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Seasonal and inter-annual lipid dynamics
of spiny cheek grouper (Epinephelus
diacanthus) in the southern coast of India
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Kerala, India

The muscle lipid, fatty acids and total cholesterol profiles of the spiny cheek grouper, Epinephelus diacanthus, collected from
south-west (Arabian Sea) and south-east coasts (Bay of Bengal) of India were evaluated over four years (2008-2011) with
regard to three seasons (pre-monsoon, monsoon and post-monsoon). Fatty acids were correlated with chlorophyll-a concen-
tration and sea surface temperature. Lipid content, total polyunsaturated, eicosapentaenoic and docosahexaenoic fatty acids
of the samples from the south-west coast showed positive correlation with chlorophyll-a concentration during the monsoon
(" = 0.93, 0.97, 0.97 and 0.99, respectively). Higher hypocholesterolaemic/hypercholesterolaemic ratio (>1.0) and low
atherogenic (<1.2), thrombogenicity (<o0.6) indices make the groupers collected from the coast of the Arabian Sea a
valued candidate species for human nutrition. High levels of n-3 fatty acids (>19% during post-monsoon), important in
the human diet for their platelet anti-aggregating and blood pressure-reducing properties, for groupers collected from the
south-west coast, with higher n-3/n-6 fatty acid ratio (>5.1) proved this species from the coast of the Arabian Sea to be a

desirable item in the human diet.
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INTRODUCTION

The fish of the sub-family Epinephelinae belonging to the
family Serranidae, popularly known as groupers or rock
cods, constitute an important component of the demersal
fishery resource of India and form about 2% of total marine
landings in India (Banerjee et al., 2006). The spinycheek
grouper, Epinephelus diacanthus (Valenciennes, 1828)
(family: Serranidae) is a demersal marine fish species found
on the continental shelf of the northern Indian Ocean from
the Gulf of Aden to Sri Lanka and India. It is one of the
most common groupers on the west coast of the Arabian
Sea (8-33% of all groupers landed), but is less common on
the east coast bordering the Bay of Bengal, where it contri-
butes less than 5% of grouper landings. Groupers have
assumed commercial importance in view of their good
quality meat and greater consumer demand in local and
export markets both in fresh as well as frozen forms, and
are valued as among the highest quality seafood in many
parts of the world (Chen & Tsai, 1994).

Much research on the fatty acid composition of fish from
different Epinephelus species has been reported, e.g. orange-
spotted grouper (Epinephelus coioides) in the Persian Gulf,
Epinephelus coioides in Kuwait, dusky grouper (Epinephelus
marginatus), red grouper (Epinephelus morio) and greasy
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grouper (Epinephelus tauvina) in the Arabian Gulf (Gall
et al, 1983; Kotb et al, 1991; Hossain et al, 2012; Jalili
et al., 2013). However, information concerning the nutritional
value of the spiny cheek grouper, E. diacanthus is still scarce,
though it is a dominant demersal fishery resource off the
Indian coast. The study of seasonal lipid dynamics of food
fish like E. diacanthus is of importance in determining their
value as a source of essential nutrients for humans.
Therefore this study has been designed to examine the
spatial (south-west and south-east coasts of India bordering
the Arabian Sea and Bay of Bengal, respectively), seasonal
(pre-monsoon, monsoon and post-monsoon) and inter-
annual (2008 -2011) variations of lipids, fatty acids and chol-
esterol composition in the edible muscles of E. diacanthus.
The biochemical composition of fish is strongly affected by
the composition of their food (Henderson & Tocher, 1987;
Orban et al., 2007). It is well known that photosynthetic pig-
ments are the index of primary production of an area and play
a significant role in the ecological characteristics and nutri-
tional properties of the species living in the ecosystem.
The concentration of chlorophyll-a is often used as a proxy
of phytoplankton biomass and water quality indicator
(Wasmund & Uhlig, 2003). Since chlorophyll-a is one of the
major indices of the standing crop of phytoplankton, the esti-
mation of this will give a general idea of the variation in the
magnitude of nutritional quality of groupers. The relative
abundance of chlorophyll-a concentration derived from
Seaviewing Wide Field-of-view Sensor (SeaWiFS) data and
the variations in the sea surface temperature (SST) obtained
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from MODIS-AQUA data for the studied period were also
taken into account to understand their effect on these lipid
signatures throughout the study period. The health indices
such as atherogenic index, thrombogenicity index, and hypo-
cholesterolaemic/hypercholesterolaemic ratio of the edible
muscles of E. diacanthus were taken into account to under-
stand its nutritional qualities as healthy food for human
consumption.

MATERIALS AND METHODS

The study area and samples

Fresh groupers were collected (1 kg each) at the fishing har-
bours of Mangalore, Calicut, Cochin (south-werst coast,
Arabian Sea-Indian ocean) and Chennai, Mandapam,
Tuticorin (south-east coast, Bay of Bengal-Indian Ocean)
during 2008-2011. Two pools of fish per collection site,
each composed of 5-10 specimens of comparable body
size were collected within each sample and transported
to the laboratory in an ice box (—18°C) for analyses.
The samples were collected on the 15th day of each month
(January -December) from each location. The analysed
results of the three centres from each coast were found to
be similar and considered as triplicates. The mean values of
the triplicate were used as the data of the particular coast.
In order to obtain information on the seasonal variations,
the monthly data were grouped as pre-monsoon
(February—May), monsoon (June-September) and post-
monsoon (October-January). The edible part of the fish
was removed, cut into pieces and homogenized. A sample
of 30 g of muscle was homogenized, and lipids were extracted
according to the method of Folch et al. (1957) using a chloro-
form/methanol mixture (2:1, v/v) containing 0.01% butylated
hydroxytoluene (BHT) to prevent oxidation. The lipid
content was determined gravimetrically and expressed as %
(w/w edible muscle).

Fatty acid profile and nutritional indices

The aliquots of the lipids extracted were used to prepare the
fatty acid methyl esters (FAME) and analysed using gas
chromatography according to the procedure described by
Chakraborty et al. (2010). GLC data were recorded on a
Perkin-Elmer (USA) AutoSystem XL gas chromatograph
(HP 5890 Series II) connected with a SP 2560 (crossbond
5% diphenyl-95% dimethyl polysiloxane) capillary column
(1oom x 0.25 mm id., o.50 pm film thickness, Supelco,
Bellfonte, PA) using a flame ionization detector (FID)
equipped with a split/splitless injector, which was used in
the split (1:15) mode. FAMEs were identified by comparison
of retention times with known standards (Supelco™ 37
Component FAME Mix, Catalog No. 47885-U) and the
results were expressed as percent of total fatty acids
(% TFA).

The different ratios of fatty acid indicating nutritional
values of groupers viz., n-3/n-6, docosahexaenoic acid
(DHA)/eicosapentaenoic acid (EPA), polyunsaturated fatty
acid (PUFA)/saturated fatty acid (SFA) and linoleic acid
(LA)/a-linolenic acid (ALA) were calculated (HMSO, 2001).
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The mean value of each fatty acid was used to calculate the
sum of the saturated (SFA), monounsaturated (MUFA) and
PUFA. The indices of atherogenicity (AI) and thrombogenicity
(TT) (Ulbricht & Southgate, 1991) have been calculated as:

Al = (4 X 14:0 4 18:0 4 16:0)/(MUFA
+ n3PURA+ Y n-6PUFA);
TI = (14:0 4 18:0 + 16:0)/[(0.5 x MUFA)

+ (0.5 x Z n-3PUFA) + (3 x n-3PUFA)

+(>_n-3PUFA /" n-6PUFA)|.

The hypocholesterolaemic/hypercholesterolaemic (HH) ratio
were determined as:

HH = (18:11n-9 4+ 18:2n-6 4+ 20:4n-6 + 18:
3n-3 + 20:5n-3 + 22:5n-3 + 22:671-3)/
(14:0 4+ 16:0) (Santos-Silvaet al., 2002).

Total cholesterol content

The total cholesterol content in the edible portion of oil
sardines was determined spectrophotometrically (Varian
Cary, USA) as described elsewhere (Wanasundara &
Shahidi, 1999) with suitable modification using o-
phthalaldehyde (50 mg dl™" in glacial acetic acid). The total
cholesterol content of the sample was calculated from the
standard curve of cholesterol, and expressed as mg/100 g
edible muscle.

Chlorophyll-a concentration and sea surface
temperature

Chlorophyll-a concentrations derived from the global 9 km
monthly mean SeaWiFS data for the period from January
2008 to December 2011 (Chakraborty et al, 2013) were
taken into account to indicate the distribution of the photo-
synthetic pigment chlorophyll-a, and expressed as mgm™>.
Similarly, sea surface temperature (SST) derived from global
9km monthly mean Moderate Resolution Imaging
Spectroradiometer (MODIS)—AQUA data for the period
from January 2008 to December 2011 (Chakraborty et al,
2013) were also considered to study the effect of temperature
on fatty acid composition.

Statistical analyses

Statistical evaluation was carried out with the Statistical
Package for Social Sciences 13.0 (SPSS Inc., USA, v.13.0).
Comparison of groups for different variables such as lipid
content and fatty acid parameters, across different years
(2008-2011), seasons (pre-monsoon, monsoon and post-
monsoon) and coasts (south-west and south-east) were per-
formed using the analysis of variance (ANOVA) with
Scheffé’s post-hoc analysis. The significant differences were
represented as P < 0.05. The values were given as mean of tri-
plicates +standard deviation. The means of all triplicate
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parameters were examined for significance by ANOVA and
the level of significance was reported at P < 0.05.

RESULTS

Seasonal and inter-annual variability of lipid
content in Epinephelus diacanthus

The seasonal and inter-annual variability of lipid content in
the edible muscles of Epinephelus diacanthus are shown in
Tables 1 and 2. The four-year seasonal mean lipid content
observed significantly higher values during monsoon along
south-west coast (four year mean 1.2%, P < 0.05) followed
by post-monsoon (1.0%) and pre-monsoon (0.6%). A
monsoon maxima was observed along the south-east coast
(four year mean 0.7%) followed by post-monsoon (0.6%)
and pre-monsoon season (0.4%). The groupers collected
during monsoon showed significantly higher lipid content
(1.2%) compared to the south-east coast counterparts (0.7%)
during the same season (P < 0.05).

Seasonal and inter-annual variability of fatty
acid composition in Epinephelus diacanthus

The groupers collected from the south-east coast showed
significantly higher total SFA content during monsoon
(four year mean 43.4%) and post-monsoon (four year
mean 50.3%) seasons compared to the south-west coast
samples during the same seasons (39.8 and 43.3%, respect-
ively) (Tables 1 and 2) (P < 0.05). The most abundant
SFA recorded along both the coasts during the study
period was palmitic acid (16:0) accounting for almost 25—
32.3% at the south-east coast and 19-28% along the south-
west coast. The total MUFA content of groupers ranged
between 23.8-29.9% along the south-west coast and 23.1-
27.9% along the south-east coast. Significantly lower total
MUFA content was observed for the groupers collected
from the south-east coast during monsoon (four year
mean 25.2%) compared to the south-west coast samples in
the same season (four year mean 27.5%) (P < 0.05). The
groupers collected from the south-west coast showed signifi-
cantly higher total PUFA content during post-monsoon
(four year mean 23.5%) compared to the south-east coast
samples in the same season (four year mean 15.9%) (P <
0.05). On the south-west coast, the samples collected during
post-monsoon (four year mean 23.5%) showed significantly
higher total PUFA content compared to monsoon (four year
mean 19.8%) and pre-monsoon (four year mean 18.8%) (P <
0.05). Similarly, the samples from the south-east coast
showed significantly higher total PUFA content during pre-
monsoon (four year mean 16.4%) compared to monsoon and
post-monsoon samples (four year mean 14.9 and 15.9%,
respectively) (P < 0.05).

The ) n-3 PUFAs were found to be significantly higher in
the samples collected from the south-west coast (13-20.5%)
during all three seasons than those from the south-east
coast (10.1-13.4%) (P < 0.05). Among the PUFAs, DHA
(8.1-11.1% in south-west and 6-7.9% in south-east) and
EPA (3.6-4.7% in south-west and 2.1-4.2% in south-east)
contributed significantly major shares to the n-3 PUFAs
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irrespective of the seasons and years studied (P < 0.05). The
four-year mean EPA recorded significantly higher values
during monsoon (four year mean 4.5%) compared to other
seasons (<4.0%) along the south-west coast. However, EPA
content recorded significantly higher readings during post-
monsoon season along the south-east coast (four year mean
3.9%) than in pre-monsoon (four year mean 2.9%) and
monsoon (four year mean 2.3%) at the south-east coast.
DHA in the south-west coast samples recorded significantly
higher values during all the studied seasons (four year means
>8.8%) compared to the south-east coast samples (four year
means <7.6%) (P < 0.05). Along the south-west coast, sig-
nificantly higher DHA content was observed during post-
monsoon (10.9%) compared to monsoon (9.1%) and pre-
monsoon (8.8%). However, both pre-monsoon and
monsoon seasons along the south-east coast showed signifi-
cantly higher DHA content (7.6 and 7.3%, respectively)
compared to post-monsoon season (6.2%) (P < 0.05). The
EPA + DHA content showed significantly higher values
during post-monsoon (four year mean 14.7%) among group-
ers collected from the south-west coast (P < 0.05).
Interestingly, EPA + DHA content showed significantly
higher values along the south-west coast during all the
studied seasons (P < 0.05).

Seasonal and inter-annual variability of
nutritional indices in Epinephelus diacanthus

The post-monsoon maximum in the content of n-3/n-6 ratio
was recorded in E. diacanthus on the south-west coast (5.2%),
whereas the #n-6/n-3 ratio was found to at its best during the
pre-monsoon season on the south-east coast (3%)
(Figure 1A, B). DHA/EPA ratio (Tables 1 and 2) in this
species did not show any significant difference between
seasons (P> o0.05) (Figure 1C). The PUFA/SFA ratio
showed a monsoon maxima along the south-west coast
(four year mean 0.54) and pre-monsoon maxima along the
south-east coast (four year mean 0.36) (Figure 1D). The Al
and TI indices were higher in the edible muscles of E. dia-
canthus collected from the south-east coast (1.2-1.6 and
0.42-0.57, respectively) than those from the south-west
coast (0.7-1.1 and 0.3-0.4, respectively) (Figure 2A, B). The
HH ratio was found to be higher in the edible muscles of E.
diacanthus collected from the south-west coast (1.3-2.1)
than those from the south-east coast of India (0.8-1.2)
(Figure 2C).

Seasonal and inter-annual variability of total
cholesterol content in Epinephelus diacanthus

The total cholesterol content in the edible muscles of group-
ers ranged between 19.7-72.3 mg/100 g on the south-west
coast and 5.7-22.0mg/100g on the south-east coast
of India during the studied period (Figure 2D). The
samples collected during pre-monsoon and post-monsoon
(>60 mg/100g) showed significantly higher cholesterol
content on the south-west coast than during the monsoon
season (~24 mg/100 g) (P < 0.05). Similarly, the total chol-
esterol content showed pre-monsoon and post-monsoon
maxima (>14 mg/100 g) and monsoon minima (~8.0 mg/
100 g) along the south-east coast.
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Table 1. Lipid (%) and fatty acid composition (% total fatty acids) of Epinephelus diacanthus collected from the south-west coast of India during 2008-2011 in three different seasons (pre-monsoon, monsoon and
post-monsoon).

Pre-monsoon Monsoon Post-monsoon

2008 2009 2010 2011 Mean' 2008 2009 2010 2011 Mean® 2008 2009 2010 2011 Mean?
Lipid (%) 0.80°+0.05 0.50° + 0.04 0.56" + 0.05 0.55" + 0.05 0.6" 1.46° + 004 1.05% + 0.07 1.14% + 005 126" + 011 1232  0.70° + 0.05 0.88° + 0.06 1.02% + 0.04 1.44 + 0.09 1.017
Fatty acids
14:0 421° + 062 438 + 065 427° +063 449" + 066 434"  3.94° + 058 252°+037 406°+06 365+ o054 354° 472"+ o7 438" +065 425+ 063 415+ o061 438
15:0 1.25% + 018 1.28" + 0.9 122 + 018 134" + 0.2 1277 1.02* £ o0.15 03" + 004 143" + o021 1.12° + 016 097° 03" & 0.04 1.25° + 0.18 124* + 018  1.02* + 015 095"
16:0 263 + 3.88 254" + 3.73 25.6 + 3.77 251" + 3.7 25.6" 19.0° + 2.8 26.2% + 3.86  27.1% + 3.99 245 + 3.61 24212 28.0° + 4.13 24.2" + 3.56 25.1% + 3.7 265"+ 3.9 2595
17:0 1.45%° + 021 1.44" + 0.21 1.81° + 0.27 1.07° + 0.16 1.44P 0.19b + 0.03 0.05b + 0.01  1.85% + 0.27 0.70b + 0.1 0.7PQ 0.30b + 0.04 0.45b + o0.07 0.45b + o0.07 0443b + 0.06 0441Q
18:0 11.1% + 1.64 104" + 1.54 120 + 177 8.90% + 1.31 10627 833° 4+ 123 701+ 1.03 107° + 1.58 856 4+ 1.26 8.652 8.37%° + 1.23 123 + 1.81 9540 4+ 141 102° + 1.5 10117
) SFA 462° £ 281 44.6" £ 257 468" £ 19 423" £ 023 4499° 352" £ 22 368" £ 043 466" £ 087 404" + 083 390767 425" £ 126 443" £ 152 425" £ 126 4417 + 149 43.33°
16:1n-7 623" + 0.04 637" + 0.04  6.00° + 0.06 674° + 0.02 6.34" 5.09° + 0.15  9.02° + 025 6.07° + 006 673" + 002 6732 9.53° + 0.06 6.15° + 0.06  7.24°° + 0.03 7.14° & 0.04 7.528
18:111-9 141%° + 013 13.9° + 009 1470 + 016 13.0° + 0.02  13.93" 17.8° + 008 166%™ + 021 137 + 013 175" + 008 1642 19.1° + 014 151 + 004 162 + 0.04 162°° + 0.11 16.68%
22:111-9 3.02° + 0.03  2.94° £ 0.03 277 + 004 310" + 002 296" 057 & 0.08 ND 3.55° + 003 118" + 011 1182 0.21° 4+ 0.01 2.84° + 004  2.32° + 005 221 + 005 1.84%
>"MUFA 254 + 021 249" + 1.25 261 + 016 23.8° + 0.14 25.05° 2560 £ 021 250 4+ 085 252%° + 0.96 271" + 014 25922 20.9° £ 112 250 + 077 272 £ 055 2700 + 075 2758
18:211-6 1.35° + 0.13 129" + 0.13 1.28" + 0.05  1.34" + 0.21 1317 112° + 052 131" + 016 1.25% + 0.04 1.12° + 0.24 127 1.02* + 0.08 1.11° + 0.05 1.14* + 0.09  1.04" + 0.1 1.08"
18:31-6 078 + 0.03 077° + 0013 071 + 006 083" + 004 077" 1.42° + 008 072° + 003 1.24° + 0.04 124”4+ 004 1169 1.01° 4 0.08 1.56° + 002 2.02° £ 002 1.8° 4+ 002 168
18:31-3 0.85" + 0.19  0.87" + 0.19 0.34" + 0.19 1.4+ 018 087°% 056° + 001 035° + 006 0.64° + 013 069" + 006 056°  1.02 + 0.08° 1.11* + 0.19 125 + 018 1.11* + 018 1122
20:211-6 1.15% + 0.02  1.26" + 0.07 125% + 005 1.23° + 009  1.22° 121° + 052 115" + 07 121° + 0.06 1.21° + 042 127 0.06° 4+ 071 0.4* + 0.05 085" + 005 0.44° + 005 0.44%
20:51-3 381 £ 145 402" £ 152 381°+ 116 3.80" £ 1.88  3.86° 460"+ 159 435" + 163 445" + 143 450" £ 155 45% 401" £ 15 391" + 119 3.65" + 034 3.65° + 133 3.81°
22:51-3 1.12° + 0,02 1.11* + 009 098 + 002 123 + 006 1117 1.56° + 012 101" + 442 1.12° + 276  1.1° + 0.06 127 273° 4+ 077 4.18" + 0.08 356 + 079 2.35% + 077 3.212
22:6n-3 9.86" + 0.05 9.25" + 0.05 785 + 1.91 825 + 0.09  8.8° 102° + 026 8.06° + 0.13  9.12° + 0.14 9.01° + 0.04 9.09° 10.8* + 0.63 11.1% + 0.09 11.0° + 016 10.5* + 0.15 10.872
> PUFA 20.0° + 0.56 18.1" + 0.59 17.6° + 057 19.5° + 0.62 18.87 215° 4+ 163 17.8° + 128 200 + 052 19.8° + 1.14 19782 219" + 1.14 24.5" + 0.58 251% + 0.63  22.5° + 0.62 23.52°
TFA 91.66 87.62 90.50 85.56 88.83 82.24 80.49 91.87 87.23 85.46 94.26 94.68 94.79 93.64 94.34
> on-3 156" £ 035 152° £ 038 130" £ 03 147" £ 045 1465 170" £ 036 13.9° £ 035 154° £ 033 154" £ 035 1545° 191" o049 205" £ 03 197" £ 037 179" £ 036 19.33"
>n-6 3.65° + 0.01  3.71° £ o.01 3.8+ 001 4.21° + 002 3.84° 4.48° £ 012 378 4 001  4.26° + 003 4.18" + 002 4182  2.69° + 0.02 3.97° + 0.02 4.66° + 002 438 + 0.03  3.93°2
20:51-3 + 22:6n-3  13.7° + 0.2 13.3" + 0.06 11.7° + 034 121+ 077 12.66° 14.9° + 138 12.4° + 079 13.6° + 098 135 + 07 13592 14.8° + o.51 15.0° + 0015  14.7° + 031 14.2° + 041 14.67°
> n-3/>"n-6 427 + 002 41% + 0.06 3.42° + 007  3.49° + 0.03  3.83° 3.79° + 0.12 3.68" + 011 3.62° + 0.11  3.68" & 0.05 375 71+ 008  5.16° 4 0.03 423" + 004 409" + 011 5.15%
22:6n-3/20:5n-3 2.59" + 0.04 2.3 + 0.06 206" + 0,07 217 + 008 228" 217 + 022 185"+ 011 205" + 015 2.0° + 002 2027 269" + 0.01 2.84" + 0.06 3.01% + 0.04 2.88° + 0.08 2.02"
PUFA/SFA 0.43" + 0.04 0.41% £ 0.04 0.38° + 0.01 046" + 0.05 0.42" 0.61° + 0.06 048" 4+ 0.11  0.43" + 0.14 0.49" + 0.02 057 052 + 0.06 0.55" + 0.05 059 + 002  051° + 0.02 046"

Data are expressed as mean + standard deviation of three replicates. ) SFA, total saturated fatty acids; ) MUFA, total monounsaturated fatty acids; ) PUFA, total polyunsaturated fatty acids.

»3Represents the mean values during pre-monsoon, monsoon and post-monsoon seasons, respectively. Means with different superscripts (a, b, ¢, d) in the same row indicates statistical difference (P < 0.05). Different
superscripts (P, Q, R) in the mean values represent statistical difference (P < 0.05). ND, not detected. The fatty acids below 1% TFA (SFA—12:0, 20:0, 22:0, 24:0; MUFA—14:1n-7, 15:11-7, 18:1%1-7, 20:11-9, 24:11-9;
PUFA—16:2n-4, 16:3n-4, 18:4n-3, 20:31-6, 20:41n-6) are not included in this table.
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Table 2. Lipid (%) and fatty acid composition (% total fatty acids) of Epinephelus diacanthus collected from the south-east coast of India during 2008-2011 in three different seasons (pre-monsoon, monsoon and

post-monsoon).

Pre-monsoon Monsoon Post-monsoon

2008 2009 2010 2011 Mean® 2008 2009 2010 2011 Mean® 2008 2009 2010 2011 Mean?
Lipid (%) 0.48°40.02 043" + 004 041° + 002 036" + 0.04 0.42° 0.52* + 0.06 0.80° + 0.02  0.67° + 001 089> + 0.02 0727 051+ 0.05 054 + 0.03 060" + 003 080" + 0.05 0.61"

p

14:0 627 + 077 481 £ 03 4.6+ 056 4.87° + 022 s5.147* 425% + 015  4.65° + 061 4.01° + 07  417° + 035 4277 425° + 019  4.65" + 061 4.21° + 022 4.08° + 02 43"
15:0 191 + 014  039° + 002 1.05% + 021  1.02° + 013 1.09" 114" + 013 1.07° + 0.1 137 + 018 0.27° + 0.04 0.96°  1.08" + 0.1 1.07° + 0.1 1.23° + 01 1.15% + 0.1 113"
16:0 25.59° + 1.09  29.2° + 1.06 289" + 1.81 28.65° + 1.2  28.09"* 26.25° + 1.49 27.58° + 1.83  251% + 1.57 25.04° + 1.09 25.99% 32.3% + 1.83 313" + 1.83 28.68° + 1.82 28.54° + 1.77 30.21%
17:0 0.93" + 0.1 0.21 + 0.06 1.43" + 0.1 0.89" + 0.08 0.87" 0.89" + 0.07  0.69" + 0.1 1.24* + 008 0.27° + 0.02 077°  0.65" + 0.1 0.69" + 0.1 0.68" + 0.11  0.69" + 0.1 0.68°
18:0 74° + 011 721°+ 001 8.56° + 004 8.12° + 004 782" 1011 + 008 9.89°° + 0.07 10.69°° + 0.04 925 + 0.02  9.99%  12.4° + 0.06 12.44° + 0.07 12.35° + 0.07 12.02° + 0.08 12.3%*
> SFA 445 + 001 42.9° + 1.06 477 + 0.01 457" 4 0.01 45187 44.4°° + 0.06 456" 4 008  43.5° + 0.02  40.1° + 0.03 434 523° + 01 51.9° + 0.08 48.9° 4 0.11 482" 4 0.08 50317
16:11-7 8.09" + 0.14 9.92" + 0.06 5.42b + o.11 605ab + o0.12 7‘37P* 5‘21b + 0.09 5.49b + 0.08 5.68b + o0.12 5.68b + 0.09 s‘szQ* 5.24h + 0.08 5.49b + 0.08 5.12b + 0.08 5.01b + 0.08 5‘22Q*
18:11-9 105 + 002 13.2* + 003 15.9* + 005 14.7° + 0.05 13.6° 142% + 0.06  14.0° + 0.05  13.8° + 001 14.1% + 0.04 14.037F 14.6° + 0.05 16.1% + 005 16.2° + 0.04 16.0° + 0.04 1574
22:11-9 2.8 + 012 2.58° + 0.01  3.58° + 006 3.21° + 0.07 3.06" 2.85° + 0.04 3.62° + 0.04 434 + 006 4.02° + 005 3.71% 312 + 0.04 3.62° + 002 356 + 003 3.25° + 0.02 339"
> "MUFA 23.1% + 0.2 263+ 013 267 + 027 255° + 015 25.38" 24.4° + 023 257"+ 03 253 + 018 25.2% + 033 25.197F  25.6% + 027  27.9° + 028 277 + 027 269" + 027 27.022
18:2n-6 1.54% 4+ 015 1.05% + 0.02 1.22% + 006 227 + 0.15 1.52"% 139" + 0.13 090" + 0.16  1.24" + 0.09 1.04" + 0.02 1147 1.85° + 015 187+ 016 1.82° + 016 1.84° + 0.15 1.85%
18:31-6 0.89" + 0.02 068 + 006 057° + 004 0.54° + 002 0677 0.89" + 0.03 0.91° + 0.04 0.74" + 0.01  1.25 + 0.01 0957 0.87° + 0.05 0.57° + 0.04 0.57° + 005 056 + 0.05 0.64°*
18:31-3 0.87° + 005 039° + 0.69 030" + 0.05 021° + 028 0447 056" + 003 030" + 005 014 + 0.07 1.52° + 0.28 0637 035+ 003 0.30° + 005 025" + 004 0.26° + 004 0292
20:2n-6 101 + 005 001° 4+ 013 1.11* + 004 1.02° + 007 079" 0.88° + 0.08 1.12° + 012 058 + 001 0.04° + 007 0667 1.05* + 012 1.12° + 012 1.08° + 012 1.02° + 011 1.07%
20:51-3 3.68° + 009  3.35° + 005 2.30° + 0.03 2.12° + 0.01  2.86°* 234% + 002 232° + 003 204" + 003 235 + 0.04 226% 396> + 005 4.24° + 004 412° + 013 3.33° + 008 3.01%
22:5n-3 0.89° + 0.06 0.86° + 0.08 085 + 0.01 088 + 0.02 087" 0.56° + 0.05 0.56° + 0.01 0.61* + 0.05 0.58° + 0.04 058 079" + 003 080" + 002 079" + 002 078" + 005 o0.79"*
22:6n-3 789" + 018 773 + 015  7.24° + 025 7.36* + 027  7.56°% 756" + 026 6.85° + 041 7.52° + 011 7.20° + 034 728" 625 + 006 6.31° + 0.07 635" + 0.08 5.98 + 0.09 6.22%
>"PUFA 17.9° + 026 158 4 034 14.6° + 026 17.0° + 039 1636 150" 4+ 039 141" + 0.2 142° + 033 164 + 032 14.95% 164 + 026 1637 + 026 16.2°° + 026 14.8° + 0.26 15.93%*
TFA 85.51 85.03 88.96 88.19 86.9 83.90 85.40 83.10 81.73 83.53 94.34 96.02 92.79 89.87 93.25
>n-3 13.4° + 021 124 + 526 107" + 4.62 106 + 3.64 11767 111° + 409 101° + 477  104% + 3.97 11.8° + 3.91 1084 115" + 452 11.8° + 469 11.6° + 4.7 10.5° + 4.62 11.34%
> n-6 3.95° + 127 331"+ 13 348+ 08 587 +o97 415" 3.58° + 077 3.52° + 116 3250+ 113 452° £ 093 372% 448" + 076 428" o077 418 + o078 413 +o77 427
20:51-3 4 22:61-3  11.6° + 002 11.1° + 036 9.5° + 0.02  9.48* + 0.01 10.42"* 9.90" + 0.02  9.17° + 0.04  9.56* + 003 9.55° + 0.05 9.55% 102% + 005 10.6° + 1.01 105 + 003 9.31° + 0.02 10.14°%
> n-3/3"n-6 339 + 011 375" + 012 3.07° + 011 1.81° + 003 3™ 3.1% £ 001 287" 4+ 0.21 3.2° 4+ 003  2.61° + 003 2947 257+ 002 276"+ 002 278" 4 005 2.54° + 004 2.66%
22:61-3/20:5n-3 214% + 002 231 + 002 315 + 002 347° + 004 277" 323" + 003 295" + 002 3.69° + 003 3.06* + 003 3.237* 1.58° + 0.04 1.49° + 0.03 1.54° + 0.05 1.8° + 004 1.62
PUFA/SFA 0.4 + 002 037°+ 002 031"+ 002 037"+ 002 036 034" +£ 003 031"+ 002 033"+ 001 041" £+ 0.02 0357 031 + 002 031 + 004 033"+ 005 031+ 003 0327

The notation in the table is as indicated in Table 1. The fatty acids below 1% TFA (SFA—12:0, 20:0, 22:0, 24:0; MUFA—14:1n-7, 15:1n-7, 18:1n-7, 20:11-9, 24:1n-9; PUFA—16:2n-4, 16:3n-4, 18:4n-3, 20:3n-6) are not

included in this Table. *In the mean value columns indicates the significant difference (P < 0.05) compared to the value of south-west coast at same season.
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Fig. 1. Seasonal variability of: (A) n-3/n-6; (B) n-6/n-3; (C) DHA/EPA; (D) PUFA/SFA ratios of Epinephelus diacanthus collected from south-west and south-east
coasts of India during 2008-2011 in three different seasons (pre-monsoon, monsoon and post-monsoon).
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Fig. 2. Seasonal (pre-monsoon, monsoon and post-monsoon) and inter-annual (2008-2011) variation in: (A) atherogenicity index (AI); (B) thrombogenicity
index (TI); (C) hypocholesterolaemic/ hypercholesterolaemic (HH) ratio; (D) total cholesterol content (mg/100 g) of Epinephelus diacanthus collected from

south-west and south-east coasts of India.
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Fig. 3. (A) Seasonal (pre-monsoon, monsoon and post-monsoon) and inter-annual (2008 - 2011) variation in area-averaged time series of SeaWiFS chlorophyll-a
concentration (mg m™?) for the period of four years from January 2008 to December 2011 during pre-monsoon, monsoon and post-monsoon seasons; (B)
seasonal (pre-monsoon, monsoon and post-monsoon) and inter-annual (2008 -2011) variation in monthly sea surface temperature (SST, expressed as °C)
derived from global 9 km monthly mean MODIS-AQUA data for the four years (2008-2011) during pre-monsoon, monsoon and post—monsoon seasons.

Seasonal and inter-annual variability in
chlorophyll-a concentration and sea surface
temperature (SST) along the south-west and
south-east coasts of India

The variance in the spatial distribution of chlorophyll-a
and sea surface temperature during 2008-2011, with
respect to three seasons (pre-monsoon, monsoon and post-
monsoon seasons) have been computed (Chakraborty
et al., 2013) and are shown in Figure 3A, B, respectively.
The chlorophyll-a, which showed relatively low values
pre-monsoon (four-year mean of 0.3 mgm ?), reached
monsoon maxima (1.2mgm ), and subsequently
decreased  throughout the post-monsoon season
(0.5 mgm™?). The higher lipid content observed during

https://doi.org/10.1017/50025315414000757 Published online by Cambridge University Press

monsoon on the south-west coast as compared with other
seasons, showed positive correlation with the enhanced
chlorophyll-a concentration (r* =o0.927; Figure 4A)
during this season. In addition, a positive correlation was
observed between chlorophyll-a concentration and total
PUFA, EPA and DHA during monsoon on the south-west
coast (r* = 0.975, 0.973 and 0.992; Figure 4B-D, respective-
ly). On the south-east coast, chlorophyll-a recorded its
maximum at 0.8 mgm™ * during the monsoon and post-
monsoon seasons, and minimum during pre-monsoon
period (0.7 mgm™?). Chakraborty et al. (2013) also
reported that high SSTs were observed during the pre-
monsoon season throughout the study period (>30°C)
along the south-west and south-east coasts, which decreased
in the monsoon (~29°C) and post-monsoon seasons
(<29°C) (Figure 3B).
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Fig. 4. The correlation between: (A) chlorophyll-a (mg m™?) and lipid content (%); (B) chlorophyll-a (mg m™*) and total polyunsaturated fatty acid (}_PUFA,
%); (C) chlorophyll-a (mg m™?) and eicosapentaenoic acid (EPA, %); (D) chlorophyll-a (mg m™?) and docosahexaenoic acid (DHA, %), during monsoon season

along south-west coast of India bounding the Arabian Sea.

DISCUSSION

The lipid content in the edible muscles of E. diacanthus was
found to be significantly low compared to the lipid content of
Epinephelus aeneus from the Mauritanian coast (2.1%, w/w),
(P < o0.05) (Louly et al, 2011). However, other Serranidae
species, Cephalopholis taeniops and Serranus scriba (Louly
et al, 2011) showed similar lipid content to the present
observations. The higher lipid content observed during
monsoon on the south-west coast as compared with other
seasons correlated well with the enhanced chlorophyll-a con-
centration (r* = 0.927; Figure 4A) during this season. In the
warm pre-monsoon season, when water is poor in nutrients
and mineral salts, the fish uses the energy reserves in the
form of lipids and proteins (Keriko et al., 2010) thereby result-
ing in the reduction of lipid content during the pre-monsoon
season.

The total SFA content of E. diacanthus in the present study
is similar to the SFA content of E. coioides (Hossain et al.,
2012) and E. aeneus (Louly et al., 2011). The fatty acid 16:0
which is considered to be a source of potential metabolic
energy in fish was observed to be the predominant SFA in
the present study. The predominant MUFA was found to be
18:1n-9, which is in agreement with the earlier study of
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Louly et al (2011) who observed that the predominant
MUFA in the white grouper, E. aeneus was 18:1n-9.

A good correlation was observed between total PUFA and
chlorophyll-a concentration during monsoon on the south-
west coast (r* = 0.975; Figure 4B). The maximum total
PUFA content was observed during post-monsoon on the
south-west coast of India, when the temperature falls from
>30 to <28°C. These results are in accordance with the
earlier studies showing that PUFA content in fish varies
inversely with water temperature (Shirai et al., 2002). On
the other hand, when the chlorophyll-a concentration was
lower pre-monsoon, a decrease in grouper PUFA content
was observed along the south-west coast. It is of note that
the LC-PUFAs, mainly n-3 fatty acids, are not synthesized
de novo by the fish. In the present study, total n-3 PUFA
content in the grouper muscles was found to be significantly
higher than that of n-6 PUFA over the studied periods (P <
0.05). Hossain et al. (2012) reported 11.3% total n-3 PUFA
in E. coioides, which is low compared with E. diacanthus col-
lected from the south-west coast of India (13.0-20.5%) in the
present study. Epinephelus spp. collected from both coasts
irrespective of the seasons and years studied, had more than
two times the amount of DHA compared to EPA. Similar
findings were observed in other Epinephelus spp. like
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E. coioides (Hossain et al., 2012), E. aeneus (Louly et al., 2011)
and E. sexfasciatus (Wan Rosli et al., 2012). The relatively high
level of DHA and the high DHA/EPA ratio appeared to be an
inherent quality of these species, possibly due to a character-
istically greater affinity to retain DHA. Therefore, the group-
ers collected from both Indian coasts, especially the
south-west coast, proved to be an excellent source of DHA
which is vital for the growth and functional development of
the brain in infants and for maintaining normal brain func-
tion in adults (Sidhu, 2003). A good correlation was observed
between EPA and chlorophyll-a concentration during
monsoon on the south-west coast (r* = 0.973; Figure 4C).
EPA appeared to be accumulated from the phytoplanktons,
largely unchanged, in the lipids of marine fish due to their
reduced capacity for chain elongation and desaturation. The
high quantity of EPA + DHA noted in the groupers from
the south-west coast, especially during post-monsoon
(14.7%) is of great interest because of the role of these fatty
acids in the prevention of cardiovascular diseases
(Laaksonen et al., 2005). Linoleic acid (18:2n-6, LA) was the
major n-6 PUFA found in groupers from both the coasts.
Studies have found that higher PUFA and LA intake is asso-
ciated with significant reductions in the risk of coronary
heart diseases (CHD) or cardiovascular-related mortality
(Laaksonen et al., 2005).

An increase in the human dietary n-3/n-6 fatty acid ratio is
essential to help prevent CHD by reducing plasma lipids and
to reduce cancer risk. Though insignificant, the difference in
the n-3/n-6 ratio between different seasons in the present
study may be explained by the variability of the lipid
content of the fish muscles, which depends on the species,
period of the year, age, size, reproduction period, as well as
the fatty acid composition of the diet (Shirai et al, 2002).
The groupers collected from both coasts showed higher n-3/
n-6 ratio (>2.5) than recommended (1:5 or o0.2) (Sargent,
1997), which is highly beneficial and desirable for the daily
human diet from a nutritional point of view. The recom-
mended minimum of PUFA/SFA ratio for a healthy diet is
0.45 (HMSO, 2001). The grouper samples collected from the
south-east coast were not able to attain the minimum thresh-
old PUFA/SFA ratio throughout the studied periods.

The AI and TT of the groupers collected from the south-
west coast were found to be lower than those from the
south-east coast of India. The higher n-3 fatty acid content
and consequently the higher n-3/n-6 fatty acid ratio in
E. diacanthus from the south-west coast apparently contribu-
ted to lower AI and TI indices in the edible muscles of group-
ers harvested from the SW coast. It has been reported that due
to the anti-atherogenic and anti-thrombogenic properties, the
n-3 PUFAs play a major role in protecting human beings from
atherosclerosis and platelet aggregation (Barrento et al., 2010).
The ideal hypocholesterolaemic/hypercholesterolaemic ratio
noted in the groupers, especially for the samples collected
from the south-west coast, also contributed towards its desir-
able qualities from a consumer health perspective.

The total cholesterol content in the edible muscles of
E. diacanthus from the south-east coast was found to be
lower (5.7-22.0 mg/100 g) as compared to an earlier study
carried out by Mathew et al. (1999) who observed that the
banded grouper, Epinephelus latifasciatus and Clupeidae
fish such as Opisthoptertus tardoor, Dussumieria acuta,
etc, have cholesterol content in the range of 41.4-
68.6 mg%. However, Osman et al. (2001) observed that the
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cholesterol content of the fish in Malaysian waters belonging
to Clupeidae (Rasterelliger kanagurta, Parastromateus niger,
etc) as 37.1-47.1 mg%, which is comparable with the south-
west coast groupers in the present study. Epinephelus dia-
canthus collected from the south-east coast during all the
seasons and during the monsoon season along the south-
west coast, showed significantly lower cholesterol content
(<25.0 mg%) than beef (84 mg%), pork (79 mg%), chicken
(85 mg%), cheese (105 mg%) and eggs (424 mg%) (P <
0.05) (USDA, 1998).

CONCLUSION

The present study demonstrated that the edible muscles of E.
diacanthus collected from the south-west coast edging the
Arabian Sea, especially during the post-monsoon season, are
nutritionally superior with reference to PUFA, ) n-3 PUFA,
EPA + DHA, n-3/n-6, DHA/EPA content than those col-
lected from the south-east coast. The total cholesterol, athero-
genic and thrombogenicity indices, and hypocholesterolaemic/
hypercholesterolaemic ratio of groupers conform to the
optimal nutritional qualities as preferred healthy food for
human consumption. The results described how the changes
in the chlorophyll-a concentration and SST influence the
lipid and fatty acid composition of E. diacanthus under differ-
ent spacio-temporal conditions. This information is particu-
larly valuable to estimate the probable nutritional status of
this species of commercial importance without conducting
real-time experiments. The long term study of lipidic para-
meters established E. diacanthus as an ideal healthy food for
human consumption and as a desirable food item from the
consumer health perspective.
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