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Abstract

:

Research on diet effects on buffalo meat quality may be critical to assess its possible consumption benefits in human nutrition. This study investigated, in growing buffalo bulls, the effects of two diets differing in total fat content and fatty acid profile on the activity and gene expression of Stearoyl-CoA Desaturase (SCD) in the adipose tissue and on meat quality. Twenty buffalo bulls, 6 months old, were randomly assigned to the two dietary treatments until slaughtering (about 400 kg body weight). No significant difference between the groups was observed for chemical composition, fatty acid profile and CLAs content of Longissimus thoracis as well as for the SCD gene expression. Such results seem to be in contrast with similar studies performed on other ruminant species, but confirm that important differences occur between buffalo and bovine species, such as the lower content in fat of buffalo meat. Our results also confirm that specific studies should be performed on buffalo, also in terms of the metabolic pathways activated by different diets.
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1. Introduction


Compared to the other domesticated ruminants, the water buffalo (Bubalus bubalis) shows specific traits for digestive physiology [1,2,3] and milk quality [4,5,6]. In recent years, interest in buffalo meat has progressively increased due to its nutritional characteristics, mainly regarding the fatty acids profile, which appeared able to play a positive role in human health [7]. Particular attention has been focused on conjugated linoleic acids (CLAs) due to their anti-carcinogenic activity, their positive effects on diabetic patients and on the proper function of the immune and cardiovascular systems [8,9]. CLAs have two origins [10]: (1) through the bio-hydrogenation of some unsaturated fatty acids in the rumen, and (2) through the endogenous synthesis starting from trans-vaccenic acid (trans11 C18:1, TVA-intermediate product of linoleic and α-linolenic bio-hydrogenation) by a ∆9-desaturase, the Stearoyl CoA Desaturase (SCD). According to Griinari et al. [11], the contribution of endogenous synthesis to the total content of CLAs in milk (through TVA desaturation by ∆9-desaturase in the mammary gland) should be almost 64%, while Lock and Garnsworthy [12] and Piperova et al. [13] estimated an incidence higher than 80% and 90%, respectively. According to Kay et al. [14], endogenous synthesis should be up to 100%, and such a hypothesis was supported by the observation that the concentration of CLAs in the blood was very low [15]. Gillis et al. [16] reported that around 86% of the cis-9, trans-11 CLA in the bovine intramuscular fat comes from the TVA desaturation. Concerning other ruminants, little is known on the proportion of rumen and endogenous origin of CLAs. High CLAs levels in lamb meat were associated with high TVA levels [17], suggesting the endogenous synthesis plays a fundamental role also in small ruminants. The ∆9-desaturase, in addition to producing cis-9, trans-11 CLA, also plays a part in producing trans-7, cis-9 and cis-9, trans-13 CLA, as identified by Yurawecz et al. [18]. The Stearoyl-CoA desaturase (SCD) is a multi-enzymes complex including NADH-cytochrome-b5 reductase, cytochrome b5, acil-CoA synthase and ∆9-desaturase. The SCD gene encodes a protein of 359 amino acid residues, located in the endoplasmic reticulum, that catalyzes the ∆-9 desaturation, introducing a cis double bound, of a spectrum of fatty acyl-CoA substrates, mainly from myristic (C14) to nonadecylic (C19) acid between carbon 9 and 10. The products of this reaction are important components of phospholipids and triglycerides mainly involved in cell membrane fluidity. In ruminants’ mammary glands and adipose tissue, SCD acts on the rumen biohydrogenation of trans-11 C18:1 (TVA, transvaccenic acid), an intermediate product of polyunsaturated fatty acids (PUFA) [11], to synthesize the CLAs. Up to 80% of CLAs in the food is represented by the cis-9, trans-11 CLA (rumenic acid), which derives from linoleic acid [19]. In ruminants, the SCD gene generates a 5-kilobyte (KB) transcript that was characterized in sheep [20], cows [21], and goats [22]. It is organized in 6 exons and 5 introns. The water buffalo SCD gene spans approximately 15.5 KB (EMBL Acc. No. AM600640) and its polymorphism seems to affect its expression in the mammary gland [23] and muscles [24]. These last authors characterized the water buffalo SCD gene, showing 15 polymorphic sites, one of which, realized at the 231st nucleotide of exon 5, is responsible for an amino acid change (GCGAlaGTGVal). As observed in the cow [25], such a transition could be associated with a different content of monounsaturated fatty acids (MUFA) in buffalo milk and meat. SCD gene expression is known to be affected by several factors: animal species, tissue, diet, age [26], CLAs [27] and cholesterol content [28]. In rodents, regulation of SCD gene expression by dietary factors has been mainly investigated in liver and adipose tissue [29] and in the mammary gland [30]. In these species, SCD relies on different genes whose expression is tissue-specific as well as their down-regulation by PUFA [29]. In contrast, in sheep [20] and goats [22], there is only one SCD gene, and, according to Bernard et al. [31], in the ruminants’ mammary gland and adipose tissue, it is less sensitive to dietary PUFA intake. Indeed, Daniel et al. [32] reported a SCD gene downregulation in the adipose tissue of lambs fed forage compared with those fed a concentrate-based diet due to the higher content of linolenic acid (C18:3n-3) in the forage. Similar results were reported in our previous studies on SCD gene expression in the mammary gland of goats fed on pasture [33,34,35] or with a diet rich in linolenic acid [36,37].



Concerning the effect of a high fat diet (HFD) on SCD gene expression, conflicting results were reported in studies on rats: increase [38,39], decrease [40] or no alteration [41,42]. In buffalo species, SCD gene expression or activity were studied by several authors [5,23,24,43,44,45,46,47] in the mammary gland, while, to the best of our knowledge, no research was performed in the adipose tissue. Therefore, the aim of present trial was to study the effect of different total fat and PUFA content in the diet on the activity and expression of the SCD gene in the adipose tissue of buffalo bulls.




2. Materials and Methods


The trial, performed according to the Animal Welfare and Good Clinical Practice (Directive 2010/63/EU) and approved by the local Bioethics Committee (protocol number: PG/2021/0044033), was carried out at a buffalo farm located on an irrigated area (41°26′27″ N, 13°50′00″ E, 40 m a.s.l.) of Cassino, province of Frosinone (South-Italy), with 961 mm and 14.9 °C average annual rainfall and temperature, respectively. Twenty 6-month-old male buffalo calves, placed in individual pens with free access to clean water, were divided into two homogeneous groups (low fat, LF and high fat, HF) and fed diets (100 g DM/kg of metabolic weight) constituted by corn silage (32% DM), oat hay (18% DM) and two different concentrates (50% DM): LF (corn 10%, barley 14%, wheat bran 28%, fava bean 31% CP tannin-free variety 48%) and HF (corn 18%, barley 16%, wheat bran 18%, soybean 33% CP 48%). Refusals weremeasured daily. Monthly, feeds and diets’ chemical compositions were analyzed according to AOAC methods [48] for dry matter (DM, ID 934.01), crude protein (CP, ID 984.13), and ether extract (EE, ID 920.29) while the structural carbohydrates were determined as suggested by Van Soest et al. [49] and nutritive values were calculated [50]. The diets were also analyzed for their fatty acid profile through the total fat extraction according to Folch et al. [51] and fatty acid methylation as suggested by Christie [52]. Fatty acid methyl esters were analyzed by a gas-chromatograph Focus (Thermo Scientific Co. Waltham, MA, USA, 02451) equipped with a SP®-2380 fused silica capillary column (100 mL × 0.25 mm internal diameter with 0.2 μm film thickness (Uspelco, Inc, Bellefonte, PA, USA)) using the AS 3000 II autosampler. The gas-chromatograph conditions were: oven temperature at 160 °C and held for 1 min, successively increased up to 230 °C at a rate of 1 °C/min and held for 3 min; the temperature of injector and detector set at 220 °C and 250 °C, respectively; helium as the carrier gas with a flow of 1.5 mL/min. Fatty acids were identified by comparing retention times of peaks with those of the fatty acids standard mixture (Larodan Fine Chemical AB, Malmo, Sweden). The animals were slaughtered when they reached 400 kg live weight (480.4 ± 35.4 days of age) in an authorized slaughterhouse according to EU legislation (EU Regulation 882/2004). After 14 days of ageing at 4 ± 1 °C, a sample cut corresponding to the Longissimus thoracis (LT) was collected for moisture, crude fat, ash and protein analysis by a food analyzer (FoodScan Lab, FOSS Electric, Denmark) and to study the intra-muscular fatty acid profile. To this purpose, total lipids were extracted in duplicate, from 5 g ground meat sample, according to Folch [51]. Fatty acids were methylated as described by Christies [52] with NAOH/MeOH followed by HCl/MeOH and analyzed with gas chromatography apparatus (Thermoquest 8000 tops series, with a system of computerized integration ″Millennium 32”), equipped with a CP-SIL 88 fused silica capillary column 100 m × 0.25 mm (internal diameter) with 0.2-mL film thickness (Varian, Walnut Creek, CA, USA). Gas chromatograph conditions were set as follows: initial oven temperature maintained at 70 °C for 4 min, then ramped up by 13 °C/min to 175 °C and maintained for 27 min, then ramped to 215 °C by 3 °C/min and maintained for 38 min, before reverting to 70 °C at a rate of 10 °C/min. Inlet and detector temperatures were 250 and 260 °C, respectively. The split ratio was 100:1. The helium carrier gas flow rate was 1 mL/min, hydrogen flow to the detector was 30 mL/min, airflow was 350 mL/min and the flow of helium carrier gas was 45 mL/min. Fatty acid peaks were identified using pure methyl ester external standards (Larodan Fine Chemicals, AB, Malmo, Sweden). Additional standards for CLA isomers were obtained from Larodan.



2.1. Sampling and Extraction of Total RNA from Subcutaneous Adipose Tissue


Immediately after slaughtering, samples of subcutaneous adipose tissue were taken from the right side of each carcass (between the 12th and 13th ribs) under RNase-free conditions, snap-frozen in liquid nitrogen and stored at −80 °C until further analysis.



The total RNA in the adipose tissue was used for SCD gene expression analysis. Two hundred mg of tissue were placed into 2 mL microcentrifuge tubes on ice containing one stainless steel bead (5 mm mean diameter) and 600 µL Buffer RLT (lysis buffer, Qiagen). Each tube was placed in the TissueLyser Adapter Set 2 × 24 and the tissues were homogenized two times with the TissueLyser instrument (Qiagen, Hilden, Germany) for 2 min at 20 Hz and centrifuged for 3 min at 10,000 rpm. The expression levels of SCD gene were studied by extraction of total RNA from subcutaneous adipose tissue using the RNeasy Mini Kit (Qiagen, Hilden, Germany) following the manufacturer’s instructions. RNA was dissolved in 50 μL of RNase-free water and stored at −80 °C.




2.2. Single-Strand cDNA Synthesis


Total RNA concentration and purity were evaluated through absorbance readings (ratio of A260/A230 and A260/A280) by using a bio-photometer (Eppendorf, Hamburg, Germany). RNA quality was determined using an Agilent 2100 Bioanalyzer instrument (Agilent Technologies, Santa Clara, CA, USA), based on microcapillary electrophoresis. With this technology, electropherograms and gel-like images can be visually evaluated, and expert software can generate an RNA Integrity Number (RIN), a user-independent assessment of RNA integrity.



Total RNA (1 µg) was incubated in gDNA Wipeout buffer (Qiagen) at 42 °C for 2 min to effectively remove contaminating genomic DNA. Then, first-strand cDNA was reverse transcribed using a Quantiscript Reverse transcriptase (Qiagen) according to the manufac-turer’s instructions. The obtained single strand cDNA was diluted in diethylpyrocarbonate-treated water (1:50) and stored at −20 °C.




2.3. Quantitative Real-Time PCR Analysis


Quantitative real-time PCR was performed using five-fold diluted cDNA products with SYBR® Green PCR Master Mix (Applied Biosystem). Analysis was carried out with an ABI Prism 7300 System (Applied Biosystem, Foster City, CA, USA), with software for data management (PE Biosystems 7300 software) for 40 cycles at 95 °C for 20 s and amplification at 60 °C for 1 min. Each sample was run in triplicate with a non-template control included. A melting curve was produced after completion of the thermal PCR program to check for the presence of one gene-specific peak and the absence of primer–dimers. Specific gene primers were: SCD as described by Gu et al. (2019), or β-actin, 18 rRNA [24] and glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) [47], as housekeeping genes. Primer pairs were verified by determining the amplification efficiency with five serial dilutions (1:4) of the cDNA template. All threshold cycle (Ct) values of the samples fell on the linear range of the curves. The amplification efficiency of housekeeping genes was 100% and 95.8% for SCD gene. The relative gene expression levels were calculated by normalizing the threshold cycle numbers (Ct) of the SCD mRNA using the mean Ct of housekeeping genes. Results were expressed as arbitrary units (AU) (Table 1).




2.4. Statistical Analysis


Data were processed by one-way ANOVA according to this model:


Yij = µ + Di + Ɛij








where Yij = mean of response variable, µ = population mean, Di = effect of diet (i = 1, 2) and ε = experimental error.



The differences between the mean values were analyzed by using Tukey’s test. Differences were considered statistically significant at p < 0.05 and p < 0.01. All the analyses were performed by JMP software v.11 [53].





3. Results and Discussion


In Table 2, the chemical composition and the nutritive value of feeds and diets are reported. The diets were isoproteic, while the fat content was significantly higher (p < 0.01) in the HF diet than in the LF one (g/kg DM 71.1 vs. 23.1), due to the higher level of lipids in HF concentrate (g/kg DM 120.7) compared to LF concentrate (g/kg DM 23.1). The structural carbohydrates and the lignin were also significantly higher in HF diet (g/kg DM 275.4 vs. 197.5; p < 0.01); thus, the diets’ nutritive value was similar (0.90 vs. 0.91 VFU/kg DM, for LF and HF, respectively).



No dietary refusals were detected. Dietary PUFA (C18:2 cis 9 cis 12 + C18:3 cis 9 cis 12 cis15) intake was 3.35 time higher with HF than LF diet (Table 3), even if the intake of linolenic acid (C18:2 cis 9 cis 12) was the main contributor to this result; according to Calabrò et al. [54], these results are due to the different fatty acids profile of the main ingredient of concentrate of the two diets, fava bean in LF vs. soybean in HF. Indeed, fava has been shown to have a higher C18:3 and lower C18:2 content than soybean.



The dietary treatment did not affect the chemical composition of Longissimus thoracis (Table 4) or its fatty acid profile (Table 5).



In particular, myristic and palmitic acid, known to be significantly associated with the risk of cardiovascular disease [55], showed similar levels in the Longissimus thoracis of the two buffalo groups. In contrast, Scerra et al. [56] found higher levels of palmitic acid in meat from lambs fed concentrate containing soybean vs. fava bean. In the present study, the content of stearic acid in LT did not differ between the two buffalo groups, while Cutrignelli et al. [57], comparing the fatty acid profile of meat from bulls of Marchigiana breed fed concentrate with fava bean vs. soybean, found a significantly (p < 0.01) higher concentration of stearic acid in the first group. Oleic acid was the most represented fatty acid in the LT from both groups. It is well known that this fatty acid originates from the desaturation, through SCD activity, of the stearic acid coming from the biohydrogenation of linoleic and linolenic acids in the rumen [58]. A strong effect of ruminant dietary regimen on oleic acid levels in meat was reported, both in beef [59,60] and in sheep tissues [61], as partially depending on an increased activity of SCD. In the present trial, even if the intake of linoleic acid was higher in the HF diet, the levels of oleic acid in LT were similar between the two groups. Likewise, LT linoleic, linolenic and CLAs content were not different between groups.



SCD activity could be measured by the ratio of product/substrate of some fatty acids. In milk, Lock and Garnsworthy [62] stated that the C14:1 cis 9/C14:0 ratio is the best marker of SCD activity; in fact, C14:0 is entirely de novo synthesized in the mammary gland; thus, C14:1 completely comes from C14:0 desaturation. Consequently, higher values of C14:1 cis 9/C14:0 ratio would indicate an increase of SCD activity. In our trial, this index was unaffected by the treatment: its value was only slightly higher in the LT of group HF (Table 4) without significant differences. In addition, the C16:1/C16:0 and C18:1 cis 9/C18:0 ratios were calculated [63] and for both no difference was detected between groups.



Overall, both chemical and fatty acid composition of the Longissimus thoracis muscle were unaffected by the two diets, and such results seem to be in contrast with similar studies performed on other ruminant species. On the other hand, several authors reported important differences between buffalo and bovine species, one of them being the different fat content of buffalo meat. Our results confirm and underline that specific studies should be performed on buffalo, also in terms of the metabolic pathways activated by diet differences. Importantly, the very low fat percentage represents one of the reasons that justifies the growing interest in buffalo meat, mainly for consumers who need dietetical foods [7]; thus, research on this topic is critical to assess the possible benefits of buffalo meat consumption in human nutrition.



RNA quality and yield extracted from 200 mg of subcutaneous adipose tissue with the modified RNeasy Mini Kit (QIAGEN) were acceptable for the Real Time PCR. All total RNA samples exhibited 260/280 ratios of >1.8 and RNA yield averaged 30.5 µg/g in adipose tissue (varied from 18.5–40.7 µg/g) for HF and LF groups. The mean RIN obtained for all extracted samples from both groups was of 7.1 ± 0.9. This value is higher than 6, the threshold for high- and low-quality RNA defined by Schroeder et al. [63]. SCD gene expression was not affected (4.85 ± 1.37 vs. 5.81 ± 2.15 AU) by the dietary treatment, similarly to what happened to the intramuscular fat percentage and the fatty acid profile. This result agrees with those authors who described SCD expression level as an indicator of intramuscular fat development [64,65] and quality in ruminants and non-ruminants. Therefore, SCD should be a key regulator of muscle metabolism by facilitating lipid biosynthesis and by suppressing fatty acid degradation. In contrast, some authors reported opposite results. Hiller et al. [66] and Hiller et al. [67] described differences in SCD gene expression in bovines fed different diets. In particular, in the first trial, these authors did not find significant differences in intramuscular fat content while, in the second one, lower SCD gene expression was correlated with lower C14:1 and C16:1 content in the muscle. Similarly, Urrutia et al. [68] found a lower SCD gene expression and a lower C18:1 content in the meat from lambs fed with a diet higher in linolenic acid. In addition, Waters et al. [69] and Ebrahimi et al. [70] reported a negative relationship between SCD gene expression and diet n-3 PUFA in meat from cattle and lambs, respectively.




4. Conclusions


Despite the differences between the two diets, mainly in linoleic and linolenic acid, both meat fatty acids profile and gene expression were unchanged. In general, an absolute functional genomic correlation between the expression of genes and gene products was not obtained; thus, further investigations are needed to address developmental stage dependencies, transcriptional, post-transcriptional, translational and post-translational control mechanisms as well as overlapping or conflicting effects of simultaneously proceeding, tissue-specific processes of substrate uptake, lipogenesis, lipolysis and lipid release.
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Table 1. Pairs of primers used for Real Time PCR.






Table 1. Pairs of primers used for Real Time PCR.





	

	
Sequence (5′->3′)

	
Tm (°C)

	
Product Length (bp)

	
References






	
GAPDH-F

	
TGGAAAGGCCATCACCATCT

	
60

	
119

	
Li et al. 2020




	
GAPDH-R

	
CCCACTTGATGTTGGCAG

	

	

	




	
Actin-F

	
TCCTCCCTGGAGAAGAGCTA

	
60

	
101

	
Gu et al. 2019




	
Actin-R

	
AGGAAGGAAGGCTGGAAGAG




	
18S rRNA-F

	
CGTTCTTAGTTGGTGG

	
60

	
76

	
Gu et al. 2019




	
18S rRNA-F

	
GTAACTAGTTAGCATGC




	
SCD F

	
CAGCGGAAGGTCCCGA

	
60

	
157

	
Gu et al. 2019




	
SCD R

	
CAAGTGGGCCGGCATC
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Table 2. Feeds and diets chemical composition (g/kg DM) and nutritive value (VFU/kg DM).






Table 2. Feeds and diets chemical composition (g/kg DM) and nutritive value (VFU/kg DM).















	
	CS
	OH
	LFC
	HFC
	LF Diet
	HF Diet
	SEM





	CP
	77.2
	90.1
	220.0
	220.0
	140.6
	140.9
	4.34



	EE
	21.0
	22.2
	24.7
	120.7
	23.1 B
	71.1 A
	1.92



	NDF
	482.2
	560.0
	216.1
	233.2
	363.0
	381.6
	8.46



	ADF
	272.1
	370.0
	87.6
	103.4
	197.5 B
	275.4 A
	12.67



	ADL
	31.3
	38.1
	12.2
	21.4
	24.2
	27.3
	1.03



	VFU/kg DM
	0.77
	0.63
	1.08
	1.10
	0.90
	0.91
	0.01







CS: corn silage; OH: oat hay; VFU: veal forage unit. LFC (low fat concentrate; % DM): corn 10, barley 14, wheat bran 28, faba bean (31% CP tannin-free variety) 48. HFC (high fat concentrate; % DM): corn 18, barley 16, wheat bran 18, soybean (33% CP) 48. A-B: p < 0.01.
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Table 3. Dietary main fatty acid intake (g/kg DM).
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	LF Diet
	HF Diet





	C14:0
	0.02
	0.14



	C16:0
	2.29
	7.54



	C16:1
	0.02
	0.06



	C18:0
	0.62
	1.49



	C18:1 cis 9
	2.84
	11.6



	C18:1 cis 11
	0.18
	1.07



	C18:2 cis 9 cis 12
	7.97
	28.40



	C18:3 cis 9 cis12 cis15
	1.59
	3.70



	C20:0
	0.09
	0.14



	C22:0
	0.09
	0.21
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Table 4. Longissimus thoracis chemical composition.
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	LF
	HF





	Moisture %
	75.3
	75.4



	Fat %
	1.8
	1.9



	Protein %
	21.4
	21.2



	Ash %
	0.71
	0.70
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Table 5. Fatty acids composition of Longissimus thoracis muscle (g/100 g FA).






Table 5. Fatty acids composition of Longissimus thoracis muscle (g/100 g FA).












	Acids
	
	LF
	HF
	SEM





	Myristic
	C14:0
	1.25 ± 0.2
	1.18 ± 0.1
	0.336



	Myristoleic
	C14:1 cis-9
	0.47 ± 0.07
	0.47 ± 0.02
	0.039



	Pentadecylic
	C15:0 iso
	0.17 ± 0.02
	0.16 ± 0.02
	0.010



	Methyltetradecanoic
	C15:0 ante iso
	0.21 ± 0.1
	0.24 ± 0.09
	0.009



	Palmitic
	C16:0
	20.9 ± 0.7
	21.0 ± 0.9
	0.478



	Palmitoleic
	C16:1
	1.13 ± 0.17
	1.17 ± 0.04
	0.162



	Margaric
	C17:0
	1.20 ± 0.3
	1.24 ± 0.3
	0.089



	Eptadecenoic
	C17:1 cis-10
	0.39 ± 0.07
	0.41± 0.08
	0.220



	Stearic
	C18:0
	25.1 ± 2.1
	24.6 ± 1.9
	0.370



	Octadecenoic
	C18:1 trans-10
	0.58 ± 0.05
	0.62 ± 0.07
	0.067



	trans-Vaccenic
	C18:1 trans-11
	1.32 ± 0.35
	1.30 ± 0.05
	0.067



	Oleic
	C18:1 cis-9
	30.55 ± 1.5
	30.86 ± 0.6
	0.643



	
	C18:1 cis-11
	1.20 ± 0.09
	1.20 ± 0.06
	0.660



	Linoleic
	C18:2 ɷ-6
	7.89 ± 0.9
	7.92 ± 0.4
	0.182



	alpha-Linolenic
	C18:3 ɷ-3
	0.59 ± 0.02
	0.56 ± 0.02
	0.093



	gamma-Linolenic
	C18:3 ɷ-6
	0.09 ± 0.01
	0.09 ± 0.01
	0.002



	Rumenic
	cis 9-trans 11 CLA
	0.04 ± 0.003
	0.05 ± 0.004
	0.005



	Octa-deca Dienoic
	trans10-trans12 CLA
	0.16 ± 0.01
	0.17 ± 0.03
	0.060



	Arachidic
	C20:0
	0.21 ± 0.05
	0.24 ± 0.06
	0.093



	Gondoic
	C20:1 cis-11
	0.90 ± 0.09
	0.98 ± 0.05
	0.025



	Eicosadienoic
	C20:2 cis11,14
	0.16 ± 0.06
	0.20 ± 0.06
	0.056



	Dihomo-gamma-linolenic
	C20:3 ɷ-6
	0.52 ± 0.08
	0.40 ± 0.05
	0.096



	Eicosapentaenoic
	C20:3 ɷ-3
	0.28 ± 0.05
	0.21 ± 0.06
	0.023



	Arachidonic
	C20:4 ɷ-3
	1.78 ± 0.1
	1.62 ± 0.1
	0.018



	Eicosapentanoic
	C20:5 ɷ-3
	0.21 ± 0.01
	0.22 ± 0.03
	0.067



	Behenic
	C22:0
	0.18 ± 0.01
	0.18 ± 0.02
	0.051



	Adrenic
	C22:4 ɷ-6
	0.28 ± 0.03
	0.29 ± 0.02
	0.078



	Docosapentanoic
	C22:5 ɷ-3
	0.41 ± 0.02
	0.40 ± 0.03
	0.049



	Docosahexaenoic
	C22:6 ɷ-3
	0.20 ± 0.03
	0.20 ± 0.03
	0.034



	Tricosylic
	C23:0
	0.15 ± 0.01
	0.22 ± 0.02
	0.012



	Lignoceric
	C24:0
	0.18 ± 0.02
	0.18 ± 0.03
	0.027



	Nervonic
	C24:1 cis15
	0.40 ± 0.02
	0.40 ± 0.03
	0.080



	
	SFA
	50.6 ± 0.47
	49.9 ± 0.57
	6.231



	
	MUFA
	36.3 ± 1.3
	36.5 ± 0.67
	3.902



	
	PUFA
	12.8 ± 1.2
	13.4 ± 0.48
	1.924



	
	PUFA ɷ 6
	8.78 ± 0.8
	8.07 ± 0.4
	1.401



	
	PUFA ɷ 3
	3.47 ± 0.2
	3.21 ± 0.3
	0.530



	
	ɷ 6/ɷ 3
	2.53 ± 0.3
	2.51 ± 0.3
	0.630



	
	CLA
	0.231 ± 0.01
	0.212 ± 0.01
	0.072



	
	C14:1 cis-9/C14:0
	0.376 ± 0.1
	0.398 ± 0.09
	0.106



	
	C16:1/C16:0
	0.054 ± 0.02
	0.055± 0.01
	0.0042



	
	C18:1 cis-9/C18:0
	1.22 ± 0.3
	1.25 ± 0.2
	0.652







SEM: standard error of the mean.
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