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ABSTRACT. The nutritional quality of tilapia fillet is characterized by low omega-3 polyunsaturated fatty acids
(n-3 PUFAS). The objective of the present study was to evaluate the effect of different dietary concentrations of
chia (Salvia hispanica) and flaxseed (Linum usitatissimum) meal on the omega-3 fatty acid content of tilapia
(Oreochromis niloticus) fillet. Six experimental diets incorporating 5, 10, and 15% chia or flaxseed meals,
respectively, were given to the fish (238.36 + 7.61 g, initial weight) for 45 days before harvesting. The
a-linolenic acid (ALA) and n-3 PUFA contents in the fillet differed significantly among diets (P < 0.05). Diets
containing 15% chia or flaxseed meal had the highest concentrations of ALA (4.80 and 4.75%, respectively)
and n-3 PUFA (13.65 and 15.92%, respectively). Thus, chia or flaxseed meal dietary inclusion increased the
ALA and n-3 PUFA contents in the tilapia fillet. Chia or flaxseed meals are useful and potential alternatives to

improve the nutritional value of O. niloticus fillets.
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Due to its growth rate, adaptability to culture condi-
tions, and good market acceptance, Nile tilapia
(Oreochromis niloticus) is an important food for human
consumption (FAO 2016). However, the nutritional
quality of tilapia fillets lags behind that of marine fish
as the former contains relatively low levels of important
omega-3 polyunsaturated fatty acids (n-3 PUFAS), such
as a-linolenic acid (ALA, 18:3n-3), eicosapentaenoic
acid (EPA, 20:5n-3), and docosahexaenoic acid (DHA,
22:6n-3) (Visentainer et al. 2007). The fatty acid
composition of marine fish includes low levels of n-6
PUFAs and high levels of n-3 PUFAs (predominantly
EPA and DHA). However, freshwater fish like tilapia
have a distinct fatty acid profile; specifically, they have
high levels of n-6 PUFAs, mainly gamma-linolenic
acid (GLA, 18:3n-6) and arachidonic acid (AA, 20:4n-
6) (Steffens 1997).

Corresponding editor: Eduardo Ballester

The inclusion of quality sources of long-chain
PUFAs in the human diet helps prevent several
cardiovascular disorders by counteracting inflammatory,
thrombotic, hypertensive, and arrhythmic processes
(Weaver et al. 2008). Moreover, EPA and DHA reduce
the risk of rheumatoid arthritis (Kromman & Green
1980) and are precursors for the biosynthesis of
eicosanoids (Visentainer et al. 2000). Therefore, the
consumption of foods containing these PUFAs is highly
recommended. Formulation of balanced feeds designed
to modulate the fatty acid profile of fish species that
form part of the human diet represents a useful
alternative to improve health (Valenzuela & Uauy
1999).

Previous studies have assessed the impact on the
fatty acid composition of Nile tilapia muscle of diets
enriched with different seed oils. It has been concluded
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that diets enriched with flaxseed oil (FO) increased the
PUFA contents of tilapia muscle (Justi et al. 2003,
Visentainer et al. 2005, Tonial et al. 2009, Petenuci et
al. 2018). Meanwhile, Fernandes-Montanher et al.
(2016) reported that chia oil helped enhance the
nutritional quality in Nile tilapia by increasing the
amount of ALA in fillets. Moreover, Carbonera et al.
(2014) incorporated perilla oil as a dietary lipid source
resulting in a significant increase in PUFAs in tilapia
muscle. Similar results were obtained when more than
one kind of seed oil was included in tilapia diets
(Karapanagiotidis et al. 2007, Ng et al. 2013).
However, the base-oil diets are expensive and used at
an experimental level (Carbonera et al. 2014).

The present is the first report on the use of seed
meals to enhance the nutritional value of tilapia fillets
in terms of n-3 PUFAs. The goal of this study was to
evaluate the influence of the dietary inclusion of
different concentrations of chia (Salvia hispanica) and
flaxseed (Linum usitatissimum) meals on the fillet fatty
acid profile of Nile tilapia.

A total of 250 Nile tilapia (male) were obtained
from the broodstock of the Interdisciplinary Research
Center for Regional Integral Development-Sinaloa
(CIIDIR-Sinaloa) of the National Polytechnic Institute
(IPN by its acronym in Spanish) in Guasave, Sinaloa,
Mexico. The experimental diets were formulated
according to the species requirements based on a
commercial isocaloric and isoproteic feed (35% crude
protein, 390 kcal g%) (Ng & Hanim 2007). From the
control diet, six experimental diets were formulated
adding 5, 10, and 15% of chia (22.7% crude protein,
35.0% lipids, 372 kcal g) and flaxseed (19.1% crude
protein, 38.8% lipids, 439.8 kcal g*) meals (5C, 10C,
15C; 5F, 10F, 15F), respectively, as summarized in
Table 1. Diets were tested with three replicates. Fish
(238.36 £ 7.61 g initial weight) were kept in 3500 L
tanks for 45 days as this is the minimum time required
for the inclusion of seed oils to increase the nutritional
value of adult Nile tilapia (Tonial et al. 2009). Nile
tilapia were fed twice daily at 2% of total body biomass.
Water temperature (26.7 = 0.8°C), dissolved oxygen
(>4 mg LY, and ammonium (<0.1 mg L%) were
constant throughout the experiment. The final weight,
specific growth rate (SGR, % d*), and feed conversion
ratio (FCR) were used to assess growth and feed
utilization. At the end of the experiment, all specimens
were sacrificed in ice slurry immersion (Van de Vis et
al. 2003) and filleted following the Ethics Commission
of the College of Professors IPN-CIIDIR-Sinaloa
guidelines. The fillets were placed in polyethylene bags
in an N2 atmosphere and stored at -18°C for subsequent
analysis. The hepatosomatic (HSI = 100 x [liver weight
/ total body weight]) and viscerosomatic (VSI = 100 x

[viscera weight / total body weight]) indices were
calculated.

The moisture, ash, and crude protein content of the
diets and tilapia fillets were determined following
AOAC (1990) guidelines. The total lipids of the fillet
and diet samples were extracted by homogenization in
chloroform/methanol (2:1, v/v) containing 0.01%
butylated hydroxytoluene (BHT) as antioxidant follo-
wing Folch et al. (1957). Fatty acid methyl esters
(FAMEs) were prepared from total lipids by acid-
catalyzed transesterification as described by Christie
(1982) and FAME extracted and purified following
Tocher & Harvie (1988). The FAMEs were separated
and quantified by gas-liquid chromatography (Fisons
GC8600; Fisons Ltd., Crawley, UK) using a 30 m x
0.32 mm capillary column (CP wax 52CB; Chrompak
Ltd., London, UK). Individual methyl esters were
identified by comparison with known standards and by
reference to published data (Ackman 1980). Fatty acids
are expressed as a percentage of the total fatty acids.

All datasets were tested for normality and
homoscedasticity using the Shapiro-Wilk and Bartlett’s
tests, respectively. In addition, differences among the
treatments were determined using the Kruskal-Wallis
test, and means were compared with the Mann-Whitney
U test. All statistical analyses were performed using the
program Statistica 7.0.

The results of the proximate and fatty acid
composition analyses of the experimental diets are
summarized (Table 1). The mean lipids composition of
the chia (13.43%) and flaxseed (13.65%) meal diets
were higher than that of the control diet (10.64%). The
ALA content increased proportional to the chia (12.94,
16.83, and 23.38% of total fatty acids) and flaxseed
(10.35, 17.78, and 21.50% of total fatty acids) meal
dietary inclusion levels. The tilapia showed good
acceptance of all diets throughout the experiment (45
days). The final mean weight of tilapia fed the chia
(360.13 + 16.98 g) and flaxseed (346.56 + 16.08 @)
meal diets were similar both to each other and to the
control treatment (317.30 = 36.67 g; P > 0.05). The
SGR, and FCR of Nile tilapia adults fed the
experimental diets showed no significant differences (P
> 0.05) and varied from 0.83 + 0.12 (5% flaxseed diet)
t01.35 + 0.15 % d* (10% flaxseed diet), and from 1.30
+ 0.30 (10% flaxseed diet) to 2.13 + 0.58 (5% flaxseed
diet), respectively. No mortality occurred during the
feeding trial. No significant differences (P > 0.05)
among diets in terms of the VSI and HIS indices (4.35
t0 6.78 and 1.82 to 2.54, respectively) (Table 2).

Table 3 shows the proximate and fatty acid compo-
sitions of the tilapia fillets. Although no significant
differences (P > 0.05) were detected among the diets
regarding the fillet lipid content, all chia and flaxseed
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Table 1. Proximate and fatty acid compositions of the control and experimental diets with different chia concentrations (C)
and flaxseed (F). 5C': 5% chia meal dietary inclusion, 10C: 10% chia meal dietary inclusion, 15C: 15% chia meal dietary
inclusion, 5F: 5% flaxseed meal dietary inclusion, 10F: 10% flaxseed meal dietary inclusion, 15F: 15% flaxseed meal
dietary inclusion.

Ingredient () Control  5Cf 10C  15C 5F 10F 15F
Chia meal 0.00 50.00 100.00 150.00 0.00 0.00 0.00
Flaxseed meal 0.00 000 0.00 0.00 50.00 100.00 150.00
Fish meal 196.00 186.20 176.40 166.60 186.20 176.40 166.60
Extruded wheat meal 300.00 285.00 270.00 255.00 285.00 270.00 255.00
Wheat meal 263.00 247.80 232.60 217.40 247.80 232.60 217.40
Soybean paste 120.00 114.00 108.00 102.00 114.00 108.00 102.00
Fish oil 80.00 76.00 72.00 68.00 76.00 72.00 68.00
Vitamin & mineral premix 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Binder (grenetine) 40.00 40.00 40.00 40.00 40.00 40.00 40.00
Proximate composition (%)

Moisture 756 11.38 9.78 9.00 11.76 8.69 8.61
Protein 3295 28.05 27.88 27.93 26.89 28.00 27.91
Lipid 10.64 12.68 13.15 1448 1245 13.65 14.86
Ash 127 070 107 141 053 0.89 1.18
Fiber 497 441 426 435 426 427 4.29
Nitrogen-free extract 50.16 54.16 53.64 51.83 56.15 53.19 51.77
Energy (kcal g1) 391.67 386.23 386.94 389.51 386.92 388.91 391.44
Fatty acid composition (%)

12:0 074 092 075 073 09 075 0.20
14:0 780 626 615 546 725 7.00 4.67
15:0 050 040 041 035 045 046 0.06
16:0 2523 19.88 19.76 17.94 2130 21.27 1751
18:0 501 424 569 495 458 746 438
20:0 0.00 000 000 0.00 000 0.00 0.00
Total saturated 39.28 31.70 32.76 29.43 3448 36.94 26.81
16:1n-9 0.00 000 000 0.00 000 0.00 0.00
16:1n-7 988 775 682 628 809 019 6.52
18:1n-9 15.00 13.06 12.90 12.16 16.24 17.23 17.08
18:1n-7 3.08 240 244 206 250 215 223
20:1n-9n-11 090 054 092 070 065 032 0.80
Total monounsaturated 28.85 23.74 23.08 2120 27.48 19.90 26.62
18:2n-6 6.41 11.87 1158 1225 10.73 10.97 10.19
20:2n-6 0.00 000 000 0.00 000 0.00 0.00
20:3n-6 (GLA) 0.00 000 000 0.00 000 0.00 0.00
20:4n-6 (ARA) 094 077 101 061 075 068 0.64
22:5n-6 0.00 000 000 0.00 000 0.00 0.00
Total n-6 PUFAS 735 1264 1259 1286 1148 11.65 10.83
18:3n-3 (ALA) 3.05 1294 16.83 23.38 10.35 17.78 21.50
18:4n-3 125 122 089 080 099 087 091
20:4n-3 049 044 059 034 044 035 0.38
20:5n-3 (EPA) 1073 984 738 645 817 690 7.08
22:4n-3 0.00 000 000 0.00 000 0.00 0.00
22:5n-3 227 175 143 145 1.68 1.43 1.48
22:6n-3 (DHA) 6.73 573 445 408 493 418 441
Total n-3 PUFAs 2452 3191 3157 36.51 2656 3152 3574
Total PUFAs 31.87 4455 44.16 49.37 38.04 43.17 46.57

meal diets produced higher lipid compositions than the fiber, nitrogen-free extract, and energy contents were
control group. The fillet lipid content of fish fed the 10 not significantly different (P > 0.05) among the

and 15% flaxseed diets exceeded 9%. Moisture, ash, experimental diets. The fillet protein contents (33.59
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Table 2. Growth performance of Oreochromis niloticus fed different dietary inclusions of chia (C) and flaxseed (F) meal
45 days before harvesting (mean + standard deviation). 5C: 5% chia meal dietary inclusion, 10C: 10% chia meal dietary
inclusion, 15C: 15% chia meal dietary inclusion, 5F: 5% flaxseed meal dietary inclusion, 10F: 10% flaxseed meal dietary

inclusion, 15F: 15% flaxseed meal dietary inclusion.

Final weight Weight gain Spec;]lflc FOOd_ Viscerosomatic ~ Hepatosomatic
@) ©) growthrate  CONVEISION —— “jyqe (vSIl)  index (HSI)
(% d?) ratio (FCR)

Control  317.30+36.7 139.80+37.2 1.23+£0.27 157+£0.57 4.35+0.47 1.82+0.09
5C 353.10+36.4 117.60+12.6 0.90+0.10 1.93+0.23 6.09 + 0.57 1.93+0.28
10C 347.80+33.4 131.90+27.8 1.07+£0.18 1.73+£0.39 6.61+0.29 2.29+0.16
15C 379.50+£40.3 132.70+21.9 0.97+£0.18 1.87+£0.37 6.78 £1.38 2.15+0.76
5F 333.40+£40.1 109.20+23.2 0.83+0.12 2.13+0.58 5.88 £ 0.46 2.24+£0.28
10F 341.80 £349 168.00 + 36.1 135+0.15 1.30+0.30 6.92 +0.69 2.54+0.20
15F 364.50+256 131.80+8.7 1.03+0.18 1.67+0.12 6.06 £ 0.36 2.27+0.17

0.29%) were similar for all treatments (P < 0.05) except
for the 10% flaxseed diet, which was lower only than
that found in the control diet. The ALA and total n-3
PUFA contents in tilapia fillet differed significantly
among treatments (P < 0.05, Table 2); diets containing
15% chia or flaxseed meal had the highest
concentrations of ALA (4.80 and 4.75%, respectively)
and total n-3 PUFA contents (13.65 and 15.92%,
respectively). The inclusion of chia or flaxseed meal
did not affect (P > 0.05) the saturated, monosaturated,
and n-6 PUFA contents of the tilapia fillet.

Vertebrates require PUFAs for normal growth and
development (Olsen et al. 1990). Previous research has
shown that high levels of PUFAs in different tilapia
species depress growth and feed efficiency (Huang et
al. 1998, Ng et al. 2001). Ng et al. (2013) compared the
effects of a partial replacement of FO with different
vegetable oils as finishing diets for tilapia in growth and
feed efficiency. Moreover, Al-Souti et al. (2012)
reported similar SGR (1.84-1.97 % d™) and FCR (1.56-
1.70) when comparing partial substitutions of FO with
different levels of corn oil in the diet of red hybrid
tilapia (Oreochromis sp.). In the present study, levels of
dietary lipids exceeded 10%; nevertheless, growth and
feed efficiency were within the appropriate range for
this tilapia species at the age tested. Our results,
obtained with different percentages of chia and flaxseed
meals used as finishing diets, produced similar SGR
and FCR to those previously reported. Survival and
SGR after 45 days were normal and in general
agreement with other reports for adult tilapia
(Bahnasawy et al. 2003). Differences in the growth and
feed efficiency values between the studies mentioned
above may be partially explained by fish size, lipid
source, and culture time.

Except for ALA, there were no significant
differences among the experimental diets regarding the

fatty acid profile of tilapia muscle. Levels of
arachidonic acid (ARA) were similar in the control and
experimental diets. ARA is the main product of linoleic
acid desaturation (Karapanogiotidis et al. 2007) and
represents the primary eicosanoid precursor to aid in
resisting stress, among other roles. Lim et al. (2011)
stated that the fatty acid composition in fish muscle
could be modified by increasing dietary levels of
PUFAs. The significantly increased ALA concentration
in the tilapia fillets was clearly demonstrated after 45
days (P < 0.05) and was proportional to the percentage
of seed meal included in the diet. Other researchers
have reported that tilapia can elongate and desaturate
ALA to EPA and DHA (Tocher et al. 2002, Oboh et al.
2017).

Moreover, EPA is a precursor of DHA and is used
in basic metabolism (Albertazzi & Coupland 2002),
explaining when EPA concentrations remained low and
without significant changes. A variety of metabolic
factors affect the incorporation of fatty acids into
tissues, such as desaturation, [-oxidation, lipogenic
activity, and chain lengthening (Sargent et al. 2002), as
well as exogenous (environment) and endogenous (fish
age and size) factors. In this study, deposition of EPA
in muscle was low for all diets, which could be
explained by the supposition that EPA is selectively
used as a substrate for B-oxidation in O. niloticus
(Karapanogiotidis et al. 2007).

Our results indicate that chia and flaxseed meal may
be used to partially replace some of the fish oil typically
used in finishing diets as an additional feeding strategy
for Nile tilapia (Karapanogiotidis et al. 2007) without
compromising its growth performance. Moreover,
using these dietary lipid sources (in the form of a meal
instead of oil) represents a useful and potential dietary
alternative to increase the nutritional value of tilapia
fillet. Improving tilapia fillet quality through chia or
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Table 3. Proximate and fatty acid composition (% dry basis) of Oreochromis niloticus fillet fed finishing diets (45 days
before harvesting) enriched with different levels of chia (C) and flaxseed (F) meal (mean + standard deviation). 5C: 5%
chia meal dietary inclusion, 10C: 10% chia meal dietary inclusion, 15C: 15% chia meal dietary inclusion, 5F: 5% flaxseed
meal dietary inclusion, 10F: 10% flaxseed meal dietary inclusion, 15F: 15% flaxseed meal dietary inclusion. Different
letters in columns show statistically significant differences (P < 0.05).

Control 5C 10C 15C 5F 10F 15F

Proximate composition

Moisture 161+007  157+0.02 1.73+0.23 1.65+0.08 1.32+0.17 114+031  1.36%0.05
Protein 3359 £0.29° 31.22+028% 32.94+0.4% 32.34+0.19% 32.88+0.16®% 3050+041> 32.22+0.48%
Lipid 764052 828+021 8.31+0.78 8.02+0.21 7.78 £0.37 942+020  9.72+081
Ash 0.19+£0.03  0.19+0.04 0.26 +0.06 0.14 +0.04 0.47 £0.10 012+001  0.24+0.02
Fiber 561+£002 560+0.11 5.24 +0.09 5.47 £0.09 5.77 £0.05 5514010  5.39+0.09
Nitrogen-free extract 52.97+024 5471003  53.25+050 5402+045 5310041 5444+067 5244+0.70
Energy (kcal g) 41510171 416.80+0.36 41840+2.74  416.90+0.37 413.70+135 42090+052 422.30+2.88
Fatty acid composition

12:0 1.93+088  1.31+056 1.03+0.62 1.94+0.71 0.29 +0.09 1.01+0.82 1.24+0.76
14:0 763+125  7.37+113 6.28 +0.48 6.93+0.13 450+£021 657261 6.45+1.79
15:0 0.53+£0.05 040+0.15 0.46 £0.03 0.46 £0.01 035001  0.43+0.08 0.44 £0.10
16:0 33.95+2.87 31.88+233  30.67+1.10 3021+£1.90 2801071 29.63+363  29.07+4.20
18:0 741+071  7.84%1.17 753+0.73 7.42 +1.44 784+039 619017 449224
20:0 0.31£0.03  0.30+0.04 0.20 £0.10 0.09 +0.09 013+013  0.14%0.14 0.13+0.08
Total saturated 5176 £359 49.10+4.64  46.17+0.88  47.06+263 41.12+124 4394+6.82  41.82+4.67
16:1n-9 0.13+£0.13  0.26+0.26 0.18+0.18 0.00 +0.00 025+014  0.13%0.3 0.09 +0.09
16:1n-7 912+0.86  8.28+0.13 8.14 +0.48 7.84 037 767050  9.18%135 7.87+1.11
18:1n-9 2272330 20.82+1.36  20.81+170 18.89+1.95 21.11+112 21514021  22.07+142
18:1n-7 384026  3.96:048 3.58+0.26 3.38+0.50 419+050  3.34+057 2.60 +0.88
20:1n-9 n-11 0.84+008  0.82+0.10 0.28+0.23 0.72+0.15 061+031 081011 0.71+0.09
Total monounsaturated 36.64+4.35 34.15+226  32.99 +1.91 3083+2.86  33.82+064 3496+148  33.34+260
18:2n-6 489+180 650170 7.49+0.59 7.32+1.42 8.02+0.20  7.00+232 7.58 +1.74
20:2n-6 022+010  0.12+0.12 0.24+0.12 0.23%0.12 025+013 017017 0.19+0.11
20:3n-6 (GLA) 024+013  0.13+0.13 023%0.11 023%0.12 024+012  019+0.19 0.21+0.12
20:4n-6 (ARA) 051+032  0.55+0.28 0.72+0.15 0.67+0.13 059+0.29  0.71+0.26 0.82+0.25
22:5n-6 0.00+£0.00  0.00+0.00 012+0.12 0.00 +0.00 010+0.10  0.00+0.00 0.11+0.11
Total n-6 PUFAs 586+234  7.30+208 8.79+0.74 8.45+1.77 920+0.55  807+294 8.21+1.97
18:3n-3 (ALA) 0.27+0.14> 141£071°  2.56+0.14% 480+1178  168+005>  2.66+200%  4.75+175
18:4n-3 0.14+008  0.22+0.12 022+0.11 0.30 + 0.04 033+0.05  0.23+0.23 0.28 +0.14
20:4n-3 0.09+009  0.18+0.09 0.19+0.10 0.27 £0.08 0.34+0.04  0.00 +0.00 0.19+0.13
20:5n-3 (EPA) 0.53+053  0.88 +0.47 1214030 0.99+0.25 1642020  1.38+043 0.81+0.34
22:4n-3 0.07+0.07  0.00+0.00 0.00 +0.00 0.00 +0.00 0.00+0.00  0.00 +0.00 0.60 +0.60
22:5n-3 153+131  240+1.06 3.00 +0.65 2.67+0.83 448+063  3.35+0.86 3.27+0.91
22:6n-3 (DHA) 312+251  4.36+1.78 4.87+121 4.61+1.29 432+082  542+184 6.02+1.90
Total n-3 PUFAs 574+459° 945+4.21" 1205+225%  1365+3.66° 12.79+1.40° 13.04+537% 1592+5192
Total PUFAS 1159+6.92 1675+6.26  20.84%2.75 2211+540  21.99+143  21.10+830  24.84+7.16

flaxseed meal inclusion will facilitate achieving world- REFERENCES

wide recommendations on these fatty consumption
acids that favor human health.
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