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Abstract: Phytosterols exist as naturally occurring plant sterols that are present in the nonsaponifiable
fraction of plant oils. Phytosterols are plant components that have a chemical structure similar to cholesterol
except for the addition of an extra methyl or ethyl group;, however, phytosterol absorption in humans is
considerably less than that of cholesterol. Phytosterols (plant sterols and stanols) are well known for their total
cholesterol and LDL- cholesterol lowering effect. The technologies adopted for processing of fruit and
vegetables range from traditional sun-drying to sophisticated and state-of-the-art techniques of juice
concentration and freeze drying. The traditional way of dehydrating pulp into leather now turned into
sophisticated fruit bars. Papaya fruit bars were formulated by incorporating phytosterol powder at 1.5% level.
Physico-chemical and proximate composition studies were conducted for the fruit bar. A randomized double-
blind parallel study was conducted to evaluate the effect of phytosterol incorporated papaya fruit bar on the
cholesterol levels in human subjects. 12 subjects were supplemented with papaya fruit bar either enriched with
1.5 g phytosterols (experimental) or without phytosterols (control) for 30 days. Significant (P < 0.05) decrease
in serum total cholesterol (6.12%), triglycerides (6.21%) and LDL cholesterol (9.05%) was seen in
experimental group compared to control group. These results indicate that phytosterol enriched food products
could be a good vehicle for reducing plasma cholesterol in hypercholesterolemic subjects.
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I. Introduction

Cardiovascular diseases (CVD) are increasing throughout the developing world and cause almost 16.7
million deaths each year, 80 per cent of which occur in low and middle-income countries. Indeed, 34 per cent of
annual deaths are due to CVD. It has been projected that by 2015, 41million people world-wide will die of
chronic CVD, unless effective concerted action is taken now. In low and middle income countries, almost half
of these deaths will occur in people below 70 years of age compared with only 27 per cent in high-income
countries. Furthermore, although in recent decades age-adjusted rates for cardiovascular mortality have
decreased in developed countries, rates have increased in low and middle-income countries. In Latin America,
it is estimated that between 1990 and 2020, deaths from CVD, including coronary heart disease (CHD), will
increase by approximately 145 per cent in both men and women compared with an increase of 28 per cent in
women and an increase of 50 per cent in men in developed countries during the same period [7]. Phytosterol
have been shown to inhibit the uptake of both dietary and endogenously produced (biliary) cholesterol from
intestinal cells. Such inhibition results in a decrease in serum total and LDL-cholesterol levls. Levels of HDL-
cholesterol and triglycerides do not appear to be affected by dietary phytosterol consumption [1]. Phytosterols
may reduce cholesterol absorption by competing with cholesterol for incorporation into the bile salts micelles or
for up taking of cholesterol by enterocytes through Neiman Pick C1 Likel (NPC1L1) transporter. In addition,
phytosterols may enhance cholesterol excretion back into the intestinal lumen through the adenosine
triphosphate binding cassette G 5 (ABCGS5) and G 8§ 9ABCGS) transporters. Phytosterol could also prevent
esterification of the free cholesterol into cholesterol esters and thus it’s assembling into the chylomicrons. As a
result of reducing cholesterol absorption by phytosterols, the cholesterol synthesis rate increase, but the net
effect is a reduction in LDL-cholesterol levels [11].
[5] demonstrated the efficacy of microcrystalline free phytosterols; serum total and LDL-cholesterol levels were
reduced by 7.5-11.6 per cent by consuming phytosterol-enriched margarine (1.5 or 3.0 g of phytosterols per day)
during a 6-week run-in and a 6-month experimental period.
[8] reported that for hypercholesterolemic patients the trial was performed using two groups: the
hypercholesterolemic subjects treated with non-enriched milk (HNEM) and the hypercholesterolemic subjects
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treated with phytosterol-enriched milk (HPEM). The results obtained for both groups after 15 and 30 days of
milk intake, showed that in the hypercholesterolemic group treated with non-enriched milk, the lipid profile was
not significantly altered during the trial. In the hypercholesterolemic group treated with phytosterol-enriched
milk showed a significant reduction between the total cholesterol and LDL-C concentrations.

[13] reported that at a dose of > 2 g/d of plant sterols or stanols (the saturated form), the average
reduction in serum LDL-cholesterol is 0.33 to 0.54 mmol/l or 9 to 14 %, depending on the age of the
participants studied. A more recent- analysis including 41 trails confirmed these findings and concluded that 2
g/d of plant sterols or stanols lower LDL-cholesterol by 10 % [12]. [18] Reported that the study was planned to
utilize the preserved wood apple by preserving them as jam and fruit bar. Using wood apple preserved products
like jam and fruit bar were developed, stored and quality parameters were assessed for a period of 90 days.
Organoleptic evaluation and nutritive analysis showed good results except reduction in vitamin-c, calcium and
phosphorus in both jam and fruit bar during 90" day of storage. The microbial load of both jam and fruit bar was
under the limit at the end of 90 days. Hence, the prepared jam and fruit bar was safe and fit for consumption.
Functional food development has enjoyed heightened interest by commercial, academic and governmental
sectors over the past decade. Food products with functional capacity are eagerly accepted by consumers and
likely results in decreased morbidity, mortality and increased quality of life in the general population. Functional
foods can be developed by incorporating phytosterols as they act as functional food ingredients. Fruit is a major
food for mankind from time immemorial and it has immense nutritive and medicinal value. Processing is
necessary as they are highly perishable in nature. Aseptically processed and packed fruit bars are emerging in
the market. The fruit bars incorporated with phytosterol will enhance the health benefits of fruit based foods as
the phytosterol have immense cholesterol lowering properties to cure various diseases.

Therefore an attempt was made to incorporate phytosterols into papaya fruit bars which could be
used as a functional food which helps to reduce the risk of CVD by reducing the total and LDL cholesterol
levels in normocholesterolemic and mildly hypercholesterolemic human subjects.

II. Materials And Methods
Materials and chemicals:

For the present investigation, matured papaya (Carica papaya) fruits were purchased from local market
of (Hyderabad, India), and analysis kits for Triglycerides, cholesterol, and fluoride treated tubes were procured
from Medsourse ozone Biomedicals Pvt.Ltd (Delhi,India). All other chemicals were purchased from Qualigens
Fine Chemicals (Mumbai, India) or Molychem India Pvt. Ltd. (Mumbai, India). Microbiology media were
obtained from Hi-Media Laboratories (Mumbai, India). Phytosterol powder was procured from ReducolTM
original Powder (Forbes medi — Tech Inc) USA based company. Unless otherwise mentioned all chemicals used
were of analytical grade.

Physico-chemical and nutritional characteristics:

PH, total soluble solid content, fat, protein, dietary fibre, moisture, ash of developed PS enriched
Papaya fruit bar samples were determined as per the AOAC methods [3]. Vitamin-c and acidity were estimated
by the method of [14].Carotenoids and Sugars were determined using approved AOAC methods [3].

Microbial analysis:

Ten gram analytical unit of each food sample [PS enriched papaya fruit bar] was homogenized with 90
mL of sterile Ringer’s solution for 2 min and then 10 fold serial dilutions were prepared in sterile Ringer’s
solution [4].Briefly, individual serial decimal dilutions, starting with the prepared sample and each of the
subsequent dilutions were prepared in 9 mL volume of sterile Ringer’s solution up to 1x10-6 dilution, of the
original food sample. Triplicate 1 mL inoculums of appropriate dilutions were pour plated, on the following
media; for enumeration of total plate counts (TPC) on plate count agar and for enumeration of yeast and moulds
on potato dextrose agar. The inoculated petri plates were incubated at 37°C for 48 h for TPC and at 25°C for 48
h for yeast and moulds, respectively. Colonies were counted and expressed as colony forming units (cfu) per
gram. Standard enumeration procedures were followed [17].

Sensory analysis:

The sensory assessments were conducted at the Post Graduate & Research Centre, Acharya N.G.
Ranga Agricultural University, Hyderabad. A panel of 12 members consisting of staff and students of university
evaluated the products. To ensure that there was no bias towards the products, it was ensured that the panelists
chosen were naive to project objectives. The control was compared with the prepared PS enriched papaya fruit
bar samples were T1 (1.5 % PS), T2 (2 % PS), T3 (2.5 % PS). Prior to sensory evaluation the samples were
coded using random three-digit numbers and 25g of each sample was served, with the order of presentation
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counter balanced. Panelists were provided with a glass of water and, instructed to rinse their palate with water
and drink water between samples. They were given written instructions and asked to rate the coded samples on
color, sourness, flavor, sweetness and overall acceptability, using a nine-point hedonic scale [1=like extremely
to 9 =dislike extremely] [2]. The phytosterol powder incorporated at 1.5% level was identified as the best
acceptable product and subjected for further studies.

Experimental design and diets:

A randomized double- blind parallel study was conducted on 12 normocholesterolemic and mildly
hypercholesterolemic human subjects after the ethical committee approval. All the subjects were aged between
20 to25. No dietary modifications were made in their diet and they all had their normal food without any
modifications in their meal patterns. They were divided into experimental (n = 10) and control (n = 6) groups for
the purpose of the study. The experimental group (10 subjects) were supplemented with phytosterols (1.5%)
incorporated papaya fruit bar (30g per day) for a period of 30 days. The control group (6 subjects) was
supplemented with plain papaya fruit bar without phytosterols (30 g per day) for a period of 30 days trial.
Fasting blood samples were drawn from the subjects on the 0 day and after 30 days in the morning between 8am
and 9am using disposable syringes with the help of a trained laboratory technician at the university (ANGRAU)
health centre. SmL of venous blood sample was collected into fluoride treated tubes. Serum was separated
immediately by centrifuging at 2000 rpm for 10-15 min and transferred to plastic storage vial. The vials were
immediately covered with aluminum foil. Lipid profile (Total cholesterol, TG, HDL and LDL) was determined
in samples collected before and at the end of the experimental period in both the groups using CHOD-PAP,
GPO-PAP, and PEG-CHOD-PAP methods [9].

Statistical analysis:

Statistical analysis was carried out at the end of the study. The data was subjected to students paired‘t’
test, two-way analysis of variance (ANOVA), karl Pearson’s correlation coefficient and means were tested for
significance by critical difference [16].

Development of PS enriched papaya fruit bar:
Fruit bars with papaya were developed using 100% fruit pulp with 20% sugar, 10% liquid glucose and
0.3% citric acid in control, whereas experimental papaya bars were prepared using 100% fruit pulp, 20% sugar,
10% liquid glucose, and 0.3% citric acid and the phytosterol powder at different concentrations i.e., (T1) 1.5g,
(T2) 2g, (T3) 2.5g were used. The fruit pulp was dried in cabinet drier at 60- 65°C for 4- 5 hours. [15]
developed papaya bar using 15% sugar, 15% liquid glucose and 0.5% citric acid and dried at 70°C for 4-5 hrs
and produced sensorily most acceptable bars.
Preparation of papaya fruit bar (Control)

Ripe Eapaya

Washing

Peeling

Cutting into pieces

Pulping

Boiling for 15min

!

Sieving

Addition of sugar (20%) liquid glucose (10%),
Citric acid (0.3%)

Homogenizing

Pouring in greased trays (250gm/sq. ft)
v
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Drying in drier at 60- 65°C for 4 hrs
Piling four layers
Cutting in 3x 9 cm bars

Packing in flexible packaging pouches
Fig. 1 The generic method for the development of papaya bar

Preparation of papaya fruit bar (experimental)
Ripe papaya
Wasl\ing
Pee%ng
CuttinJinto pieces
Pulpigg
Boiling f& 15min, Sieving

Addition of sugar (20%), liquid glucose (20%)
Citric acid (0.3%)

Adding 1.5, 2, 2.5g phytosterol powder for thrJe different formulations and mix well in the mixer.

Pouring in greased trays (250gm/sq. ft)

Drying in drier it60- 65°C for 4 hrs,
Piling four layers

Cutting ille 9 c¢m bars

Packing in flexible packaging pouches
Fig. 2 Formulation of papaya fruit bar using phytosterol as functional ingredient.

Ingredients used Number of combinations
Control T1 T2 T3
Papaya pulp 100g 100g 100g 100g
Sugar 20% 20% 20% 20%
Liquid glucose 10% 10% 10% 10%
Citric acid 0.3% 0.3% 0.3% 0.3%
Butter For greasing For greasing For greasing For greasing
Phytosterol powder - 1.5¢g 2g 2.5¢g

Tablel. Product development

III. Results And Discussion:
Table 2. Physico-chemical composition of the papaya fruit bar.

Parameters Control T1 (experimental) S.Ed. CD
pH 3.80+0.02 3.56+0.05 0.067 NS
Titrable acidity (%) 0.63+0.02 0.6120.01 0.189 NS
Total soluble solids (°) 36.02+0.65 36.06+0.70 12.187 NS
Total sugars (g) 35.20+0.80 35.4+0.92 10.395 NS
Reducing sugars (g) 13.36+0.36 12.31+0.39 4.456 NS
*significant at 5% NS- Non significant Values expressed as Mean + SD
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Fig. 3 Physico-chemical composition of the papaya fruit bar.
Changes in physico- chemical parameters of papaya fruit bar were analyzed and were given in Table 2 and Fig
3. On analysis, the values for various parameters of papaya fruit bar were, control (3.80+0.02) and T1
(3.56+0.05) of pH, control (0.63+0.02%) and T1 (0.61£0.01%) of titrable acidity, control (36.02+0.65°) and T1
(36.06+0.70°) of TSS, control (35.20+0.80g) and T1 (35.4+0.92g) in total sugars and control (13.36+0.36g) and
T1 (12.31£0.39g) in reducing sugars were observed. No significant (P > 0.05) changes were recorded in
physico- chemical parameters between the control and experimental samples.

Table 3. Proximate composition of the papaya fruit bar.
Nutrients Control T1 (experimental) S.Ed. CD
Moisture (g) 16.66+1.44 15.66+0.57 0.134 0.381
Protein (g) 0.67+0.01 0.65+0.01 0.024 0.069
Fat (g) 0.070.01 0.07+0.01 12.252 NS
Ash (g) 0.570.04 0.400.01 12.193 NS
Carotenoids (pg) 0.18+0.01 0.15+0.01 0.061 NS
Vitamin-c (mg) 35.90+0.97 30.38+0.46 0.186 0.529
Fibre (g) 0.86+0.01 0.85+0.02 10.055 NS
*significant at 5%  Values expressed as Mean + SD  NS- Non significant
40
35
30
25
20
m Control
15 ~
ET1
10
5 -
0 T T T T T T 1
Moisture (g) Protein(g)  Fat(g) Ash(g) Carotenoids Vitamin-c  Fibre(g)
(ug) (meg)

Fig. 4 Proximate composition of the papaya fruit bar.

Changes in proximate parameters of papaya fruit bar were analyzed and were given in Table 3 and Fig 4. On
analysis, significant (P < 0.05) changes were recorded in Control (16.66+1.44g) and T1 (15.66+0.57g) in
moisture, control (0.67+0.01g) and T1 (0.65+0.01g) in protein and control (35.90+0.97mg) and TI1
(30.38+0.46mg) in Vitamin-c. Whereas no significant (P > 0.05) changes were recorded in parameters like
control (0.07+0.01g) and T1 (0.07+0.01g) in fat, control (0.57+0.04g) and T1 (0.40+0.01g) in ash, control
(0.18+0.01pg) and T1 (0.15+£0.01ng) in carotenoids and control (0.86+0.01g) and T1 (0.85+0.02g) in fibre
content was recorded.

Microbial Analysis:

Microbial analysis was conducted on Oday, 30" day and 60" day for the best acceptable phytosterol
incorporated papaya fruit bar (1.5%) and control plain papaya fruit bar. The results showed showed no microbial
count in both the control and experimental samples. TBC values of 0.50 cfu g/ml in control sample and 0.20 cfu
g/ml experimental (T1) samples were observed on 60™ day. [18] reported that there was acceptable amount of
microbes present in the jam and fruit bar at the end of 90 days of storage period of the entire study
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Effect of supplementation of phytosterols on lipid profile (Hypocholesterolemic Effect):

The effect of supplementation of phytosterols for a period of thirty days on serum total cholesterol and LDL
cholesterol was assessed in human subjects and the mean total cholesterol values of the study are given in Table
4 and Fig 5.

250

200

150
m Control O day

100 W Control 30 day
W Experimental O day

=8 M Experimental 30 day
o
Total Triglycerides HDL (mg/dl) LDL (mg/dl)
Cholesterol (mg/dl)
(mg/dl)

Fig.5 Effect of phytosterols supplementation on lipid profile of selected subjects.

Table 4 Effect of phytosterols supplementation on lipid profile of selected subjects

Parameters Total Triglycerides HDLcholesterol LDL cholesterol (mg/
Cholesterol (mg/ dl) (mg/ dl) dl)
(mg/ d)
Control | 0 day
224.16+2.78 198.29+16.83 45.56+8.12 129.78+6.51
30™ day 223.84+2.67 196.49+16.86 45.7248.25 126.78+6.75
Experi- 224.36+5.28 185.46+10.48 52.84+4.53 144.1343.68
Mental
30" day 210.61£7.45 173.9349.94 52.62+3.83 131.08+4.54
SE.d CD SE.d CD(0.05) | SE.d CD SE.d CD
(0.05) (0.05) (0.05)
For Groups 2024 4.224* 5.688 11.869* 2.551 5.545% 2.258 4.711*
For Periods 2.024 4.224* 5.688 NS 2.551 NS 2.258 4.711*
For G* P 2.863 5.974* 8.045 NS 3.607 NS 3.193 6.663*
% increase or decrease (0™ — 30™ day)
Control 0.14 0.90 -0.35 2.31
Experimental 6.12 6.21 0.41 9.05

Mean values are significantly different (P< 0.05).  Values are expressed in mean =+ standard deviation;

The results showed a marked decline of 9.12% in serum total cholesterol levels, 6.21% decline in
triglyceride levels, 0.41% decrease in HDL levels which is non significant (P > 0.05) and 9.05% decline in LDL
levels in the subjects supplemented with phytosterol enriched papaya fruit bar as compared to control group.
This change was significant (P < 0.05) in the experimental group who were supplemented with 1.5gm of
phytosterols enriched papaya fruit bar. In the control group there was a decrease of 0.14% in serum cholesterol
levels, 0.90% decrease in triglyceride levels, 0.41% increase in HDL levels and 2.31% decline in LDL levels.
These results show that consumption of phytosterols may help prevent the onset of cardiovascular diseases or
bring down the hypocholesterolemic condition. Similar results were reported by John er al. (2006).Use of a
novel phytosterols- enriched snack bar (1.5gm per day) effectively decreased total and LDL cholesterol by 4.7%
and 6.0% levels in a population with hypercholesterolemia.

Devaraj et al. (2004) conducted a study on the cholesterol-lowering efficacy of a low-fat (2g/serving)
phytosterols enriched orange juice in 72 mildly hypocholesterolemic subjects in comparison with un enriched
orange juice for 8 weeks. The results showed that compared to un enriched orange juice, the Phytosterols-
enriched orange juice reduced the plasma cholesterol concentrations by 7.2%, LDL cholesterol concentrations
by 12.4% and high-density lipoprotein (HDL) cholesterol concentrations by 7.8%.
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Plate3 PS incorporated Papaya Fruit Bar

Plate 2 Phytosterol (PS) powder

Plate 5 Estimation of lipid profile using a
Spectrophotometer

IV. Conclusion:
Nutritionally the fruit bars are high calorie foods retaining the natural vitamins and minerals. Hence,

fruit bars being principally made out of fruit pulps, retains most of these ingredients and therefore, form a good
nutritional supplement. The above results show that the intake of phytosterols in papaya fruit bar could be
efficacious for lipid profile modulation. As a large effect was not observed with phytosterol enriched papaya

fruit bar at a dose of (1.5g/day) for 30 days supplementation, use of higher dose may show much greater effect.

Acknowledgements:
The authors thanks to Dr.Peter Jones, Professor& Director, Richardson Center for Functional Foods

and Nutraceuticals, University of Manitoba, Winnipeg, Canada and Forbes Medi-Tech Inc, East Roosevelt,
USA for providing the Phytosterol (Reducol original powder) for carrying out the current work.

References:
AbuMweis, S.S., Barake, R and Jones, P. 2008. Plant sterols/stanols as cholesterol lowering agents: a meta-analysis of randomized
controlled trials. Food and Nutrition Research. 52-56.
Amerine, M.A., Pangborn R.M and Roseller E.B.1965. In Principles of Sensory evaluation of food, Academic Ppress, New York
and London.
AOAC International.1990. Official Methods of Analysis. Association of Official Analytical Chemists, 15™ edition; Washington
DC.USA.
APHA. In: Frances, P.D. and Keith, I. (Eds.), Compendium of Methods for the Microbiological Examination of Foods. Washington,
DC. 2001.

Christiansen, L.I., Lahteenmaki, P.L.A., Mannelin, M.R., Seppanen-Laakso, T.E., Hiltunen, R.V.K and Yliruusi, J.K. 2001.
Cholesterol-lowering effect of spreads enriched withmicrocrystalline plant sterols in hypercholesterolemic subjects. European
Journal of Nutrition. 40: 66-73.

Devaraj, S., Jialal, I and Vega-Lopez, S. 2004. Plant Sterol-Fortified Orange Juice Effectively Lowers Cholesterol Levels in Mildly
Hypercholesterolemic Healthy Individuals. Arteriosclerosis, Thrombosis and Vascular Biology. 24: 25-28.

www.iosrjournals.org 7 | Page


http://atvb.ahajournals.org/search?author1=Sridevi+Devaraj&sortspec=date&submit=Submit
http://atvb.ahajournals.org/search?author1=Ishwarlal+Jialal&sortspec=date&submit=Submit
http://atvb.ahajournals.org/search?author1=Sonia+Vega-L%C3%B3pez&sortspec=date&submit=Submit

Effect Of Phytosterols Supplemented Health Food (Papaya Fruit Bar) On Serum Cholesterol And Ldl

Gersh, B.J., Sliwa, K and Mayosi, B.M. 2010. Novel therapeutic concepts: the epidemic of cardiovascular disease in the developing
world: global implications. European Heart Journal. 31: 642-648.

Goncalves, S.,Vasco Maria, A., Silva, A.S., Martins-Silva, J and Saldanha, C. 2006. Phytosterols in milk as a depressor of plasma
cholesterol levels: Experimental evidence with hypercholesterolemic Portuguese subjects. Clinical Hemorheology and
Microcirculation. 35: 251-255.

Herbert, k. 1984. Lipids. In clinical chemistry. Theory, analysis and co-relation, Kaplan, L.A. and Pesce, A.J., Eds. Mosby, C.V.
Toronto. 1182-1230.

John A. Polagruto, Janice F Wang-polagruto, Marlia M Braun, Luke lee, Catherine kwik-uribe and L Keen (2006) Cocoa Flavanol-
Enriched Snack Bars Containing Phytosterols Effectively Lower Total and Low- Density Lipoprotein Cholesterol Levels. Journal
of American Dietetic Association.106:1804-1813.

Jones, P.J.H and Abumweis, S.S. 2009. Phytosterol as functional food ingredients: linkages to cardiovascular disease and cancer.
Current Opinion in Clinical Nutrition and Metabolic Care. 12: 147-151.

Katan, M.B., Grundy, S.M., Jones, P., Law, M., Miettinen, T and Paoletti, R. 2003. Efficacy and safety of plant stanols and sterols
in the management of blood cholesterol levels. Mayo Clinic Proceedings. 78: 965-978.

Law, M.R. 2000. Plant sterol and stanol margarines and health. British Medical Journal. 320: 861-864.

Ranganna, S. 1986. Handbook of analysis and Quality Control for Fruit and Vegetable Products. 2™ Edition. Tata McGrw-Hill
Publishing Co. Ltd., New Delhi.

Sandhu, K.S., Chander, R., Bajwa, U and Mahajan, B.V.C. 2008. Effect of papaya ripening, incorporation of sucrose, liquid glucose
and citric acid on papaya leather quality formulations. Journal of Food Science and Technology. 45 (2): 133- 138.

Snedecor, G.W and Cohran, W.G.1983.Statistical Methods. Oxford and IBH publishing company. New Delhi.
Speck, M. L. 1975. Compendium of Methods for the Microbiological Examination of Foods. Washington: American Public Health
Association
Vidhya. R and Narain. A, 2011. Development of Preserved Products Using Under Exploited Fruit, Wood Apple (Limonia
acidissima). American Journal of Food Technology, 6: 279-288.

www.iosrjournals.org 8 | Page



