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Abstract  There is a dearth of efficient strategies to support postpartum among women in order to protect them 
from chronic diseases in later life. Flaxseed oil (FO) is a food derived oil that has functional ingredients as alpha-
linolenic acid (ALA). The objective of this study was to investigate the influence of FO during postpartum period in 
body parameters and lipid profile in rats. After the delivery of their pups, rats were randomly divided into two 
groups: control – diet with soybean oil as fat source- or FO – diet with FO as a fat source. After 51 days offering 
experimental diets, each group was evaluated on body composition, intra-abdominal fat, serum lipid profile  
and polyunsaturated fatty acids. The diet based on FO recorded high serum levels of ALA (P<0.0001)  
and eicosapentaenoic fatty acids (P<0.05). The diet also recorded a decrease in gamma-linolenic (P<0.05),  
dihomo-gamma-linolenic (P<0.05) and arachidonic fatty acids (P<0.0001). These aforementioned results lead to the 
activation of metabolic and physiologic pathways that provided higher lean mass (P<0.05), lower results on total 
cholesterol (P<0.05) and low density cholesterol (P<0.05). Hence, consumption of FO during postpartum can 
promote lean mass and healthy body composition, better lipid profile and contribute to chronic disease prevention. 
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1. Introduction 

Chronic noncommunicable diseases (CND) such as 
cardiovascular diseases, diabetes and cancer are among  
the main causes of deaths worldwide [1]. Certain Life stages’ 
of women such as pregnancy and postpartum, require special 
attention in order to prevent changes in metabolism  
and physiology. Those changes could lead to future health 
disturbances related to CND [2,3]. Accumulation of body 
mass in high fat, variation in triglycerides and cholesterol 
levels are some of the changes that happen in the maternal 
body in order to support the new-life and lactation [4,5,6]. 
However, physiological and structural changes return to 
normal during postpartum period. Nevertheless, in some 
cases they may persist and compromise the mother’s 
health in later life [2,5,6,7].  

As a potential nutritional strategy, the flaxseed (Linum 
usitatissimum), has a unique composition of nutritional 
and functional ingredients. Flaxseed is rich in polyunsaturated 

fatty acids (PUFA), mainly alpha-linolenic acid (ALA) a 
small chain form of omega-3 (n-3) [8,9]. Polyunsaturated 
fatty acids are represented for n-3 and omega-6 (n-6) and 
they are essential in mammalian diets. Alpha-linolenic acid is 
obtained from diets and can be converted into a long chain 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). However, the n-6 small chain, called linoleic acid 
(LNA), gets converted into long chain arachidonic acid 
(ARA) [8]. An increased production of eicosanoids from 
ARA’s metabolism can be associated with effects that 
could lead to CND such as cardiovascular disease, diabetes 
and obesity [10]. However, the addition of dietetic sources 
rich in n-3 fatty acids such as flaxseed in a diet, have 
provided positive results, such as in body mass, adiposity and 
lipid profile [11-16]. Flaxseed oil (FO) is an important source 
of n-3 fatty acids that can be consumed as a supplement or 
food ingredient. The advantages of FO compared to fish 
oils are: it is more sustainable, presents less chances of mercury 
toxicity and it can be introduced in a vegetarian diet [17]. 

Animal studies are useful to simulate stages periods of 
human life, such as postpartum. In order to understand 
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how nutrients can affect health parameters and help 
mothers in establishing health promoting changes to 
prevent CND in later life. Flaxseed oil is rich in ALA and 
when it is added to a diet might help mothers achieve a 
better body composition and lipid profile. The objective of 
this study was to investigate the influence of FO during 
postpartum period in female rats for studying body 
parameters and lipid profile.  

2. Materials and Methods 

The present study was approved by the Fluminense Federal 
University Ethical Committee on Animal Research (887/2017). 
All procedures were in accordance with the Brazilian 
Science and Laboratory Animals Society and the Guide 
for Care and Use of Laboratory. During the study animals 
were placed in biotery with controlled temperature (23 ± 
1°C), humidity (60 ± 10%) and an artificial system of light 
that was on from 7:00 to 19:00 hours.  

Twelve female Wistar rats, ninety-day-old and 
nulliparous were subjected to mate and thereafter they 
were put in individual cages. Female rats received free 
standard diet (Nuvilab-CR1, Paraná, Brazil) and ad 
libitum water until the birth of pups. In first 24 hours after 
birth, pups were adjusted by six pups per mother in order 
to maximize lactation performance [18]. The mother rats 
were randomly assigned to either control C, (n=6) or FO 
(n=6) group and were offered two different semi-purified 
diets based on American Institute of Nutrition (AIN-93) 
recommendations (Table 1) [19]. The difference between 
C and FO groups was the fat source offered through diet: 
soybean oil or FO, respectively.  

Table 1. Composition of experimental diets 

Ingredients (g/100g) 
AIN-93G AIN-93M 

C FO C FO 
Casein 20 20 14 14 
Cornstarch 52.95 52.95 62.07 62.07 
Sucrose 10 10 10 10 
Soybean oil 7 - 4 - 
Flaxseed oil - 7 - 4 
Alpha-linolenic acid 0.49 3.66 0.28 2.09 
Linoleic acid 3.57 0.86 2.04 0.49 
Cellulose 5 5 5 5 
Mineral mix (AIN-93M) - - 3.5 3.5 
Mineral mix (AIN-93G) 3.5 3.5 - - 
Vitamin mix 1 1 1 1 
L-Cystine 0.3 0.3 0.18 0.18 
Choline bitartrate 0.25 0.25 0.25 0.25 
Tert-Butylhydroquinone 0.014 0.014 0.008 0.008 

C, control; FO, flaxseed oil. Diets were formulated based on the 
American Institute of Nutrition AIN-93G and AIN-93M 
recommendation for rodent diets. C and FO, fed a diet containing casein, 
mineral and vitamin mix, L-cystine, choline bitartrate, Pragsolucões®; 
cornstarch, cellulose, FARMOS®; soyabean oil, Liza®; sucrose, União®; 
flaxseed oil: Giroil Agroindustria Ltda. 

 
Flaxseed oil (Giroil Agroindustria LTDA, Santo Ângelo, 

RS, Brazil) was derived from brown flaxseed bought at a 
local market. The FO used in this study differs from 
soybean oil in fatty acid composition. Flaxseed oil has an 
interesting fatty acid composition. It is richer in PUFA 

(73%) than saturated (9%) and monounsaturated fatty 
acids (18%) [11]. Flaxseed oil presents 3.66g of ALA and 
0.86g of LNA in 7 mL (Table 1). In the first 21 days of 
experimental period diets, there was an increase in 
calories to support lactation period (AIN-93G). After 21 
days of lactation, rodent pups were separated from their 
mothers. Dams remained in experimental protocol and 
diets were adjusted for maintenance period (AIN-93M) 
until 51 postpartum. Postpartum protocol studies have 
suggested the period of 30 days after weaning as a potential 
moment to implement nutritional strategies using flaxseed 
upon adiposity and health parameters [12,13]. The study 
incorporated post-weaning period, 21 days of lactation 
period and 30 days of post-lactation. During experimental 
period, food and water continued to be ad libitum and 
food intake was measured (g) weekly for each group. 

At the 51st day postpartum female rats were fasted for 8 
hours and were weighted (g). The animals were anesthetized 
with Thiopentax® (Sodium Tiopental, 0.1mg/100g) and 
submitted for body composition analysis (fat mass, lean 
mass and trunk fat mass in g) by Dual-energy X-ray 
absorptiometry (DXA) using densitometer Lunar IDXA 
200368 GE (Lunar, Wisconsin, USA) and using a software 
for small animals (encore 2008 Version 12.20 GE Healthcare). 
After body composition, animals were submitted to euthanasia 
through total exsanguination, in order to collect blood via 
cardiac puncture. The rodents had their compartments of 
intra-abdominal fat dissected and weighted (g): mesenteric, 
retroperitoneal and gonadal fat. 

Samples of blood were centrifuged to obtain serum. 
Part of the serum samples were put in a biochemical 
automatic analyzer by colorimetric method (Bioclin BS-
120, Belo Horizonte, MG, Brazil) to obtain: total cholesterol, 
high density lipoprotein cholesterol (HDL-c) and triglycerides 
(mg/dL). Low density lipoprotein cholesterol (LDL-c) and 
very low density lipoprotein cholesterol (VLDL-c) were 
calculated using Friedewald et al. (1972) and by Norbet 
(1995) formula, respectively [20,21]. The other part of 
serum samples were analyzed by gas chromatography. The 
gas chromatography (Shimadzu GC 17A) was equipped with 
a flame ionization detector (FID), COA-20 automatic injector 
and a GC10 class workstation. The separation of fatty 
acids was performed using a SP-2560 fused silica column 
(bis-cianopropilo polissiloxano, 100m x 0,25mm x 0,2mm, 
Supelco, Bellefonte, USA). The methodology was described 
in AOAC Official Methods 996.06 (2002) and with some 
considerations based on the study by Costa et al. (2016) 
[15,22]. Quantification of LNA, gamma-linolenic acid 
(GLA), ALA, eicosadienoic acid, dihomo-gamma-linolenic 
acid (DGLA), ARA, EPA, docosapentaenoic acid, DHA 
and total PUFA were determined (μmol/mL).  

The data was analyzed by Student’s t test by Graph Pad 
Prism (San Diego, CA, EUA) program. The results were 
expressed in mean ± standard error of mean (EPM) 
considering significance level P<0.05.  

3. Results and Discussion 

In the present study FO group presented lower serum  
n-6: GLA (P<0.05), DGLA (P<0.05), ARA (P<0.0001) 
and also a higher serum n-3: ALA (P<0.0001) and EPA 
(P<0.05) vs. C group (Table 2). 
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Table 2. Polyunsaturated fatty acid composition by gas chromatography at 51-day postpartum 

Fatty Acid (μmol/mL) 
C FO  

Mean ± SEM Mean ± SEM P-value 
18:2n-6 - Linoleic 1269.00 ± 104.6 1213.00 ± 60.06 0.6578 
18:3n-6 - Gamma-linolenic  30.73 ± 3.74 17.66 ± 1.09* 0.0283 
18:3n-3 - Alpha-linolenic 34.67± 5.32 325.00 ± 28.32*** 0.0001 
20:2n-6 - Eicosadienoic  54.62 ± 19.30 28.13 ± 11.20 0.2801 
20:3n-6 - Dihomo-gamma-linolenic  270. 50 ± 74.01 32.93 ± 5.28* 0.0186 
20:4n-6 - Arachidonic  2134.00 ± 48.79 956.00 ± 117.00*** 0.0001 
20:5n-3 - Eicosapentaenoic  244.30 ± 74.06 461.10 ± 30.09* 0.0350 
22:5n-3 - Docosapentaenoic  151.50 ± 43.30 109.90 ± 43.50 0.5234 
22:6n-3 - Docosahexaenoic  171.50 ± 23.17 170.70 ± 11.78 0.9760 
Total polyunsaturated fatty acids 4353.00 ± 241.50 3310.00 ± 223.30* 0.0193 

Control (C, n = 6) group, treated with a control diet, and flaxseed oil (FO, n = 6) group, treated with diet containing flaxseed oil at 51-day postpartum; 
SEM standard error of the mean; significantly different to the control group (Student’s t test, *P<0.05; ***P<0.0001; no significance P<0.05). 

Table 3. Food intake, body mass, body composition by DXA, intra-abdominal fat mass and lipid profile at 51-day postpartum 

 
C FO  

Mean ± SEM Mean ± SEM P-value 
Food intake (g) 60.81 ± 6.12 62.90 ± 6.36 0.82 
Body mass (g) 265.60 ± 6.10 285.10 ± 4.63 * 0.02 
Fat mass (g) 67.29 ± 2.64 74.29 ± 5.71 0.28 
Lean mass (g) 174.50 ± 4.84 192.30 ± 2.87 * 0.01 
Trunk fat mass (g) 50.14 ± 3.41 51.27 ± 5.02 0.81 
Retroperitoneal fat (g) 4.16 ± 0.16 4.43 ± 0.60 0.69 
Mesenteric fat(g) 3.49 ± 0.26 3.53 ± 0.25 0.90 
Gonadal fat (g) 6.55 ± 0.55 6.05 ± 0.52 0.52 
Intra-abdominal fat (g) 13.90 ± 1.03 13.64 ± 1.07 0.86 
Total cholesterol (mg/dL) 70.43 ± 3.55 58.00 ± 3.48 * 0.03 
VLDL-c (mg/dL) 11.88 ± 1.09 12.37 ± 1.82 0.83 
LDL-c (mg/dL) 30.72 ± 3.97 16.97 ± 2.82 * 0.02 
HDL-c (mg/dL) 28.86 ± 1.01 29.00 ± 1.80 0.95 
Triglycerides (mg/dL) 59.40 ± 5.45 61.83 ± 9.09 0.83 

Control (C, n = 6) group, treated with a control diet, and flaxseed oil (FO, n = 6) group, treated with diet containing flaxseed oil at 51-day postpartum; 
SEM = standard error of the mean; *significantly different from the control group (Student’s t test, P<0.05; no significance P<0.05). 

 
Similar results were found for Ribeiro et al. (2017) and 

Pereira et al. (2016) have found an increased serum of 
ALA and EPA and decreased ARA offering diets 
containing flaxseed flour and oil, respectively [23,24]. 
Small chain PUFA ALA and LNA could be transformed 
to long chain PUFA by the organism. Nevertheless, there 
is a competition between ALA and LNA for the same 
elongation and desaturation enzymes [25]. The higher 
concentration of ALA in FO fatty acid composition 
contributed to the lower ratio of n-6/n-3. The aforementioned 
results contributed to diminish the competition between n-
6 and n-3 short chain PUFA for desaturation and 
elongation enzymes, leading to increased levels of EPA as 
observed in the results from the study. 

Rats treated with control and FO diets during 51 days of 
postpartum had no difference in food intake (Table 3). 
However, the FO group presented an increase in body 
mass (P<0.05) vs. C group. Similar results were found in 
Pereira et al. (2016) and Abreu et al. (2018) with diets 
containing FO in puppies over lactation period or flaxseed 
flour during 180 days in male rats, respectively [24,26]. 
Ribeiro et al. (2017) studied the influence of a diet with 
flaxseed flour during postpartum period and found no 
difference in body mass [23]. In this study, it is possible to 
ascribe the increase in body mass by a significantly high 
lean mass (P<0.05) in FO group vs. C group. However, it 

is possible to associate postpartum period with lean mass 
loss in humans as it depends on factors, such as exercise, 
lactation and diet [27,28]. A low amount of lean mass can 
contribute to an increase in body fat and obesity due to the 
decrease in energy metabolism. Besides obesity, other 
CND can be associated with decreased lean mass, 
demonstrating the importance of alleviating loss of lean 
mass [29]. 

In this study, FO - rich in ALA – has shown to increase 
levels of lean mass, which positively effects the body 
composition in postpartum period. Galmiche et al. (2016) 
presented that a high-fat diet, rich in ALA or long-chain n-
3, could preserve muscle mass during weight loss in adult 
rats [30]. That occurred by enriching sarcolemma with 
long-chain n-3 PUFA which provides membrane fluidity 
and insulin sensitivity in muscle together with the 
downregulation of genes involved in proteolysis. Other 
experimental studies suggest an anabolic answer from 
long-chain PUFA due a greater activation of AKT, mTOR 
and /or p70s6K signaling pathways in skeletal muscle 
[31,32]. Costa et al. (2016) suggests that increase in lean 
mass in rats treated with ALA-rich diet occurred due to 
differentiation in mesenchymal stem cells in skeletal and 
smooth muscles [15]. In the present study, a similar 
physiological mechanism may have occurred in the FO 
group. The ALA-rich diet contributed to an increased lean 
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mass and significantly enhanced body composition in 
postpartum rats. 

Fat mass gain, mainly visceral fat, can be associated 
with postpartum period and parity [27,33]. The 
accumulation of visceral fat is recognized as a marker of 
metabolic disorders such as hypertension, changes  
in lipid metabolism, insulin resistance and thrombotic 
prevalence [34]. Changes in body fat components  
during postpartum can be a risk for CND [33,35]. 
Polyunsaturated fatty acids n-3 is described in scientific 
literature as a possible nutrient to reduce adiposity through 
several pathways: reducing triglycerides deposition  
in fat tissue; increasing mitochondrial biogenesis and  
beta-oxidation; suppressing lipogenic enzymes; decreasing 
proliferation and differentiation of pre-adipocytes  
to mature adipocytes; reducing size and number of 
adipocytes; inducing pre-adipocyte apoptosis [25,36]. In 
this study, no change in fat mass or intra-abdominal fat 
mass (Table 3) was observed between FO and C groups. 
Diverse results on fat mass were observed based on the 
dietary source, the ratio of n-6/n-3 PUFA and length of the 
study [12,24,26,37]. However, a 51-day postpartum study 
is insufficient to observe the effect of FO in body and 
intra-abdominal fat mass.  

Besides modification in adipose tissue, parity can also 
be associated with abnormalities in lipid metabolism that 
could lead to cardiovascular diseases [38,39]. During 
pregnancy, there is an increase in total cholesterol due to 
changes in hormonal profile, adipose tissue accumulation 
and hepatic activity [40]. Changes in cholesterol metabolism 
are common during pregnancy and they are expected  
to go back to normal levels during post lactation period, 
although it depends on the mother’s physiological state 
[41]. In this study, FO group presented a significant 
decrease in total cholesterol (P<0.05) and LDL-c serum 
levels (P<0.05) vs. C group (Table 3). Low total 
cholesterol has been observed by Pereira et al. (2016) in 
male pups treated with FO [24]. Similar results were 
reported by Tzang et al. (2009) and Vijaimohan et al. 
(2006) with male hamsters and rats respectively, fed with 
a high fat diet rich in FO [42,43]. Fukumitsu et al. (2013) 
observed that ALA from FO is associated with suppression 
of genes involved in cholesterol and triglycerides biosynthesis 
pathways and also decreased expression of sterol regulatory 
element binding proteins and fatty acid synthase  
[44]. These observations predicted lowered serum 
cholesterol. Bile acid synthesis is the chief mechanism  
for cholesterol degradation. Alpha-linolenic acid diet 
increases 7α-hydroxylase hepatic enzyme - responsible for 
a higher secretion of cholesterol in bile and a subsequently 
cholesterol synthesis and turnover [45]. 

4. Conclusions 

The results showed that FO provides high levels of 
ALA and EPA in the serum that activates metabolic  
and physiological pathways to provide a better body 
composition and lipid profile. Flaxseed oil has an 
appealing nutritional composition that when add to a diet 
at postpartum improves health parameters. The results 
from this study can be a stepping stone for further 

investigations into clinical research on dietary components 
for health and wellness. 

Acknowledgements 

The authors are grateful to Laboratory of Nutritional 
and Functional Assessment at Federal Fluminense 
University for use of DXA equipment and technique. This 
study was supported by [CAPES - Coordination for the 
Enhancement of Higher Education Personnel #1] under 
Grant [number 001]; [FAPERJ - The State of Rio de 
Janeiro Carlos Chagas Filho Research Foundation #2] 
under Grant [number 103373]. 

Statement of Competing Interests  

The authors have declared no conflict of interest. 

List of Abbreviations  

AIN - American Institute of Nutrition; ALA - alpha-
linolenic acid (C18:3); ARA - arachidonic acid (C20:4);  
C – control; CND - chronic noncommunicable diseases; 
DGLA - dihomo-gamma-linolenic acid (C20:3);  
DHA - docosahexaenoic acid (C22:6); DXA - dual-energy 
X-ray absorptiometry; EPA - eicosapentaenoic acid (C20:5); 
EPM - standard error of mean; FO - flaxseed oil;  
GLA - gamma-linolenic acid (C18:3); HDL-c - high 
density lipoprotein cholesterol; LDL-c - low density 
lipoprotein cholesterol; LNA - Linoleic acid (C18:2);  
n-3 - omega-3; n-6 - omega-6; PUFA - polyunsaturated 
fatty acid(s); VLDL-c - very low lipoprotein cholesterol 

References 
[1] World Health Organization, “Global Health Estimates  

2016: Deaths by Cause, Age, Sex, by Country and by Region, 
2000-2016”, 2018[Online].  
http://www.who.int/healthinfo/global_burden_disease/en/ 

[2] Vladutiu, C.J., Ahrens, K.A., Verbiest, S., Menard, M.K. and 
Stuebe, A.M, “Cardiovascular health of mothers in the United 
States: National Health and Nutrition Examination Survey 2007-
2014”, Journal of Women’s Health. November 20. 

[3] Neville, C.E., McKinley, M.C., Holmes, V.A., Spence, D. and 
Woodside, J.V, “The relationship between breastfeeding and 
postpartum weight change- systematic review and critical 
evaluation”, International Journal of Obesity, 38 (4). 557-590. 
April 2014.  

[4] Einstein, F.H., Fishman, S., Muzumdar, R.H., Yang, X.M., 
Atzmon, G. and Barzilai, N, “Accretion of visceral fat and hepatic 
insulin resistance in pregnant rats”, American Journal of 
Physiology, Endocrinology and Metabolism, 294 (2). E451-E455. 
February 2008. 

[5] Stuebe, A.M. and Rich-Edwards, J.W, “The reset hypothesis: 
lactation and maternal metabolism”, American Journal of 
Perinatology. 26 (1). 81-88. January 2009. 

[6] Berggren, E.K., Presley, L., Amini, S.B., Mouzon, S.H. and 
Catalano, P.M, “Are the metabolic changes of pregnancy 
reversible in the first year postpartum?”, Diabetologia, 58(7). 
1561-1568. July 2015. 

[7] Soma-Pillay, P., Nelson-Piercy, C., Tolppanen, H. and Mebazaa, 
A, 2016. “Physiological changes in pregnancy”, Cardiovascular 
Journal of Africa, 27(2). 89-94. April 2016. 

 



 Journal of Food and Nutrition Research 489 

[8] Barceló-Coblijn, G. and Murphy, E.J, “Alpha-linolenic acid and 
its conversion to longer chain n-3 fatty acids: benefits for human 
health and a role in maintaining tissue n-3 fatty acid levels”, 
Progress in Lipid Research, 48(4). 355-374. November 2009. 

[9] Rubilar, M., Gutiérrez, C., Verdugo, M., Shene, C. and Sineiro, J, 
“Flaxseed as a source of functional ingredients” Journal of Soil 
Science and Plant Nutrition, 10(3). 373-377. July 2010. 

[10] Simopoulos, A.P, “The importance of the omega-6/omega-3  
fatty acid ratio in cardiovascular disease and other chronic 
diseases”, Experimental Biology and Medicine, 233(6). 674-688. 
June 2008. 

[11] Cunnane, S.C., Ganguli, S., Menard, C., Liede, A.C., Hamadeh, 
M.J., Chen, Z., Wolever, T.M. and Jenkis, D.J, “High α-linolenic 
acid flaxseed (Linum usitatissimum): some nutritional proprieties 
in humans”, The British Journal of Nutrition, 69(2). 443-453. 
March 1993. 

[12] Ribeiro, D.C., Silva, P.C.A., Pereira, A.D., Boueri, B.F.C., 
Pessanha, C.R., Abreu, M.D.C., Saldanha, M.H., Pessoa, L.R., 
Costa, C.A. and Boaventura, G.T, “Assessments of body 
composition and bone parameters of lactating rats treated with diet 
containing flaxseed meal (Linum usitatissinum) during post-
weaning period”, Nutricion  Hospitalaria, 30(2). 366-371. August 
2014. 

[13] Ribeiro, D.C., Pereira, A.D., Silva, P.C.A., Santos, A.S., Santana, 
F.C., Boueri, B.F.C., Pessanha, C.R., de Abreu, M.D., Mancini-
Filho, J., da Silva, E.M., do Nascimento-Saba, C.C., da Costa, C.A 
and Boaventura, G.T, “Flaxseed flour (Linum usitatissnum) 
consumption improves bone quality and decreases the adipocyte 
area of lactating rats in post-weaning period”, International 
Journal of Food Science and Nutrition, 67(1). 29-34. 2016. 

[14] Costa, C.A.S., Silva, P.C.A., Ribeiro, D.C., Pereira, A.D., Santos, 
A.S., Maia, L.A., Ruffoni, L.D., de Santana, F.C., de Abreu, M.D., 
Boueri, B.F.C., Pessanha, C.R., Nonaka, K.O., Mancini-Filho, J., 
do Nascimento-Saba, C.C. and Boaventura, G.T, “Body adiposity 
and bone parameters of male rats from mothers fed diet containing 
flaxseed flour during lactation”,  Journal of Developmental 
Origins of Health and Disease,  7(3). 314-319. June 2016. 

[15] Costa, C.A.S., Silva, P.C.A., Ribeiro, D.C., Pereira, A.D., Santos, 
A.S., Abreu, M.D.C., Pessoa, L.R., Boueri, B.F.C., Pessanha, C.R., 
do Nascimento-Saba, C.C., da Silva, E.M. and Boaventura, G.T, 
“Effects of a diet containing flaxseed flour (Linun usitatissimum) 
on body adiposity and bone health in young male rats”,  Food & 
Function, 7 (2). 698-703. February 2016. 

[16] Figueiredo, P.S., Candido, C.J., Jaques, J.A.S., Nunes, A.A., 
Caires, A.R.L., Michels, F.S., Almeida, J.A., Filiú, W.F., Hiane, 
P.A. and Nascimento, V.A, “Oxidative stability of sesame and 
flaxseed oils and their effects on morphometric and biochemical 
parameters in an animal model”, Journal of the Science of Food 
and Agriculture,  97(10). 3359-3364. August 2017. 

[17] Rajaram, S, “Health benefits of plant-derived α-linolenic acid”, 
The American Journal of Clinical Nutrition, 100(1). 443S-448S. 
July 2014. 

[18] Fishbeck, K.L. and Rasmussen, K.M, “Effect of repeated cycles 
on maternal nutritional status, lactational performance and litter 
growth in ad libitum-fed and chronically food-restricted rat”, The 
Journal of Nutrition, 117 (11). 1967-1975. November 1987. 

[19] Reeves, P.G, “Components of the AIN-93 diets as improvements 
in the AIN-76A diet”, The Journal of Nutrition, 127(5). 838-84. 
May 1997.  

[20] Friedewald, W.T., Levy, R.I. and Fredrickson, D.S, “Estimation of 
the concentration of low-density lipoprotein cholesterol in plasma, 
without use of the preparative ultracentrifuge”, Clinical Chemistry, 
18(6). 499-502. June 1972. 

[21] Norbet, W.T, Clinical Guide to Laboratory Tests, Saunders W. B. 
Company, Philadelphia, 1995. 

[22] AOAC, Official methods of analysis, AOAC International, 
Gaithersburg, 2002; 

[23] Ribeiro, D.C., Pereira, A.D., Santana, F.C., Mancini-Filho, J., 
Silva, E.M., Costa, C.A.S. and Boaventura, G.T, “Incorporation of 
flaxseed flour as a dietary source for ALA increases bone density 
and strength in post-partum female rats”,  Lipids,  52(4). 327-333. 
April 2017. 

[24] Pereira, A.D., Ribeiro, D.C., Santana, F.C., Santos, A.S.,  
Mancini-Filho, J., Nascimento-Saba, C., Velarde, L.G., da Costa, 
C.A.S. and Boaventura, G.T, “Maternal flaxseed oil during 
lactation enhances bone development in male rat pups”,  Lipids. 
51(8). 923-929. August 2016. 

[25] Simopoulos, A.P, “An increase in the omega-6/omega-3 fatty acid 
ratio increases the risk for obesity”, Nutrients. 8(3). 128. March 
2016. 

[26] Abreu, M.D.C., Pessoa, L.R., Costa, R.L., Boueri, B.F.C., 
Pessanha, C.R., Pereira, A.D., Ribeiro, D.C., Silva, E.M., Costa, 
C.A.S. and Boaventura, G.T, “Flaxseed (linum usitatissimum) 
flour contributes to bone health in adult male rats”, Nutrition, 49. 
48-50. May 2018. 

[27] Cho, G.J., Yoo, H.J., Kim, E.J., Oh, M.J., Seo, H.S. and Kim, H.J, 
“Postpartum changes in body composition”, Obesity, 19(12). 
2425-2428. December 2011.  

[28] Elliot, S.A., Pereira, L.C.R., McCargar, L.J., Prado, C.M., Bell, 
R.C. and ENRICH Study Team, “Trajectory and determinants of 
change in lean soft tissue over the postpartum period”, The British 
Journal of Nutrition, 121(10). 1137-1145. May 2019. 

[29] Wolfe, R.R, “The underappreciated role of muscle in health and 
disease”, The American Journal of Clinical Nutrition, 84(3). 475-
482. September 2006. 

[30] Galmiche, G., Huneau, J.F., Mathé, V., Mourot, J., Simon, N., Le 
Guillou, C. and Hermier, D, “ n-3 Fatty acids preserve muscle 
mass and insulin sensitivity in a rat model of energy restriction”, 
The British Journal of Nutrition, . 116(7). 1141-1152. October 
2016. 

[31] Gingras, A.A., White, P.J., Chouinard, P.Y., Julien, P., Davis, 
T.A., Dombrowski, L., Couture, Y., Dubreuil, P., Myre, A., 
Bergeron, K., Marette, A. and Thivierge, M.C. “Long-chain 
omega-3 fatty acids regulate bovine whole-body protein 
metabolism by promoting muscle insulin signalling to the Akt-
mTOR-S6K1 pathway and insulin sensitivity”, The Journal of 
Physiology, 579(1). 269-284. February 2007. 

[32] Kamolrat, T., Gray, S.R. and Thivierge, M.C, “Fish oil positively 
regulates anabolic signalling alongside an increase in whole-body 
gluconeogenesis in ageing skeletal muscle”, European Journal of 
Nutrition, 52(2). 647-657. March 2013. 

[33] Blaudeau, T.E., Hunter, G.R. and Sirikul, B, “Intra-abdominal 
adipose tissue deposition and parity”, International Journal of 
Obesity, 30(7). 1119-1124. July 2006. 

[34] Hill, J.H., Solt, C., and Foster, M.T, “Obesity associated disease 
risk: the role of inherent differences and location of adipose tissue 
depots” Hormone Molecular Biology and Clinical Investigation, 
33(2). March 2018. 

[35] Gilmore, L.A., Klempel-Donchenko, M. and Redman, L.M, 
“Pregnancy as a window to future health: excessive gestational 
weight gain and obesity”, Seminars in Perinatology, 39(4). 296-
303. June 2015. 

[36] Martínez-Fernández, L., Laiglesia, L.M., Huerta, A.E., Martínez, 
J.A. and Moreno-Aliaga, M.J. “Omega-3 fatty acids and adipose 
tissue function in obesity and metabolic syndrome”, Prostaglandins & 
Other Lipid Mediators, 1219A). 24-41. September 2015. 

[37] Muhlhausler, B.S., Miljkovik, D., Fong, L., Xian, C.J., Duthoit, E., 
and Gibson, R.A, “Maternal omega-3 supplementation increases 
fat mass in male and female rat offspring”,  Frontiers in Genetics, 
2. 48. July 2011. 

[38] Zhang, X., Shu, X.O., Gao, Y.T., Yang, G., Li, H. and Zheng, W, 
“Pregnancy, childrearing, and risk of stroke in chinese women”, 
Stroke, 40(8). 2680-2684. August 2009. 

[39] Skilton, M.R., Bonnet, F., Begg, L.M., Juonala, M., Kahonen, M., 
Lehtimaki, T., Viikari, J.S. and Raitakari, O.T, “Childbearing, 
child-rearing, cardiovascular risk factors, and progression of 
carotid intima-media thickness: the cardiovascular risk in Young 
Finns Study”, Stroke. 41(7). 1332-1337. July 2010.  

[40] Bartels, A. and O’Donoghue, K, “Cholesterol in pregnancy: a 
review of knowns and unknowns”, Obstetric Medicine, 4(4).  
147-151. December 2011.  

[41] Smith, J.L., Lear, S.R., Forte, T.M., Ko, W., Massimi, M. and 
Erickson, S.K, “Effect of pregnancy and lactation on lipoprotein 
and cholesterol metabolism in the rat”, Journal of Lipid Research, 
39(11). 2237-2249. November 1998. 

[42] Tzang, B.S., Yang, S.F., Fu, S.G., Yang, H.C., Sun, H.L. and 
Chen, Y.C, “Effects of dietary flaxseed oil on cholesterol 
metabolism of hamsters”, Food Chemistry, 114(4).1450-1455. 
June 2009. 

[43] Vijaimohan, K., Jainu, M., Sabitha, K.E., Subramaniyam, S., 
Anandhan, C. and Devi, C.S.S, “Beneficial effects of alpha 
linolenic acid rich flaxseed oil on growth performance and hepatic 
cholesterol metabolism in high fat diet fed rats”, Life Sciences, 
79(5)> 448-454. June 2006. 

 



490 Journal of Food and Nutrition Research  

[44] Fukumitsu, S., Villareal, M.O., Onaga, S., Aida, K., Han, J.  
and Isoda, H, “α-Linolenic acid suppresses cholesterol and 
triacylglycerol biosynthesis pathway by suppressing SREBP-2, 
SREBP-1a and -1c expression”, Cytotechnology. 65(6). 899-907. 
December 2013.  

[45] Morise, A., Sérougne, C., Gripois, D., Blouquit, M., Lutton, C. 
and Hermier, D, “Effects of dietary alpha linolenic acid on 
cholesterol metabolism in male and female hamsters of the LPN 
strain”, The Journal of Nutritional Biochemistry, 15(1). 51-61. 
January 2004. 

 

 

© The Author(s) 2019. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


