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Abstract

Flaxseed is a nutrient rich seed and lipid profiles improving effect of it has long been studied. Effect of heating as
a part of food processing on its beneficial characteristics is not clarified in literature. This study aims to provide
complementary information on effect of different dosages of raw and heated flaxseed on lipid profiles. Sprague
Dawley rats were fed with 10%, 20% or 30% of either raw or heated flaxseed in the basal diet for 30 days. Total
cholesterol significantly reduced in all flaxseed groups and high density lipoprotein cholesterol significantly
increased in 20% raw and 30% raw and heated flaxseed groups. Significant reduction of low density lipoprotein
cholesterol only observed in 30% raw flaxseed groups. It is concluded that 30 days consumption of flaxseed may
significantly reduce total cholesterol and increase high density lipoprotein cholesterol in blood. Oven heating
may not have significant effect on lipid profile improving effect of flaxseed.
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1. Introduction

After the industrial revolution, the human diet has changed from unrefined whole grains and vegetables with high
fiber to refined grains with low fiber content and more animal products. These changes beside the reduced
physical activity of human due to mechanization caused an increase in the risk of some chronic diseases related to
diet and lifestyle like obesity, diabetes, cardiovascular and heart related diseases. During the past decades many
studies have focused on improving lipid profiles (as one of the most important risk factors of chronic diseases) by
planning a better diet or introducing herbal treatments. Thus, many plants were proposed to have health benefits
in reducing blood lipid profile. Flaxseed, of Linum usitatissimum L., is a member of the Linaceae family with
seed’s color ranging from light to reddish brown (1). Usage of flaxseed is dated around 8000 B.C.E., in the Fertile
Crescent (Syria, Turkey and Iran)( 2). Flaxseed contains about 42.16 g fat (approximately 57% of total fat is -
linolenic acid, ALA, 18:3 w-3) and 27.3 g fiber per 100 g (3). Flaxseed is also a rich source of lignans which are

one of the major groups of phytoestrogens that have antitumorigenic and antioxidant properties (4). Lipid profile
improving effect of flaxseed has long been studied and many literatures have related its effect to high fiber, ALA
and lignans content of flaxseed (5, 12-15). Many studies reported that flaxseed may have protective effect against
diseases like CVD (5-7), reducing the risk of cancers (8-10), reducing the incident and progress of diabetes (11)
and many other health benefits.

Flaxseed can be consumed in either raw or cooked form in daily diet. However, the effect might not be the same
after heating flaxseed due to chemical and physical changes that may occur in seed with regard to the oxidation or
thermal deformation of ALA, vitamins and other components. Besides, the different dosages of flaxseed may
have different characteristics in the lipid lowering effect. There is not enough literature on the effect of heating (as
a step of food preparation and processing) on the lipid improving effect of flaxseed and also no strong comparison
on the effect of different dosages of flaxseed consumption. Moreover, numerous studies used flaxseed in muffins
and bread (mostly baked at 160-190°C) without considering the possible effect of heating on flaxseed

characteristics. Thus this study aims to clarify the effect of heated and raw flaxseed in concrete dosages on blood
lipid profiles in rats to provide a comprehensive comparison.

The authors particularly thank Dr. Hamed Mirhossieni for advises on data analysis.
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2. Methods
2.1. Flaxseed source

Flaxseed used in this experiment was the small brown genus linum flax and was purchased in 500 g packages
imported from New Zealand by Radiant Code Sdn. Bhd., Malaysia. All the packages were kept at 4°C until
usage.

2.2. Animals

Male Sprague Dawley rats, 7-8 weeks of age and 170 to 180 g of weight were kept at room temperature with 12
hours light-dark cycle in the animal research house. All rats were housed in plastic cages with wood chip bedding.
The study protocol was approved by Animal Care and Use Committee (ACUC) of Faculty of Medicine and
Health Sciences, Universiti Putra Malaysia.

2.3. Diet preparation

The standard or basal commercial diet for rats purchased from Gold Coin Feed Mills (M) Sdn. Bhd., Malaysia,
and was finely ground using commercial grinder (A&D, Japan). Raw flaxseed was separated into two batches;
first one was finely ground with a commercial grinder and the other batch was heated for 15 min using electric
oven at 170°C before grinding. Each of the two batches was added with a concrete amount of ground basal diet

after grinding to make up 10%, 20% and 30% flaxseed in the diet. Water was added to the mixture to make pellets
and dried in laboratory oven at 40°C for overnight (in animal house). Food preparation was daily and the prepared

food was kept in the refrigerator below 20°C to prevent spoilage.
2.4. Experimental study

Rats were divided into 7 groups and were first fed with basal diet (BS) of commercial mouse pellet (Golden Coins
mouse pellets), for 7 days to adjust to the environment (acclimatization period). Rats were fed with the
experimental diet for a period of 30 days. Flaxseed diet was prepared by adding 10%, 20% and 30% of flaxseed
(FL) to BS as following:

Control: BS (control diet); H10: (10% heated FL in BS); H20: (20% heated FL in BS); H30: (30% heated FL in
BS); R10: (10% raw FL in BS); R20: (20% raw FL in BS); R30: (30% raw FL in BS). Table 1 illustrates the
approximate nutritional components of different groups. Food was presented more than the calculated amount and
at the end of each day. The remnant was measured and deducted from the food presented to calculate the amount
of food consumed. Water was given ad libitum throughout the study

2.5. Blood analysis

Blood samples were collected at baseline (day O of treatment) and after 30 days of treatment. Food was removed
for 12 hours and rats where anesthetized using diethyl ether and blood was collected in vacutainers containing
Ethylenediaminetetraacetic acid (EDTA). At the end of blood withdrawal rats were sacrificed using diethyl ether
anesthesia.

Blood plasma was separated using centrifuge at 47C for 10 min at 3000 rpm and was collected in Hitachi cups and
stored at -80°C until analyzed. Plasma lipid profiles were analyzed enzymatically using Hitachi chemical analyzer
(Roche Diagnostic, Japan), before and after the experiment.

2.6. Statistical analysis

Data was expressed by mean + SD. Data analysis was performed using Minitab software version 15.1.1.0
(Minitab Inc. USA). Before and after treatment differences were measured using paired t-test and the probability
of a Type error was set at 5%. Between groups differences were analyzed by one-way analysis of variance
(ANOVA), followed by one-way multiple comparison of Tukey and p values lower than 0.05 were considered as
statistically significant differences.

3. Results

3.1. Food intake and weight changes

Overall each rat consumed 25.67 £ 1.67 g food in this study. As shown in Table 2, although food consumption

was slightly lower in groups with higher percentage of flaxseed (maybe due to the fact that flaxseed has high level

of fat and fiber), no significant difference was observed between the average food intake between any treatment

group and control group (p > 0.05). Also within groups analysis of food intake showed no significant difference.
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Rat’s weight positively increased during the treatment period in all groups with the average percentage of 52.61 +
15.10. No significant difference in the percentage of weight gain between and within groups was observed as
mentioned in Table 2 (p > 0.05).

3.2. Blood lipid profiles analysis

Analysis of blood lipid profiles before treatment showed no significant differences among all groups in all
parameters (p > 0.05). The comparison of blood lipid profiles of control group after treatment period revealed a
slight increase in total cholesterol (TC), triacylglycerol (TG) and low density lipoprotein cholesterol (LDL-C) and
a mild decrease in high density lipoprotein cholesterol (HDL-C) but these changes were not significant (Table 3).
A significant reduction (p < 0.05) of total cholesterol was observed after treatment period for all flaxseed diet
groups with 30% raw FL group having the highest percentage of change (24.8% reduction) followed by 30%
heated FL group (22.0% reduction) and 20% raw FL group (21.7% reduction; Table 3). Heated 20% FL group
and heated and raw 30% FL group showed significantly lower blood total cholesterol compared to control group
but no significant difference was observed between any flaxseed groups on total cholesterol (Table 3). A
significant increase (p < 0.05) in blood HDL-C was observed in rats after treatment with 20% raw FL group (3.6
% increases). In 30% FL group both raw and heated flaxseed groups also showed a significant increase in HDL-C
(4.81% increases and 6.0% increases respectively, Table 3). The 30% FL group either heated or raw showed
significantly higher blood HDL-C compared to control group. No significant difference was observed between
any flaxseed groups on HDL-C concentration (Table 3).

Except for raw 30% FL group, LDL-C did not significantly changed after treatment period. In 30% raw FL group,
LDL-C decreased 7.6 % (p < 0.05). After treatment analysis also showed no significant difference between LDL-
C concentrations of control with any treatment group (Table 3). Blood triacylglyceride did not significantly
change (although slightly decreased) in all flaxseed diet group after treatment period (p > 0.05). No effect of
heating was observed on blood TG level after treatment (Table 3). LDL-C: HDL-C ratio also slightly decreased
after treatment period in flaxseed groups. This reduction was significant in 30% raw FL group (p < 0.05).
However, the differences between before and after treatment LDL-C: HDL-C ratio was not significant in other
groups (p > 0.05). TC: HDL-C ratio on the other hand, significantly reduced in all flaxseed groups after treatment
(p < 0.05) with 30% raw FL group having the lower ratio compared to other groups (Table 3).

4. Discussion

Overall consumption of flaxseed significantly reduced total cholesterol which is similar to the previous findings
(5, 16) It also significantly increased HDL-C concentration similar to the report by Daleprane et al. (15). The
significant reduction of TC and TC: HDL-C ratio was observed in all treatment groups however; HDL-C only
increased significantly in 20% raw and 30% raw and heated FL groups. By increasing the dosage of flaxseed in
the diet the blood improving effect of flaxseed became more significant. The reason why 20% raw FL group
showed significant HDL-C increasing effect but the 20% heated FL group did not show the effect, is not clear
although it can be assumed that heating may have slight component degradation effect. The significant reduction
of LDL-C which was only observed in the 30% raw FL group may also be due to the same effect mentioned
however; no significant difference of blood TC lowering and HDL-C increasing effect of flaxseed were observed
between raw and heated groups which can be concluded that heating (at 170°C for 15 min) does not have

significant effect on flaxseed blood lipid profile improving effect.

Flaxseed has approximately 57% ALA in 100g of oil (3, 17) and is one of the richest sources of ALA.
Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), which are converted from ALA in the body, have
anti-inflammatory factor and have effect on reducing the risk of many chronic diseases like atherosclerosis,
cardiovascular disease (CVD), cancer and hyperlipidemia (18,19). Although in literature the conversion efficacy
of ALA to EPA and DHA is mentioned to be below 0.6% in animal models (20), many literatures have related the
hypocholesterolemic effect of flaxseed to high ALA content of flaxseed oil (13, 21, 22). Flaxseed is also the
richest source of Secoisolariciresinol diglucoside (SDG), approximately 1% of flaxseed dry weight is SDG (23).
Literatures also suggest that flaxseed lignans have blood lipid profiles improving effects (7, 24). Lignans are
estrogen like components which also have antioxidant activity in reducing the oxidative damage in many diseases
like heart disease, cancer and diabetes (25-27). Besides, the high fiber content of flaxseed (approximately 27 g
fiber per 100 g) can also contribute to the hypocholesterolemic effect of flaxseed. Two mechanisms for the effect
of dietary fiber are proposed. First that dietary fiber can reduce oxidation of glucose and lipids, besides it can
provide a healthy intestinal environment.
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Another mechanism is that dietary fiber can reduce inflammation by changing adipocytokines in adipose tissue
and reducing blood cholesterol by interrupting enterohepatic circulation of cholesterol or by fat binding properties
(28). Many studies unanimously addressed different sources of fiber as cholesterol lowering and lipid profile
improving factor (6, 29). Therefore the lipid profile improving effect of flaxseed can be mostly due to the
existence of high level of ALA, lignans and fiber in flaxseed. Thus by increasing the dosage of flaxseed in diet the
blood lipid profile improving effect of flaxseed increases.

This study concluded that ground flaxseed intervention for a period of 30 days may have lipid profile improving
effect especially if dosages between 20 and 30% of FL in the diet consumed. Moreover, heating at 170°C for 15

min does not have significant effect on flaxseed lipid lowering characteristics. Further studies need to be done on
the effect of higher time and temperature of heating (if applicable due to the burning and browning of flaxseed in
higher degrees) and different methods of preparation of foods with flaxseed.

References

1. Freeman T. Structure of flaxseed. Flaxseed in Human Nutrition 1995; 11-21.

2. Muir A, & Westcott N. Flax: the genus Linum: CRC 2003.

3. Madhusudhan B. Potential Benefits of Flaxseed in Health and Disease-A Perspective. Agriculturae
Conspectus Scientificus 2009; 74(2), 67.

4. Thompson L, Chen J, Li T, Strasser-Weippl K, & Goss P. Dietary flaxseed alters tumor biological markers in
postmenopausal breast cancer. Clinical cancer research 2005; 11(10), 3828.

5. Ratnayake W, Behrens W, Fischer P, L'Abbé M, Mongeau R, & Beare-Rogers J. Chemical and nutritional
studies of flaxseed (variety Linott) in rats. The Journal of Nutritional Biochemistry 1992; 3(5), 232-240.

6. Jenkins D, Kendall C, Vidgen E, et al. Health aspects of partially defatted flaxseed, including effects on
serum lipids, oxidative measures, and ex vivo androgen and progestin activity: a controlled crossover trial.
American Journal of Clinical Nutrition, 1999; 69(3), 395.

7. Prasad K. Hypocholesterolemic and antiatherosclerotic effect of flax lignan complex isolated from flaxseed.
Atherosclerosis 2005; 179(2), 269-275.

8. Thompson L. 9Experimental studies on lignans and cancer. Bailliere's Clinical Endocrinology and
Metabolism 1998; 12(4), 691-705.

9. Craig W. Health-promoting properties of common herbs. American Journal of Clinical Nutrition 1999; 70(3),
4918S.

10. Demark-Wahnefried W, Polascik T, George S, et al. Flaxseed supplementation (not dietary fat restriction)
reduces prostate cancer proliferation rates in men presurgery. Cancer Epidemiology Biomarkers & Prevention
2008; 17(12), 3577.

11. Pan A, Sun J, Chen, Y, et al. Effects of a flaxseed-derived lignan supplement in type 2 diabetic patients: a
randomized, double-blind, cross-over trial. PLoS One 2007; 2(11), 1148.

12. Arjmandi B, Khan D, Juma S, et al. Whole flaxseed consumption lowers serum LDL-cholesterol and
lipoprotein (a) concentrations in postmenopausal women. Nutrition Research 1998; 18(7), 1203-1214.

13. Cho Y, Kwon E, Kim H, et al. Low trans structured fat from flaxseed oil improves plasma and hepatic lipid
metabolism in apo E-/-mice. Food and Chemical Toxicology 2009; 47(7), 1550-1555.

14. Thakur G, Mitra A, Pal K, & Rousseau D. Effect of flaxseed gum on reduction of blood glucose and
cholesterol in type 2 diabetic patients. International Journal of Food Sciences and Nutrition 2009; 60(s6), 126-
136.

15. Daleprane J, Batista A, Pacheco J, da Silva A, Costa C, Resende C, et al. Dietary flaxseed supplementation
improves endothelial function in the mesenteric arterial bed. Food Research International 2010.

16. Bhathena S, Ali A, Mohamed A, Hansen C, & Velasquez M. Differential effects of dietary flaxseed protein
and soy protein on plasma triglyceride and uric acid levels in animal models. The Journal of Nutritional
Biochemistry 2002; 13(11), 684-689.

17. Barcel6-Coblijn G, & Murphy E. 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
2009; 48(6), 355-374.

18. Zhang W, Wang X, Liu Y, et al. Effects of dietary flaxseed lignan extract on symptoms of benign prostatic
hyperplasia. Journal of medicinal food 2008; 11(2), 207-214.

19. Simopoulos A. The importance of the ratio of omega-6/omega-3 essential fatty acids. Biomedecine &
Pharmacotherapy 2002; 56(8), 365-379.

87



Vol. 1 No.4; July 2011

20. Su H, Huang M, Saad N, Nathanielsz P, & Brenna J. Fetal baboons convert 18: 3n-3 to 22: 6n-3 in vivo: a
stable isotope tracer study. Journal of Lipid Research 2001; 42(4), 581.

21. Vijaimohan K, Jainu M, Sabitha K, Subramaniyam S, Anandhan C, & Shyamala Devi C. Beneficial effects of
alpha linolenic acid rich flaxseed oil on growth performance and hepatic cholesterol metabolism in high fat
diet fed rats. Life sciences 2006; 79(5), 448-454.

22. Riediger N, Othman R, Fitz E, Pierce G, Suh M, & Moghadasian M. Low n-6: n-3 fatty acid ratio, with fish-
or flaxseed oil, in a high fat diet improves plasma lipids and beneficially alters tissue fatty acid composition in
mice. European journal of nutrition 2008; 47(3), 153-160.

23. Meagher L, & Beecher G. Assessment of data on the lignan content of foods. Journal of food composition and
analysis 2000; 13(6), 935-947.

24. Zhang W, Wang X, Liu Y, Tian H, Flickinger B, Empie M., et al. Dietary flaxseed lignan extract lowers
plasma cholesterol and glucose concentrations in hypercholesterolaemic subjects. British Journal of Nutrition
2007; 99(06), 1301-1309.

25. Vanharanta M, Voutilainen S, Rissanen T, Adlercreutz H, & Salonen J. Risk of cardiovascular disease-related
and all-cause death according to serum concentrations of enterolactone: Kuopio Ischaemic Heart Disease Risk
Factor Study. Archives of internal medicine 2003; 163(9), 1099.

26. Prasad K. Flaxseed: a source of hypocholesterolemic and antiatherogenic agents. Drug News Perspect 2000;
13(2), 99-104.

27. Prasad K. Secoisolariciresinol diglucoside from flaxseed delays the development of type 2 diabetes in Zucker
rat. Journal of laboratory and clinical medicine 2001; 138(1), 32-39.

28. King D. Dietary fiber, inflammation, and cardiovascular disease. Molecular nutrition & food research 2005;
49(6), 594-600.

29. Li J, Kaneko T, Qin L, Wang J, Wang Y, & Sato A. Long-term effects of high dietary fiber intake on glucose
tolerance and lipid metabolism in GK rats: comparison among barley, rice, and cornstarch. Metabolism 2003;
52(9), 1206-1210.

International Journal of Applied Science and Technology

Table 1. Nutritional components of diet

Properties Level (g/100g food)

Control group  Pure FL 10% FL 20% FL 30% FL
Protein 22 20 21.8 21.6 21.6
Total fat 4 39.5 7.5 11.3 11.3
Total carbohydrate 51.5 315 49.5 47.5 47.5
Crude fiber 55 25 7.45 9.4 94
a-linolenic acid - 22.81 2.28 4.56 4.56
Lignans - 1.0 1.0 2.0 2.0
Energy 330 561.5 353.1 378.1 378.1

Basal diet and pure flaxseed ingredients are approximate, base on information provided by the distributer
company (Source: Gold Coin Feed Mills (M) Sdn. Bhd. and Radiant Code Sdn. Bhd. Malaysia)

Table 2. Effect of flaxseed diet on food and energy intake and weight change (mean + SD) *

Groups Food intake (g/rat/d) Energy intake (Kcal/rat/d) Weight change (%0)
C 27.09+1.30% 89.39+4.28" 54.11+19.42°

H10 26.09+2.45° 92.09+17.25" 60.04+9.94°¢

H20 25.28+1.43° 95.45+10.77° 62.85+12.17°¢

H30 25.38+1.44° 101.2645.74° 62.40+12.90°

R10 25.81+1.74° 91.07+6.13° 54.11+19.42°¢

R20 25.09+2.50° 94.68+9.4° 56.01+19.62°¢

R30 24.94+0.88° 99.50+3.51° 48.661+8.58

"Values in same column with similar superscript letters are not significantly different (One way ANOVA; p >
0.05). C (control); H10 (heated 10% FL); H20 (heated 20% FL); H30 (heated 30% FL); R10 (raw 10% FL); R20
(raw 20% FL); R30 (raw 30% FL).
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Table 3. Lipid profile changes before and after treatment (mean+SD)
Groups Blood lipid profiles (mmol/L)
Before After % Before treatment ~ After %
treatment treatment changes treatment changes
R10 H10
TC 1.53+0.18  134+024*®  _12.41 TC 1.56 +0.28 1.37+0.26%® 1217
TG 0.40+0.07  0.38+0.06 -5.00 TG 0.39+0.05 0.38 +0.06 -2.63
HDL-C 0.85+0.06  0.84+0.04 -1.17 HDL-C 0.80 £0.05 0.82 +0.04 2.50
LDL-C 0.26+0.02 0.26+0.02% 0.00 LDL-C 0.26 +0.03 0.26 +0.02 0.00
TC:HDL-C 1.84+0.18  155+0.25* -0.15 TC:HDL-C 1.95+0.29 1.72+0.27 -0.11
eeoo_._._ LDL-C:HDL-C _031%002_  031:£003" _ _ 000 _ _ _ .. LDL-C:HDL-C _ 034£002 _ _ _ ( 032003 005
R20 H20
TC 1614018  126+0.12*° 21.73 TC 1.63+0.18 1.38+0.12%%® 15.33
TG 0.40+0.02  0.38+0.05 -5.00 TG 0.40 +0.07 0.37 +0.07 -7.50
HDL-C 0.82+0.05  0.85+0.04* 3.65 HDL-C 0.80 +0.09 0.84 +0.02 5.00
LDL-C 0.27+0.02  0.26+0.01% -3.70 LDL-C 0.27 £0.01 0.27 +0.02 0.00
TC:HDL-C 200+£020  1.49+0.14* -0.25 TC:HDL-C 2.04+031 1.65 +0.14* -0.19
‘oo LDL-C:HDL-C 033002 031£002° _ -006__ _ _ _ __ __ LDL-C:HDL-C _ 034£004 _ _ _ ( 032003 _ 005
R30 H30
TC 1.61£0.09  1.21+0.25*° -24.84 TC 1.63£0.19 1.27 £0.16*" -22.08
TG 0.40+0.03  0.37+0.05 -7.50 TG 0.39+0.05 0.36 +0.03 -7.69
HDL-C 0.83+0.06  0.87 +0.06* 481 HDL-C 0.83+0.02 0.88 +0.05* 6.02
LDL-C 0.26+0.01  0.24+0.02*¢ -7.69 LDL-C 0.25 +0.02 0.24 +0.02¢ -4.00
TC:HDL-C 1.97£0.18  1.41+0.23* -0.28 TC:HDL-C 1.93+0.20 1.43 £0.18* -0.25
eececoe._ LDL-C:HDL-C_ _0.32+0.02 __028+004*° _ 012 _ _ _ _ __ _._ LDL-C:HDL-C _ 031£002 _ _ _ ( 029£003" _ _ 006 _
C
TC 1.56+0.18 1570172 0.64
TG 0.38+0.06  0.40+0.07 5.26
HDL-C 0.81+0.05 0.80+0.03 -1.23
LDL-C 0.24+0.02  0.24+0.03° 0.00
TC:HDL-C 1.87+0.13 1.94+0.26 0.05
LDL-C:HDL-C  0.30+0.03  0.31+0.03° 0.03

“Significant difference between before and after treatment performing paired t test (p < 0.05). Between groups
values with different superscript letters are significantly different (p < 0.05). C (control); H10 (heated 10% FL);
H20 (heated 20% FL); H30 (heated 30% FL); R10 (raw 10% FL); R20 (raw 20% FL); R30 (raw 30% FL).
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