When marine Chlorella was used
as the culture organism, the low level of w3HUFA in yeast-fed
rotifiers increased in proportion to the length of the culture period
with Chlorella, due to incorporation of 20:5w3 from the marine
Chlorella. The dietary value of the rotifers for red sea bream was
also found to be significantly improved by secondary culture with
marine Chiorella for more than 6hr; but not with freshwater
Chiorella, Thus, the content of w3HUFA in the rotifers correlates
with their dietary value as feed. The high mortalities frequently
observed in various kinds of fish larvae reared on rotifers cultured
solely on yeast is due to an EFA deficiency in their food source.

TABLE 3. ft‘:l“{"el algtd composition in total lipids of baker's yeast and marine
o

Baker's yeast Marine chilorella Freshwater chlorella

Saccharomyces Chlorella Chiorella regilaris
cerevicige minutissima

14:0
16:0
16:1 ¢a7
18:0
18:1 6%
HEp
E g
20:1

20:3 03
20:4 ¢56
20:4 ¢a3
20:5¢c03
22:5w3
22:6 3
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(Watanabe, 1985, Plant and Sofi, 89: 351-369),

Recently, a foreign species of micro green alga Tetraselmis
tetrathele, has been introduced to Japan from Southeast Asia as a
substitute for marine Chiorella. The size and volume are respec-
tively 10 and 30 times bigger than Chlorella, and temperature tole-
rance is also wider than Chlorella, suggesting the suitability as feed
organism for rotifers, especiaily for culture of rotifers in cold water
areas, The rotifers cultured with these algas contained a relatively
high level of 18:3w3 which is known to exert ill effect on marine
species such as red sea bream, but they also contained about 8-109%
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of 20:5w3 which is one of the EFA for marine fish., However, the
recent study on the dietary value of rotifers fed on Tetraselmis for
various marine fish has demonstrated that the nutritional quality.
of rotifers cultured with the algae was found to be almost comparable
to rotifers fed on marine Chlorella in the feeding experiments of
about one month duration. But the dietary value was slightly
varied for different fish species (Table 4).

TabLE 4. Dietary value to larval red sea bream of rotifers cultured with
Tetraselmis tetrathele

Total Body Survival
Rotifer fed length weight (%)
(mim) {mg)
2L days  Terraselmis 5.8 1.1 95.7
5.7 1.0 94.7
Tetraselmis & Chiorella 5.8 1.2 95,3
59 1.3 93.4
Chlorella 5.8 i1 210
6.0 i.2 939
30 days  Tetraselnis 8.1 52 75.6
15 4.2 83.5
Tetraselmis & Chlorella 8.8 6.6 80.1
8.7 6.3 68.0
Chiorella 6.9 58 65.1
6.5 4.7 75.6

Another algal species Isochrysis galbana or Monochrysis sp.,
is also frequently utilized as a feed organism for rotifers and Artemia
nauplii in some geographical locations where marine Chlorella is
not available. The dietary value of rotifers or Artemia nauplii was
also reported to be improved by culturing with these algae. This
is mainly due to the fatty acid spectrum of I. galbana which is in
general high in proportion of 20:54»3 and 22:6w3, although uptake
of w3IHUFA from the algac is dependent upon culture conditions
as observed in rotifers cultured with marine Chlorella.

As the culture medium for rotifers, alcohol fermentation slops
are experimentally introduced. The slops still containing nuirients
for growth of brwer’s yeast are used for culture of microbial flock
consisting of marine yeast and bacteria, and then the microbial
flocke are added to culture tank of rotifers. The rotifers cultured
by this method are also low in the concentration of W3IHUFA and
enrichment is required before feeding them to fish larvae.

Photosynthetic bacteria are also used for culture of rotifers in

combination with baker’s yeast by continuous recycle system in
Japan, However, the rotifers cultured by this method were found
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to be very high in 18:2w86, thus being not recommended to use for
larval rearing of marine species (Watanabe er al., 1983).

TABLE 5. Fatty acid composition, total lipid, polar lipld and iriglyceride
Sractions of Daphnia sp.

Fatty acid Total lipid Polar lipid Triglyceride
16:0 15,3 14.3 17.1
16:1 w7 124 9.6 122
18:0 48 6.6 6.3
18:1 w9 128 17.7 16.7
18:2 w6 4.4 47 39
18:3 c03 11.0 11.0 64
18:403 & 20:0 2.9 20 18
20:326 & 20:426 3.6 4.0 52
2004 w3 0.6 04 0.4
20:5033 165 162 7.5
22:6w3 0.2 0.7 —

(Watanabe et al., 1978. Bull, Japan. Soc. Sci. Fish.,, 44; 1223-1227).

Artemia

The nauplii of Artemia have been widely used as a food in the
production of juvenile marine fish. However, feeding with Artemia
alone frequently resulted in high mortalities in various marine fish
(Fushini, 1971; Fujita, 1973; Kitaiima, 1978), although this pheno-
menon depended upon the fish species as well as the site of produc-
tion of Artemia. Some species of flounder, one species of mullet
(Liza haemotochiela}, one salmonid (Plecoglossus altivelis) and
some gobiid fish are not easily affected, but the larvae of yellowtail
{ Seriola quingueradaita) are very susceptible to this phenomenon
(Fujita, 1972, 1973), In addition, many investigators have reported
heavy losses of larval prawns, crabs, and marine fish fed on Artemia
nauplii from Utah (Little, 1969; Reeve, 1969; Wickens, 1972).
The dietary value of Arfemia nauplii was found to be improved
when the nauplii were fed to fish with marine copepods such as
Tigriopus and Acartia (Fukusho, 1974).

As described earlier feeding the fish with yeast fed rotifers
resulted in various pathological syndromes, such as a dark body
colour, lack of appetite, lethargy and heavy mortalitics. The chief
cause of these syndromes was found to be an EFA deficiency in
the fish (Watanabe ez al., 1978 a, 1979). The symptoms observed
in red sea bream were very similar to those induced by Artemia
naupiii. At first Watanabe et ol. (1980) analysed fatty acid com-
positions of Artemia eggs and nauplii from different geographical
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TARLE 6. Certain fatty acids of total liplds from baker’s yeast, the yeast
supplemented with cuttlefish liver oll (@ - yeast} and rovfers
cultured with these yeasts.

Fatty acid Baker’s yeast ta-yeast Rotifers cultured
Baker's yeast ca-yeast
16:0 8.3-20.0 13.4-16.9 6~ 7 10-12
16:1 7 14.2-38.2 50- 66 26-27 10-11
18:0 3.4 84 2.3~ 26 -4 2-3
18:1 w9 26.143.9 15.5-16.4 26-30 22-4
18:2 w6 28-151 LO- 1.1 7-9 2~ 4
18:3 a3 0.5- 64 0.8- 0.9 0.7-0.8
20:1 tr - 16 8.4- 5.2 -4 8-10
20:3w3 10-134 1- 2 34
20:4 wb
20:5 w3 13.4-174 1- 2 9-12
22:53 09- 14 0-04 2-3
22:6 w3 12.8-15,6 79
w3IHUFA 33.5-35.8 25-26
Lipid % 1.0~ 1.6 12.3-15.6 1.4-1.9 3354

(Watanabe et al., 1983, Aquaculture, 34: 115.143)

locations and found that 4rremia could be classified into two types
according to the fatty acid compositions., As shown in Fig. 1,
one (the freshwater type) contained & high concentration of 18:3w3,
which is an EFA for freshwater fish, and the other (the marine type)
was high in 20:503, which is one of the EFA for marine fish. Fur.
thermore, Artemia of “The marine type” were found to be a satisfac-
tory food for juvenile red sea bream, and the dietary value of the
nauplii was improved by feeding them marine Chlorella and w-yeast,
both containing substantial amounts of the EFA required by marine
fish. These results suggest that the class of EFA contained in Artemia
is the principal factor in the variation in food value of Artemia to
fish, as demonstrated in the case of rotifers. The difference in
susceptibility of larval fish from species to species to Artemia nau-
plii in terms of mortality and various syndromes were also due
1o the difference in EFA requirements of fish as shown in Table I,
Wickens (1972) reported that the food value of Artemia from Utah
was improved by allowing them to feed on Isochrysis galbana. This
may be due to the iacorporation of w3IHUFA from I. galbana, which
generally contained high amounts of 20:5w3 and 22:6w3 (Watanabe
and Ackman, 1974). Moreover, the food value of Arfemia is
effectively improved when they are fed to fish together with Tigriopus
or Acartla (Fukusho, 1974), both rich in 20:5w3 and 22:6w3
(Watanabe ef al,, 1980).

As shown in Fig.1, Artemia from San Francisco are, in genetal,
high in concentration of 18:3w3, althou%h the concentration lar-
gely fluctuated from year to year or lot to lot, even in the cysts col-
lected within the same year at the same locations. But they generally



belong to “the freshwater type”. On the other hand, Artemia from
China are low in the content of 18:3w3 and high in 20:5w3, and
classified into “‘the marine type”. According to the data available
at present, Artemia which areclassified into “the marine type” are
those from China, Australia, Italy, Israel and Thailand.

301 o 3 :San Francisco (1975-1985)
n ] | :Tien-tsin (1978-1985)
a .
h
0
3T 0
-3;" P
= o
N
3
s 10 o g
g0 l‘--l e
Og 0 .
| o =
| | | ! ) 1
5 18 15

WIHUFA (% in fatty acld)

Fig. 1. Classification of Artemia cysis into *Marine’ and *Freshwater® types
based on the proportions of their 18:3¢w3 and «wIHUFA.

The cysts from Brazil are characteristically low in the content
of 18:3w3 and high in the proportion of w6 fatty acids such as
18:2w6 and 20:4wé6, as shown in Fig, 2. The Brazil cysts originally
came from California and should have the same fatty acid patterns
as those of San Francisco. However, their fatty acid spectra were
quite different from those of San Francisco. These differences in
fatty acid composition due to geographical strains may be depen-
dent upon differences of algal blooms in the environmental waters
where adult Artemia take algae as food for their recycles. Changes
in the content of algal blooms in terms of microalgal species due
to weather and environmental conditions may result in some seasonal
variation in {atty acid composition of Artemia cysts.



TABLE 7,

Comparison of growth and survival rate of larval red sea bream
Jed on the rotifers cultured with yeast & t-Yeast respectively

Rotifer No. of Total Rate of Survival at
used fish length survival  activity test
at final
(mm) %) %)
Expt.]  co-Yeast 30,000 9.28:0.77 73.5 86.0
Yeast . T.10::0,78 13.0 125
Expt. 1l ca-Yeast 15000  10.1150.87 76.2 92.9
Chlorelia " 10,21:1.,60 511 91.7
Yi2hC - 9114124 279 9.2
w-Yeast 24,000 10.32==1.28 76.9 928
Expt. 1l Chlorella " 9.78 70.1 91.5
Y3hC N 8.85::1,09 27.6 55.8
Exp. IV*  o-Yeast 10,000 1091054 63.9 955
Yeast " 6.24:20,62 32 459
*Black sea bream (Watanabe et al., 1983, Aquaculrure, 34: 115-143).
n 0:San Francisco (1275-198%5)
g m:Tien-tsin {1978-1985)
isf aB A:Brozil (1979-1985)
A -
& a
N 2 %
aAA E
< g,
® L-2-4
= &
lof © o . 2=
L7 (4]
b a ! -8
= o = E
i O ® © - . £3
Aoy, s ° 2§
0 % T a
3 (a] Dga =S
5F 0 p - a® 8w
£92
7 23
= >
g5
. ' 8 &
1 -] 3 [ -
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Fig. 2. Classification of Artemia cysts into "Marine’ and 'Freshwater’
based on the proportions of their <6 fatty acids and @3IHUFA.
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Artemia of “‘the marine type’ are usually satisfactory as a food
for any kinds of fish species and shrimps, although it depends upon
the total concentration of w3HUFA in the nauplii. Various trials
have been conducted in order to improve the dietary value for
marine fish juveniles of Artemia nauplii of “the freshwater type” by
allowing them to feed on w3HUFA. These improvements were
also effected mainly by the same methods as for rotifers, the direct
and indirect methods,

Other live feeds

The marine copepods Tigriopus and Acartia and the freshwater
Moina and Daphnia are also well known to be suitable as feeds
for rearing juvenile fish of about 7 mm in body length. Watanabe
et al. (1978 c) analysed fatty acids of these zooplankters. Tigriopus
was found to contain relatively high amounts of 20:5w3 and 22:6w3,
irrespective of culture media and organisms, such as backer’s yeast
and soy sauce cake; this result suggests a high nutritional value
for fish. On the other hand, the content of w3HUFA in the lipid
of Moina was significantly affected by the culture organisms, as
observed in rotifers. Moina cultured with yeast contained high
levels of monoethylenic fatty acidsand low levels of w3HUFA, while
those cultured with pouvltry manure had high contents of 20:5w3,
indicating that the former is inferior to the latter as a live-feed for
fish, Moina was also found to take up emulsified lipids very casily
by the direct method which is described in the next chapter. Acartia
collected in the sea was found to be a very good food for marine
fish;. it contained both 20:503 and 22:6w3 at fairly high levels,
making a total w3HUFA of 30-60%, although some seasonal
variation in w3HUFA was apparent. The fatty acid spectrum
of Daphnia (Table 5) slso makes it a suitable food for fish from
the view point of EFA.

1
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ENRICHMENT OF LIVE FEEDS

After finding the importance of w3HUFA in live feeds, various
trials have been conducted to improve their nutritional quality by
feeding them with various kinds of materials such as microdjets,
microencapsulated diets, a new type of baker’s yeast and emulsi-
fied lipids rich in w3HUFA together with fat-soluble vitamins.
Among them the so-cailed direct method in which emulsified lipids
are used and the indirect method using a newly developed yeast are
at present most popular in Japan. Thus in this, these two methods
are introduced, although the indirect method with the new type of
yeast 15 not available in all the regions.

Mdirect methods

Based upon the results that baker's yeast contains a fairly
high amount of monethylenic fatty acids and no «3HUFA, and
that fatty acid composition of rotifers is readily affected by the
fatty acids of the culture organisms, a new kind of yeast has been
developed as a culture organism for rotifers in order 1o improve
upon the nutritional value for fish larvae of rotifers cultured on
baker’s yeast (Imada et al., 1979). This new type of yeast (desig-
nated as w-yeast) was produced by adding fish oil or cuttlefish
liver oil as a supplement to the culture medium of baker’s yeast,
resulting in 2 high content of lipid and w3HUFA, the EFA for both
marine and freshwater fish species (Table 6). The rotifers cultured
with w-yeast were high in lipid content in general, together with
wHUFA, as a result of the oils added to the backer's yeast. The
incorporation of w3IHUFA from w-yeast reached a maximum at
around 12 br of feeding. Furthermore; the dictary value of the
rotifers to fish larvae was significantly improved, compared to that
of rotifers cultured on marine Chlorella as shown in Table 7 (Kitajima
et al., 1980 a, 1980 b; Oka et al., 1980). These results clearly indi-
cate that rotifers grown on the newly developed yeast have a superior
food value to those grown on the original yeast, Arakawa et al.
(1979) also found that rotifers grown on w-yeast had a superior
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food value for larval pufferfish Fugu rubripes. Recently, Fukusho
et al. (1980) mass cultured Tigriopus with w-veast and found that
its nutritional ?nality for mud dab was much enhanced. This w-
yeast was also found to be effective for the improvement of dietary
value of other live foods such as Artemig nauplii and Moina.

However, it is very important to keep in mind that incorporation
of wIHUFA together with lipid into live feeds is sometimes largely
fluctuated due to culture conditions in ierms of water temperature,

TabLe 8, Improvement of dietary value of Arteria rauplli for fish bnae
by both the direct and indirect methods

Feed given w3 HUFA Total body Total body  Survival Normal
10 Artemia in length {mm)  weight (nl:'n_gl)nl rate (%) fishin
i

Artemia  Initia] Final Initial activity
o test (70)*
Red sca bream (9 days feeding)
Baker's yeast 0,12  14.7 220 35.2 151.9 589 23.0
Corn oil 0.03 - 226 » 158.0 523 3.5
Pollock
liver 0il  0.21 " 237 " 188.9 763 86.5
Cuttlefish
Yiver oil 0.77 v 23.6 . 132.5 83.1 9.6
@3HUFA
concentrate .71 » 234 " 178.7 720 99.3
Red sea bream (7 days feeding)
Baker's yeast 0.9 8.9 12.5 ' 320 214
Corn ofl 0.07 ”» 122 357 152
Pollock
fiver oll 0.15 - 134 87 56.7
Pollock &
Cuttlefish 0,30 " 131 534 67.9
liver il (1:1)
Cuttlefish
liver ofl 033 " 133 63.1 9.2
w3IHUFA
concentrate 1.04 " 141 520 96.7
Rock sea bream (10 days feeding)
w-Yeast 0.30 9.7 204 9.0 1451 783 86.7
Cuttlefish
liver oil 0.31 » 203 » 1429 814 100
Baker's yeast 0.08 ”» 19.3 " 1ni2 44 34
Control** 0.10 o 19.5 » 1248 592 10.0
Japanese flounder (19 days feeding)
Cuttlefish
Yiver oil  0.40 14 124 13.7 67.6 80.0
Corn oil 0,05 12 9.9 53 27.1 0
Control* 0.05 7.3 112 9.8 35.6 13.3

¢ 30-50 fish were removed from water with a scoop net, held for 5 hr
and moved to a 30 1 tank for a check of fish activity.

** Nauplii just after hatching (48 br).
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density and activity of live feeds, feeding rate of w-yeast, etc. Fur-
thermore, a high amount of lipid contained in w-yeast also some-
times resulted in some mortality in rotifers and Artemia nauplii and .

Emulgion [ 20mi } + Bokar's yeost [ Sg )
mixed wall with [00 mi of culture wotée

Asratlon et \LJ/
£.5-3 1/min

"'~ -
Mauplii # .
100-200naupkil /m! o
Water femp. N
20°C .':‘.::- ,: A
A Feuding parics Lt
1 3-8 :
O Ll
0
P4 e ;?
QQ . ;E SEIBRLLY

30 1 tenk with 23 | woter

Fig. 3 a, Enrichment of drtemia nauplii {collected at 40 hr

after incubation or those passed more than 10 hr
after hatching (26-28°C)). '

Emuttion (20 ml ) + Boker's yeaud (5
maed wall with 100 m of cullure wake

e = W

2.8-3 12w

i s, ;.-'_" b
$00-1000 indh/mt * P
Wanr temp, i v f ot
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06 L Q
Peading poriad - ' 0 NG L,

* ‘.
et e L
36w ", e o

30 1 1am with 23 | wales
{Chomiia  sheuld aot by sypplisd to the tank ]

Fig. 3 b. Enrichment of rotifer.
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Moina. This method may be called the indirect method, because
life feeds are enriched with w3HUFA through the yeast in com-
parison with the direct method where they are directly fed on
w3HUFA together with lipid. The availability of w-yeast is
unfortunately limited at present, thus the second method, the direct
method which can be applied in any place, is recommended to
enrich the distary value of rotifers and Artemia nauplii.

Direct method

This method has been developed by Watanabe et al. (1982).
In this direct method, the lipids containing w3HUFA were homo-
genized with a small amount of raw eggyolk and water and resulting
emulsion was fed directly to live feeds such as rotifers and Artemia
nauplii together with baker’s yeast (Fig. 3 a, b). As shown in
Fig. 4, both rotifers and Artemia nauplii took up lipids very easily
and the concentration of w3HUFA reached a maximum between
6 and 12 hr of feeding, as observed in the indirect method. The two
methods, direct and indirect, are also found to be very effective
for improving the dietary value of other live feeds.

50r
Rotifer

o »

40
8 30
<
S 20
X
3
10
o 3 6 1”2 24

Cultum period in hours

Fig. 4 a. Iucorporation of lipids emulsified with various reagents
{A, B, C and D) in rotifers by the direct method,

The dietary value of rotifers and Artemia nauplii to fish larvae
was improved by incorporating w3HUFA from emulsifled lipids,
and was proportional to the ®3HUFA content in the live feeds,
Table 8 shows the results of i:nProvcment of dietary value of Artemia
nauplii of “the freshwater type” to larval marine fish of some species.
In each case feeding the newly hatched nauplii containing low
amounts of w3HUFA resulted in lower growti rate and survival,
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and cspcciallir the percentage of normal fish in activity test was
significantly lower than those fed on the nauplii enriched with
emulsified lipids. Elevation of w3HUFA levels in the nauﬁlii by
allowing them to feed emulsified cuttlefish liver oil, pollock liver
oil or the W3HUFA concentrate effectively improved these condi-
tions, On the other hand, the dietary value of the nauplii fed on
baker’s yeast alone or on corn oil, containing few «3IHUFA, was
very low for marine fish. Although any type of Artemia may be
satisfactory for freshwater fish judging from their EFA requirement
(Table 1), it is necessary to check the fatty acid composition of
Artemia for use as a food for marine fish. If its fatty acid com-
position is not known, the Artemia should be fed to fish together
with other marine copepods or should be fed on lipids containing
w3HUFA to prevent heavy fish losses from various syndromes.

2S5r
Artemio 8
20
8 T
=
S5 10
I
o
3
]
) 1 1 el
o 3 6 i2 24

Culture period in hours

Fig. 4 b. Incorporation of lipids emulsified with various reagents
{A, B, C and D)} in Arzemia nauplii by the direct method.

TABLE 9. The concentration of w6 and w3 fatty acids In some lpids (%)}

el
Lipid source w6 18: 3 “SwHUFA*
Pollock liver oil 2.0-3.5 0.2-2.0 12-20
Cod liver oil 2.0-3.5 1.0-1.5 20-25
Squid liver oil 2.0-4.0 1.0-1.5 25-30
Herring oil 1.5-2.5 0.5-1.0 11-15
Sardine oil 2.0-4.0 1,0-2.0 20-25
Bonito oil 2.5-4.5 1.0-2.0 20-30
Soybean oil 49-52 1.5-11.0 —
Corn oil 34-62 0-3.0 —_
Cotton seed oil 34-55 — —
Olive oil 58 0.5-1.5 —_
Safflower oil 39-79 0.04-6.0 —

* 20:3 w3 < w3 fatty acids, mainly consists of 20:5 3 and 22:6 3,
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Fig. 5 shows the relationship between the w3HUFA content
of Artemia nauplii and fish activity of survival rate, prepared
upon the results of the feeding experiment with red sea bream,
rock sea bream and Japanese fiounder. The nauplii containing
w3HUFA at levels of 0.3-0.5% may be satisfactory as a single feed
for most of fish spectes. This requirement of nauplii for w3HUFA
1o satisfy the EFA requirement of larval marine fish was found to
be almost the same as that in case of rotifers.

5 -
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w3IHUFA In Arfemia nauplil (%)

Fig. 5. Relationship between the w3IHUFA content of Artemia nauplii and
fish activity and survival rate. The data are from red sea bream
(circles), rock sea bream (squares) and Japanese flounder (triangles),

hS

By using both methods, the direct and indirect, it was found
possible to further improve the dietary value of live feeds by allowing
them to take up from culture medium not only w3HUFA, but also
fat-soluble vitamins together with lipids (Watanabe er al., 1982),
Figs. 6 and 7 show the effect of Arfemia nauplii biomass and water
temperature on the incorporation of vitamin A and « -tocopherol.
Both vitamins A and E were found to be incorporated into the nau-
plii as observed in rotifers, and the incorporation was highest when
the nauplii density was lowest at the water temperature of 21°C.
Fig. 8 shows the effect of Artemia age past incubation and duration
of enrichment on the incorporation of « -tocopherol, 40 hr, 52 hr and
64 hr in the figure indicating hours after egg incubation. In each
case a maximum incorporation was obtained after about 6 hr of
enrichment, and was highest in the nauplii collected at 52 hr after
incubation.
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a. Preparation of emulsified lipids

For the preparation of emulsified lipids, the so-called ‘Mayon-
naise’, lipids must be high in the concentration of w3IHUFA. Some
lIocally availabe lipids high in the w3HUFA content are listed in
Table 9. As shown in Fig. 4 a in ordinary preparation about 5g
of fish oil is homogenized for 2-3 min by homogenizer or juicer mixer
or by shaking vigorously. The resulting emulsion should be studied
by microscope or overhead projector to check homogenous condi-
tion in terms of particle size, and can be kept in a refrigerator until

-

o] 2omrol .

& 21°C, Nauphi 309/2%1
0 21°C, Nauplii80¢/251
15F & 11°C, Nouplii 809/25

VA [ IU/g we! nowphii )
o
—

m
5-
0 0 L i e s 1 b e—— ] ‘Q i ']
O 1 2 3 4 % 6 7 8 9
Durcticn of enrichmant { h)

Fig. 6. The effect of Arfemia nauplii biomass and water temperature

on the incorporation of vitamin A,
needed, although it is necessary to shake again vigorously before
feeding them to live feeds, because the emulsion may be separated
into water and lipid layers during storage. If required, further
enrichment can be achieved by supplementing both water and fat-
soluble vitamins to the emulsion before homogenisation. At pre-
sent various types of emulsifiers are also available for preparation
of emulsion.
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b, Hatching of nauplii

The conditions of hatching Artemia cysts and obtaining the
nauplii for ennchment are described as below.

@2 1°C, Nouplii 309/251
I':‘ZI"':: Nauplii 80g/251
AqyieC, .Nauplii80g/251

~n
o
<

o ~Tocopherol { ug/g wet nauplii )
° o
e ¢

& ]
(=]
T

fa W
o A 'l Il Il T_ - Y 'l ? 'l ]
O 1 2 3 4 5 6 7 8 9
Duration of enrichmeant { h)

Fig. 7. ’I‘l'le-eﬂ'ect of Artemia nauplii biomass and water temnperature on the
incorporation of & ~ tocopherol.

Artemia HATCHING CONDITIONS

Tncubation temperature: 28°C (warmed up with a 200W heater)
Salinity: 29.5%, (12.7°C)

Duration: Collected at 45 hrs. after incubation,

Light: Natural condition, 5,000 lux at daytime.

Aeration: 3.000 ml/min,

Tank: A 20 litres polycarbonate tank with black ¢olour.

¢. Enrichment

Fig. 3 a, b shows one example of conditions for feeding emulsion
to rotifers and Artemia nauplii, The incorporation of lipids together

19



with w3HUFA in rotifers and nauplii is in general greatly affected
by enrichment conditions in terms of lipid content of emulsion
and type of lipid. The amount of emulsified lipid supplied to the
culture medium depends upon population density of live feeds,
their feeding activity and water temperature, etc. Conditions
suitable for enrichment of rotifers and Artemia nauplii should be
surveyed according to each situation.

40n 52h G4bh
700
£ @ +Bokar’s yeast
geo0f
=
$500}
p
3400t
[
e300
2 200F
'
-}
100
o i L L L L L L L 4

0 3 & 9 0 3 6 9 0 3 &
Duration of enrichment {h )
Fig. 8. The effect of Artemia age past incubation and duration of enrichment
on the incorporation of o. - tocopherol. 40h, 52h and 64 h in the
figure are hours after egg incubation,

d. Feeding enriched live feeds to larval fish

The count of number of live feeds in a culture medium should
be ncessary before feeding them to larval fish. Because this treat-
ment sometimes results in some mortality of live feeds in the enrich-
ment tank. The rotifers or the nauplii are harvested by using a

micronet of about 60 p and then they are washed with sea water
before feeding. :

e. Collection of analyticol sample

Sample collection of live feeds from the culture medium for
chemical analysis should be done before enrichment (the initial
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sample) and at 3, 6, 12 and 24 hr after enrichment. Before sample
collection various dust formed by mixture of dead organisms
and oil must be removed by using a micronet. A high amount of
oil containing vitamins are frequently seen to be attached to the
surface of dead rotifers and nauplii. Samples collected by the net
are washed thoroughly with tap water for 5 min and then followed
by distilled water. Water in the surface of live feeds are wiped out
with filter paper, weighed and kept at -20°C until analysis. The
fatty acid composition of the samples is analysed by gas chromato-
graphy according to the scheme given below.

EXTRACTION OF CRUDE LIPIDS

Sample ( wet basis: %9, or
dry basis: 29 * distitied water{D.M.) I )

100m) (¢hlaroform : methano) e 2:1)

remogenize for § mins
flltnt.c with suction

J I
upper 1ayer Tower layer

discard transfer into & saparatory funnel(200-300m1)

4dd 20m) 0.01H MgCl,
shake for 1 min .
11 with N, gas ang stop with 3 cock
stand olvernlght at room. temperature

I 1
upper layer Yower layer

filteate with o filter paper
evaporate to dryness {n vacua (%9)

Crude lipld % = x/5 100
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rr \ 1 1q miatyr

50% KOM Y-2m1 + E4OM 18 m)
beiling stome 23 particled

" saponify for §0 mins
transfer Into 3 separatory funnel (200-300m1)

0N 40ml ¢ ethyl ether Xoml
shake far 1 min )
1

F 1
upper layer Towar layer :
: : L repeat 2 times
Honsapanifiabies transfer into a separatory funned ) .
1 Wydrocarbon ethyl ethir 40m)
Tieamin 4,0, Waz thave for 1 min
Chorestero), etc.} .
upper layer Iouerl'lcyer

trarsfer Into & separatory funngl
ethyl sther S0ml + pethyl orange 2.3 ¢r
 ZN HCY 10 =t
shake :or ¥ min

f -
upmrJ'Iayer 1owe? 1Myar easmamey d13CHTY
wash with D.N, JoStimes{20,30,40,50 m1)

shake for b min

tpested

upper layer lower Jayeremmydiscard
38 ttmes

{pH vatue, neutral)
tvaporate to drymess in wicuo

PREPARATION OF EMULSIFIED LIPID
Fish oil with fat-soluble vitamins (5 g)
-  Water soluble vitamins (10 g)
l—— Raw egg volk (1 2) |
——  H,0 (100 ml)

Homogenate for 2~3 min by mixer of shaking vigorously.

Emulsion
(Check homogeneous condition of emulsion by microscope)

Keep in a refrigerator until use
22



Preparation of me

=

Fa el
&-8% ar,-ueuu 10 mi+
boiling stane 2-3 particles
asterify for 15 ning

transfer Into & separatory funnel{ 200-300ml)
thyl ethar 50m1 « O.W, 20w
shake for 1 ain
upper Yayer VT VAYEP gy i S CaT

repeated 3-5 times wash with D.W.[20,30,40,50 m1)
: shake for 1 nin
1

I
upper layer lower ! Yayer

1 (BM valie aeytrsd) .
gehydrate with Ha i0,(about 10g)

filter with a t1)10er paper
evaporste to dryness in vacyo

methyl esters are diluted with chioroforn (3n9/ 500 M1}
The resulting sotutfons {0.5u1} are injected Into » gas chromytograph

Cryde 1ipig § ¢ 3/5 « 100

GLC OPERATING CONDITIONS

Apparatus Shimadzu Gas Chromatograph
GC-TA or GC-TAG with a
hydrogen flame ionization detector

Column Glass tube 20 m x 3 mm @

Packing 5% Shinchrom E-7I on 80-100
mesh Shimalite

Carrier gas Nitrogen

Flow rate

Nitrogen 2.2 Kgfem?
Hydrogen 0.7 Kgfcm?
Arr 0.6 Kg/cm?

Temperature

Detector 250°C
Iniection port 250°C
Column Isothermal 210°C



CONCLUSION

Live food organisms are still extensively used for rearing larval
fish in aquaculture. The nutritional quality of these food organisms
very much depends upon the conditions of their culture. Very
often high mortalities of fish larvae were encountered by feeding
live food organisms deficient in essential fatty acids (EFA). Lipid
enrichment techniques described here were found to be very effective
and can be successfully employed to enhance the EFA content of a
variety of live food organisms,
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