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ABSTRACT

Effect of various environmental stresses on the fatty acid (FA) profile of benthic harpacticoid copepod (Pararobertsonia sp.)
was checked /n vitro. Samples were exposed to different pH (5, 7 and 9) and salinity (15, 20, 25, 30 and 35 ppt) at constant
temperature 25°C for 30 days. After the treatment, different fatty acid levels were determined using Gas Chromatography
and Mass Spectrometry (GC-MS). Results clearly indicated the positive influence of the combined effect of environmental
parameters on the fatty acid content in experimental samples. The detected FAs were ranging from Cs_,4. Palmetic and oleic
acids were in higher percentage in all the experiments. Results clearly indicated that pH7:25ppt & 35ppt at 25°C ambient
water temperature would help in producing copepods (Pararobertsonia sp.) that expresses rich fatty acid profile with high

EPA/DHA ratio.
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INTRODUCTION

Copepods are the key functional players as primary
consumers for many organism including marine fish
larvae. Due to its desirable body sizes, high lipid and
fatty acid level compared to commercial/conventional
larval feeds (Artemia and Rotifers), they are
preferentially used by the aquaculture industries as a
starter feed for the early larval stages of fishes. Many
studies have reported the improved survival, better
growth and pigmentation rate in developing fish larvae
when they were fed with early stage of copepods
(nauplii and copepodites) (Stettrup and Norsker, 1997;
Copeman et al., 2002; Cutts, 2003; Vizcaino-Ochoa
et al., 2010; Ajiboye et al., 2011). This is generally
due to the availability of high level of essential fatty
acids such as Docosahexaenoic acid (DHA),
Eicosapentaenoic acid (EPA) and arachidomic acid
(ARA) in copepods which are proven to be instrumental
for better growth and survival of fish larvae (Tocher et
al., 1989). Studies have shown that most marine fish
larvae feeds on copepod eggs and nauplii stages during
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the first few weeks after the onset of exogenous feeding
(Nanton and Castell, 1998) which helps the researches
to use copepods as biomarkers of trophic transfer
(Parrish et al., 2000; Dalsgaard et al., 2003; Zaleha
etal., 2014).

It is well documented that the marine
harpacticoids in tropical water are frequently
experiencing sudden fluctuation in the salinity and
ambient temperature round the year (Kassim Zaleha
and Ibrahim Busra, 2012) Studies have shown that
lowering the ambient temperature tends to increase
the production of C,y.,, polyunsaturated fatty acid
production in planktonic crustacean (Nanton and
Castell, 1998). However, the study to address the
combined effect of other environmental parameters
such as pH and salinity together with the temperature
on the fatty acid content in benthic harpacticoid is
still scanty (Zaleha and Farahiyah-Ilyana, 2010).
Hence, the present study was aimed to investigate
the combined effects of different pH and salinity
condition [at static temperature (25°C)] on the fatty
acid content of benthic harpacticoid (Para-
robertsonia sp.) cultured in vitro.
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MATERIALS AND METHODS

Sample collection and acclimation

Benthic harpacticoid (Pararobertsonia sp.) were
collected from the stock culture (maintained at Live
Feed Laboratory University Malaysia Terengganu)
and acclimated in artificial sea water (35ppt), under
continuous light for a month period. Samples were
fed with ~2g of grated vegetable paste. Precautions
were taken to avoid cross contamination from
environmental sources.

Experimental setup

A total of 200 healthy adult individuals of
Pararobertsonia sp. were transferred from stock
culture to serially arranged each glass beakers
(250ml). Water quality parameters were maintained
as at pHS (Salinity 15, 25, 35ppt), pH7 (Salinity 15,
25, 35ppt) and pH9 (Salinity 15, 25, 35ppt) in
replicates. pH and salinity were measured using
bench top pH probe and refractometer respectively.
Water temperature was maintained at 25°C in
24h light condition. Percentage mortality of
experimental copepods was recorded in every 3 days
(mortality ranged between ~10 and 60%). After 30
days of experimental period, the samples were freeze
dried for fatty acid analysis.

Fatty acid analysis

Fatty acids (FAs) were extracted from freeze dried
copepod samples using Piittman et al. (1993) for the
qualitative and quantitative examination. The
extracted FAs were transesterified in to fatty acid
methyl esters (FAME) using only strong acid at
80-85°C for about an hour. After this treatment,
purified water and hexane were added and the upper
organic layer was transferred to a vial (Ichihara and
Fukubayashi, 2010). This step was performed
several times to achieve complete extraction of
FAME. Samples were then dried and dissolved
again in 20 ul hexane to get 50 times concentration
and to remove all solvent peaks (toluen). The
concentrated samples were then injected into Gas
chromatography—mass spectrometry (GC-MS) to
read the spectra using caprylic acid
(CH3(CH,)¢COOH) as an internal standard.
Percentage of fatty acids detected in each treatment
was expressed in Mean+SD. Analysis of Variance
(ANOVA) test was performed to check the difference
in FAs percentage between treatments.

RESULTS AND DISCUSSION

In the wild, copepods are the major portion of
zooplankton biomass and thus playing as a natural
food resource for juvenile fishes (Lahnsteiner et al.,
2009). Many attempts were made to determine the

lipid classes (LCs) and fatty acid (FAs) profile of
wild and hatchery reared copepods (Fraser ef al.,
1989; Olsen et al., 1991; Vander Meeren et al.,
1993; Norsker and Stettrup 1994; Evjemo et al.,
2003; Drillet et al., 2006; Parrish et al., 2012).
However they failed to address the effect of various
water quality parameters on the expression level of
LCs and FAs. A recent review on the reproductive
biology of hatchery reared copepod has clearly
proven that the water temperature and salinity could
be the limiting factors for the egg hatching success
and survival rate (Zaleha and Farahiyah, 2010).
Considering this fact, in the present study, we
hypothesized that the copepod cultured under
different environmental conditions will be different
in their fatty acid profile.

Wide ranges of essential fatty acids (EFAs) and
non-essential fatty acids (nEFAs) were detected in
different treatments with the carbon numbers
ranging from Cs_,4. Significant difference in fatty
acid composition was observed between treatments
(p < 0.05). Our results showed the quantitative and
qualitative expression of fatty acids increased in
pH7:25ppt, pH:7:35ppt, pH9:25ppt and pHI:35ppt
treatments. EFAs such as Arachidonic Acid, alpha,
gamma-Linolenic Acid and Ricinoleic Acid
contributed in lower percentage (~0.13-0.81%)
while Gondoic Acid was comparatively in higher
level (~1.55-3.29%) in all treatments. Generally EPA
and DHA were not detected in pHS, pH7: Sal 15 and
pHY: Sal 35 treatments while the percentage of EPA
and DHA was lower in all other treatments (~0.2-
1.7%). EPA/DHA ratio was higher in pH7: Sal 35
treatment (>2) followed by pH7: Sal 25 (0.5) and
lower in other treatments (<0.5). Studies have shown
that more EPA/DHA level in the feed would lead to
autoxidation in the juvenile fishes that eventually
increase their survival rate (Gunstone and Norris,
1983). The presence of eicosenoic acid was noted
in all treatment with significantly varying
concentration (p < 0.05) (Table 1).

In case of nEFAs, palmetic, Oleic and Stearic
acids were contributing ~0.2-28%, 0.4-34% and
~0.14-21% respectively. Tetradecanoic acid, 9-
Hexadeceonic and Heptadecanoic acids were
quantitated in all treatments with significantly
varying concentration (P<0.05) while other fatty
acids were scattered in different treatments with
varying concentrations. Low percentage
composition of Stearic, Mead, Margaric,
Heneicosylic, Behenic , Tricosylic, Lignoceric and
Nonadecyclic acids were noted only in pH7:25,
pH35 and pH 9 treatments and completely absent
in pH 5 and pH7:15 treatments (Table 2). We also
detected some long chain acid (eg., Cgq) and toxic
acids such as Pelargonic acid (Table 3). This might
probably be due to the interaction of strong acid
used in the extraction method. However, the method



33

FATTY ACID PROFILING OF BENTHIC HARPACTICOID

'sdnoib Buowe aousiayip eolubis e Juasaidal Mol B UIYIM SIa)1a] Juaiayiq : 910N

. - . . . . . . ((9-u) 2:%2Q)
L0720 pIoe DI0UBIPESOOIF-EL ‘0L
. . . =1 o . . . ((9-u) 2:%2Q)
¢c’'0¥19'0 pIoe olouaIpesooIg-L | ‘g
G6°0FLL' | 61°0¥G8°0 L2'0F6.°0 9€'0¥98°0 1207620 VAN, 4] 80°0F¥82°0 c0'0F8E°0 (OFH™0)
B q q q a e q e pIoB 210U8S00Ig
) S o o S ) ) ) (ew9=0) poe |
»€C0768°0 JF80F0L'L 4S0°0¥61°0 AN A o PR onieg 'wHa | B
olousexayesod0q-6L 9L €L 0L LY o)
pRy | =
[N, Ao [P PR, ((0°%eH=Q) o
- ZE0FLI0 qbH'0%2H 0 o+ H'076€°0 £1°0%02°0 - - - DIoE oloUsEIUEdESO0IT-/ L b 1' 1'8'G o_coco_ﬁ__w =
cELF62'E (445314 GY LFEEC cS'1¥/8°¢C 99'IFEL'E Ve 1F90°E 90°0F€8’ | 12'0FGS" 1 (FO"H™0) pIdY dlopuocy N
q 0 ° a a q e e PIOE 0I0U9S00IT -1 | SV Py
i i i - — i i i (EO"eH? D) o
490°0FLE0 -CE 07180 ploe olouesooig g)-1) | PRV 2melounrd | @
oo . . . . . . . ((O%®H?'D) | pIoy dlusjoury
L1°0%€2C0 pIoe 0|0UBIBI8P.IO-2 | ‘6‘9 -ewweb
. e i el i i i . ((0%HeD) ploy
qhH0¥¥2’0 2H0'0¥EL0 PIOE D10UBLIEBPEIND-GL'ZL'E | dlusjourt-eydie
i . i e o . . . O%H=D) pIoY
JLO0FLP0 8+ 0¥5€E°0 AN Ay pIoe 010USBI}B}eS0IF- 1 | | '8'G oluopiyoely
Geles:6HA | Geles:eHd | SLles:eHd Ge [es :ZHd Gzlres:/Hd | GLes:ZHd | seles:GHdA | gz[es:gHd seweN ®
2IN10NJ1G S8INJBIO /oWEN INJoNiS 5]
so|dwes uouieo S

(asTuesyy ul pajuasaldal eleq) "Sluswieal] Jualayip 0} pasodxa pioonoediey dlyluag Ul pajoslep spioe Ale) [enuasse Jo uoiisodwod abejusdlad uesyy “| ajgel




FATTY ACID PROFILING OF BENTHIC HARPACTICOID

34

- - - 81'0¥.£0 - - - - -AxoipAy-v ‘ploe olousing-g pIoy 01uojoID
N - - - 80°0¥82°0 - - - pioe djoued8pexaH 0}-/
L+6°0FLC ) qCC 1¥68°¢ o HHOFLY0 ,67°0Fc0’} LE°0FG6° | - €2 Free 89°0F18L -Ayrew-y | ‘pioe dlouedspexeH
poY oniwled
22'1768'2 _ _ _ - - - - -lAylew-G | ‘pIoe djoued8pEXSH
q96'G¥L0°61 JFEIFOC Ve q¢6'9%¥¢8'0¢ qC6VFE9 V| L0 V¥F09°LL eL0°/¥8L°9C | cC }IFLC'8C | £2'GFGC G pioe dlouedspexsH
- 9L'0FrE0 - - - - - - -l[AyeW-G | ‘pIoe dl0uUBdBpPeXSH-| |
-CE0F6L} q+'CcF06'Y 260072’ | JHOFLYC SYHFYO'E ,9+0F01°0 GHHCFLY Y 295079} pioe dluoedspEXeH-6
pHCFLO9 - LLL'0F820 465°0F65" | - - - .51°0¥98°0 pI1oe 010Udd8peXaH-/
- - - €L'0¥eY0 - - - - pioe dlousipeoSpEXOH W
- 4€2¢’0799°0 - qbH'0FG9°0 91'0F61°0 - - - pioe dlousdspoQ-6 m
,8€°0FL0°} - - ,cV'0¥€L0 ,+€°0¥2¢8°0 - LS'0FLE L LS 0F98°| -iAyrew-1 | ‘pioe oloueoepeiuad m,.
67 0FLe’ L o76'0¥8¢’ L 8L0¥c€0 ¢8¢'0¥L6°0 q¢¥7'0¥0L°0 - q+C’0¥48°0 L H'0F6Y'C p1oe dlouedspejusd m'._lu
- - - .20 0FEL0 L0°0FLL0 - - - -l[Aylew-¢ ‘p1oe olourda( pioy ouden MM
-£€°0799°0 £¢0°0¥69°0 ,¢0'0¥81°0 £€2°0F19°0 SHOFLY0 - £82°0709°0 £S0°0F7L°0 -lAurew-g| ‘pioe oloueospens | DIy USIAN &
92 0FV’ | 799081} 1€¥'0¥¢8°0 ,E0FL0"} 4,2’ 0F¥8°0 SV'0FeL'| NadSaznt 299°0%¢6’ 1 pioe dlouedspels ]
- - - L0'0¥G0°0 - - - - -(Axolfye0€)-2 | ‘pIoe 210U80PEIO-6 p1oy 21810
,80°0F1'0 eHH'0FSY'0 JF10FLY0 ,€0°0¥80°0 - q¢¢’0F00" L - «C+'0F8E0 p1oe dloipsuedsg PRy d10EqeS
- - - - - €0°0¥94°0 - - pIoe oloueda( ploy ouded
- q+C0Fe'0 - - «£0°0¥21°0 - - ££2°0¥20°0 p1oe dloipsueUON ploy oreezy
,90°0¥12°0 470°0FS1°0 - - - - - «£2°076G°0 -lAuyrew-1 ‘pioe dlouedspoq
p1oy ouneT
2¢H'0F2 0 oLH'0FES0 ,S0°0¥61°0 (S0°0F91°0 ,S0°0FE€L0 - (90°0¥G1°0 7 1°0¥F2 0 pioe dloued8pO(
10°090°0 - - - - - - - -Aytew- ‘ploe oloipaueidey pIoY dljewid
Geles6HA | sgles:6Hd | GLles:eHA | geles:zHd | Ggles:/Hd | SLles:ZHd | geles:GHA | Sgles:gHd
aweN aInpnig SOWEeN uowwo) wu
se|dwes 5

(asFues|\ Ul pajuasaldal Bleq) "siusWleal) Jualayip 0} pasodxa ploonoediey olyiusq

Ul pajoslep spioe Aej [eussse -UON Jo uonisodwoo abejusolad ues|y ‘g ajgel




35

FATTY ACID PROFILING OF BENTHIC HARPACTICOID

'sdnoib Buowe aoualayip Juedliubis e Jussaidal Mol B UIYIM SINa| JusIayld : 910N

JV1'0F1E0 Y H0FE0 qtH'0F92°0 «L0°0¥61°0 290°0F81°0 - - - pioe dlouedspeuoN
pIoy 2119A08peuoN
- - - 10°0¥80°0 - - - - p1oe 010U828PBUON-0 |
,€9°0¥FGE" | ,96'0FLG" | q9C'0FLL0 4€8°0F£8°0 V' 0F80°| - - - p1oe dlouesooeis | proy oneooubi
,G2'0¥66°0 4€2'0799°0 - 442 0F65°0 91 0FEY0 - - - p1oe dlouesool | proy oljAsoou L
LS 0F79°0 q¢+H'0F67°0 - L 0F01°0 LSHO0FLED - - - pioe ojoueso20Qq pIoy oluayeg
F0'0F61°0 - - +0'0F81°0 - - - - pioe dlouesoolsusH ploe oljAsoolausH
A—on- -|[Aylewrenal
- 20°0¥80°0 - - - - - - -91'21'8p ‘pIoe dloueospeIdon pioy ouebiepy
- £10F6E°0 - - «0c 0F25°0 - - - pioe dloualyesool3-| | ‘g'g
pRY pesiy
- 8L0FE0 - q€0'0F61°0 oL H'0FGE0 - - ploe olousles0dI3-g L ‘0L L
- L0"0F¥€°0 - - - - - - -lAylew-/ | ‘p1oe dj0uBI8PEIDO
- - - L1'0¥0€°0 - - - - -lAylew-Q| ‘pIoe dlouUBd8PEIDO
PRy duesls
q+0'0F7 L0 - - 70°0¥61°0 «+0'0F81°0 - - - -lAylew-| | ‘p1oe dl0UBI8PEIDO
S6°EFLYEL 7EEFIY 6L 91'8FEE0C 6 7FC90L £CE'GF6Y'GL «86°CF86°El 448,798 LS b2’ GFBG VI pioe dlouedspelo0
- - - - - - - L0'0F¥7 L0 pioe 210usd8pPEeIO-G
I8 VTG LE oL V8L ,+6'CF98'G 92 LFYYEL LV VFY8EL L9 VFI961 £5§6°C¢F6501 L€ EFG0CI PIoe D10USd8PEIO-| |
- - 2L'6¥79L°61 - - - - - -(Z) p1oe o10U828pEIO-E | pIoy 218]0
- - - 9L 9FLL 9L - - - 6 VFCl'8l -(Z) p1oe o10U828PEO-8
09ChF8C’ L | IV 6FLLCC | VL CLFOC0E | 69°6F88'LC 486°'G¥8¢'8¢ qCL'8F69VE 282’ 6FSY' ¢ 62'9789'1¢ -(Z) p1oe 210U828PEO-6
i - ] 1107080 R R - - pIOE J10UBIPEI8PEIDD-0| ‘L
HIFLEE A 22! - - - - £5°0789'} - PIOE 0l0UBIPEDSPEIOO-E L0}
qtH'0FLC0 - - - - - <L 1F6LC - pIoE DloUBIPEOSP.INO-G L 6 proy drejgpour
- - - 8L€F81°G 200" 1¥26°9 - - - PIOE Ol0USIPEOSPE.IOD- | |8
£66'0F85°C pH'EFGO'6 V8 IFGLE q71'0F81°0 7S 1'0F9€°0 - - T IFYC S pIOE D|0USIPEOSP.INO-C | 6
90°0F.1¥°0 - - - - - - 70°0FSE0 -lAyew-9g| ‘pioe dlouedspeideaH
pIoy ouebiep
p9¢ 1 ¥80°¢ oV6'0¥99°¢ 8L 0FV9’L 6L 0FLLL £CE0FL8'| ,+0'0¥9¢'0 LS L FYY'E 9€°0¥F98" L pioe ojouedspejdeH




FATTY ACID PROFILING OF BENTHIC HARPACTICOID

36

‘sdnoib Buowie sousiaylp JueolIUBIS B Jussaidel MOJ B UIYIM SIaNs| Juslayiq : 9joN

- - +0'0FL0°0 +0°0F90°0 - - - - ploe djouBlUOOEXBYBUON
,€0°0FLE0 G7€°0FLL0 - - 2c0'0FSL°0 - - - |A100-g ‘pIoe oloueooauedolidojohD
,60°0¥02°0 - - ,€1°0F9€°0 460°0¥€1°0 - - < +€0¥€9°0 IAxay-g ‘pioe dlouejooauedoldojohd
- €8°0F8L'} - - - - - - [Ayrew g | proe ‘olouedapl |
proy
- "0¥50° - - - - - - 10 o|ouBO9pLI o]
62°0FS0° p! ! puL o119h0epu | n..u_un
)
L1'0F92°0 - - - - - - pIoe dl0Ipaued8puUN POy
ollAxoquediq
"0FSY” - - "0F9g - ‘0FLC - - -lAylsw-Q| ‘p1oe dlouBd8pU pIoy
9L0FSY0 ¢+'0¥92°0 2+0'0¥.20 IAY1dW-Q | “ploe ol pun aijokospun
- €0°0¥60°0 - - - - - - -0X0-6 ‘pPIOE DIOUBUON
proy
80°0%60'} - - - - - - LLL0FE20 pioe ojoueuoy | QUoBieled
gelesieHd | GelesieHd | GliesieHd | selesi/HA | GglesizHd | GLes:ZHd | GelesiGHd | Sgles g Hd cowe o
sweN ainjonis coEEw_o w
so|dwes ©

(asFues|y ul pajussaidal eleq) uonoelaiul pioe Buolls 0} anp paoslap spioe ureyd Buo| swos jo uolisodwod abejusoiad uesyy 'g s|qel




FATTY ACID PROFILING OF BENTHIC HARPACTICOID 37

adopted in this research gave quality peaks in
chromatograms at the same retention time for each
fatty acid detected, thus the method used in this
study is highly reproducible.

Fatty Acids Composition

The FA composition of Pararobertsonia sp. was
calculated from Table 1 & 2. In all experimental
setup, the expression of C;3 was higher (> 60%)
followed by Ci¢ (~20%). C;5 and C;; were recorded
in lower percentage (< 5%) (Fig. la). The higher
expression level of C,, was noted in p7:25ppt,
p7:35ppt and p9:25ppt experimental setups (Fig.
1b). C,14 were not detected in pHS and pH7:15ppt
treatments which might probably be due to the lower
physiological and biochemical response by the
cultured copepod under high stress conditions
(Zaleha and Farahiyah-Ilyana 2010). Comparison

with other studies on FA composition in wild and
cultured Calanus sp. showed that the level of FAs
in benthic harpacticoid (Pararobertsonia sp) is
comparatively lower than the Calanus sp. (Parrish
etal., 2012).

Overall, the observation showed that the
expression of fatty acid is higher at the optimum
culture conditions (pH7: 25 & 35ppt and pHY:
25ppt) compared to other treatments. This might
probably due to the minimal stress undergone by the
cultured copepods at these optimum conditions that
eventually reflected in rich FA profile. Similar
observation was reported in earlier reports (Zaleha
and Farahiyah, 2010; Kassim Zaleha and Ibrahim
Busra, 2012) where the copepod under gone
minimal stress during the culture period and
produced good survival and egg hatching success.

100+
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Fig. 1. Comparison of percentage fatty acid composition in benthic harpacticoid
(Pararobertsonia sp.) cultured under different environmental conditions.

Note: P = pH; S = Salinity; C = Carbon numbers.
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CONCLUSION

We were able to detect/quantify series of fatty acids
ranging from EFAs EPA, DHA and many other
nEFAs in various treatment conditions. The optimal
culture condition for the production of hatchery
reared copepods with sound fatty acid profile would
be pH7 (or) pH25 with 35ppt at 25°C ambient water
temperature. However, the reproductive biology,
generation time and survival rate should be taken
in to consideration for the up scaling of hatchery
reared copepods in treatment conditions.
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