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ABSTRACT 

Flaxseed application in meat and meat products by 
adding not fl esh ingredients has not yet been properly assessed. 
This technology strategy, if well optimized, could substantially 
improve the nutritional value of meat products and promote healthy 
appeals consistent. Knowing that, this study aimed to evaluate the 
effect of adding golden fl axseed oil, or fl our, or seed in the physico-
chemical properties and fatty acid profi le of beef patties. Beef 
patties were prepared with 5.0% of oil (FO), or fl our (FF), or seed 
(FS), plus a control formulation (FC). For raw products containing 
fl axseed, the moisture content (74.22 to 68.61%) was decreased 
and the ash (1.61 to 2.00g 100g-1), protein (15.62 to 16.46g 100g-1), 
fat (6.20 to 9.74g 100g-1), carbohydrate (2.02 to 3.97 g 100g-1), and 
calorie (127.71 to 161.62kcal 100g-1) contents were increased. The 
raw and grilled samples containing golden fl axseed had increased 
benefi cial omega-3 (n-3) fatty acids (0.85 a 2.98g 100g-1), a 
decreased n-6/n-3 ratio (<1), and an increased polyunsaturated/
saturated ratio (>0.50), thus improving the nutritional profi le.

Key words: Linum Usitatissimum Linaceae, linseed, nutritive 
value, beef.

RESUMO

A aplicação de linhaça em carne e produtos cárneos 
através da adição como ingrediente não-cárneo não foi ainda 
devidamente avaliada. Essa estratégia tecnológica, se bem 
otimizada, poderia melhorar substancialmente o valor nutricional 
de produtos cárneos e promover apelos saudáveis consistentes. 
Sabendo disso, este estudo teve como objetivo avaliar o efeito da 
adição de óleo, ou farinha, ou semente de linhaça dourada sobre 
as propriedades físico-químicas e o perfi l de ácidos graxos de 
hambúrgueres bovinos. Os hambúrgueres foram preparados com 
5,0% de óleo (OL), farinha (FL), ou de semente (SL), além de 
uma formulação controle (FC). Para os produtos crus contendo 
linhaça, o teor de umidade (74,22 a 68,61%) diminuiu e os teores 
de cinzas (1,61 a 2,00g 100g-1), proteínas (15,62 a 16,46g 100g-1), 

gorduras (6,20 a 9,74g 100g-1), carboidratos (2,02 a 3,97 g 100g-1) 
e calorias (127,71 a 161,62kcal 100g-1) aumentaram. As amostras 
cruas e cozidas contendo linhaça dourada tiveram um aumento 
benéfi co de ácidos graxos ômega-3 (n-3) (0,85 a 2,98g 100g-1), 
e uma redução da relação n-6/n-3 (<1), além de um aumento da 
relação poli-insaturados/saturados (>0,50), melhorando assim o 
perfi l nutricional.

Palavras-chave: Linum Usitatissimum Linaceae, linhaça, valor 
nutricional, carne.

INTRODUCTION

Meat and meat derivatives are some of 
the most important sources of dietary fat in Brazil. 
However, due to their saturated fat and cholesterol 
content, consumption of these products is associated 
with cardiovascular diseases, certain types of cancer, 
and obesity (FERNÁNDEZ-GINÉS et al., 2005).

Hamburgers are especially important 
for the fast food industry (ÖZKAN et al., 2004). 
Because they are widely accepted by consumers, 
functional ingredients can be added to produce lower 
calorie foods, keeping its fl avor (FERNÁNDEZ-
GINÉS et al., 2005). Thus, altering the lipid content 
of these products and modifying the omega-3 (n-3) 
polyunsaturated fatty acid (PUFA) profi le can help 
to improve their nutritional quality (ANSORENA & 
ASTIASARÁN, 2004) and reduce the risk of chronic 
diseases in the population (FERNÁNDEZ-GINÉS et 
al., 2005).
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Flaxseed is an oilseed that contains 
large amount of oil, dietary fi ber and protein. Its 
composition on average is 41% fat, 28% total dietary 
fi ber, 20% protein, 7.7% moisture, 3.5% ash and 1% 
simple sugars. The amount of fat in fl axseed can vary 
from 34-47% depending on location and growing 
environmental conditions (MORRIS & VAISEY-
GENSER, 2003; FITZPATRICK, 2006).

Flaxseed, principally seed and fl our, 
has been consumed for centuries, both because 
of its taste and for its nutritional features. Greater 
concern over health and wider knowledge about the 
functional properties of fl axseed and its derivatives 
has dramatically increased fl axseed consumption. 
Because of the n-3 fatty acids, lignans, and dietary 
fi ber in fl axseed, many specifi c benefi ts are associated 
with fl axseed consumption (WILKES, 2007).

This food has been correlated with a reduced 
risk of cardiovascular disease, hyperlipidemia, and 
cancer (ABDEL-RAHMAN et al., 2009) besides 
preventing menopausal symptoms and osteoporosis 
(KIM & ILICH, 2011), among others.

However, few studies have reported 
the development of meat products enriched with 
n-3 fatty acids (DELGADO-PANDO et al., 2012; 
MARTÍNEZ et al., 2012), and no study has reported 
the use of golden fl axseed seed or fl our in beef patties. 
Knowing that, the objective of this research was to 
develop beef patties added by golden fl axseed oil, 
or fl our or seed and evaluate their physico-chemical 
composition and fatty acid profi le, improving the 
nutritional characteristics of the products.

MATERIALS   AND  METHODS

Materials
Thirteen kilograms of chuck meat and 

thirteen kilograms of blade steak (code B 2211 and 
code A 2100, respectively, ABIEC, 2006) were 
purchased from commercial frozen meat storage 
plants in the city of Campinas, SP, Brazil. All external 
fat and the adjacent muscles were removed. 

It was evaluated standard beef patties and 
those that were mixed with 5.0% fl axseed oil, or fl our, 
or seed. These formulations were previously selected 
by sensory evaluations in a previous study.

Selected golden fl axseed (Linum 
Usitatissimum L.) and its derivatives (fl our and oil) 
from the same widely marketed commercial brand 
were obtained from specialized suppliers in the city 
of Campinas, SP, Brazil. Table 1 describes the beef 
patty formulations.

Preparation of beef patties
Meat selected at 4°C was ground in a meat 

grinder (C.A.F machines. Model 10, Rio Claro-SP, 
Brazil) equipped with a 3mm grinding disk. It was 
used approximately 11kg of meat (both cuts) for each 
of the four formulations. The following ingredients 
were added to meat in a food processor (Filizola, 
Super Cutter, model Sire, São Paulo-SP, Brazil) in the 
following order: half of  ice, seasonings (onion and 
garlic powder), sodium erythorbate, the second half 
of ice, salt, carrageenan, maltodextrin, palm oil, and 
the appropriate type of golden fl axseed additive (oil, 
fl our, or seed). After homogenization, the formulation 
was packaged in low-density polyethylene (LDPE) 

Table 1 - Beef patty formulations added with golden flaxseed oil, or flour, or seed.

-----------------------------------------------------Formulation (g 100g-1)-----------------------------------------------------
Ingredient

FC FO FF FS

Meat 75.85 70.85 70.85 70.85
Ice flakes 15.00 15.00 15.00 15.00
Palm oil 5.00 5.00 5.00 5.00
Golden flaxseed oil - 5.00 - -
Golden flaxseed flour - - 5.00 -
Golden flaxseed seed - - - 5.00
Maltodextrin 1.80 1.80 1.80 1.80
Salt 1.50 1.50 1.50 1.50
Carrageenan 0.20 0.20 0.20 0.20
Onion powder 0.30 0.30 0.30 0.30
Garlic powder 0.30 0.30 0.30 0.30
Sodium erythorbate 0.05 0.05 0.05 0.05

FC: control; FO: 5.0% golden flaxseed oil; FF: 5.0% golden flaxseed flour; FS: 5.0% golden flaxseed seed.
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plastic bags and stored in a freezer (0°C to -1°C) 
for approximately 1 hour to facilitate molding. The 
mixture was then molded into units (130-140 beef 
patties on average) of approximately 110g and 10cm 
in diameter using a manual patty maker (Picelli, HP-
112/130 model, Rio Claro-SP, Brazil) and frozen in 
a cold storage room (-18ºC). Frozen samples were 
packed in LDPE plastic bags, sealed with adhesive 
tape, and stored in cartons (containing 6 beef patties) 
that were labeled and stored in a freezer (-18ºC).

 Cooking of beef patties
Frozen beef patties were grilled at 200°C 

on an electrically heated clamshell grill (George 
Foreman Lean Mean Fat Reducing Grilling Machine 
Jumbo size, Model GR38SIL, Madison-Wisconsin, 
USA). The internal temperature of beef patty was 
controlled by a digital thermometer B 345 (Micronal, 
São Paulo-SP, Brazil) with a connected thermocouple 
until the center temperature reached 75°C (ARISSETO 
& POLLONIO, 2005). The cooking time was 8-10 
minutes on average.

Physico-chemical evaluation
Moisture content (raw and grilled beef 

patties), protein (N x 6.25) (raw beef patties), and 
ash (raw and grilled beef patties) were evaluated 
according to the methods described by the Association 
of Offi cial Analytical Chemists (AOAC, 1980). 
The lipid content (raw and grilled beef patties) was 
measured by the method of BLIGH & DYER (1959). 
Carbohydrate contents were calculated by difference 
(raw beef patties). Total energy (kcal) estimates in 
raw beef patties were calculated based on a 100g 
sample using water exact values for fat (9.03kcal g-1), 
protein (4.27kcal g-1), and carbohydrate (3.82kcal g-1) 
(MERRILL & WATT, 1973). The pH values (raw 
and grilled beef patties) were measured with a digital 
potentiometer (model MP125 pH Meter, Mettler 
Toledo, Florida, USA), equipped with a combination 
pH electrode (Sensorex, S175CD Spear Tip model, 
Garden Grove-CA, USA) calibrated in buffers at pH 
4.01 and 7.00 (Mettler Toledo, Florida, USA) at 25ºC.

Fatty acid composition
For the preparation of methyl esters, 

samples of raw and grilled beef patties (time 0) were 
initially processed by cold method lipid extraction 
(BLIGH & DYER, 1959). Each lipid sample were 
saponifi ed and esterifi ed in triplicate as described 
by HARTMANN & LAGO (1973). The fatty acid 
profi le was determined by high-resolution gas 

chromatography (AOCS, 2004). Saturated fatty 
acids (SFA), monounsaturated fatty acids (MUFA), 
and PUFA were individually evaluated. Samples 
were analyzed on a Gas Chromatograph (Agilent, 
6850 Series GC System model, Santa Clara-CA, 
USA) using a DB-23 Agilent capillary column (50% 
cyanopropyl - methylpolysiloxane) with the following 
dimensions: 60m, Ø int: 0.25mm, 0.25μm fi lm. The 
operating conditions of the chromatograph were as 
follows: column fl ow of 1.00mL min-1; linear speed 
of 24cm s-1; detector temperature at 280°C; injector 
temperature of 250°C; oven temperature initially set 
to 110°C for 5 minutes, followed by a gradient of 110-
215°C at 5°C min-1 and then 215°C for 24 minutes. 
Helium was used as the carrier gas, and a volume of 
1μL of sample aliquot was injected in the apparatus. 
Fatty acids were identifi ed by comparing the sample 
peak retention times with those of standards. The 
results were expressed as % of area and converted to 
g 100g-1 using a conversion factor (0.916) suitable for 
beef meat (HOLLAND et al., 1997). 

Statistical analysis
Statistical analysis was performed by 

analysis of variance (ANOVA) followed by Tukey’s 
post-hoc test to compare means at the 5% signifi cance 
level using Statgraphics® Plus software, version 5.1.

RESULTS   AND   DISCUSSION

Physico-chemical evaluation
The physico-chemical evaluation of the 

four types of raw and grilled beef patties, is presented 
in table 2. In raw beef patties, the addition of 5.0% 
golden fl axseed fl our (FF) or seed (FS) increased the 
ash, protein, and carbohydrate contents. However, 
the addition of 5.0% golden fl axseed oil (FO) is 
the ingredient that more increased the lipid content 
(P<0.05), followed by the fl our and seed. The control 
formulation (FC) showed the lowest lipid content 
and also increased the ash content in FF and FS 
samples. According to TRUCOM (2006), fl axseed 
and its derivatives are high in fat, which explains the 
increased lipid contents in FO, FF, and FS.

The addition of golden fl axseed fl our, oil, 
and seed decreased the moisture content in raw and 
grilled beef patties (P<0.05), due to the increased 
amount of dry matter in the formulations. Similar 
results were obtained in beef patties with fl axseed 
fl our (BILEK & TURHAN, 2009), hazelnut layer 
(TURHAN et al., 2005) and textured soy protein 
(PASSOS & KUAYE, 2002).
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During cooking, water loss occurred, 
increasing the concentration of certain components 
(ash and lipids), which is in agreement with TURHAN 
et al. (2007) and BILEK & TURHAN (2009). Adding 
5.0% golden fl axseed fl our (FF) or seed (FS) reduced 
the pH of the raw samples, while in the grilled 
beef patties only FF showed lower pH than control 
(P<0.05). This fi nding was also in agreement with 
BILEK & TURHAN (2009). 

Fatty acid composition
The profi le of fatty acids, SFA, MUFA, 

PUFA, and trans fat of raw and grilled beef patties 
with golden fl axseed and its byproducts, is shown in 
table 3 and 4, respectively. There was an increase in 
the total SFA content of raw and grilled beef patties 
in the formulation with 5.0% golden fl axseed oil 
(P<0.05), which correlates with higher SFA content 
(10.0g 100g-1) (TRUCOM, 2006) than in the raw meat 
(2g 100g-1) (TACO, 2011). In raw and grilled beef 
patties, the fatty acids that were observed in greatest 
quantities were C16:0 and C18:0, and the levels of 
these fatty acids were highest in treatment FO.

In general, FO had the highest individual 
and total MUFA increases in raw and grilled beef 
patties (P<0.05), followed by those containing 5.0% 
golden fl axseed fl our and seed (P>0.05). PUFA, 
linoleic, and α-linolenic acid were observed in 
greater quantities in raw and grilled beef patties. In 
general, the evaluation of sample FO provided larger 

individual and total increases of PUFA (P<0.05), 
followed by FF and FS (P>0.05). It was possible to 
signifi cantly increase the amount of n-3 fatty acid 
C18:3 in raw beef patties (approximately 28-fold by 
adding golden fl axseed fl our and seed and 67-fold 
with the addition of golden fl axseed oil), which was 
in agreement with BILEK & TURHAN (2009).

The DEPARTMENT OF HEALTH (1994) 
state that PUFA/SFA ratios below 0.4 are characteristic 
of an unhealthy diet and are associated with greater 
cardiovascular disease risk. The recommended ratio 
is between 1 and 1.5 (KANG et al., 2004; 2005), and 
values up to 4.8 are acceptable to assist in the treatment 
of some diseases (KANG et al., 2005). Furthermore, 
a n-6/n-3 ratio of 4:1 or less is recommended as ideal 
for consumption (BARCELÓ-COBLIJN et al., 2003). 
However, according to BILEK & TURHAN (2009), 
the effect of the n-6/n-3 ratio is more signifi cant than 
the PUFA/SFA ratio in terms of human nutrition.

In both raw and grilled samples, the 
n-6/n-3 ratio of the control sample was the least 
favorable from a nutritional point of view (P<0.05). 
Because of the greater amount of n-3 fatty acids, 
FO presented the lowest value followed by FF and 
FS. These fi ndings corroborate those reported by 
BILEK & TURHAN (2009). As for PUFA/SFA, FC 
presented the least favorable ratio from a nutritional 
perspective, and FO had the best ratio (P<0.05).

In grilled beef patties, the addition of 
golden fl axseed oil increased the content of trans 

Table 2 - Physico-chemical evaluation of raw and grilled beef patties added with golden flaxseed oil, or flour, or seed

---------------------------------------------------------Formulation---------------------------------------------------------

FC FO FF FSParameters

Mean±SD Mean±SD Mean±SD Mean±SD

Raw product
Moisture (%) 74.22±0.04a 71.02±0.18b 68.61±0.04c 68.72±0.07c
Ash (g 100g-1) 1.61±0.00b 1.64±0.03b 1.90±0.06a 2.00±0.06a
Fat (g 100g-1) 6.20±0.05c 9.74±0.08a 8.81±0.02b 8.87±0.18b
Protein (g 100g-1) 15.95±0.03b 15.62±0.12b 16.64±0.06a 16.46±0.08a
Carbohydrate (g 100g-1) 2.02±0.02b 1.98±0.06b 3.97±0.03a 3.96±0.23a
Energy value (kcal 100g-1) 127.71±0.44c 158.11±1.05b 161.62±0.05a 161.35±0.42a
pH 5.94±0.01a 5.97±0.01a 5.89±0.00b 5.89±0.01b
Grilled product
Moisture (%) 68.59±0.00a 61.28±0.09d 64.44±0.06b 64.07±0.01c
Ash (g 100g-1) 2.07±0.03b 2.11±0.06b 2.23±0.13a 2.29±0.09a
Fat (g 100g-1) 7.07±0.06c 12.77±0.08a 9.46±0.04b 9.41±0.08b
pH 6.13±0.01a 6.10±0.01ab 6.04±0.02b 6.08±0.04ab

Different letters in row indicate significant differences by Tukey’s test (P<0.05); Values are mean of three replicates; SD: standard deviation;
Carbohydrate: theoretical calculation; FC: control; FO: 5.0% golden flaxseed oil; FF: 5.0% golden flaxseed flour; FS: 5.0% golden flaxseed
seed.
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fatty acids. It is important to note that according to 
BRASIL (2003), all four formulations may be labeled 
as “zero” or “contains no” trans fat because there is 
less than 0.2g trans fatty acid per serving.

In general, cooking increased the total 
concentrations of SFA, MUFA, and PUFA. The PUFA/
SFA ratio was lower in raw beef patties compared to 
the grilled ones. However, the n-6/n-3 ratio showed 
the opposite pattern, which is consistent with the 
previous study by BILEK & TURHAN (2009).

The recommended intake of α-linolenic 
acid is 2.22g day-1, based on a diet of 2000 kcal/
day (SIMOPOULOS et al., 1999). Therefore, 100g 
of raw beef patties with 5.0% golden fl axseed oil 
provides 90.99% of the recommended daily intake 
of n-3 acid C18:3. The 5.0% golden fl axseed fl our 
or seed formulation provides 38.29%. In contrast, 
control beef patties only contain 1.35% of the daily 
recommended value. The higher levels of n-3 PUFA 
are a signifi cant contribution to a healthy diet.

Table 3 - Profile fatty acids saturated, monounsaturated, polyunsaturated, and trans fat of raw beef patties (g 100g-1 of product) added with
golden flaxseed oil, or flour, or seed.

---------------------------------------------------Formulation---------------------------------------------------
Parameters

FC FO FF FS

Raw product Mean±SD Mean±SD Mean±SD Mean±SD
SFA
Lauric (C12:0) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Myristic (C14:0) 0.10±0.00a 0.09±0.00b 0.09±0.00b 0.09±0.00b
Pentadecanoic (C15:0) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Palmitic (C16:0) 2.15±0.05b 2.32±0.07a 2.21±0.03ab 2.21±0.00ab
Margaric (C17:0) 0.04±0.00a 0.04±0.00a 0.04±0.00a 0.04±0.00a
Stearic (C18:0) 0.67±0.02b 0.83±0.03a 0.72±0.02b 0.72±0.02b
Arachidic (C20:0) 0.02±0.00b 0.03±0.00a 0.02±0.00b 0.02±0.00b
Behenic (C22:0) 0.00±0.00c 0.01±0.00a 0.01±0.00a 0.01±0.00a
Lignoceric (C24:0) 0.00±0.00b 0.01±0.00a 0.01±0.00a 0.01±0.00a
Total 3.00±0.08b 3.35±0.06a 3.12±0.10b 3.12±0.02b
Percentage total (%) 49.42 33.07 40.73 40.21
MUFA
Palmitoleic (C16:1 n-7) 0.05±0.00b 0.06±0.00a 0.05±0.00b 0.05±0.00b
Margaroleic (C17:1 n-7) 0.02±0.00a 0.02±0.00a 0.02±0.00a 0.02±0.00a
Oleic (C18:1 n-9) 2.43±0.07c 3.33±0.10a 2.83±0.12b 2.89±0.06b
Gadoleic (C20:1 n-9) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Total 2.51±0.07c 3.42±0.10a 2.91±0.09b 2.98±0.04b
Percentage total (%) 41.35 33.76 37.99 38.40
PUFA
Linoleic (C18:2 n-6) 0.52±0.00c 1.33±0.04a 0.77±0.03b 0.79±0.00b
α-Linolenic (C18:3 n-3) 0.03±0.00c 2.02±0.00a 0.85±0.02b 0.86±0.01b
Docosapentaenoic (DPA) (C22:5 n-3) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Total 0.56±0.08c 3.36±0.12a 1.63±0.10b 1.66±0.09b
Percentage total (%) 9.23 33.17 21.28 21.39
Ratios
n-6/n-3 ratio 13.00±0.07a 0.66±0.02c 0.90±0.01b 0.91±0.01b
PUFA/SFA ratio 0.19±0.09c 1.00±0.05a 0.52±0.08b 0.53±0.06b
Trans
Elaidic (C18:1 trans 9) 0.06±0.00a 0.05±0.00b 0.05±0.00b 0.05±0.00b
Linolelaidic (C18:2 trans t9, t12) 0.02±0.00a 0.02±0.00a 0.02±0.00a 0.02±0.00a
Linolenic (C18:3 trans) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Total 0.09±0.00a 0.08±0.00b 0.08±0.00b 0.08±0.00b

Different letters in row indicate significant differences by Tukey’s test (P<0.05); Values are mean of three replicates; SD: standard deviation;
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; FC: control; FO: 5.0% golden flaxseed
oil; FF: 5.0% golden flaxseed flour; FS: 5.0% golden flaxseed seed; Note: Approximately 1 g of fatty acids (of total lipids) were not
identified in the analysis.
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CONCLUSION

The use of golden fl axseed and derivates 
in beef patties is a viable technologically alternative, 
because the results showed that its production is possible 
with acceptable physico-chemical characteristics. The 
PUFA profi le was modifi ed, especially that of n-3 fatty 
acids, increasing the PUFA/SFA ratio and decreasing 
the n-6/n-3 ratio, resulting in values closer to the 
optimal recommendations. Golden fl axseed fl our and 
seed used as ingredients presented less elevated lipid 

content, but showed lower content of n-3 compared to 
the golden fl axseed oil.
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Myristic (C14:0) 0.08±0.00a 0.08±0.00a 0.08±0.00a 0.08±0.00a
Pentadecanoic (C15:0) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Palmitic (C16:0) 2.24±0.01b 2.48±0.01a 2.37±0.09ab 2.31±0.01ab
Margaric (C17:0) 0.03±0.00a 0.03±0.00a 0.03±0.00a 0.03±0.00a
Stearic (C18:0) 0.58±0.00c 0.80±0.01a 0.69±0.04b 0.70±0.00b
Arachidic (C20:0) 0.02±0.00b 0.03±0.00a 0.03±0.00a 0.03±0.00a
Behenic (C22:0) 0.00±0.00b 0.01±0.00a 0.01±0.00a 0.01±0.00a
Lignoceric (C24:0) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Total 2.98±0.00d 3.46±0.02a 3.24±0.00b 3.19±0.00c
Total percentage (%) 47.00 30.03 38.21 37.84
MUFA
Palmitoleic (C16:1 n-7) 0.05±0.00b 0.06±0.00a 0.05±0.00b 0.05±0.00b
Margaroleic (C17:1 n-7) 0.02±0.00a 0.02±0.00a 0.02±0.00a 0.02±0.00a
Oleic (C18:1 n-9) 2.60±0.00c 3.54±0.00a 3.11±0.08b 3.10±0.00b
Gadoleic (C20:1 n-9) 0.01±0.00b 0.02±0.00a 0.01±0.00b 0.01±0.00b
Total 2.68±0.00c 3.64±0.00a 3.19±0.05b 3.18±0.00b
Total percentage (%) 42.27 31.60 37.62 37.72
PUFA
Linoleic (C18:2 n-6) 0.63±0.07c 1.43±0.90a 0.95±0.01b 0.95±0.04b
α-Linolenic (C18:3 n-3) 0.04±0.00c 2.98±0.02a 1.09±0.10b 1.10±0.09b
Docosapentaenoic (DPA) (C22:5 n-3) 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a
Total 0.68±0.00c 4.42±0.03a 2.05±0.02b 2.06±0.00b
Total percentage (%) 10.73 38.37 24.17 24.44
Ratios
n-6/n-3 ratio 12.98±0.08a 0.48±0.08c 0.86±0.09b 0.85±0.07b
PUFA/SFA ratio 0.23±0.05c 1.28±0.02a 0.63±0.04b 0.65±0.06b
Trans
Elaidic (C18:1 trans 9) 0.01±0.00b 0.04±0.00a 0.01±0.00b 0.01±0.00b
Linolelaidic (C18:2 trans t9, t12) 0.02±0.00b 0.03±0.00a 0.02±0.00b 0.02±0.00b
Linolenic (C18:3 trans) 0.01±0.00b 0.02±0.00a 0.01±0.00b 0.01±0.00b
Total 0.04±0.00b 0.09±0.00a 0.04±0.00b 0.04±0.00b

Different letters in row indicate significant differences by Tukey’s test (P<0.05); Values are mean of three replicates; SD: standard deviation;
SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; FC: control; FO: 5.0% golden flaxseed
oil; FF: 5.0% golden flaxseed flour; FS: 5.0% golden flaxseed seed; Note: Approximately 1g of fatty acids (of total lipids) were not
identified in the analysis.
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