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Abstract 
This study aimed to produce new generation of fats or oils, known as specialty lipids, from enzy- 
matic reaction of fish oil rich in Omega-3 fatty acids, serving as a source of essential fatty acids, 
and a medium-chain fatty acid (Capric acid, C10:0), for rapid energy release, using self-designed 
bioreactor. The beneficial aspects of the resultant specialty lipids (SL) on blood lipid chemistry 
were evaluated using animal models. Serum lipids were analyzed for lipid profile. Animals in the 
three treatments: Group 1 fed with corn oil, Group 2 fed with a physical blend (PB) of fish oil (FO) 
and capric acid (CA); and Group 3 fed with specialty lipids (SL) showed a significant (p < 0.05) de-
crease in the level of triacylglycerols (TAG) after 60 days compared to day zero, but the highest 
decrease was noted for the corn oil (CO) fed animals. Analysis of differences among groups show- 
ed that a significant (p < 0.05) difference was noted between treatment groups (2 and 3) and the 
reference group. The level of total cholesterol (TC) was considerably (p < 0.05) increased in ani-
mals fed with corn oil, whereas the PB and SL had no effect on TC. Blood lipid analysis for Group 1 
(fed with corn oil) and Group 3 (fed with SL) showed significant increase (p < 0.05) in high-density 
lipoprotein cholesterol (HDL-c). Meantime, animals in Group 2 showed insignificant increase (p > 
0.05) in HDL-c level after 60 days of treatment. Although SL caused an increase in HDL-c level but 
lower than CO. Animals in CO group showed insignificant increase (p > 0.05) in the level of LDL-c, 
whereas SL did not cause any change in LDL-c level. On the other hand, the level of low-density li-
poprotein cholesterol (LDL-c) is considerably (p < 0.05) decreased in animals fed with PB. Results 
showed that the difference between PB and SL animals was insignificant (p > 0.05) concerning TAG, 
TC, and LDL-c levels, but the only difference between these two groups was in the HDL-c level. The 
weight of animals was increasing with time in animals fed CO, while it was decreasing with time 
for animals fed PB and SL. The difference in percent body change between SL and CO was signifi-
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cant (p < 0.05) after 8 weeks of treatment. 
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1. Introduction 
Hypercholesterolemia is known as the main significant modifiable risk factor for the cardio vascular disease 
(CVD). Early diagnosis and treatment (diet and/or drug) can result in reduction of incidence of CVD. A clinical 
relationship has been recognized between hyperlipidemia and incidence of cardiac disease [1]. Genetic suscepti-
bility, high level of serum cholesterol, and a decreased amount of high-density lipoprotein (HDL-cholesterol) are 
the major risk factors linked with coronary heart disease [2]. Cardiovascular diseases (CVD) are the major cause of 
morbidity and mortality among the Saudi population [3]. According to WHO (2008), cardiovascular disease re-
sulted in death of 144 per 100,000 in KSA. Coronary heart disease (CHD) constitutes one of the major health 
problems in the kingdom [4]. The dollar cost of CVD management in Saudi Arabia is significantly high as re-
flected in a considerable percentage of frequent hospital admissions and bed occupancy due to CVD [5]. 

The prevalence of high-risk amounts of serum lipids was reported in many studies over the past two decades 
in different areas of Saudi Arabia [6]-[8]. For example, the prevalence of hypercholesterolemia (HC > 6.2 mmol/L) 
among Saudi males was 7%, while it was 8% for Saudi females [7]. Al-Shehri and his colleagues [6] found the 
prevalence of high-risk levels of serum lipids in school children in Riyadh. The prevalence of total cholesterol 
(TC), LDL-c, Triacylglyerol (TAG)/HDL-c were 32.7%, 33.1%, 34.1% and 22.0%, respectively. A cross sec-
tional national epidemiological study indicated high prevalence of metabolic risk factors for cardiovascular dis-
ease among Saudi people, aged 30 - 64 [8]. In conclusion, CVD is a serious and fast growing health problem in 
Saudi Arabia. It is considered the leading reason of morbidity and mortality and this health problem should be 
addressed. 

There is an increasing concern about the link between a high uptake of certain types of fatty acids (FA) or an 
inappropriate balance of the different fatty acids in the diet and certain disease conditions, such as heart diseases, 
obesity and tumor. This necessitates the need for new generations of fats or oils (SLs) that keep the physical, 
functional and organoleptic features of traditional lipids. In the mean time they also provide specific health bene- 
fits [9]. Specialty lipids (SL) are triacylglycerols (TAG) or phospholipids (PL) in which fatty acids (FA) are po-
sitioned at specific locations in the glycerol backbone of TAG. They can be synthesized using chemical or en-
zymatic procedures [10]. In this study, the enzymatic method was selected over the chemical one because the 
former has many advantages over the latter. For instance, it manufactures SL with a defined structure and re-
quires mild temperatures without producing side products. It is energy efficient and purification of products is 
easy [11]. 

Oils from fish and other marine organisms can be changed to incorporate medium-chain FA (MCFA, 6-12 
carbon atoms, saturated), serving as a source of fast energy release, and long-chain polyunsaturated (LC PUSFA, >12 
carbon atoms), acting as a rich source of essential FA. 

Recognition of the health advantages linked with the intake of sea foods (ω3 or n-3 FA) is one of the major 
promising events in human nutrition and prevention of disease over the past thirty years. LC PUSFA display 
multifunctional role in enhancement of health and protection against disease in the human body. For example, 
the vital health functions of the Omega-3 were the subject of extensive research studies as more than 14,000 
scientific research works have investigated the health role of the Omega-3 FA from FO at all phases of human 
life [12]. The n-3 FA can be obtained from different sources, such as FO, flax seeds and algae. The n-3 FA, ei-
cosapentaenoic acid (EPA, C20:5 n-3) and docosahexaenoic acid (DHA, C22:6 n-3), from FO will be chosen 
over other sources of the Omega-3 for the following reasons: Firstly, FO (Omega-3) constitutes more than 80% 
(by volume) of the n-3 FA market [12]; Secondly, the human body preferred the Omega-3 fatty acids found in 
FO as they are most balanced and readily absorbed compared to those found in flax seeds and algae [12]. 

The omega-3 FA have attracted attention of many research groups across the globe because they possess many 
health benefits related to CVD [13]-[16], inflammation [17], immune response [17], diabetes [18] [19], hyper-
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tension [19] [20], and renal disorder (progressive IgA nephropathy) [21]. Moreover, the significance of the n-3 
FA has increased as a potential clinical tool for CVD. Harris and Schacky [22] proposed the Omega-3 index 
(EPA and DHA content of the red blood cells) as a new risk factor for death from coronary heart disease (CHD). 
The researchers suggested that the Omega-3 index of ≥8% was linked with highest protection against CHD, 
while an index of ≤4% resulted in least protection against CHD [22]. Furthermore, this index had many attri- 
butes, such as novelty, physiologically relevant, ease of modification, and independent. These characteristics 
render it as a significant clinical tool for CHD. 

Pure medium-chain triacylglycerols (MCT) display unique structural and Physiological attributes [23] [24]. 
MCT provide less energy (6.5 - 8.3 kcal/g) than LCT (9 kcal/g). They are different from other lipids because 
they can be absorbed via the portal system without being hydrolyzed and reesterified because of their relative 
solubility in water. MCT do not require packaging onto chylomicron to be transferred to the cells and have a 
more quick β-oxidation to produce acetyl CoA [25]. Affinity of MCT to accumulate as body fat is lower than 
LCFA. They are independent on carnitine (an enzyme needed for carrying of FA across the inner mitochondrion 
membrane) to reach the matrix of the mitochondria. For the above mentioned reasons, absorption, transport and 
metabolism of MCFA is much easier than LCFA and, thus, MCFA were selected in this study to be incorporated 
into FO rich in n-3 FA [26]. To our knowledge, no attempts have been made to produce SL at a large-scale using 
a bioreactor or nutritionally assess them using animal models. In this study, a sufficient amount of new genera-
tion of fats or oils was produced for in vivo studies using a novel bioreactor packed with a biocatalyst. The ef-
fects of SL on blood lipid chemistry of experimental animals were investigated, including TAG, TC, HDL-c, and 
LDL-c. Furthermore, the effect of different dietary treatment was assessed on percent change in body mass. 

2. Materials and Methods 
FO, known as MEG-3 was obtained from Ocean Nutrition Canada (Halifax, Nova Scotia, Canada). The main 
Omega-3 FA (mg of 1000 mg) present in the MEG-3 were: EPA; 22:5n-3 (80 mg = 8 wt%), DHA; 22:6n-3 (120 
mg = 12 wt%). Thus, the total percent of the Omega-3 FA is 20 wt%. Decanoic acid, known as capric acid 
(C10:0; 98.0%) and a commercial sn-1,3-specific lipase (Lipozyme IM 60) from Rhizopusmiehei were obtained 
from Sigma Chemical Co. (St. Louis, MO, USA). Kits for determination of TAG, TC, HDL-c and were purchased 
from Kashef Diagnostics (Jeddah, KSA). 

2.1. Apparatus 
The apparatus (Figure 1) consisted of one enzyme column, product and reactant containers, a circulating water 
bath, and a peristaltic pump. The column dimensions were exactly the same as we had in an earlier study [a 
25-mm inner diameter (id), a 33.5-mm outer diameter (od), and a length of 162 mm] [11]. In this study we chose 
the single bed model over the two-bed model for two main reasons. First, the single bed model predicted and 
confirmed a high percent of incorporation of CA into FO (31.7 mol% for the single bed vs 22.7 mol% for the 
double beds) [11]. Secondly, the coefficient of variation (R2) of the one bed model was much better than the two 
beds model (R2 for one bed = 0.79 compared to R2 = 0.54 for the two column), suggesting that the model fit for 
the one bed was better than the two beds [11]. 

2.2. Packing of the Column and Determination of the Column Void Fraction 
Details of the loading of the bed with the immobilized enzyme (24 g) and determination of the column void 
fraction was the same as described by Hamam and Budge (26). The primary objective of this research work was 
to assess the effects of SL on lipid blood chemistry using animal models, rather than testing the effects of 
process parameters on percent incorporation of capric acid into fish oil. Therefore, the optimal operational con-
ditions that were selected in the present study were the same as described in an earlier study for one-bed bio-
reactor [11]. The optimal process variables were: substrate molar ratio of 2.70:1 (CA:FO); temperature (55˚C), 
and flow rate of reactants (0.5 mL/min). 

2.3. In Vivo Feeding Studies 
Eighteen Wistar male rats aged 5 - 6 weeks old were randomly distributed into three groups; each group com-
posed of six rats fed diets formulated from the SL, a physically-blended lipid containing oils (free FA and FO) 
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Figure 1. Schematic diagram of the single column bioreactor. a: peristaltic Master Flex 
pump (Cole-Parmer, Canada); b: enzyme bed packed with a sn-1,3 stereospecific im-
mobilized lipase from Rhizomucormiehei (Lipozyme IM).                         

 
used to make the SL and a control lipid consisting of animals fed corn oil. The basal diets were based on stan-
dards used in other feeding studies, with each diet incorporating lipids at 10% of total diet mass. Animals have 
free access to food and water throughout the 60-day study period. 

2.4. Biochemical Testing of Serum Lipids 
Blood samples were collected at a specified time interval (0 and 60 days). Animals were fasted at least 16 h prior 
blood collection. A blood sample (2 - 3 ml) was withdrawn from each animal from the orbital sinus and col-
lected into heparin treated microcentrifuge tubes at 0 and 60 days. Serum samples were prepared and stored at 
−20˚C. Animal study of this work adhered to the European guidelines of ethics (EEC999 of Europe 1982). Se-
rum lipids were collected and analyzed for lipid profile, including TAG, TC, HDL-c, and LDL-c by enzymatic 
methods using Khashef Diagnostic kits (Jeddah, KSA). 

2.4.1. Measurement of Serum Triacylglycerols (TAG) 
Level of triacylglyerols in the serum was measured using the glycerol phosphate oxidase (GPO) kit (Kashef Di-
agnostics, Jeddah, KSA). Briefly, serum TAG was hydrolyzed to glycerol and FFA by lipase, then glycerol was 
converted to glycerol-3-phosphate by glycerol kinase and ATP. The resultant glycerol-3-phosphate was oxidized 
by GPO to yield hydrogen peroxide, which produced a red colored dye in the presence of peroxidase, choloro-
phenol and 4-aminoantipyrine. The resultant red color product was measured spectrophotometrically at 500 nm 
using the UV-visible spectroscopy (UV-1800, Shimadzu, Kyoto, Japan). Level of serum TAG was calculated 
using Equation (1). 

[ ] [ ]TAG mg dL Abs sample Abs standard concentration standard×=                (1) 
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2.4.2. Measurement of Serum TC 
TC levels in the serum were determined after enzymatic hydrolysis and oxidation using cholesterol determina-
tion kit (Kashef Diagnostics, Jeddah, KSA). The resultant red color was quantified spectrophotometrically (UV- 
visible spectroscopy, UV-1800, Shimadzu, Kyoto, Japan) at 500 nm. TC level was determined using the follow-
ing equation: 

[ ] [ ]TC mg dL Abs sample Abs standard concentration standard×=                (2) 

2.4.3. Measurement of Serum HDL-c 
Determination of HDL-c was performed using HDL-c determination kit (Kashef Diagnostics, Jeddah, KSA). 
HDL-c was separated from low density fractions (LDL- and VLDL-c) via precipitation with a mixture of phos- 
photungstic acid and magnesium chloride. HDL-c in the clear supernatant was measured according to the me- 
thod described in Section 2.4.2. 

2.4.4. Measurement of Serum LDL-c 
Serum LDL-c level was determined using the Friedwald’s method [27]. Determination of serum LDL-c amount 
was done after determination the level of TC, HDL-c and TAG. LDL-c level was calculated using the Fried-
wald’s equation: 

[ ] [ ]LDL-cholesterol mg dL TC HDL-c TAG 5= − −  

3. Results and Discussion 
3.1. Effects of CO, PB and SL Oil on Serum Triacylglycerol (TAG) 
The present study showed that TAG levels in Group 2 (fed with a PB of FO and CA) and Group 3 (fed SL) de-
creased level of TAG significantly (p < 0.05) at Day 60 compared to Day 0 (Figure 2). Research works investi-
gating the effects of CO on the serum TAG level using animal models are still producing conflicting results. 
Results of this study agree with many studies that indicated that CO resulted in a decrease in TAG level [28]- 
[30]. For example, Nalbone et al. [29] found that CO fed rats for eight weeks resulted in a significant decrease 
(~40%) in TAG which was similar to our findings. However, Esmael and colleagues [30] showed that CO fed 
rats resulted in an increased level of TAG and LDL-c. Authors of this study explained one of the reasons for 
such increase could be due to an increase in the production and release of LDL-c and VLDL-c from the hepatic 
tissues onto the blood. The other possible reason could be related to increased enzyme activity that involved in 
the lipogensis. Another example that supports the idea that CO increased level of TAG came from the study that 
was conducted by Dauqan et al. [31]. Positive effects of CO on serum TAG could be explained as the following. 
Refined CO contains PUSFA (59%), MUSFA (24%) and SFA (13%). Most of the PUSFA composed of linoleic 
acid (C18:2 n-6) and the ratio of n-6/n-3 reached a value of 83/1. Furthermore, it contains a substantial amount 
of antioxidants (ubiquinone and α- and γ-tocopherols) [32]. Thus, this fatty acid profile as well as the presence 
of antioxidants (e.g. ubiquinone and α- and γ-tocopherols) could decrease TAG level in rats. 

Lee et al. [33] found that SL composed of soya bean and caprylic acid (C8:0) and the physical blend oil of 
soya bean and tricaprylin (C8:0/C8:0/C8:0) did not result in a significant difference in serum TAG, whereas re-
sults presented in this study showed that both PB and SL had a positive effects on serum TAG. Although rats fed 
SL showed lower serum TAG level than their counterparts who fed PB but this difference was statistically insig-
nificant (p > 0.05) (95% CI = −9.48 - 22.16) (Table 1). All treatments (CO, PB, and SL) resulted in a decrease in 
TAG at Day 60, but the highest decrease in TAG was for the control oil group. When comparing TAG levels of 
PB and SL with TAG level in CO group at Day 60, it was obvious that both experimental groups showed signifi- 
cant difference (p < 0.05) (95% CI for CO and PB = −34.31 to −2.67; CI for CO and SL = −40.66 to −9.01) 
(Table 1). Results of the present study agreed with those of Dauqan et al. [31] and Rezq et al. [34]. For instance, 
Dauqan et al. [31] found that PB of vegetable oils caused a considerable decrease in TAG levels in rats fed this 
mixture for 8 weeks. In this study and the previous one [11], the fish oil (MEG-3) used in the synthesis of SL 
contained a substantial amount of MUSFA (~20% mol%) and much higher amount of PUSFA (32% mol%). This 
combination of MUSFA and PUSFA might promote a better clearance of TAG from the circulation. Since the 
sum (73%) of MUSFA and PUSFA in CO is higher than its sum (52%) in the PB or SL it would be expected that  
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Figure 2. Triacylglycerol concentration (mg/dL) for corn oil, physical blend of fish oil 
and capric acid versus structured lipid composed of fish oil and capric acid at day zero 
and after 60 days of treatment. Error bars represent the standard error, *p-value < 0.05 
compared to day zero.                                                        

 
clearance of TAG from the circulation would be higher in rats fed with corn than their counterparts in the PB 
and SL groups. The other reason could be due to the presence of MCFA (C10:0), which exhibit unique structural 
and physiological features that make these fatty acids subjected to almost complete and faster hydrolysis, fol-
lowed by fast transport to the liver via the portal system. Although fatty composition of the specific structured 
lipids and PB were the same, but results showed that SL has more effect on serum TAG at Day 60 compared to 
Day zero but this effect was insignificant (p > 0.05). The physical mixture and the SL could be absorbed in a 
different way because of their difference in stero-specific structures. The FA (MCFA and LCFA) are positioned 
equally at the three positions in the randomized TAG of a PB, whereas the MCFA are preferentially located at 
the terminal positions (sn-1 and sn-3) in SL. Theoretically, serum TAG level in SL fed rats is expected to be lower 
than rat fed PB, when considering factors such as stereo-structures and composition and ratios of fatty acid. In 
conclusion, enhanced TAG clearance from the circulation, a better hydrolysis and absorption could be the main 
factors that resulted in such a decrease in TAG levels in rats fed the corn oil, physical blend and structured li- 
pids. 

3.2. Effects of CO, PB and SL Oil on Serum Total Cholesterol (TC) 
Figure 3 showed the effect of different kinds of oils on serum TC level. The level of TC was considerably (p < 
0.05) increased in animals fed with corn oil, which agrees with those of Ismael et al. [30]. The authors suggested 
that increased cholesterol level in rats fed CO might be attributed to high intake of exogenous cholesterol and 
subsequent deposition in the body. Another possible explanation could be due to a reduction in catabolism of 
cholesterol [30]. This assumption should be tested via examining level of bile acid as an indicator of decreased 
cholesterol catabolism. Others found different results [32]. For example, Dupont et al. [32] found that CO could 
act as a good cholesterol lowering agent because it contains high content of PUSFA (59%) and low level of SFA 
(13%). Furthermore, there are studies that tocotrienols could act as a cholesterol lowering agent via the suppres-
sion of cholesterol biosynthesis [35]. On the contrary, the PB resulted in a decrease in TC level, but this decrease 
was insignificant (p > 0.05) at Day 60 compared to Day 0 (Figure 3), but upon comparison with the animals fed 
CO, the level of TC was significantly lower (p > 0.05, 95% confidence interval CI = 5.42 - 45.01) at Day 60 
(Table 1). FO contains a good amount of antioxidants (e.g. tocopherols) which several studies [35] showed that 
they could as a cholesterol lowering agent via inhibition of cholesterol biosynthesis. Thus, one of reasons to ex-
plain the reduction of cholesterol in PB group could be due to the presence of these antioxidants. 

Rats fed SL for 60 days did not show any significant (p > 0.05) change in TC level compared to Day 0, but 
when compared to rats fed CO the level of TC was significantly lower (p < 0.05, 95% CI = 13.05 - 52.64) (Ta- 
ble 1). Although, the TC levels among animals fed on PB and SL did not show any significant change (p > 
0.05, 95% CI = −27.43 - 12.16) (Table 1), but TC levels in both were considerably lower than the control 
group given CO. It is clear from these results that feeding SL rich in the omega-3 FA and CA or a physical 
mixture of FO and CA did result in an improvement of serum TC concentrations compared to the control corn oil 
group. The content of TC in the serum was not considerably different between the SL- and PB-fed animals, which 

0
10
20
30
40
50
60
70
80
90

100

Corn oil Physical blend Specialty lipid

C
on

c.
 o

f T
A

G
 (m

g/
dL

)

day0

day60

*

*

* *



F. Hamam et al. 
 

 
320 

Table 1. Multiple comparisons for blood lipid profile in rats given corn oil, a physical blend and structured lipids.              

Serum Triacylglycerol 
Mean Difference (I-J) Sig. 

95% Confidence Interval 

(I) Group (J) Group Lower Bound Upper Bound 

Control Structured lipid 32.84667* 0.002 13.0521 52.6413 

 Physical blend 25.21500* 0.012 5.4204 45.0096 

Structured lipid control −32.84667* 0.002 −52.6413 −13.0521 

 Physical blend −7.63167 0.587 −27.4263 12.1629 

Physical blend control −25.21500* 0.012 −45.0096 −5.4204 

 Structured lipid 7.63167 0.587 −12.1629 27.4263 

Serum Total Cholesterol 
Mean Difference (I-J) Sig. 

95% Confidence Interval 

(I) Group (J) Group Lower Bound Upper Bound 

Control Structured lipid 32.84667* 0.002 13.0521 52.6413 

 Physical blend 25.21500* 0.012 5.4204 45.0096 

Structured lipid Control −32.84667* 0.002 −52.6413 −13.0521 

 Physical blend −7.63167 0.587 −27.4263 12.1629 

Physical blend Control −25.21500* 0.012 −45.0096 −5.4204 

 Structured lipid 7.63167 0.587 −12.1629 27.4263 

HDL-Cholesterol 
Mean Difference (I-J) Sig. 

95% Confidence Interval 

(I) Group (J) Group Lower Bound Lower Bound 

Control Structured lipid 12.35797* 0.000 6.7247 17.9912 

 Physical blend 10.12131* 0.001 4.4881 15.7545 

Structured lipid Control −12.35797* 0.000 −17.9912 −6.7247 

 Physical blend −2.23666 0.569 −7.8699 3.3966 

Physical blend Control −10.12131* 0.001 −15.7545 −4.4881 

 Structured lipid 2.23666 0.569 −3.3966 7.8699 

LDL-Cholesterol 
Mean Difference (I-J) Sig. 

95% Confidence Interval 

(I) Group (J) Group Lower Bound Upper Bound 

Control physical blend 15.82182* 0.000 8.0833 23.5603 

 Structured lipids 5.62455 0.189 −2.1139 13.3630 

physical blend Control −15.82182* 0.000 −23.5603 −8.0833 

 Structured lipids −10.19727* 0.008 −17.9358 −2.4588 

Structured lipids Control −5.62455 0.189 −13.3630 2.1139 

 physical blend 10.19727* 0.008 2.4588 17.9358 

 
agreed with those of Lee and his colleagues [33]. The effects of SL on serum TC did not differ from those fed 
PB group, possibly due to the purification steps of the SL, which might result in the esterification of tocopherols 
to tocopherol esters. Hamam and Shahidi [36] found that tocopherols in the oils were proved to react with car-
boxylic acids of free fatty acids, therefore leading to the formation of esters of tocopherols. We would expect 
that formation of tocopheryl esters during the purification steps would affect the cholesterol lowering ability of 
the SL. 
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Figure 3. Total cholesterol level (mg/dL) for corn oil, physical blend of fish oil and 
capric acid and structured lipid composed of fish oil and capric acid at Day zero and 
after 60 days of treatment. Error bars represent the standard error, *p-value < 0.05 com- 
pared to Day zero.                                                         

3.3. Effects of CO, PB, and SL on Serum HDL-c 
Blood lipid analysis for Group 1 (fed with corn oil) and Group 3 (fed with SL) showed significant increase (p < 
0.05) in HDL-c on Day 60 compared to Day 0 (Figure 4). Meantime, animals in Group 2 (fed with a mixture of 
FO and CA) showed insignificant increase (p > 0.05) in HDL-c level (Figure 4). An interesting finding of the 
study was the significant (p < 0.05) higher level of HDL-c in the CO group compared with the other two groups. 
SL increased HDL-c but this increase was significantly (p < 0.05, 95% CI = 6.72 to 17.99) lowered than the 
corresponding level in CO fed animal (Table 1). Furthermore, CO caused higher significant (p < 0.05, 95% 
CI = 4.49 to 15.75) level of HDL-c than those fed SL (Table 1). Results of HDL-c in the reference oil (corn) 
were inconsistent with other research works [30] [31] [33] [37]. Results of this study indicated that the dif-
ference in HDL-c level among rats fed with PB or SL was insignificant (p < 0.05, 95% CI = −3.39 to 7.87) 
(Table 1). 

3.4. Effects of CO, PB, and SL on Serum LDL-c 
Animals in CO and SL groups showed an increase in the level of LDL-c at day sixty of treatment compared to 
Day zero, but this increase was statistically insignificant (p > 0.05) (Figure 5). Whereas, PB significantly (p < 
0.05) reduced LDL-c level after 60 days of treatment (Figure 5). These results disagreed with those of Dauqan 
et al. [31] who found that feeding rats with CO for 8 weeks caused a significant decrease (p < 0.05) in LDL-c 
level. CO could be considered as LDL-c lowering agent when taking into consideration the high level of PUSFA 
(~59%), MUSFA (24%) and low level (13%) of SFA, but results of this study showed that CO had no effect on 
LDL-c. Thus, further studies should be conducted to investigate these results. On the other hand, at 8 weeks, the 
level of LDL-c is considerably (p < 0.05) decreased in animals fed with a mixture of FO and CA (Figure 5). 
Furthermore, this decrease was significant (p < 0.05; 95% CI = −17.93 to −2.46) in rats fed a PB compared to 
those fed SL (Table 1). Lee et al. [33] found different results when they fed rats different types of dietary lipids 
(SL vs PB of soybean oil with caprylic acid). The difference in LDL-c level among rats fed SL and those fed CO 
was insignificant (p > 0.05; 95% CI = −2.46 to 13.36) (Table 1), but upon comparison with those fed PB the 
difference was statistically significant (p < 0.05; 95% CI = 8.08 to 23.56) (Table 1). One possible reason for 
such a decrease in LDL-c could be due to stimulation of breakdown of LDL-c by high content of PUSFA of the 
PB. Theoretically, the order of reduction of LDL-c of three diets should be in the order SL > PB > CO when 
structural specificity and fatty acid proportions of PUSFA/MUSFA/SFA are taken into consideration. Although, 
the physical blend diet has less structural specificity and more SFA, it resulted in the highest significant (p < 
0.05) decrease in LDL-c level compared to those fed either CO or SL. Reasons behind significant decrease caused 
by the physical blend remain unclear. Thus, further work is needed to investigate these results. 

3.5. Body Weight Test 
Percent change in body weight of normal rats fed CO, PB and SL for 8 weeks is shown in Figure 6. The weight 
of animals was increasing with time in animals fed CO, while it was decreasing with time for animals fed PB  
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Figure 4. HDL-C concentration (mg/dL) for corn oil, physical blend of fish 
oil and capric acid and structured lipid composed of fish oil and capric acid at 
Day zero and after 60 days of treatment. Error bars represent the standard error, 
*p-value < 0.05 compared to day zero.                                 

 

 
Figure 5. LDL-C level in (mg/dL) for corn oil, physical blend of fish oil and 
capric acid and structured lipid composed of fish oil and capric acid at Day 
zero and after 60 days of treatment. Error bars represent the standard error, 
*p-value < 0.05 compared to Day zero.                                    

 

 
Figure 6. Percent change in body weight of normal rats fed corn oil, physical 
blend of fish oil and capric acid and structured lipid composed of fish oil and 
capric acid for 8 weeks.                                             
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Table 2. Multiple comparisons in percent change in body mass of rats given corn oil, a physical blend and structured lipids.    

 Mean Difference  
(I-J) Sig. 

95% Confidence Interval 

(I) Group (J) Group Lower Bound Upper Bound 

Control Structured lipid 17.11375* 0.000 10.6183 23.6092 

 Physical blend 14.93625* 0.000 8.4408 21.4317 

Structured lipid Control −17.11375* 0.000 −23.6092 −10.6183 

 Physical blend −2.17750 0.680 −8.6729 4.3179 

Physical blend Control −14.93625* 0.000 −21.4317 −8.4408 

 Structured lipid 2.17750 0.680 −4.3179 8.6729 

 
and SL. The difference between either SL or PB with CO was significant (p < 0.05) after 8 weeks of treatment. 
However, the difference between SL and PB was insignificant (p > 0.05) at all time intervals. Furthermore, sta-
tistical analysis was performed using the Tukey test, and results lend further support to the significant difference 
between animals fed SL and those fed CO (P < 0.05) 95% confidence interval (CI = 10.62 - 23.61) was also 
significant (Table 2). The same trend was noted upon comparing animals given PB and those given CO (p < 
0.05) 95% confidence interval (CI = −21.43 to −8.44) (Table 2). Although, the percent body change in animals 
fed SL was lower than those given PB (mean difference between SL and PB = −2.1775), the difference was in-
significant (p > 0.05) and 95% confidence interval (CI = −4.32 - 8.67) (Table 2). This study suggested that in-
creased body weight in rats fed CO could be attributed to high uptake of exogenous fats or oils and subsequent 
deposition of them in the body. Another possible reason for such an increase could be due to a decrease in cata-
bolism of fats or oils. Increased body weight in CO fed animals could be also explained through enhanced lipo-
gensis. None the less, these assumptions should be tested in a future study. Specialty lipids produced in this 
study contained a good amount of MUSFA (~20%) and PUSFA (32%), this combination of MUSAF and PUSFA 
could promote a better TAG clearance and, thus, no subsequent deposition of fats or oils would occur. Moreover, 
SL contained a good level of MCFA (C10:0) which display unique structural and physiological properties. These 
MCFA are transported quickly to liver for fast energy release and their affinity to accumulate as body fat is much 
lower than LCFA. 

4. Conclusion 
This study produced large amount of specialty lipids based on fish oil and a medium-chain fatty acid (C10:0) 
using a novel single bed bioreactor packed with a specific sn-1,3 lipase. SL improved blood lipid profile as it 
caused a significant decrease in TAG and considerable increase in HDL-c after 60 days of treatment, but SL had 
no effects on TC and LDL-c. Moreover, SL caused a significant decrease in the percent body change compared 
to the reference oil (CO). The physical mixture of FO and CA had positive impacts on blood lipid chemistry as it 
caused a considerable decrease in TAG and LDL-c, but had no effects on TC and HDL-c. Effects of corn oil on 
blood lipid chemistry were varying. For example, it caused a significant decrease in TAG and a substantial in-
crease in HDL-c. On the other hand, CO increased TC and had no effects on LDL-c. This study was conducted 
on normal healthy rats as a preliminary work to investigate the effect of SL on blood lipid profile compared to a 
PB and CO. However, it is recommended to carry out a further study on hyperlipidemic rat model to show the 
biochemical action of such material on animals with a metabolic disorder. 
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