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Abstract: Daphnia magna Straus, 1820, plays a significant role in food supply for fish farming; thus, it is
important to formulate a medium that can increase the D. magna population. This can be achieved by supplying a
direct nutrient for D. magna while supporting the growth of the phytoplankton and zooplankton population.
However, at certain levels, the nutrient source addition adversely affects the culture medium. This study aims to
investigate the effects of different concentrations of poultry excreta included in a culture medium enriched with
chlorella powder on the biomass production of D. magna. An experiment was conducted by adding poultry excreta
at four concentrations (0, 2, 4, and 6 g-L™) to the chlorella powder culture medium. The culture was maintained for
15 days, and samples were collected on days 0, 5, 10, and 15 to analyze the D. magna population, water pH, and
concentrations of ammonia, nitrate, and dissolved oxygen (DO). Furthermore, a .itistical evaluation was conducted
using one-way analysis of variance in a completely randomized research design. The results showed that an increase
in the poultry excreta concentration reduced the water quality (P < 0.01), as indicated by the water pH and
ammonia, nitrate, and DO concentrations. In addition, a longer duration of the experiment substantially improved
the qualitative parameters evaluated. Similarly, the population of D. magna was significantly affected (P < 0.01) by
both factors. In conclusion, the addition of poultry excreta decreased the water quality of the chlorella powder
medium. The water quality improved on prolonged days; thus, the highest population of D. magna was achieved on
day 15 using 2 g-L" of poultry excreta.
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1. Introduction

Fish farming requires specific culture techniques as
well as live food organisms to serve as feed, including
zooplankton, which is naturally used in aquaculture.
Daphnia magna Straus is considered an important
zooplankton species in freshwater ecosystems, owing
to its ability to control microbial populations and serve
as a food supply for fish [1]. These cladocerans exhibit
superior nutritional and physical properties in terms of
particle size, digestibility, and essential nutrient
content, which meet the requirements for the growth
and reproduction of larvae and fish [2]. In addition,
Daphnia sp. contains several enzymes, such as
proteinases, peptidases, amylases, lipases, and
cellulase, which can serve as digestive enzymes for fish
larvae [3]. Therefore, the production of Daphnia sp.
biomass has attracted considerable research interest
over the decades, particularly in terms of their feeding
techniques and nutrient requirements.

Some previous studies have indicated the effect of
adding organic substrates, such as wheat bran, soybean
powder [4], tofu waste [5], and animal wastes [6], to
the culture medium. Animal wastes can supply
nutrients for the proliferation of phytoplankton and
bacteria, which serve as feed for Daphnia sp. However,
certain levels of animal wastes in the culture medium
tend to produce toxic effects on the reproduction of
Daphnia magna Straus, 1820 [6].

This toxicity can be avoided by developing
numerous culture media (e.g., chlorella powder) with
the aim of directly supplying the relevant nutrients [4]
[7]. [8], especially essential amino acids and
unsaturated fatty acids [9]. However, it is necessary to
develop a medium that can adequately support the
growth of both phytoplankton and zooplankton [10]
[11]. Therefore, this study aims to determine the
optimum concentration of poultry excreta that needs to
be added to chlorella powder-enriched cultures to
support the production of D. magna.

2. Materials and Methods

2.1. Materials

Daphnia magna Straus, 1820, was originally
isolated from the river area of South Kalimantan,
followed by its reservation and maintenance in the
laboratory. Conversely, the poultry excreta were
obtained from a local broiler farm, and the Chlorella
Sp. powder was purchased from Ugoplanktonshop
(Central Java, Indonesia).

2.2. Procedure for D. Magna Culture
An experiment was conducted by adding four
concentrations (0, 2, 4, and 6 g-L") of poultry excreta,

which was dried and ground through a 1-mm mill size.
These samples were individually incorporated into a 60
x 40 x 30 em® chamber containing 20 L of tap water,
with each level replicated three times. The
experimental medium was aerated for eight days,
followed by inoculation with 30 heads L' of D. magna
or 600 heads per chamber; then, the chlorella powder
was added at 1000 mg per day. Next, 500 mL of the
water sample was collected on days 0, 5, 10, and 15 for
determining the microorganism population and water
quality, including pH, as well as the concentrations of
ammonium, nitrate, and dissolved oxygen (DO).

23@Data Analysis

The data were statistically evaluated using the
analysis of variance (one-way ANOVA) with a
completely randomized research design. All statistical
analyses were conducted using SPSS 22.0 software
(IBM, USA).

3. Results

3.1. Water Quality

The concentration of poultry excreta added to the
chlorella powder culture medium significantly (P <
001) affected the medium pH according to the D.
magna culture period (Table 1). On day 0, the poultry
excreta levels resulted in a relatively similar pH of
culture media, ranging within a neutral pH (6.95-7.32).
Then, higher amounts of poultry excreta increased the
water pH water on day 5. However, on days 10 and 15,
the medium without poultry excreta resulted in the
highest pH value (8.39). Meanwhile, the media with
poultry excreta addition had slightly neutral pH values,
except for the poultry excretaat 6 gL' (pH 8.01).

Table 1 Effects of poultry excreta on the pH of chlorella powder
culture medium

Excreta levels (g.L™')

Days 1] 2 4 6

0 7324061 7254001 7134004  6.95+035
5 6.98+0.01° 6.0840.01° 6.95£0.02" 7.21+0.01¢
10 8.39+0.019 7.2040.01" 7.23£0.01" 8.01+0.01°
15 8.39+0.014 7.2040.01* 7.23+0.01" 8.01+0.01¢

&b d Means with different superscripts in the same row are
significantly different (P < 0.01)

The amount of poultry excreta had a significant (P <
0.01) positive effect on ammonium concentration in the
experimental medium, as shown in Table 2.
Subsequently, a decline in the ammonia concentration
was observed when extending the culture period.




Table 2 Effects of poultry excreta on ammonium concentration
(mg L") in chlorella powder culture medium

Excreta levels (g.L'")

Days 0 2 4 6

0 0.23+0.19 1.14+0.01  1.68+0.01  2.64+0.02
5 0.28+0.01* 0.64+£0.10" 2.24+£0.10°  0.52+0.01"
10 0.26+001" 0.19+0.01* 0.32+0.01° 0.37+0.01¢
15 0.26£0.01* 0.19+£0.01* 0.32+0.01¢  0.37+0.01¢

@ Boed Means with different superscripts in the same row are
significantly different (P <0.01)

The concentration of poultry excreta conferred a
significant effect on the concentration of nitrate present
in the experimental medium (P < 0.01), as shown in
Table 3. However, a decline in the concentration was
observed during a prolonged period of exposure.

Table 3 Effects of poultry excreta on the nitrate concentration
(mg. L") of chlorella powder culture medium

Excreta levels (g.L™")

Days 0 2 4 [

0 3.00+£0.00 39.60+0.00 54.60+1.00 3040+0.20
5 0.28+£0.01* 0.64+0.10" 2.24+0.10¢ 0.52+0.10°
10 3.35+0.28" 4.80+0.10° 4.80+0.10¢  0.10+0.00¢
15 3.50+0.10" 4.80+0.10¢ 4.80+0.10¢  0.10+0.00¢

@ b.¢ Means with different superscripts in the same row are
significantly different (P <0.01)

The DO content on day 5 was significantly affected
by the concentration of poultry excreta (P < 0.01),
although a reduction in the concentration was
subsequently ohserved on days 10 and 15 (P > 0.05).
This study showed increased DO concentrations after
prolonged days of culture which were not significantly
affected by the concentration of poultry excreta on day
10 and 15 (Table 4).

Table 4 Effects of poultry excreta on DO (mg.L™") of chlorella
powder culture medium

Excreta levels (g.L'1)
Days 0 2 4 6
0 7.80+£0.10 7.20+0.10 730010  7.20+0.10
5 55040100 7700100 7.60+0.10*  4.20+0.10¢
10 7.03+0.87 7.03£0.97  7.83+0.38 7.03+0.87
5 7.03+0.87 7.03£0.97  7.83+0.38 7.03+0.87

@ b.o¢ Means with different superscripts in the same row are
significantly different (P <0.01)

3.2. D. Magna Population
Table 5 shows the significant effect of poultry
excreta concentration on the D. magna population on

day five (P < 0.05). This was very significant at day 10
(P <0.01), and it was the reverse on day 15 (P > 0.05).
Despite the relatively higher population in medium,
without the treatment, a subsequent decline was
observed atter prolonged period of exposure. However,
the presence of poultry excreta increased the D. manga
population in the following days, with the highest
obtained on day 15, using a concentration of 2 g.L"!.

Table 5 Effects of poultry excreta on D). Magna population (head L~
I
)

Excreta levels (g.L-1)

Days 0 2 4 6

0 300+0 30040 3000 30040

5 1,0444£315" 2554030 99+61° 865+245"

10 8884305 611+224¥  362+30% 835+159!
.5 876208 14884917 836378 782434

% P Means with different superscripts in the same row are
signiffandy different (P < 0.01)
k1 Means with different superscripts in the same row are
significantly different (P < 0.05)

4. Discussion

Daphnia is capable of tolerating a wide range of pH
(6.5-9.5), although 72-85 was identified as the
optimum value for the population growth of most
species [1]. A study by [12] demonstrated 7.9-8.3 as an
optimum pH range for the growth and reproduction of
D. magna, as values lesser than 4.55 and more than
10.13  were assumed to decrease survival and
reproduction.

This study showed a decline in the medium pH at
the initiation of experiment, which was simultaneous
with the increase of concentration of poultry excreta
and an extended period of exposure. The responses
were possibly linear or quadratic. However, the water
pH was within a range that was suitable for D. magna,
which is optimal for the commencement of growth and
reproduction in experimental medium using poultry
excreta concentration of 2 g L.

The ammonium content in water was produced from
the decomposition of nitrogen compounds. Hence a
higher supply results in the generation of more
ammonium. This is known to confer detrimental and
lethal effects on Daphnia at high amounts, according to
[13], in a study that showed a decline in growth and
reproduction after increasing the concentration from
0366 to 0.581 mglL'. Furthermore, the organic
nitrogen compound used in this study was supplied by
the chlorella powder and poultry excreta.

This study showed an increase in ammonium
content of the experimental medium, which occurred as
a response to the elevated poultry excreta
concentration. This value decreased after a prolonged
day of culture, reaching 0.37 mg.L"! on day 15, with 6
gL" of poultry excreta. Furthermore, the maximum




concentration required for D. magna to grow and
reproduce was surpassed, based on the limit of <0.2
mg.L"! [14]. Therefore, the addition at 2 and 4 g.L!
treatment is expected to fulfil the nitrogen requirement
for the growth and reproduction of D. magna.

Table 3 shows the presence of high nitrate content
in the medium at the initiation of the experiment using
poultry excreta, which subsequently decreased over a
prolonged exposure period. One experiment reported
462 mg.L"! as the lethal concentration for D. magna
production; hence the values recorded in this study
were below the toxic level [15]. However, the lowest
quantity was identified in treatments with a 6 gL
concentration.

The addition of poultry excreta was perceived to
cause a decline in the DO content of the experimental
medium. Low oxygen concentration (below 3.5 mg.L'")
reduced growth rate, body size, and egg size of
Daphnia sp. [16]. Smaller adult body sizes in hypoxia
could be an adaptive response of Daphnia sp. to
improve hypoxia tolerance.

The results showed higher concentrations after
prolonged exposure, which were not significantly
atfected by poultry excreta on days 10 and 15 (Table
4). The decrease in DO on day five is possibly
affiliated with the high microbial activity observed
during the degradation of organic matter. As shown by
[17]. the decomposition of organic materials mediated
by bacteria results in high respiration in the water.
However, the DO content in this study was still in the
optimum range required for the growth of D. magna.

Based on the initial water quality parameters, the
experimental —mediums  with  poultry  excreta
demonstrated worse outcomes than the control,
especially with the ammonium (Table 2), nitrate (Table
3), and DO concentration (Table 4). These tend to
decrease in content after five days, except for the DO,
which increased. Low quality of food and
environmental conditions contributed to reduced
lifespan and fertility of D.magna [18]. Daphnia sp. is a
sensitive and responsive species to water quality and
environmental health [1]. Therefore, sources and levels
of food inclusion in culture mediums should create a
better environment for the growth and reproduction of
D. magna.

5. Conclusion

Nutrient enrichment could change the water
environment. This study indicated poultry excreta
levels had a significant impact on pH, oxygen
conditions, and other water quality parameters that
determine D. magna growth and reproduction. Higher
levels of poultry excreta caused a decline in the water
quality of mediums enriched with chlorella powder.
This was, however, in the tolerable range for the
growth and reproduction of D. magna. In addition, the
quality parameters were observed to have improved
after prolonged days of culture, which was followed by

an increasing D. magna population, with the highest
amount reported on day 15, using a poultry excreta
concentration of 2 g L',

Acknowledgments

Authors would like to thanks the University of
Lambung Mangkurat for supporting this research
through the PNBP ULM Fundamental Research grant.

References

[1] DEMERTZIOGLOU M. ANTONOPOULOU E.,
VOUTSA D., KOZARI A., MOUSTAKA-GOUNI M., and
MICHALOUDI E. MAPKs and HSPs™ activation of a
natural Daphnia magna population in a man-perturbed lake:
implications of ecological significance. Warer, 2021, 13(3):
283, https://doi.org/10.3390/w13030283

[2] LAVENS P., & SORGELOOS P. Introduction. In:
LAVENS P., & SORGLOOS P. (eds) Manual on the
production and use of live food for aguaculture. Food and
Agriculture Organization, Rome, 1996.

[3] RADHAKRISHNAN D. K., AKBARALI I., SCHMIDT
B. V. JOHN E. M., SIVANPILLAI §S. and
VASUNAMBESAN S. T. Improvement of nutritional
quality of live feed for aquaculture: an overview.
Aquaculture Research, 2020, 511y 1-17.
https://doi.org/10.1111/are.14357

[4] EL-FEKY M. M., & ABO-TALEB H. Effect of feeding
with different types of nutrients on intensive culture of the
water flea, Daphnia magna Straus, 1820. Egyptian Journal
of Aquatic Biology and Fisheries, 2020, 24(1): 655-666.
https://doi.org/10.21608/EJABF.2020.76554

[5] HERAWATI V. E., NUGROHO R. A., PINANDOYO,
and HUTABARAT J. Nutritional value content, biomass
production and growth performance of Daphnia magna
cultured with different animal wastes resulted from probiotic
bacteria fermentation. /OP Conference Series: Earth and
Environmental Science, 2017, 55: 012004.
https://doi.org/10.1088/1755-1315/55/1/012004

[6] DAMLE D. K., & CHARI M. 5. Performance evaluation
of different animal residue on culture of Daphnia sp. Journal
of Fisheries and Aquatic Science, 2011, 6(1): 57-61.
http://dx doi.ore/10.3923/jfas 2011.57 61

[7] ABDEL-TAWWAB M. ABDULRAHMAN N. M.,
BAIZ A. 1., NADER P. 1., and AL-REFAIEE I. H. A. The
using of Chlorella pyrenoidosa and Daphnia magna as feed
supplements for common carp, Cyprinus carpio: growth
performance, somatic indices, and hemato-biochemical
biomarkers. Journal of Applied Aquaculture, 2020.
https://doi.org/10.1080/10454438.2020.1787291

[8] MEHDIPOUR N., FALLAHI M. A., TAKAMI G.,
VOSSOUGHI G., and MASHINCHIAN A. Freshwater
green algae Chlorella sp. and Scenedesmus obliguus
enriched with B group of vitamins can enhance fecundity of
Daphnia magna. Iranian Journal of Science and
Technology, 2011, 35(2): 157-163.
https://doi.org/10.22099/IJSTS.2011 2139

[9] MUNIRASU §., RAMASUBRAMANIAN V.,
UTHAYAKUMAR V., and MUTHUKUMAR S.
Bioenrichment of live feed Daphnia magna for the survival
and growth of freshwater fish Carla catla. International
Journal of Current Research and Review, 2013, 5(8): 20-31.
http://ijerr com/article_html.php?did=1371




[10] KILLHAM S. 5., DANIEL A. K., LYNN 5. G.,
GOULDEN C. E., and HERRERA L. COMBO: a defined
freshwater culture medium for algae and zooplankton.
Hydrobiologia, 1998, 377 147-159.
https://doi.org/10.1023/A:1003231628456

[11] CHEBAN L., GRYNKO O., and DOROSH 1. Co-
cultivation of Daphnia magna (Straus) and Desmodesmus
armatus (chod.) Hegew. in recirculating aquaculture system
wastewater. Fisheries and Aguatic Life, 2018, 26: 57-64.
https://doi.org/10.2478/aopf-2018-0007

[12] GHAZY M. M. E., HABASHY M. M., and
MOHAMMADY E. Y. Effects of pH on survival, growth
and reproduction rates of the crustacean, Daphnia magna.
Australian Journal of Basic and Applied Sciences, 2011,
5(11): 1-10. http://ajbasweb.com/old/ajbas/2011/November-
2011/1-10 pdf

[13] YANG Z., LU K., CHEN Y., and MONTAGNES D. J.
S. The Interactive Effects of Ammonia and Microcystin on
Life-History Traits of the Cladoceran Daphnia Magna:
Synergistic or Antagonistic? PLoS ONE, 2012, 7(3): e32285.
https://doi.org/10.1371/journal pone 0032285

[14] DELBARE D., DHERT P., and LAVENS P.
Zooplankton. In: LAVENS P., & SORGLOOS P. (eds.)
Manual on the production and use of live food for
aquaculture. Food and Agriculture Organization, Rome,
1996.

[15] SCOTT G., & CRUNKILTON R. L. Acute and chronic
toxicity of nitrate to fathead minnows (Pimephales
promelas), Ceriodaphnia dubia, and Daphnia magna.
Environmental Toxicology and Chemistry, 2000, 19(12):
2918-2922 https://doi.org/10.1002/etc.5620191211

[16] WILCZYNSKI W., DYNAK P., BABKIEWICZ E.,
BERNATOWICZ P., LENIOWSKI K., and MASZCZYK P.
The combined effects of hypoxia and fish kairomones on
several physiological and life history traits of Daphnia.
Fresh  Water Biology, 2019, 64(12): 2204-2220.
https://doi.org/10.1111/fwb.13407

[17] GOCKE K., PINEDA 1. E. M., and VALLEJIO A.
Heterotrophic microbial activity and organic matter
degradation in coastal lagoons of Colombia. Revista de
Biologia Tropical, 2003, 511 85-98.
https://revistas.ucr.ac cr/index.php/rbt/article/view/15638
[18] BOUCHNAK R., & STEINBERG C. E. W. Modulation
of longevity in Daphnia magna by food quality and
simultaneous exposure to dissolved humic substances.
Limnologica, 2010, 40: 86-91.
https://doi.org/10.1016/] Jimno.2009.11 .010

BEX:

[1]  DEMERTZIOGLOU M., ANTONOPOULOU
E.. VOUTSA D.. KOZARI A., MOUSTAKA-GOUNI
M. i MICHALOUDI E.
HO R AR TR A TR e TR AR K B EE

T ASETRAAEE S ¢ K 2021, 13(3) : 283, https://doi.o
rg/10.3390/w 13030283

[2  LAVENS P., &  SORGELOOS P.
47 o #F : LAVENS P.. & SORGLOOS P. (4 - )
A= SRS T A P T e AR A Rl B

o, » 1996,

[3] RADHAKRISHNAN D. K., AKBARALI L., SCHMIDT
B. V. JOHN E. M. SIVANPILLAI S. #1
VASUNAMBESAN S. T.

FEEK T IR ETRATE SRR B - KT IR SR

’ 2020, 51(1) : 1-17, https://doi.org/10.1111/are.14357
[4] EL- FEKY MM, & ABO-TALEB H.
WA (] 2 E e T K ER AR B R AR - KK
i, 1820, fx&ﬂciimi‘-mglmu 12020,  24(1):
655-666, https://doi.org/10.21608/EJABF.2020.76554

[5] HERAWATI V. E., NUGROHO R. A., PINANDOYO
Fn HUTABARAT J.
F AR B B AR AR (R Sh 2 [ R0 R SRATE F:1T
HER ~ AYRAT RS - IRESI RS e
SRRl - 2017, 55 0 012004, https://doi.org/10.1088/

1755-1315/55/1/012004
[6] DAMLE D. K., & CHARI M. 5.

YR E YK EEEIRATIERE AT « Ml 5K
Ak 2011, 6 (1) 57-
61, http://dx.doi.org/10.3923/jfas.2011.57.61
[71 ABDEL-TAWWAB M., ABDULRAHMAN N.
M., BAIZ A. 1., NADER P. 1., il AL-REFAIEE 1. H. A.
R OB EREROREAE 8 & - 8@ AR R
PRI S0 - AR B 4 = 111K X wha s o) R
FRFERE A4 0 2020, https://doi.org/10.1080/10454438 2
020.1787291
[8] MEHDIPOUR N., FALLAHI M. A., TAKAMI
G., VOSSOUGHI G. fn MASHINCHIAN  A.
PRGN ERER T AR BRI AR TR AR
HYEAE ). DREAIR P EORIEE » 2011, 35(2) : 157-163,
https://doi.org/10.22099/IISTS 2011 2139
[9] MUNIRASU 5., RAMASUBRAMANIAN
V.. UTHAYAKUMAR V. 7 MUTHUKUMAR S.
TERER BHTEMEE - TR E R R 4
FRER « ERYRIESHISHE » 2013, 5(8) : 20-
31, http://ijerr com/article_html php?did=1371
[10] KILLHAM §S. 5., DANIEL A. K., LYNN 5.
G.. GOULDEN C. E. Fn HERRERA L.
My o BT RIERUT IR E S oK A - KEY
501998, 377 : 147-
159o https://doi.org/10.1023/A:1003231628456
[11] CHEBAN L., GRYNKO O. f1 DOROSH I
REUK B RT3 R B AGE (il ) PR Y 3L R B SR,
TEARFF K = Fr T S K« LKA RS » 2018, 2
6 : 57-64, https://doi.org/10 2478/aopf-2018-0007
[12] GHAZY M. M. E.. HABASHY M. M. #1
MOHAMMADY E. Y.
P T {1 o F P2 e K BOR BROTETE . A R R
GEE o SBORFIEREGE S R ARG - 2011, 5(11) ¢
1-10, http://ajbasweb.com/old/ajbas/201 1/November-
2011/1-10pdf
[13] YANG Z., LU K., CHEN Y., 1 MONTAGNES D. J.

S.

TRV S AR A K B AR RO T A A ¢ 1B
FEARET ? AR ERE—5, 2012, 7(3) : 32285, ht
tps://doi.org/10.1371/journal.pone 0032285

[14] DELBARE D., DHERT P. F1 LAVENS P.
PN - BF  LAVENS P, & SORGLOOS P.
(R o )KP=FRBEE e A P RUCE R T+ - IR R el
AL B oo 1996,




[15] SCOTT G., & CRUNKILTON R. L.
B Bk b (D B S P . REARRRIR
RRER) SRR, FREEY SR 2000,
19(12): 2918-2922, https://doi.org/10.1002/etc. 5620191211
[16] WILCZYNSKI W., DYNAK P., BABKIEWICZ E.,
BERNATOWICZ P., LENIOWSKI K., 1 MASZCZYK P.
AR £ 20T 2 [ K Y L AR A A R R R £
LM - KA, 2019, 64(12): 2204-
2220, https://doi.org/10.1111/fwb.13407

[17] GOCKE K., PINEDA J. E. M. #I VALLEJO A.
FHOLLIL G M ST BB IR « 1A
RS 0 2003, 51(1) : 85-

98, https://revistas.ucr.ac.cr/index php/rbt/article/view/1563
8

[18] BOUCHNAK R., & STEINBERG C. E. W.
a3 it 57 R R SR R T R I T T 3 o AR
FFHHETT - BEF: > 2010, 40 : 86-

91, https://doi.org/10.1016/j.limno.2009.11.010




TIK-106 Effect of Poultry Excreta on Water Quality and
Daphnia Magna Production in Chlorella Powder Medium

ORIGINALITY REPORT

2o A, Os o

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

4%

* cdn.aphca.org

Internet Source

Exclude quotes On Exclude matches <2%

Exclude bibliography On



