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The objective of this study was to characterize and compare the tissue-associated differences in the fatty acid profiles of
intramuscular and subcutaneous fat from pasture fed nondescript deshi breed bulls of Bangladesh. The average chemical
composition of the longissimusmuscle was as follows: moisture 74.65±0.48%, protein 21.55±0.83%, intramuscular fat 2.78±0.28%,
and ash 1.02 ± 0.03%. There was significant evidence that the lipids of longissimus muscle from the nondescript deshi bulls had a
lower content of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and conjugated linoleic acid (CLA) and a higher
content of polyunsaturated fatty acids (PUFA) compared to subcutaneous fat. Intramuscular fat also showed the highest PUFA/SFA
and∑ n-6/∑ n-3 fatty acids ratios and total n-3 and n-6 PUFAs compared to subcutaneous tissue depots. Overall findings suggest
that the meat from pasture fed nondescript deshi breed can be considered as lean meat and healthy for human consumption.

1. Introduction

Currently, in developing countries like Bangladesh the con-
cern about the fat and fatty acid (FA) composition of beef is
increasing because some FA can adversely affect the human
health and lead to the development of modern chronic
diseases. The demand for beef is really high in Bangladesh
because of its rich flavors and tastiness, and beef is widely
consumed after poultry meat [1]. Beef is mainly consumed by
middle to upper class family, while the level of beef consump-
tion is relatively low in poor families.

Beef fats are normally considered as disease promoting
food as it is believed to contain high amounts of nutritionally
undesirable saturated fatty acids (SFA) and high cholesterol
levels [2]. However, numerous studies concluded that only
few SFAs have negative effects on human health by raising the
total and low-density lipoprotein (LDL) cholesterol and can
lead to cardiovascular diseases (CVD) [3]. On the other hand,
beef fats also contain several bioactive substances that provide
potential health benefits (such as conjugated linoleic acid,

CLA, essential omega-3 polyunsaturated fatty acids, coen-
zyme Q10, glutathione, and lipoic acid) [4].

Consumers tend to favormeatwhich has low intramuscu-
lar fat (IMF) compared to other ones with higher fat of even
superior palatability [5]. The quality of fat is dependent on
the levels and percentages of FAs. Considering this scenario,
numerous studies were carried out in many countries to
producemeat of low fat and high PUFA content especially n-3
PUFA [6, 7]. However, FA composition of beef is influenced
by several factors, such as diet, sex, breed, age, weight, and
level of fatness [8]. The FA composition of subcutaneous
tissue is also influenced by the nutritional regime, the degree
of the fattening, and the type of subcutaneous tissue [3, 9, 10].
The FA profiles can even vary between subcutaneous fat and
muscle fat of similar anatomical position [11].

Meat from animals grazed on pasture has desirable
nutritional properties and is greatly valued by consumers
because of the higher levels of polyunsaturated fatty acids
(PUFAs) and lower ratio of n-6 to n-3 PUFAs it has [12–14].
In human, the lower ratio of n-6 to n-3 PUFAs is desirable
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for lowering the risk of many chronic diseases such as CVD,
cancer, inflammatory, and autoimmune diseases [15].

In Bangladesh, no previous study has been conducted on
the FA composition of meat influenced by feeding strategies.
Several countries in the world have their own database for
fat and FA content in beef but information about fat and FA
content of the beef in Bangladesh is relatively scarce. There-
fore, the aim of this study was to analyze the chemical com-
position and FA proportions of beef finished on pasture.

2. Materials and Methods

2.1. Sample Collection, Experimental Design, and Diet. The
experimentwas conducted at the Savar, Dhaka, for a period of
90 days from 19March to 18 June, 2016. A total number of ten
(𝑛 = 10) nondescript deshi breed bulls were used in the study
and they were purchased from the local farmers involved in
the cow trade. They had an average age of 20 months and
average weight of 356 kg at beginning of the experimental
period. These bulls were raised on the grazing land of
Savar, Dhaka, Bangladesh. Its geographic location is 23.85∘N
90.26∘E.The climate of this region is classified as tropical and
the precipitation is 1990mm. The average daily maximum
and minimum temperature for this region are 33∘C and 22∘C
in March and 34∘C and 25.8∘C in June.

The dominant natural vegetation in the grazing land of
this area was durba (Cynodon dactylon), Dal (Hymenachne
pseudointerrupta), dumur (Ficus spp.), and many other
unidentified plants.

2.2. Slaughtering and Sampling. The animals were slaugh-
tered according to traditional slaughter (neck cutting without
stunning) method in June 2016 at local slaughter house,
Savar, Dhaka, Bangladesh. Immediately after slaughter, the
longissimus dorsi was removed from the left side of the car-
casses and samples for fatty acid composition in the muscle
and subcutaneous tissue (between the 12th and 13th ribs)
were collected, vacuum-packed, and stored at −20∘C until
analysis.

2.3. Analysis of Chemical Composition. Analysis of the chem-
ical composition of the samples was carried out according
to the AOAC method of analysis [16]. The moisture content
was determined by drying meat samples at 105∘C to the
constant weight.The nitrogen content was determined by the
standardKjeldahl procedure and expressed as protein content
(nitrogen content multiplied by 6.25). Ash content in the beef
sample was estimated by heating the dried sample in aMuffle
furnace at 600∘C for 3 h. Ash content was calculated from
weight difference. The IMF content was determined using
chloroform-methanol extraction method [17].

2.4. Analysis of Fatty Acids Profile. The quantification of fatty
acids in the meat samples was done according to the method
described as follows.

2.4.1. Lipid Extraction andMethylation. Total lipid frommus-
cle and subcutaneous tissue sampleswere extracted according

to the method of Folch et al. [17] using chloroform andmeth-
anol in a ratio of 2 : 1. Briefly, 10 g of sample was mixed with
200mLof chloroform :methanol (2 : 1, v/v).Then themixture
was vortexed, centrifuged, and filtered. After that the 0.9%
NaCl solution was added to the solvent and centrifuged again
to form the layers.The upper layer of the solvent was removed
by siphoning and the lower layer (chloroform containing total
lipids) was collected. From the collected layer, the chloroform
was removed under vacuum at 40∘C and extracted fat was
collected and content was determined gravimetrically.

The FAs obtained after extraction were converted to the
corresponding fatty acid methyl esters (FAMEs) according
to the method described by Sukhija and Palmquist [18] with
some modification. About 10mg of extracted fat sample
(muscle and subcutaneous) was weighed by digital scale
(KERN, Germany) and then was placed into screw cap test
tube. Three replicates of each sample were taken. OnemL n-
heptane including internal standard (C12:1) was added to the
samples and mixed. Then 0.2mL of sodium methylate (25%)
was added and the tube was put in a 50∘C water bath for 10
minutes. After that, sample was cooled for about 5 minutes.
Then 1.5mL of freshly made methanolic HCl 10% (prepared
by adding 20mL of acetyl chloride to 100mL of anhydrous
methanol) was added and vortexed. The tube was put in a
90∘C steam bath for 30 minutes and then the tube sample
was cooled. Finally, threemL of 10% K

2
CO
3
solution was

added andmixed for oneminute.The sample was centrifuged
(Centrifuge 5415 R; Rotofix 32A, Germany) in 5 minutes at
5000 rpm. n-Heptane phase (upper phase) was transferred
to the GC vial containing insert and analyzed (1.5mL) using
Pasteur pipettes.

2.4.2. Determination of Fatty Acid Profile. FAMEs were ana-
lyzed by gas chromatography equipped with flame ioniza-
tion detection (GC-FID; HP 6890 chromatograph, Hewlett-
Packard, Avondale, PA, USA) using capillary column (SP�-
2560, Sigma-Aldrich) (100m × 0.25mm i.d., 0.2𝜇m df).
Briefly, the oven temperature was initially 100∘C (held for 5
minute), then increased at 3∘Cmin−1 to 140∘C (held for 20
minute), then increased at 8∘Cmin−1 to 230∘C (held for 10
minute), and finally increased at 6∘Cmin−1 to 240∘C (held for
8 minute). Hydrogen was used as the carrier gas at a flow rate
of 1.0mL⋅min−1. The inlet and detector temperatures were
maintained at 250∘C and 300∘C, respectively, and 1 𝜇L was
injected by the GC-FID from the vial. Identification of
commonFAwas accomplished by comparison of sample peak
retention times with those of known FAME standard mix-
tures (SupelcoTM 37 component FAMEMix, Supelco-18919-
1AMP, USA). Quantification of total FAME was done using
5-dodecenoic acid (12:1) as internal standard (NU-CHEK
PREP, USA). Calibration curves were constructed from the
analysis of the working standards in triplicate using the same
GC conditions as those used for quantitative purposes. The
concentration of FAMEs in the samples was determined
using the area ratio and calibration plots. The result of the
evaluation was the percentage (%) of total fatty acids (TFA).

2.5. Statistical Analysis. Results were analyzed by analysis
of variance using the MIXED procedure of SAS (SAS Inst.
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Table 1: Characteristics of the slaughtered bulls.

Traits Mean SD
Initial weight (Kg) 356 8.71
Slaughter age (month) 23 0.22
Slaughter weight (Kg) 535 5.13
Hot carcass weight (Kg) 260 3.39
pH 5.39 0.11

Table 2: Chemical composition of the LD muscle sample.

Nutrients Mean SD
Moisture 74.65 0.48
Protein 21.55 0.83
Ash 1.02 0.03

Inc., Cary, NC, ver. 8.2). The difference between muscle and
subcutaneous tissues FA composition based on pasture diet
was assessed using a one-way ANOVA in a completely ran-
domized design with repeatedmeasures.Themodel included
different tissues and the interaction between tissues as fixed
effects and the random effect of animals and replication
within treatment.The results were expressed as Least Squares
Mean (LSM) and the standard error of the mean (SEM).
The effects were declared to be significant at level 𝑝 <
0.05. Descriptive statistics were used for animal traits and
muscle chemical composition variables and the values were
expressed as mean and standard deviation (SD).

3. Results

3.1. Carcass Characteristics. Thecharacteristics of the animals
used in the study are presented in Table 1.

3.2. Chemical Composition of LongissimusMuscle. Thechem-
ical composition (moisture, protein, and ash) of the muscle
sample is summarized in Table 2.

3.3. Fatty Acid Composition of Subcutaneous Fat and Intra-
muscular Fat from Longissimus Muscle. Data referring to the
total fat and fatty acid profile of LDmuscle and subcutaneous
fats (as % of total fatty acids) in nondescript deshi breed bulls
are presented in Table 3. Highly significant differences exist
between the LD muscle and subcutaneous tissues in terms
of fat content (IMF, 2.78%; subcutaneous tissue, 69.83%; 𝑝 <
0.0001). Subcutaneous adipose tissue had higher percentages
of SFA (47.97 versus 40.64). Of the SFA, palmitic acid (C16:0)
and stearic acid (C18:0) were found to be the dominant
ones in both tissue samples. Lauric acid (C12:0), myristic
acid (C14:0), and palmitic acid (C16:0) were found to be the
dominant one in the subcutaneous tissue compared to the
intramuscular fat (𝑝 < 0.05); however, no difference was seen
between the two types of fat in stearic acid (C18:0) content.
There was also no difference in terms of C18:1cis-9 (oleic acid;
themajorMUFA) content and interestingly the proportion of
totalMUFA in the subcutaneous tissue lipids was higher than
the IMF (𝑝 < 0.001). C18:1cis-9 (oleic acid) was the major

MUFA in both studied tissues, comprising 35.83%and 35.95%
in IMF and subcutaneous fat, respectively.

IMF had higher percentages of PUFA than subcutaneous
adipose tissue (13.90 versus 2.65) due to the higher percentage
of the individual n-3 (C18:3n-3; C20:3n-3; C20:5n-3; and
C22:6n-3) and n-6 (C18:2trans-9, trans-12; C18:2n-6; C18:3n-
6; C20:2n-6; C20:3n-6; C20:4n-6; and C22:2n-6) fatty acids
(𝑝 < 0.05) (Table 3). The level of essential fatty acids (LA,
C18:2n-6; ALA, C18:3n-3) is higher in IMF than the subcu-
taneous fat. The same statement is also true for arachidonic
acid (C20:4n-6), EPA (C20:5n-3), DPA (22:5n-3), and DHA
(C22:6n-3).

CLA proportion was higher in the subcutaneous fat than
the muscle fat (0.85% versus 0.35%). Percentages of sum n-
3 and n-6 PUFAs were significantly higher in the muscle fat
compared to subcutaneous fat. IMF also showed higher value
of Σn-6/Σn-3 PUFA ratio than the subcutaneous fat (2.10
versus 1.63). In subcutaneous fat there was high percentage
of the VA (C18:1trans-11), (2.87%) compared to IMF (1.54%).

4. Discussion

Considering that the present study was first attempt at
estimating the chemical and FA composition of Bangladeshi
beef finished on pasture, no data was available for national
level comparison. In many countries the IMF content <5% is
considered as being “low in fat” meat [3]. Therefore, accord-
ing to our findings (Table 3) longissimus dorsimuscle of non-
descript deshi breed bulls of Bangladesh could be classified
as lean meat. In concomitant with this, muscle tissue after
removal of any visible fat (<5% fat) would normally satisfy for
incorporation into a healthy diet. The chemical composition
and IMF of Bangladeshi pastured beef (Tables 2 and 3) are
close to most of the European, Australian, and American
pastured beef [8, 19–21].

Many studies have reported that replacing saturated fat
and transfatty acids with unsaturated fat, especially n-3 fatty
acids, is more effective in lowering the risk of coronary heart
disease than simply reducing total fat consumption [22].
Feeding strategies that lead to a decrease in saturated fat and
enhancing the n-3 PUFAs of intramuscular fat would produce
the beef of more positive nutritional value. Several studies
have reported that dietary fat content of the animals is the
major factor primarily causing the changes of FA composition
in the meat and adipose fat [19]. Beef cattles raised on grass
or pasture feeding are considered to have lean meat together
with FA composition suitable for human nutrition [19].

In our study, the predominant fatty acids in both the IMF
and subcutaneous fat were C16:0 and C18:0 as SFA, C18:1cis-
9 as MUFA, and C18:2n-6 as PUFA which is an agreement
with the results found by Poulson et al. [23] who studied
the FA profile of steers raised on grass feeding. Nevertheless,
the comparison of results is difficult because FA profiles are
affected by breed, sex, level of fatness, and slaughter age
besides the feeding method [8].

In this study, we observed a significant depot effect on
the FA composition. IMF displayed significantly lower per-
centages of C12:0, C14:0, C15:0, C16:0, SFA, and MUFA and
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Table 3: Total fat (%) and fatty acid (% of total fatty acids) composition of subcutaneous and LDmuscle from nondescript deshi bulls fed on
pasture.

Total fat and fatty acids
Tissue type

SEM 𝑝 valueMuscle
(𝑛 = 10)

Subcutaneous
(𝑛 = 10)

Total fat 2.78 69.83 0.28 <0.001
Fatty acids

C8:0 0.19 0.0001 0.06 0.037
C10:0 0.03 0.06 0.01 0.273
C12:0 0.05 0.11 0.01 <0.001
C13:0 0.002 0.02 0.003 0.001
C14:0 2.10 3.88 0.18 <0.001
C15:0 0.45 1.28 0.06 <0.001
C16:0 23.66 27.33 0.71 0.004
C18:0 14.34 15.31 1.12 0.634
C18:1trans-9 0.24 2.82 0.18 <0.001
C18:1trans-11 1.54 2.87 0.12 <0.001
C18:1cis-9 35.83 35.95 1.44 0.983
C18:2trans-6 0.17 0.08 0.02 0.004
C18:2cis-6 5.69 1.34 0.63 <0.001
C18:3n-6 0.07 0.03 0.01 0.015
C18:3n-3 2.47 0.88 0.23 <0.001
CLAcis-9, trans-11 0.35 0.85 0.05 <0.001
C20:0 0.13 0.41 0.03 <0.001
C20:1 0.16 0.21 0.02 0.018
C20:2n-6 0.11 0.08 0.01 0.084
C20:3n-6 0.62 0.06 0.07 <0.001
C20:3n-3 0.08 0.03 0.01 <0.001
C20:4n-6 2.38 0.04 0.02 <0.001
C20:5n-3 0.53 0.03 0.01 <0.001
C22:1n-9 0.03 0.13 0.01 <0.001
C22:2n-6 0.36 0.05 0.04 <0.001
C24:1 0.05 0.04 0.01 0.621
C22:5n-3 1.12 0.08 0.01 <0.001
C22:6n-3 0.28 0.01 0.03 <0.001
∑ SFA1 40.64 47.97 1.27 0.003
∑MUFA2 37.85 41.98 1.34 <0.001
∑PUFA3 13.90 2.65 0.01 <0.001
∑PUFA/∑SFA 0.34 0.05 0.01 <0.001
∑ n-34 4.48 1.02 0.02 <0.001
∑ n-65 9.42 1.66 0.01 <0.001
∑ n-6/∑ n-3 2.10 1.63 0.01 <0.001

1Sum of saturated fatty acids: C8:0 + C10:0 + C12:0 + C13:0 + C14:0 + C15:0 + C16:0 + C18:0 + C20:0.
2Sum of monounsaturated fatty acids: C18:1trans-9 + C18:1trans-11 + C18:1cis-9 + C20:1 + C22:1 + C24:1.
3Sum of n-3 and n-6 fatty acids.
4Sum of n-3 fatty acids: C18:3n-3 + C20:3n-3 + C20:5n-3 + C22:5n-3 + C22:6n-3.
5Sum of n-6 fatty acids: C18:2trans-6 + C18:2cis-6 + C18:3n-6 + C20:2n-6 + C20:3n-6 + C20:4n-6 + C22:2n-6.
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greater percentages of C18:2n-6, C18:3n-3, C18:3n-6, C20:4n-
6, C20:5n-3, C22:5n-3, C22:6n-3, PUFA, and total n-3 PUFA,
total n-6 PUFA, and PUFA/SFA and ∑ n-6/∑ n-3 PUFA
ratios compared with samples from subcutaneous fat which
is in concomitant with the findings of Aldai et al. [24]. In
contrast, Webb et al. [25] found higher percentages of SFA in
lipids of muscle tissue compared with subcutaneous fat. In
both of these studies, authors reported higher level of C18:0 in
subcutaneous fat than IMF but we did not observe this trend
in our study. High MUFA proportion in the subcutaneous
fat compared to the IMF has been previously stated and may
be the result of elevated stearoyl-CoA-Δ9-desaturase activity
which converts C14:0, C16:0, and C18:0 to their correspond-
ing MUFAs [26].

The subcutaneous fat showed greater percentages of CLA
than IMF (0.85 versus 0.35), which is in agreement with the
results obtained by Aldai et al. [24]. CLA values were similar
to those obtained frompasture systems and higher than those
obtained in feedlots systems [27, 28].

PUFA percentage in IMF was significantly greater (𝑝 <
0.001) than in subcutaneous adipose tissue and this is doc-
umented in the comparatively high contents of n-6 and n-3
PUFAs but not for CLA. Previous studies also reported the
similar result [24, 29, 30]. The reason for this may be the
preferable incorporation of long chain n-3 fatty acids from
pasture into muscle tissue (polar lipids) compared to subcu-
taneous tissue (neutral lipids) [31]. This study also demon-
strated that pasture diet resulted in increase in EPA,DPA, and
DHA percentages in muscle tissue but not in subcutaneous
tissue.Moreover, the smaller adipocyte size and a higher ratio
of phospholipid to neutral lipid have also been indicated for
increased PUFA content in IMF than subcutaneous adipose
tissue fat [24].

Aldai et al. [24] reported that n-6/n-3 PUFAs ratio is
significantly higher in IMF than the subcutaneous fat and
we also found similar result in this study (2.10 versus 1.63;
𝑝 < 0.001).

PUFA/SFA and n-6/n-3 PUFAs ratios are frequently used
to evaluate the nutritional value and consumer health of IMF.
However, an index such as PUFA/SFA may not be a suitable
indicator to assess the nutritional value of fat because some
SFAs do not elevate plasma cholesterol and overlook the
effects of MUFAs [32]. UK department of health [33] rec-
ommended that the PUFA/SFA and n-6/n-3 PUFAs ratios in
meat should be around 0.45 and <4, respectively. Therefore,
our findings in this study were significantly lower than the
recommended values [33]. However, the PUFA/SFA ratio
for beef is typically low at around 0.1 [34] and the value is
about 0.5–0.7 for double muscled animals as meat from these
animals generally has very low IMF (<1%) [25, 35]. Besides
the IMF, FA composition is also different in double muscled
animals compared to nondouble muscled animals. Typically,
double muscled animals have higher concentration of PUFA
and lower concentration of SFA, thereby having higher
PUFA/SFA ratio compared to nondouble muscled counter-
parts [25, 35]. Double muscled animals also showed different
pattern of metabolism of n-6 and n-3 PUFAs; especially the
deposition rate of n-3 fatty acids in these animals is greater
than the nondouble muscled animals.

5. Conclusion

The effect of pasture feeding on the FA profile of beef may
not be generalized easily as it appears that numerous meat
FAs are affected by both breed and type of grass. As little
information was available on the nutrient content and FA
composition of Bangladeshi beef, the results of this study
contribute considerably to much needed information on the
FA composition of grass fed beef in Bangladesh.
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