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PRODUCTIVITY OF ROTIFER Brachionus plicatilis CULTURED UNDER BATCH
SYSTEM BY USING SUGAR BEET MOLASSES AS A SUBSTITUTE MEDIUM

ABSTRACT

This study deals with the determination of availability of sugar
beet molasses as a nutritional enrichment factor for rotifer cultures.
A series of experiments under varying conditions such as ratio of sugar
beet molasses 1in the nutrient complex were carried out in order to
determine the effectiveness of sugar beet molasses as a carbohydrate and
mineral source for the purpose of aquacultural operations. The culture
water of Brachionus plicatilis with the salinity of 38% was treated
through mechanical filtration and UV sterilization. 1 T cylindro-conical
tanks are utilized for rotifer culture. Parameters of culture water were
stabilized at wvalues as following; Oxygen concentration:5 to 10 ppm,
temperature: 27°C and pH:6.8 to 7.4. Rotifers were counted by using
Sedgewick Rafter Cell on a daily basis in order to determine increase
of number of individuals. The study was conducted as 3 different trial
groups, each consisting three separate tanks, so triplicate
determinations were obtained. For the Group I, 10% molasses by weight
of Culture Selco Plus (200 gr Selco Plus+20 gr molasses per tank) was
added 6 times a day with 4 hours’ intervals. For the Group II, 20%
molasses by weight of Culture Selco Plus (200gr Selco Plus+40gr molasses
per tank) was added and lastly for the control group, Group III, no
molasses has been added and 200 gr Culture Selco Plus was only added per
tank. The addition of molasses to nutritive complex has a decreasing
effect on the number of rotifer and increasing effect on the number of
ciliate. From the study, it is clear that sugar beet molasses should not
be used as an additional nutritional factor for rotifer cultures due to
its decreasing effect on the number rotifers and stimulating effect on
the ciliate booming. Addition of 10% and 20% molasses resulted in 31.4%
and 23.3% decrease in number of rotifers at the time of T3, respectively.
On the other hand, it was observed that addition of molasses in the
nutritive complex has not affected on the percentage of rotifers bearing
eggs.
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1. INTRODUCTION

“An area of major concern in fish hatcheries is the provision of
a dependable, nutritionally complete, economical food source for the
fish larvae. In hatcheries, fish are raised from the eggs to the juvenile
stages, until they are suitable for transfer to ponds or cages. In
intensive fish culture, the most critical phase 1is acclimatization of
fish with absorbed vyolk sac for feeding. A crucial step 1in the
intensification process of larval rearing of several marine fish species,
is definitely the successful mass production of rotifers. There are
thousands of zooplankton species which could serve as larval food in
aquaculture but only few have high reproductive capacity. The rate of
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reproduction depends on salinity, temperature, food quality, food
quantity and is strain specific. Brachionus plicatilis is probably the
most commonly grown rotifer for the mass cultivation of larval fish in
hatcheries around the world” [8, 10, 16, 7, and 13].

“Even though zooplankton contain their own enzymes that aid fish
in digesting them, rotifers are deficient in essential fatty acids and
possibly other nutrients. To be nutritionally adequate, rotifers are
often enriched before giving them to the fish. There are several
artificial specialized products for rotifer culture. They allow to
culture rotifers of a guaranteed nutritional value, which has proven to
be very important in the first weeks of marine larval fish rearing. Due
to some inconveniences, 1intensive- producing hatcheries use Culture
Selco 1instead of microalgae, widespread. The most frequently used
formulated diet in rotifer culture in Europe 1is Culture Selco (CS)
available under a dry form. It has been formulated as a complete
substitute for 1live microalgae and at the same time guarantees the
incorporation of high levels of EFA and vitamins in the rotifers. The
chemical composition of Culture Selco Plus 1is given as:Moisture: %5,
Crude protein: %9, Crude ash: %7, Crude lipid: %15, Crude fiber: %2,
Phosphorus: %1, Vit. A:500.000IU/kg, Vit. D3:50.000 1IU/kg, Vit.
E:3600mg/kg, Vit. C:4000mg/kg, Total HUFA: min. 17mg/g dwt” [8, 7, 6,
and 15]. “A comparative study on the rotifer production systems done in
Turkey, resulted at 927 rotifer/ml and 2750 rotifer/ml on the 14th day
and 10th day, respectively with the rate of 50% water change a day.
Following experiments conducted with starting 570 rotifer/ml, showed
that the concentration of rotifers reached 1000 rotifer/ml and 1700
rotifer/ml on the 5th and 15th days, respectively at the rate of 500%
water change a day.With the starting concentration of 810 rotifer/ml and
at the same rate of water change, study resulted 1560 rotifer/ml, 3000
rotifer/ml and 3760 rotifer/ml on the 4th, 6th and 8th days,
respectively” [3].

“Salinity, temperature, dissolved oxygen , pH , Ammonia (NH3) and
ciliates are the most important parameters for rotifer cultures. Ciliates
are not desired in intensive cultures since they compete for feed with
the rotifers. The appearance of these ciliates is generally due sub-
optimal rearing conditions, leading to less performing rotifers and
increased chances for competition. Ciliates produce metabolic wastes
which increase the NO;” N level in the water and cause a decrease in pH.
However, they have a positive effect in clearing the culture tank from

bacteria and detritus” [6]. “Beet molasses is the residual syrup from
the processing of sugar beet from which no more sugar can be crystallized
by conventional means” [4]. “On the basis of 73-79% dry matter and as %

of dry matter, the total sugar content which is predominantly consisting
sucrose in sugar beet molasses is approximately 50%. Minor carbohydrates
are glucose, fructose, raffinose and some other oligo- or
polysaccharides. Their concentration is below 1% and depends to a
significant extent on the manufacturing process. Crude protein and crude
fibre contents are reported as 6.6-11.1% and 0.0-0.3% respectively. Major
cations are potassium (3.2-4.7%) followed by sodium (0.6-1.9%), calcium
(0.1-0.5%) and magnesium (0.01-0.3%). Their content depends mainly on
soil type and water availability. Additionally, the calcium and sodium
content is influenced by processing practices. About 20% of the total
mass consists of non-sucrose organic matter, in particular of non-protein
nitrogen (NPN) containing substances, such as Dbetaine (4-5%). 1In
addition, molasses contains free and bound amino acids, pryrrolidone
carboxylic acid (a conversion product of glutamine), peptides and nucleic
acid components (3-4%). In the manufacturing process most of the amino
acids undergo changes so that less than the amounts expected from beet
roots are found in molasses. Molasses contains up to 4% of organic acids
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predominantly lactic acid from the degradation of invert sugar (up to
1.7%) followed by malic, citric, fumaric, and oxalic acid. Molasses
contains only low levels of trace elements except for iron. Molasses
contains 9-11 pg/g copper, 0.02-0.15ug/g biotin (Vit. B7), 50-110ug/g
panthotenic acid (Vit. B5), 1.3pg/g thiamine (Vit.Bl), 5000-8000ng/g
inositol. The main inorganic anions are chloride (1.0-3.0%), sulfate
(0.6-2.0%), nitrate (0.3-0.8%) and traces of phosphate (0.1-0.5%) and
nitrite (3.0-170mg/kg). pH of molasses is reported as 7 to 8.76.” [4,
14, 18, 12, and 17]. Koru and Percin [1l1l] reported that many species
including rotifers live, feed and reproduce in a salt marsh and in solar
saltworks in Camalti, Izmir, Turkey.

2. RESEARCH SIGNIFICANCE

The purpose of this study is to determine the availability of sugar
beet molasses to use as additional nutritional constituent for rotifer
cultures. Since research work on the use of alternative nutrient sources
in the field of rotifer cultivation is very limited, this study can
contribute future research.

3. EXPERIMENTAL METHOD-PROCESS

This study was conducted in the rotifer units of sea bream and sea
bass hatchery facilities of Kili¢c Group of Companies in Oren/Milas,
Mugla, Turkey. In this study, the rotifer, Brachionus plicatilis
(Mueller, 1786) was used [2 and 9]. The water used in the Production
Unit is obtained from the underground water source (Artesian well) and
its salinity is 38% The water was treated before its use. The mechanical
filtration which is as the first stage of the treatment process followed
by UV sterilization. Whole treatment process allows suspended matters
and pathogens are eliminated. The batch system is used for rotifer
culture. This study is conducted in cylindro-conical tanks of 1T
capacity. Oxygen concentration of water was maintained between 5 to 10
ppm, temperature was almost constant at 27°C and pH was 6.8 to 7.4.
Intensity of light was measured as 520 Lux at the surface of the tank.
The rotifers were counted by using Sedgewick Rafter Cell with 1 day
intervals. The ciliate, Amphorides amphora Claparéde & Lachmann, 1858
[19], an undesired organism, has also been detected and counted in
rotifer tanks [1]. The study was conducted as three experimental groups
based on the relative proportion of molasses and each group in
triplicates. In the Group I, 10% molasses by weight added in nutritive
complex, Culture Selco Plus (200gr Selco Plus+20gr molasses 6 times a

day per tank, dividing into 4 hours intervals). 20% molasses by weight
was added in nutritive complex for Group II (200gr Selco Plus+40gr
molasses per tank). For the control group, Group III, no molasses has

been added and only 200gr Culture Selco Plus per tank used for nutrition
purposes. Related data obtained from the experiments statistically
evaluated by using the techniques of Factorial Analysis of Variance with
Repeated Measurement (ANOVA) and Duncan Tests [5 and 20]. Mean Values
and Standard Errors were calculated from triplicate determinations, each
obtained from three separate tanks.

4. FINDINGS AND DISCUSSIONS

The results of rotifer trials are given in Table 1, Figure 1,
Figure 2 and Figure 3. The results of statistical analysis applied on
data obtained from the study are as following: Analysis of Variance
which is applied on data obtained from the rotifer trials showed that
interaction between Times (T) and Groups (GR) in relation to number of
rotifers is statistically significant (P<0.05). Duncan Test showed that,
on the time of T3, the difference between the means of the number of
rotifers only in GRI and GRIII and between GRII and GRIII found
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statistically significant (P<0.05). In each of the groups, there is no
difference between TO and T1l, but there are statistically significant
differences between T2 and T3, T2 and TO, T2 and T1l, T3 and TO0, and
finally T3 and Tl. Analysis of Variance which is applied on the data of
percentage of rotifers with eggs showed that there is a difference
between times when we disregard Groups (P<0.05). According to the results
of Duncan Test, there is no difference between the times of TO and T3
and between T1 and T2, otherwise, TO differs from Tl and T2. Similarly,
T3 differs from Tl and T2. Analysis of Variance which is applied on the
data of number of ciliate showed that there is a difference between
groups also (P<0.05). According to the results of Duncan Test, there is
difference between GRI and GRII and between GRII and GR III. The
difference between GRI and GR III is not statistically significant.
Addition of 20gr or 40gr molasses has no noticeably effect on the number
of rotifers in the tanks. But, use of molasses in combination with Selco
Plus has a decreasing effect on the number of rotifers up to 25% at the
time of T3. In each of the groups, at the time of T1l, the percentage of
egg bearing rotifers has increased sharply and reached to their peak
levels. On the time of T3, the levels went back down to nearly their
starting levels. Addition of 40gr molasses (GRII) showed the best
performance among others, in order to reach a maximum percentage of egg
bearing rotifers at the time of T1.

Table 1. Density of rotifers, rotifers with eggs and ciliates in
relation to time and composition of nutritive complex

GRT GRII GRITI
= 3 e | 2 " 3 e
= 0 =5 0 = 0 =
E 8 2 . 8 2 o 8 2 BEARING
e = il o 5] = o = = ROT. %
o m s s o = m m g
f Bl 0 = e 3 5 e O
2 = — 2 = _ 2 = ~
= E | & E g 5| & | wrtel
Time (Days) ~ = ~ = ~ =~
TO 466 18 496 26 486 16
TO 478 24 466 23 477 28
TO 504 19 497 20 485 22
Mean 482.66% | 20.33 486.33% 23 482.66% | 22 21.77%
+Std.Err. 11.2 1.86 10.2 1.73 2.85 3.46
T1 520 41 558 42 574 26
T1 536 41 570 48 666 50
T1 578 44 552 44 704 46
Mean 544.66% | 42 560°2 44.66 648 | 40.66 42.440¢
+Std.Err. 17.3 1 5.29 1.76 38.6 7.42
T2 690 44 1140 23 952 46
T2 862 29 976 44 1126 31
T2 1363 33 906 40 1255 37
Mean 971.66%* | 35.33 1007.33% | 35.66 11119 38 36.33¢°
+Std.Err. 202 4.48 69.3 6.44 87.8 4.36
T3 1264 27 13 1580 20 52 1890 28 13
T3 1182 13 11 1522 25 41 1913 19 7
T3 1670 12 22 1502 25 63 2198 25 18
Mean 137205 | 17.33 | 15.33* | 1534.66°° | 23.33 | 528 | 2000.33%%| 24 12.66% 21.552
+Std.Err. 151 4.84 3.38 23.4 1.67 | 6.35 99.1 2.65 | 3.18

*Total Mean: Mean of Group Means at each time interval

Different capital superscripts in the same row indicate significant differences (P<0.05)
Different lowercase superscripts in the same column indicate significant differences
(P<0.05)

TO: The time at which the experiment starts

Tl: 1 day (24 hours)

T2: 2 days (48 hours)

T3: 3 days (72 hours)

Group I: 200gr Selco Plus+20gr molasses

Group II: 200gr Selco Plus+40gr molasses

Group III (Control group): 200gr Culture Selco Plus
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5. CONCLUSION AND RECOMMENDATIONS

According to data on ciliate proliferation in rotifer trials, no
distinct difference observed between the numbers of ciliate in Group I
and Group III on the time of T3. It is obvious that, addition of 40gr
molasses is significantly encouraging for ciliate booming. In comparison
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of the contents of Selco and sugar beet molasses, it 1is clear that;
sugar beet molasses includes sodium, B group vitamins and copper which
are not present in Selco. Although sugar beet molasses can be assumed
as supporting Selco for deficient components, copper in sugar beet
molasses possibly has an inhibitory effect on rotifer reproduction.
Generally, it can be seen that, the addition of molasses to nutritive
complex caused decreasing in the number of rotifers and increasing effect
in the number of ciliate. From the study, it is clear that sugar beet
molasses should not be used as an additional nutritional factor for
rotifer cultures due to its decreasing effect on the number rotifers and
stimulating effect on the ciliate proliferation. Addition of 10% and 20%
molasses resulted in 31.4% and 23.3%, decrease in number of rotifers at
the time of T3, respectively. Addition of molasses in the culture medium
has had no remarkable effect on the percentage of rotifers with eggs.
In this study, “Batch culture” system has been used and in order to
prevent ciliate increase, “Flow-through” system could be used instead.
Furthermore, sugar beet molasses can be useful in compensating Selco’s
carbohydrate and mineral deficiency (with the exemption of phosphorus)
provided that it is used in a furher processed and meticulously
formulated form. Having a pH value of 7 to 8.76, [4, 14, 18, 12, and 17]
molasses may have a compensatory effect against decrease in pH caused
by ciliate metabolic wastes in tanks [6]. When the results of 3 days
(T3=72 hours) are compared with that of rotifer concentrations reported
by Celik et.al. [3], GRI in which 20gr molasses combined with Selco,
used showed better performance than of 14 days, 5 days. For Group II in
which 40 gr molasses combined with Selco, rotifer concentrations are
higher than of 14 day and 5 days and approximately same on the 4th day.
With the lower starting concentration of rotifer, GRII reached an
approximate concentration of 15 days within 3 days. In case of using
molasses for nutritional purposes, some precautions should be taken into
consideration in order to control excessive ciliate proliferation. These
may include washing off ciliate by using special filters, using specific
chemical agents inhibiting ciliate booming and autoclaving the molasses
stock to control microorganisms including ciliate.
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