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Abstract Phytonutrients retained palm olein (PRPOL) was

prepared and blended into butterfat at different ratios. The

physicochemical characteristics and the phytonutrient

composition of blends, as well as its utilization in the

preparation of functional chocolate spread were evaluated.

The results showed that the redness, yellowness, slip

melting point, free fatty acids, peroxide value, iodine value,

unsaponifiable matter, diacylglycerol and monoacylglyc-

erol increased while lightness, saponification value, and

triacylglycerol significantly decreased upon incorporation

of increased quantities of PRPOL into butterfat. The

incorporation affected short chain, medium chain and long

chain fatty acids content along with variation in the pal-

mitic, stearic, oleic acids content of the blends as compared

to butterfat alone. Improvement in carotenoids (6–27 fold),

phytotosterols (3–15 fold), tocopherols and tocotrienols

(4–17 fold), and squalene (1–6 fold) in blends was

observed upon incorporation of PRPOL. Cholesterol level

in the blends was reduced (10–50 %) as compared to the

butterfat. The blends showed an intermediate solid fat

content of PRPOL and butterfat. Moreover, radical scav-

enging activity of the blends increased with increase in

PRPOL quantity. Prepared chocolate spreads showed

similar fat, moisture, colour components (L*, a* and b*)

and better emulsion stability. The hardness of the spreads

was increased upon increasing quantity of PRPOL. The

sensory evaluation showed that chocolate prepared by

replacing butterfat with 20 % PRPOL had acceptable sen-

sory attributes.

Keywords Red palm olein � Butterfat � Phytonutrients �
Chocolate spread

Introduction

Palm oil is one of the widely consumed vegetable oils in

the world. The crude form of palm oil contains variety of

natural phytonutrients including carotenoids, tocopherols,

phytosterols, squalene, phenolics, and coenzyme Q10 (Goh

et al. 1985). Red palm oil is the richest and cheapest source

of natural carotenoids (Rukmini 1994). It consists of

500–700 ppm of carotenoids along with other natural

phytonutrients at various levels (Sundram et al. 2003). The

carotenoids of palm oil composed of approximately 30 %

of a- carotene and 70 % of b-carotene. Both of these

carotenes possess provitamin-A activity thereby helps in

preventing night blindness, aids maintenance of tissues and

promote cell growth. Similarly, tocopherols and toco-

trienols are potent antioxidants that prevent membrane

peroxidation of tissue lipids (Kamat et al. 1997). Addi-

tionaly, tocotrienols are efficient in reducing plasma

cholesterol (Parker et al. 1993). Red palm oil contains

300 mg/kg of phytosterol including campesterol, stigmas-

terol and b-sitosterol; possess cholesterol-lowering prop-

erties (Sundram et al. 2003). Prasanth Kumar and Gopala

Krishna (2014a) observed that crude palm olein, a liquid

fraction of the crude palm oil contains more phytonutrients

than the starting palm oil. The health benefits of palm oil

phytonutrients have been reviewed by Sundram et al.
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(2003). The retention of these minor components in palm

oil depends on the methods used for processing (Prasanth

Kumar and Gopala Krishna 2014b). The commercial

purification methods of palm oil consist of physical (steam)

refining, bleaching and deodorization. All these steps

operate at high temperature under vacuum. The complete

degradation of carotenoids and partial removal of phy-

tonutrients including tocopherols, tocotrienols and phy-

tosterols by these methods have reported (Posada et al.

2007; Rossi et al. 2001).

Several methods have been developed to isolate/retain

palm carotenoids and other phytonutrients from palm oil

(Mayamol et al. 2007). Malaysian Palm Oil Promotion

Council (MPOPC) has developed molecular distillation

based process for the preparation of phytonutrients retained

red palm olein from low acidic palm oil (Nagendran et al.

2000). The molecular distillation consists of several steps

and operates with low acidic (\5 %) palm olein makes the

process costly. Similarly, supercritical fluid extraction of

low acidic phytonutrient enriched palm oil also developed

(Lau et al. 2007). Recently Prasanth Kumar et al. (2013)

have used enzymatic deacidification to retain phytonutri-

ents in high acidic crude red palm olein.

Functional foods are in increasing demand and fast

becoming a part of everyday life due to the growing

awareness of consumers regarding human health on proper

nutrition (El-Hadad et al. 2011). The functional foods can

be consumed as a part of a daily diet to provide or maintain

metabolic or physiologic effect to keep good mental and

physical health, or to reduce the risk of diseases and to

provide adequate nutritional effect (Roberfroid 2000).

Vitamin A deficiency is one of the major nutritional prob-

lems in the developing countries (NNMB 1988–90; El-

Hadad et al. 2011). Vitamin-A deficiency causes night

blindness, xerophthalmia, damages the genitourinary sys-

tem, respiratory system and gastrointestinal tract, and it has

a role in immune response (Butt et al. 2006). The phy-

tonutrients plays a role in the prevention of chronic diseases

like cancer, arthritis, osteoporosis and coronary heart dis-

eases (Wrick et al. 1993; Suzuki et al. 1993). Manorama

et al. (1996) utilized red palm oil to combat vitamin A

deficiency in school children. El-Hadad et al. (2011) pre-

pared functional biscuits by replacing commercial short-

ening with red palm olein to enhance the level of

carotenoids, tocotrienols and tocopherols. Al-Saqer et al.

(2004) used red palm olein and red palm-shortening to

prepare functional pan bread and sugar-snap cookies to

provide higher amounts of vitamin E in the diet. El-Hadad

et al. (2011) have used phytonutrients retained red palm

olein prepared by molecular distillation to replace butterfat

at 20 % level in chocolate spread.

Butterfat prepared from cow milk, or buffalo milk is one

of the traditional dietetic sources of lipids in India. It is

potentially used as cooking and frying medium and pro-

duced through the clarification of butter. Butter is oil in

water emulsion obtained from milk and widely used as

butter spread. Butter provides creamy mouth-feel, buttery

aroma, palatability and desired texture to the food products.

It lacks spreadability at refrigerated (10 �C) and room

(21–25 �C) temperatures and these are the main disadvan-

tages of butter as a spread (Danthine et al. 2014). Hence,

several physical and chemical processes have been used to

modify the properties of clarified butter (butterfat). Recently,

chemical and enzymatic modifications of butterfat blended

with canola oils were carried out to achieve spreadability at

both room temperature and refrigerated temperature (Ro-

drigues and Gioielli 2003; Marangoni and Rousseau 1998;

Rousseau et al. 1996). Apart from the poor spreadability,

clarified butter contains 200–400 mg/100 g of cholesterol

(Surendranath et al. 1996). Hence, consumption of butterfat

and products rich in dairy fat contribute an appreciable

amount of cholesterol intake. In addition, studies have

reported a positive correlation between serum cholesterol

level and dietary intake of cholesterol. The several methods

have been adopted to reduce the levels of cholesterol in ghee

(Kumar et al. 2010; El-Aziz et al. 2013). Rodrigues and

Gioielli (2003) have blended butter oil with corn oil and

modified chemical interesterification to get the improved

physical and nutritional properties.

Some of the edible oils such as coconut oil, sesame oil,

mustard oil, groundnut oils, olive oil, etc. are being con-

sumed in the virgin form. Similarly, the consumption of

RPOL in virgin form is being prevented by the high free

fatty acid content. Free fatty acids (FFA) are produced

naturally in crude palm oil (CPO) and this gets increased

by the action of powerful hydrolytic enzymes present on

the exterior of the palm fruit and by microbial lipases most

probably originating from yeast cells; and hydrolysis of oil

during poor and lengthy storage (Abigor et al. 1985; Tan

et al. 2009). Prasanth Kumar and Gopala Krishna (2014b)

made an attempt to retain palm phytonutrients by enzy-

matic esterification of free fatty acids with added glycerol.

The products obtained were different in the properties viz.

slip melting point, partial glyceride composition, the TAG

profile compared to starting RPOL. The study was focused

to evaluate the incorporation of phytonutrients retained red

palm olein into butterfat in different weight ratios by

blending, evaluation of its on physicochemical and

nutraceutical properties of chocolate spread.

Materials and methods

Commercial anhydrous butterfat was procured from the

local supermarket, Mysore, Karnataka. Crude red palm oil

was obtained from M/s Oil Palm India Ltd., Kottayam,
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Kerala. Lipozyme RM IM was obtained as kind gift from

Novozymes India Ltd., Bangalore, India. Icing sugar, liq-

uid glucose, skimmed milk, and cocoa powder werepur-

chased from local supermarkets in Mysore, Karnataka,

India. Cholesterol, b-sitosterol, stigmasterol, stigmastanol,

a-tocopherol, squaleneand 1-diphenyl-2-picrylhydrazyl

(DPPH) were obtained from Sigma Chemical Co. (St

Louis, MO, USA) and standard

FAME mix from Supelco Inc. Bellefonte, PA, USA. All

the solvents and chemicals used were of analytical reagent

grade.

Preparation of phytonutrient retained palm olein

(PRPOL)

Phytonutrients rich palm olein was prepared according to

Prasanth Kumar et al. (2013). Crude red palm olein was

prepared according to Kumar and Krishna (2014b). Crude

palm oil (5 kg) was heated at 65 �C to get the complete

dissolution of crystals. Then the melted palm oil was kept

in a chamber adjusted with the temperature of 25 �C and

the slow crystallization process was carried out for 24 h.

The crystallized solid material was separated by vacuum

filtration. The obtained products were liquid crude red palm

olein and solid crude red palm stearin. The liquid red palm

olein was being used for the preparation of phytonutrient

retained red palm olein. The enzymatic deacidification of

CRPOL was carried out by using immobilized Rhyzomu-

cormeihei lipase (Lipozyme RM IM) with added glycerol

in a solvent free system. The reaction conditions including

the molar ratio of glycerol to FFA, enzyme concentration,

incubation period and temperature were followed accord-

ing to the previously standardized conditions (Kumar et al.

2013). The reaction was carried out with 100 g portion of

CRPOL in 500 ml Soxhlet flask and added glycerol in 1:2

molar ratios to FFA (as palmitic acid). Lipozyme RM IM

(5 %, w/w) was used for the reaction and was carried out at

63 �C with a rotating speed of 150 rpm under vacuum. The

reaction was carried out for 12 h and the reaction was

stopped by removing the enzyme by filtration. The same

enzyme was washed with hexane, dried and reused for the

subsequent batches of deacidification. The obtained prod-

ucts were stored at 10 �C till the analysis and the product

preparation.

Preparation of blends

The blends of PRPOL with butterfat were prepared at

different ratios (0:100, 20:80, 30:70, 40:60, 50:50, and

100:0). The fat samples were melted at 65 �C and weighed

at required quantities in Soxhlet flask (500 ml capacity).

The blending was carried out in Rotava-

por(BuchiLabortechnik, Switzerland) at 65 �C with

150 rpm under 5 mmHg vacuum for the period of 15 min

to ensure complete dissolution of fat crystals. The blends

were cooled to room temperature, transferred to pet jars

and stored in 4 �C until further usage.

Physicochemical characteristics of blends

Blends of nutraceuticals retained palm fat and butterfat

were characterised by evaluating the colourusing a Hunter

Lab Labscan XE spectrophotometer (Hunter Associates

Laboratory Inc, Restone Virginia). The 15 ml Sample

(15 ml) was placed in a sample cup and was used for

transmittance colour measurements in liquid media. The

colour of samples was obtained by using a 2/�C (2�
observer/illuminant C). The results were expressed as L*,

a*, b* respectively indicating lightness (0–100), green–red

components and blue–yellow components. The slip melting

point (SMP) of different fractions was analysed according

to AOCS Official Methods Cc 3-25 (AOCS 1997). Samples

were taken in an open capillary tube to the height of 1 cm.

The samples were tempered at 10 �C for 16 h. the tubes

were heated slowly in a temperature controlled water bath

until the fat column rise due to hydrostatic pressure. The

temperature at which the rising of fat column occurs is

expressed as the SMP using average of four replicates.

The chemical characteristics include free fatty acids (FFA)

(AOCS Ca 5a-40), saponification value (SV) (AOCS Cd

3-25), iodine value (IV) (AOCS Cd 1d-92), peroxide value

(PV) (AOCS Ca 8-53) and unsaponifiable matter (AOCS Ca

6a-40) were analysed according to the standard methods and

practices recommended by the AOCS (AOCS 2003). The

experiments were carried out in quadruplicate sets and the

results were expressed as average with standard deviation.

Glyceride (TAG, DAG, MAG) composition

of the blends

TAG, DAG, and MAG contents of the blends were esti-

mated by using the standard column chromatographic

method. A glass column (i.d. 1.8 cm; length, 30 cm, Bor-

osil Glass Works Ltd., Mumbai, India) was used in which a

silica (100–120 mesh size) bed was prepared from slurry of

silica in petroleum ether. MAG, DAG, and TAG were

eluted with the standard solvent system and the quantity of

each fraction was determined gravimetrically after evapo-

rating the solvent as per AOCS Cd 11c-93 (AOCS 2003).

Preparation of fatty acid methyl esters and Fatty

acid analysis of blends by GC

Fatty acid methyl esters (FAME) of the oil samples were

prepared by transesterification, according to AOCS Ce 1b-

89, using methanolic KOH as catalyst (AOCS 2003).
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Analysis was carried out using a gas chromatograph

(model-GC-20A, Shimadzu Corporation, Japan) equipped

with FID detector and a glass capillary column

(30 m 9 0.25 mm), coated with poly (90 % bis-

cyanopropyl/10 % cyanopropylphenyl) siloxane with a

film thickness of 0.2 lm (SP-2380) (Supelco Analytical,

Bellefonte, Pennsylvania, USA). The column oven tem-

perature was programmed as follows: 60 �C for 5 min,

raised at 10 �C/min to 180 �C, held for 15 min, injector

temperature 220 �C and detector temperature 230 �C. A
reference standard FAME mix (Supelco Inc., Bellefonte,

PA, USA) was analyzed under the same operating condi-

tions to determine peak identity. FAME were expressed as

relative area percent.

Solid fat content and thermal behavior

of nutraceutical retained palm red palm olein

and butterfat blends

Differential scanning calorimetry (DSC 8000, PerkinElmer

DSC 8000) was used to obtain the thermograms of melting

and crystallization. An empty aluminum pan was used as a

reference, and each sample was accurately weighed

(8 ± 0.1 mg) for DSC analysis. The sample was heated to

80 �C and held for 10 min. Thereafter, the temperature was

decreased at 10 �C/min to -60 �C. After holding for

10 min at -60 �C, the melting curve was obtained by

heating the samples to 80 �C at 5 �C/min (Lee and Foglia

2000). The solid fat content (SFC, %) was obtained melting

thermograms by Universal Analysis 2000 (TA Instruments

Inc.). Each DSC thermogram was divided at different

temperatures (0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, and

55 �C) and the total crystallization energy (J/g) was cal-

culated into percentage (%) at each temperature for SFC

(%).

Phytonutrients composition of phytonutrients

retained red palm olein and butterfat blends

Tocopherols and tocotrienols determination

Determination of tocopherol composition by HPLC (Shi-

madzu) system consisted of LC-10A pump, injector fitted

with 20 ll loop and FLD detector was used for the analysis

of tocopherols and tocotrienols. The analysis was achieved

by normal phase HPLC separation on silica column. The

mobile phase was hexane: isopropyl alcohol (99.5:0.5, v/v)

at the flow rate of 1 ml/min and were detected by fluo-

rescence at the excitation and emission wavelengths of 290

and 330 nm respectively. The tocopherols were quantified

based on peak areas with an external standards a-toco-
pherol and the tocotrienols were expressed as a-tocopherol
equivalent as suggested by AOCS Ce 8-86 (AOCS 2003).

Carotenoids determination

Carotene content was determined by diluting 1 g of melted

palm oil at 65 �C to 10 ml using hexane and from this 1 ml

aliquot further diluted to 10 mL with hexane and measured

absorbance at 446 nm using a UV–Vis spectrophotometer

(Shimadzu UV-1601 (Shimadzu Corporation, Kyoto,

Japan) followed by calculation using the diffusion coeffi-

cient of 383 and expressed as mg/kg oil (Chandrasekaram

et al. 2009).

Sterols determination

Sterol content and composition of the oil samples was

determined by HPLC according to Sánchez-Machado et al.

(2004). A sample of 5 g was weighed in an Erlenmeyer

flask to which KOH was added and saponified by refluxing

and stirring for 1 h with constant shaking, after cooling to

ambient temperature, the mixture was transferred to a

separatory funnel to extract the non-saponifiable fraction

with 6 9 50 ml portions of petroleum ether, pooled,

washed with 10 % ethanol to remove the alkali. Then the

washed petroleum ether fraction was dried with anhydrous

sodium sulphate and evaporated to dryness in a rotavapor

at 50 �C. The residue was dissolved with mobile phase

(30:70 v/v, methanol: acetonitrile) and filtered through

0.5 lm membrane (Millipore, Bedford, MA, USA) and

used for HPLC analysis.

Sterols was analysed using HPLC with UV detection

(HPLC–UV). Which was comprised of a LC-20A pump

(Shimadzu, Tokyo, Japan), a 20 ll detection loop and a

UV–vis diode-array detector. Temperature was kept con-

stant at 30 ± 0.1 �C with a column heater. Separation was

performed in a Kromasil C8 5 lm column (250 9 4.6 mm

i.d.; Supelco Inc., Bellefonte, PA, USA), with 30:70 (v/v)

methanol: acetonitrile at 1.2 ml/min as mobile phase.

Detection wavelength was 205 nm (Sánchez-Machado

et al. 2004). Twenty microliters of the extract was injected

into the HPLC column.

Squalene

Squalene in the samples was estimated by HPLC according

to Nenadis and Tsimidou (2002). The samples (0.02 g) was

dissolved in 1 mL of hexane, and 20 lL of the mixture was

injected into an HPLC (10A VP, Shimadzu Corporation,

Kyoto, Japan) equipped with a UV detector (SPD-10AV

VP, Shimadzu). The analysis was achieved by isocratic

separation on C18 column, 10 lm, u-Bondapack,

(4.6 9 300 mm; Millipore, Milford, MA) with a mobile

phase of acetone: acetonitrile (40/60, v/v) and at a flow rate

of 1 ml/min. The analysis was performed at 25 �C with a

wavelength of 208 nm. Identification was confirmed
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through spiking with a squalene standard solution and was

quantified using the standard squalene.

Antioxidant activity DPPH radical scavenging assay

The stable 1,1-diphenyl-2- picrylhydrazyl radical (DPPH)

was used for determination of free radical-scavenging

activity of the crude extracts. Different concentrations (50,

100, 250, 500, and 750 ppm) of palm oil samples were

added at an equal volume (4 ml) to 10-4 M toluenic

solution of DPPH (5.0 9 10-4 M). The mixture was

incubated at room temperature for 30 min in the dark and

then the absorbance was read at 517 nm against blank.

Radical scavenging activity was expressed as the inhibition

percentage and was calculated using the following formula,

% radical scavenging activity = {(Acontrol - Asample)/

Acontrol} 9 100. Where, Acontrol is the absorbance of the

control without extract, and Asample is the absorbance of

reaction mixture. The DPPH activity (IC50 value) was

calculated using a plot of percent radical-scavenging

activity against concentration (mg/ml) to determine the

concentration of extract necessary to reduce DPPH by

50 % (Shimada et al. 1992).

Chocolate spread composition and formulation

Palm nutraceuticals enriched food spread was prepared

according to El-Hadad et al. (2011) with some modifi-

cation. The composition of food spread includes icing

sugar (23 %), liquid glucose (23 g), fat (30 %), skimmed

milk (15 %) and cocoa powder (9 g). The spread for-

mulation was maintained without the aid of the food

additives such as potassium sorbate (shelf-life enhancer),

lecithin (emulsifier) and glycerol mono stearate (emulsi-

fier). The sugar and milk was mixed and heated on

electric heater at 100 �C. The fat phase consists of pre-

viously prepared blends of butterfat and phytonutrient

retained red palm olein in varying combination, which

was melted at 63 �C and had been kept aside. The cocoa

powder was added into the fat phase and mixed at a low

speed for 2 min using a hand blender. Then mixture

containing sugar and milk was added and mixed low

speed 1 for 2 min. The chocolate spreads were immedi-

ately transferred into glass jars.

Properties of chocolate spread

Emulsion stability

Emulsion stability of the spread was evaluated according to

Hutton and Campbell (1977). The spread (50 g) was taken

in centrifuge tubes and incubated in a water bath

maintained at 30 �C for 30 min. The tubes were cen-

trifuged at 3000 rpm for 30 min. The amount of water

separated out was measured and calculated using the for-

mula emulsion stability (ES) = {(ml of water in the

spread - ml of water separated) 9 100/ml of water in the

spread} (Yasumatsu et al. 1972).

Hardness determination

Hardness of spread samples were measured at 23 �C using

a TX-XT2 texture analyzer (Stable Microsystems Ltd.,

London, United Kingdom). A 45� conical probe penetrated
into the sample at 1 mm/s to a depth of 5 mm from the

sample surface and same was withdrawn at the same speed.

During penetration, the force increased up until the point of

maximum penetration depth. The penetration force (g) was

reported as hardness. Triplicate readings for each sample

were obtained.

Colour analysis

Blends of nutraceuticals retained palm fat and butterfat

were characterised by evaluating the colour using a Hunter

Lab Labscan XE spectrophotometer (Hunter Associates

Laboratory Inc., Restone Virginia). The 15 ml of the

sample were placed in a sample cup and was used for

transmittance colour measurements in liquid media. The

colour of samples was obtained by using a 2/�C (2�
observer/illuminant C). The results are expressed as L*, a*

and b* values.

Sensory evaluation

The sensory analyses of the food spread were evaluated by

trained panellists. Parameters such as colour, taste,

spreadability, texture, flavour, consistency and overall

acceptance were evaluated. The samples were kept for 1 h

at room temperature (25 �C) before the analysis. The

samples were provided in white plastic cups along with

bread slices. The 9 hedonic scales were used to categorise

the sample. The scale 1 shows extremely dislike, and 9

shows extremely like on the hedonic scale (Kramer and

Twigg 1973).

Fat and moisture content

Fat content and moisture content of the spread were eval-

uated according to AOAC methods (AOAC 2005).

Statistics

Data are expressed as the mean ± standard deviation of

triplicate analyses. Analysis of variance (ANOVA) and
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least significant difference (LSD) tests were conducted to

identify differences among means using SAS Statistical

Program Computer Package version 6.12 (SAS, Cary, NC,

USA). Statistical significance have been declared at

p\ 0.05.

Results and discussion

Physicochemical properties

Table 1 shows the physicochemical properties of butterfat,

PRPOL and their blends. The results of the lightness,

redness and yellow colour components of the native and

blended samples showed that butterfat was brighter than

PRPOL. Hence, the lightness of blends was reduced upon

incorporation of PRPOL into blends. The red colour

components were higher in PRPOL, which was contributed

by the retention of carotenoids in PRPOL. The butterfat

showed lower redness, and it was increased upon incor-

poration of PRPOL. The yellow colour component was

higher in butterfat as compared to PRPOL. Hence, the

blends showed increase in yellow components upon the

increase in level of butterfat in blends. PRPOL can be used

as natural colorant in different food products.

The slip melting point (SMP) of butterfat and PRPOL

was 34 and 39 �C respectively. The measured melting

points of blends were within 34.5–36.5 �C. SMP of the

blends increased with the increase in the content of PRPOL

in the blends. SMP of all blends was below 37 �C
(Table 1). However, 9:1, 8:2, 7:3 and 6:4 blends were the

suitable substrate ratio due to their desirable melting range

(32–36 �C). Shin et al. (2009) have reported that the fat

with melting ranges between 32 and 38 �C was suitable for

the application in spreadable butter based fat of margarine.

FFA of native oils and blends are presented in Table 1.

FFA of PRPOL showed slightly higher FFA than the but-

terfat. Blends showed the FFA content according to the

relative composition of the native oils in the blends. Hence,

the increase in FFA was observed in blends with increase

in incorporation level of PRPOL. The blending of PRPOL

with butterfat provided blends with lower FFA than

PRPOL which indicates blends were more desirable than

PRPOL in respect to FFA content. Prasanth Kumar et al.

(2009) have showed the blending of lower FFA oil with

higher FFA oil provides blends containing intermediate

FFA

Peroxide value (PV) is one of the quality indices of oils

and fats. The saturated fatty acid rich oils usually contain

very less or no PV even during storage. The PV of butterfat

indicates no peroxides and hence has good stability. In this

study, PRPOL has low levels of PV as it mostly constitutes

by the initial PV of the CRPOL, which was used for the

preparation of PRPOL. However, the blending of PRPOL

with butterfat caused a reduction in PV as compared to the

PV of PRPOL. PV slightly increased with increase in

Table 1 Physicochemical properties of butterfat, phytonutrients retained palm olein, and their blends

Native fats Butterfat:PRPOL

PRPOL Butterfat 90:10 80:20 70:30 60:40 50:50

Colour

L* 43.4 ± 0.14a 71.0 ± 0.06b 63.8 ± 0.17c 57.7 ± 0.05d 53.4 ± 0.05e 48.8 ± 0.03f 47.6 ± 0.03g

a* 48.2 ± 0.31a 8.7 ± 0.02b 19.2 ± 0.13c 24.8 ± 0.02d 27.2 ± 0.03e 28.3 ± 0.02f 28.7 ± 0.01g

b* 36.7 ± 0.32a 57.6 ± 0.07b 49.9 ± 0.32c 66.5 ± 0.18d 59.7 ± 0.27e 54.4 ± 0.29f 51.0 ± 0.39g

a*/b* 1.31 0.15 0.38 0.37 0.46 0.52 0.56

SMP (�C) 39.0 ± 1.41a 34.0 ± 0.71b 34.5 ± 0.14bc 35.0 ± 0.28cd 35.5 ± 0.42de 36.0 ± 0.57ef 36.5 ± 0.71f

FFA (%) 0.5 ± 0.06a 0.1 ± 0.02b 0.2 ± 0.01c 0.2 ± 0.01c 0.2 ± 0.02c 0.3 ± 0.02d 0.3 ± 0.03d

PV (meq.O2/kg) 7.2 ± 0.85a nd 0.7 ± 0.07b 1.4 ± 0.14c 2.2 ± 0.28d 2.9 ± 0.35e 3.6 ± 0.42f

IV (I2 g/kg) 54.1 ± 0.78a 36.7 ± 0.92b 38.4 ± 0.05c 40.2 ± 0.17d 41.9 ± 0.22e 43.7 ± 0.34f 45.4 ± 0.39g

SV (mgKOH/g) 200 ± 0.7a 225 ± 1.1b 222 ± 0.1c 219.6 ± 0.2d 217.2 ± 0.3e 214.7 ± 0.3f 212.3 ± 0.4g

USM (%) 0.94 ± 0.04a 0.48 ± 0.06b 0.53 ± 0.00c 0.57 ± 0.01d 0.62 ± 0.01e 0.66 ± 0.02f 0.71 ± 0.02g

TAG (%) 59.2 ± 1.52a 95.2 ± 0.54b 91.6 ± 0.14c 88.0 ± 0.29d 84.4 ± 0.45e 80.8 ± 0.61f 77.2 ± 0.77g

DAG (%) 36.2 ± 0.35a 3.7 ± 0.41b 7.0 ± 0.01c 10.2 ± 0.08d 13.5 ± 0.08e 16.7 ± 0.15f 20.0 ± 0.15g

MAG (%) 4.1 ± 0.34a 0.9 ± 0.13b 1.24 ± 0.03c 1.56 ± 0.07d 1.88 ± 0.10e 2.20 ± 0.14f 2.52 ± 0.17g

The values in rows with different superscript are significantly different at p\ 0.05; n = 4

nd not detected, PRPOL phytonutrients retained red palm olein, L* = lightness (0–100), a* = red (?) to green (-), b* = yellow (?) to blue

(-), SMP slip melting point, FFA free fatty acid value, PV peroxide value, AV acid value, IV iodine value, SV saponification value, USM

unsaponifiable matter, MAG monoacylglycerol, DAG diacylglycerol, TAG triacylglycerol
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PRPOL in blends. The increase in PV of the blends was

according to the corresponding weight percentage of the

PRPOL (Table 1). There was no effect on the PV of the

blends during the blending process, and the PV in blends

was dependent on the quality of the blending components.

The iodine value (IV) of native oils and its blends

indicated the degree of unsaturation is presented in

Table 1. The IV of butterfat and PRPOL showed the sig-

nificant variation in the degree of unsaturation of the sub-

strate. The blends showed an increase in IV with increase

in incorporation of PRPOL in butterfat.

Saponification value (SV) indicates the average molec-

ular weight of the oils and fats. The oils with short chain

fatty acid show higher SV and directly proportional to the

short chain fatty acids on the glycerol backbone. As

compared to PRPOL, the butterfat contains higher SV due

to the presence of comparatively high amounts of short and

medium chain fatty acids in butterfat (Table 1). Hence, the

SV of blends have shown a reduction in SV upon incor-

poration of PRPOL, and it was according to the corre-

sponding weight ratios of blending components.

The unsaponifiable matters (USM) of oils include non-

saponifiable compounds such as, tocopherols, tocotrienols,

carotenoids and phytosterols. The higher value of USM

always indicates the higher the phytonutrients. The PRPOL

showed higher USM than the butterfat indicating presence

of higher amounts of phytonutrients in it (Table 1). The

level of USM in blends was significantly affected by the

corresponding weight percentage of blending components.

Even though, butterfat contains USM, it is produced from

animal source. Therefore, the USM contains the detri-

mental compounds like cholesterol in foods. Hence,

replacing butterfat with the use of PRPOL may enhance the

level of USM as well as limit the presence of cholesterol in

blends.

Glyceride (TAG, DAG and MAG) composition

The TAG was the major portion of the glycerides of native

and blended samples which was highest (95.2 %) in but-

terfat and lowest (59.2 %) in PRPOL (Table 1). The result

has showed that the level of TAG in blends gradually

decreased with elevating PRPOL incorporation into but-

terfat. The partial glycerides include DAG and MAG which

shows emulsification property in food products. Here, the

level of DAG in butterfat and PRPOL were 3.7 and 36.2 %

respectively while the MAG content was 3.7 and 4.1 % for

butterfat and PRPOL respectively. Further, the content of

DAG in blends was ranged from 7.0 to 20 % and that was

contributed by the incorporation of 10-50 % of PRPOL

into butterfat. The MAG content was found to be 1.2, 1.6,

1.9, 2.2, and 2.5 % for the blends of 90:10, 80:20, 70:30,

60:40, and 50:50 respectively. The elevated content of

DAG and MAG in blends depended on the elevated

incorporation of PRPOL to butterfat. These obtained con-

tents of DAG and MAG in the blends may be sufficient to

provide emulsification properties during the formulation of

food products (e.g., food spreads). Hence, incorporation of

PRPOL in butterfat will help to reduce the use of additional

emulsifier such as, lecithin, glycerol monostearate, etc. and

thereby it will help to reduce the cost of food formulation.

Fatty acid composition

Table 2 shows the fatty acid composition of PRPOL, but-

terfat and its blends. The butterfat showed a wide range of

fatty acids from short chain fatty acids to long chain fatty

acids including odd and even chain fatty acids. The con-

tents of short and medium-chain fatty acids in butterfat

decreased, and long-chain fatty acids increased upon

increase in level of incorporation of PRPOL. The saturated

long chain fatty acids including palmitic acid, and stearic

acid showed variation in the content in blends upon the

incorporation of PRPOL. Palmitic acid increased from 32.8

to 36.9 %, the stearic acid content reduced from 12.6 to

8.4 % with 50 % of replacement of butterfat with PRPOL.

The oleic acid content increased in blends upon the

incorporation of PRPOL that ranged from 26.8 to 33.4 % in

blends. Similarly, the linoleic acid content was observed in

the range of 2.5–6.6 %. The total fatty acids together

constituted 67 % of saturated fatty acids (SFA) in butterfat.

The PRPOL showed lower SFA content and higher

monounsaturated and polyunsaturated fatty acids contents

than butterfat. Hence, the incorporation of PRPOL reduced

the content of SFA and increased the content of MUFA and

PUFA in blends compared to butterfat.

Solid fat content (SFC)

SFC of butterfat, PRPOL and blends are presented in

supplementary figure 1. The butterfat had shown a higher

SFC than the PRPOL at 0–25 �C and similar SFC at 30 �C.
PRPOL showed higher SFC than butterfat at 30–50 �C.
SFC of blends showed the intermediate SFC content of

butterfat and PRPOL. Hence, the addition of PRPOL to

butterfat showed a decrease in SFC than butterfat. SFC of

40 and 50 % PRPOL incorporated blends showed slightly

lower SFC than the PRPOL and butterfat. As per Timms

(1985) the SFC of the fat blends may vary compared to the

weighted average of corresponding components fats and

sometimes it may be lower than the SFC of component

fats. All the blends showed SFC almost close to butterfat at

25–40 �C. The slightly higher solid fat content of PRPOL

above 25 �C may help to improve the hardness of the

products. The SFC of less than 32 % at 10 �C are desirable

for the spreadability of fats at refrigeration temperature
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(Lida and Ali 1998). Hence, the higher SFC ([32 %) of

blends at 10 �C may be desirable to provide spreadability

at higher than refrigeration temperature.

Thermal behaviours of the butterfat and PRPOL

blends

Supplementary figure 2 shows the endothermic crystal-

lization of butterfat and PRPOL blends. The results show

that the blends were crystallized in two major

endothermic steps. The onset temperature for the crys-

tallization peak 1 was 17.8 �C, which varied upon

incorporation of PRPOL. The 50:50 combination of the

blend showed an onset temperature of 24.0 �C for the

peak1. This data indicates the variation in the solid fat

content of the blends. Hence, the onset temperature of

the butterfat shifted from 17.8 to 24.0 �C upon incor-

poration of PRPOL. The incorporation of PRPOL has

enhanced the solid fat content of the butterfat blends.

Hence, crystallization process accelerated with increased

incorporation of PRPOL. The onset temperature of

peak1 of all the samples showed a positive linear cor-

relation (r2 = 0.99) with increased concentration with

PRPOL. The onset temperature for the peak2 was

13.2 �C for butterfat, and it further reduced to 11.4 �C
upon incorporation of PRPOL.

The melting profile of butterfat and PRPOL blends at

various temperature ranges are presented in Supplemen-

tary figure 3. The melting of blends started at different

levels. A distinct melting peak (peak1) was observed

upon incorporation of PRPOL. The peak1 and peak2 were

found within the melting region of 10–20 �C. Whereas,

the peak3 was found after 20 �C with an onset tempera-

ture of around 20 �C at a broad temperature range 20 �C
up to 36.9 �C. Furthermore, small peaks were observed

beyond 37 �C which indicates higher melting point

glycerides in the blends with the higher content of

PRPOL. The melting thermogram of the blends indicates

that the blends contain glycerides of lower melting to

higher melting ranges.

Table 2 Fatty acid composition of butterfat, phytonutrient retained palm olein and their blends

Fatty acids (%) Native fats Butterfat:PRPOL

PRPOL Butterfat 90:10 80:20 70:30 60:40 50:50

C4:0 nd 1.1 ± 0.12a 1.0 ± 0.03ab 0.9 ± 0.14ab 0.7 ± 0.11ab 0.6 ± 0.49bc 0.5 ± 0.02bc

C6:0 nd 1.1 ± 0.11a 1.0 ± 0.22ab 0.9 ± 0.02abc 0.8 ± 0.00bc 0.7 ± 0.00cd 0.5 ± 0.11d

C8:0 nd 0.8 ± 0.04a 0.7 ± 0.08a 0.6 ± 0.38a 0.5 ± 0.23a 0.5 ± 0.04a 0.4 ± 0.06a

C10:0 nd 1.8 ± 0.14a 1.6 ± 0.33ab 1.4 ± 0.65ab 1.3 ± 0.44ab 1.1 ± 0.04ab 0.9 ± 0.08b

C10:1 nd 0.1 ± 0.00a 0.2 ± 0.01a 0.1 ± 0.01a 0.1 ± 0.01a 0.1 ± 0.01a 0.1 ± 0.00a

C12:0 0.2 ± 0.01a 2.6 ± 0.14b 2.3 ± 0.52bc 2.1 ± 0.52bcd 1.9 ± 0.28bcd 1.6 ± 0.01d 1.4 ± 0.13d

C13:0 nd 0.2 ± 0.06a 0.1 ± 0.04a 0.2 ± 0.01a 0.1 ± 0.04a 0.1 ± 0.03a 0.1 ± 0.00a

C14:0 1.1 ± 0.07a 10.5 ± 0.21b 9.6 ± 0.31bc 8.7 ± 1.26cd 7.7 ± 0.46de 6.8 ± 0.12ef 5.8 ± 0.34f

iso-C15:0 nd 1.2 ± 0.11a 1.0 ± 0.06ab 0.9 ± 0.18abc 0.8 ± 0.31bc 0.7 ± 0.06c 0.6 ± 0.18c

anteiso- C15:0 nd 0.7 ± 0.06a 0.6 ± 0.01ab 0.6 ± 0.06ab 0.5 ± 0.23abc 0.4 ± 0.05bc 0.3 ± 0.03c

C14:1 nd 1.2 ± 0.06a 1.0 ± 0.13b 0.9 ± 0.06bc 0.8 ± 0.01cd 0.7 ± 0.01de 0.6 ± 0.11e

C16:0 41.1 ± 0.78a 32.8 ± 0.36b 33.6 ± 0.27bc 34.4 ± 0.01cd 35.3 ± 0.14d 36.1 ± 0.19e 36.9 ± 0.18e

C17:0 nd 1.4 ± 0.02a 1.2 ± 0.08b 1.1 ± 0.13bc 1.0 ± 0.08cd 0.8 ± 0.04de 0.7 ± 0.04e

C16:1x7 nd 0.9 ± 0.05a 0.8 ± 0.06ab 0.7 ± 0.08bc 0.6 ± 0.00cd 0.5 ± 0.00d 0.5 ± 0.01d

C17:1 nd 0.3 ± 0.01a 0.3 ± 0.01a 0.3 ± 0.00a 0.2 ± 0.01a 0.2 ± 0.02a 0.2 ± 0.01a

C18:0 4.1 ± 0.21a 12.6 ± 0.28b 11.8 ± 0.42bc 10.9 ± 1.43cd 10.1 ± 0.19de 9.2 ± 0.14ef 8.4 ± 0.21f

C18:1 x9 41.7 ± 1.20a 25.1 ± 0.06b 26.8 ± 0.12bc 28.4 ± 2.72cd 30.1 ± 0.99de 31.7 ± 0.58ef 33.4 ± 0.24f

C18:2 x6 11.8 ± 0.21a 1.4 ± 0.05b 2.5 ± 0.09c 3.5 ± 0.19d 4.5 ± 0.02e 5.6 ± 0.09f 6.6 ± 0.12g

C18:3 x3 nd 0.3 ± 0.04a 0.2 ± 0.11a 0.2 ± 0.05a 0.2 ± 0.06a 0.2 ± 0.08a 0.1 ± 0.00a

C20:0 nd 0.2 ± 0.02a 0.2 ± 0.00a 0.1 ± 0.04a 0.1 ± 0.12a 0.1 ± 0.03a 0.1 ± 0.00a

Others 0.00 3.7 3.5 ± 0.06 3.1 ± 0.25 2.7 ± 0.0 2.3 ± 0.08 1.9 ± 0

SFA 46.5 67.0 64.7 62.8 60.8 58.7 56.6

MUFA 41.7 27.6 29.1 30.4 31.8 33.2 34.8

PUFA 11.8 1.7 2.7 3.7 4.7 5.8 6.7

The values in rows with different superscript are significantly different at p\ 0.05; n = 4

nd not detected, PRPOL phytonutrients retained red palm olein, SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyun-

saturated fatty acid
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Phytonutrient composition of butterfat,

phytonutrients retained palm olein, and its blends

Carotenoids are the speciality of palm oil, and it imparts a

red colour to the oil. Table 3 shows the carotenoid content

of native and blended samples. The data shows that the

butterfat has the lowest and PRPOL has the highest

amounts of carotenoids content. Hence, the incorporation

of PRPOL enhances the level of carotenoids in blends as

compared to butterfat alone. The level of carotenoids has

shown a positive correlation (r2 = 0.91) with the red col-

our component (a*) of blends. PRPOL contributed red

colour to the blends. Therefore, synthetic colouring agent

can be replaced with the use of PRPOL in various food

preparations.

Phytosterols are one of the considerable nutraceutical

found in the unsaponifiable fractions of palm oil. Table 3

shows the individual phytosterol composition of native and

blended fat samples. Kumar et al. (2010) have reported that

the cholesterol content of butterfat, which is around

3190 mg/kg. The result shows that the sterol part of but-

terfat comprises only cholesterol (2550 mg/kg). Shin,

Akoh, and Lee (2009) have reported that only cholesterol

was present in butterfat and no other sterols. Verleyen et al.

(2002) have reported that the major phytosterols present in

palm oil are campesterol, sitosterol, and stigmasterol which

exhibit beneficial effects on health. The beneficial phy-

tosterols (other than cholesterol) content increased with

increased level of RPOL in blends. Phytosterols of blends

showed b-sitosterol ? campesterol was highest among

other sterols. Stigmasterol content shows that it increased

to 0.7–10.0 folds in blends as compared to butterfat. The

overall composition of sterols of blends revealed that there

is a considerable decrease in cholesterol content and

increase in amounts of other phytosterols in the blends

upon incorporation of PRPOL.

The presence of tocopherols and tocotrienols provide

antioxidant, hypocholesterolemic, anti-thrombotic, anti-

atherogenic and anti-inflammatory properties to foods

(Lewis 2001). The tocopherol content in butterfat was

2.8 mg/kg (Table 3) which is in agreement with the earlier

report (Shin et al. 2009). The tocopherol composition of

PRPOL revealedthat it was rich in tocopherols (129 mg/kg)

and tocotrienols (836 mg/kg). Tocotrienols are the pow-

erful natural antioxidants than tocopherols and the avail-

ability of tocotrienols in vegetable oils are scarce except

some of the edible oils such as palm oil, rice bran oils and

oils from bran sources (wheat bran), etc. The a-tocotrienol,
c-tocotrienol and d-tocotrienol together constituted the

tocotrienol composition of PRPOL. Hence, incorporation

of PRPOL into butterfat enhanced the level of tocotrienols

as compared to butterfat. The results showedthat blending

Table 3 Phytonutrients composition of butterfat, phytonutrients retained palm olein, and their blends

Minor component (mg/kg) Native fats Butterfat:PRPOL

PRPOL Butterfat 90:10 80:20 70:30 60:40 50:50

Carotenoids 535 ± 14.1a 10.4 ± 2.4b 62.8 ± 7.6c 115.3 ± 10.8d 167.8 ± 8.6e 220.2 ± 7.2f 272.7 ± 11.1g

Cholesterol nd 2550 ± 70.8a 2295 ± 74.3b 2040 ± 42.4c 1785 ± 46.0d 1530 ± 70.7e 1275 ± 49.5f

Ergosterol 1.0 ± 0.00a 0.2 ± 0.00b 0.1 ± 0.00c 0.3 ± 0.04d 0.4 ± 0.03e 0.5 ± 0.05f 0.6 ± 0.11g

Stigmasterol 70.2 ± 1.56a 0.7 ± 0.07b 7.6 ± 0.42c 14.6 ± 0.42d 20.5 ± 0.71e 23.3 ± 0.78f 34.3 ± 0.71g

b-sitosterol ? campesterol 139.2 ± 4.24a 4.9 ± 1.34b 15.1 ± 2.26c 35.6 ± 2.69d 43.3 ± 1.34e 61.1 ± 1.77f 76.6 ± 5.31g

Fucosterol 0.8 ± 0.14a nd 0.1 ± 0.06b 0.1 ± 0.05b 0.2 ± 0.11b 0.3 ± 0.13b 0.4 ± 0.09b

RSterolsa 211.2 5.8 22.9 50.6 64.4 85.2 111.9

a-Tocopherol 112 ± 5.0a 2.8 ± 0.1b 13 ± 0.3c 24 ± 1.2d 35 ± 0.7e 46 ± 1.6f 57 ± 1.1g

a-Tocotrienol 155 ± 2.7a nd 15 ± 0.8b 3.1 ± 3.0c 4.65 ± 3.7c 6.2 ± 3.8d 7.8 ± 5.3e

c-Tocopherol 16 ± 1.2a nd 2 ± 0.3b 3 ± 0.1b 5 ± 0.1c 6 ± 0.3c 7 ± 0.7d

c-Tocotrienol 447 ± 5.0a nd 44 ± 0.4b 89 ± 0.2c 132 ± 1.1d 174 ± 2.8e 220 ± 1.8f

d-Tocotrienol 231 ± 3.8a nd 22 ± 0.8b 43 ± 2.3c 65 ± 3.0d 88 ± 3.1e 110 ± 3.9f

RTocopherols 129 2.8 15.0 27.0 40.0 52.0 64.0

RTocotrienols 836 nd 81 135.1 201.7 268.2 337.8

Tocols 96.5 2.8 96.0 162.1 241.7 320.2 401.8

Squalene 315 ± 3.8a 31 ± 6.4b 53 ± 4.5c 101 ± 9.3d 126 ± 6.9e 157 ± 8.8f 187 ± 9.9g

IC50 (mg/ml) 21.8 ± 1.27a 76.0 ± 1.41b 72.6 ± 1.41c 67.2 ± 1.41d 61.2 ± 1.41e 55.3 ± 0.71f 47.9 ± 0.71g

The values in rows with different superscript are significantly different at p\ 0.05; n = 4

PRPOL phytonutrients retained red palm olein, nd not detected
a Total sterols excluding cholesterol
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of butterfat with the PRPOL is helpful to incorporate sig-

nificant amounts of tocopherols and tocotrienols in blends

and the use of these blends may provide a health beneficial

effect upon consumption.

Squalene present in the palm oil being removed during

steam refining and its level in the palm fatty acid distillate

(PFAD) has been reported (Gapor et al. 2002). In this

study, evaluated the content of squalene in butterfat

(31 mg/kg), PRPOL (315 mg/kg) and blends (53–187 mg/

kg) (Table 3). The incorporation of PRPOL to butterfat has

shown an increase in the squalene content of the blends

with higher levels of PRPOL in blends. The squalene

protects the skin from detrimental environmental effect and

possesses antioxidant activity, blood cholesterol lowering

activity, anticancer and antitumor activities (Nandi et al.

2007; Loganathan et al. 2008; Newmark 1997). Hence, the

use of blends with the higher levels of PRPOL may provide

better health benefits of squalene to consumers.

DPPH radical scavenging activity

The DPPH radical was used to evaluate the free radical

scavenging properties of the native and blended samples.

The DPPH radical scavenging activity (RSA) analyzed and

expressed as IC50 values. The samples with the lower IC50

values indicate stronger radical scavenging activity.

PRPOL, after 30 min of reaction with DPPH, exhibited

greater radical scavenging activity (IC50 = 21.8 mg/ml)

than the butterfat (76.0 mg/ml). The blends showed the

RSA in the descending order was 10 % PRPOL ? 90 %

butterfat[ 20 % PRPOL ? 80 % butterfat[ 30 %

PRPOL ? 70 % butterfat[ 40 % PRPOL ? 60 % but-

terfat[ 50 % PRPOL ? 50 % butterfat with the IC50

values of 48.9, 54.3, 59.2, 65.2, and 70.6 mg/ml

respectively (Table 3). The variation in the radical scav-

enging activity among the blends indicates that the incor-

poration of phytonutrients and the enhanced RSA depends

on the elevated levels of PRPOL into the blends. The

results show that PRPOL has stronger RSA than butterfat.

Hence, incorporation of PRPOL to butterfat and its use as

food spread may enhance free radicals quenching effi-

ciency of the spreads.

Characteristics of Nutra-spread

The properties of phytonutrients incorporated chocolate

spread are shown in Table 4. The results show that there is

not much difference in the colour lightness, redness and

yellow colour components of spreads (Table 4). The but-

terfat spread showed slightly higher brightness than the

spreads containing the PRPOL. The low brightness value of

the spreads indicates that the colour features of the spread as

dark due to the ingredient used, cocoa powder, which is dark

in colour. The red and yellow colour components showed a

slight increase with the increased content of PRPOL in

spreads. But, the results showed that the redness colour

components of the spreads did not show high correlation

(r2 = 0.62) with the carotenoids contents (Tables 3, 4). The

content of carotenoids was correlated well with the red

colour components of the blends. The darkness of the

chocolate spreads might be preventing the reflectance of the

red and yellow colour in the spreads. Hence, all the spreads

showed almost similar colour pattern.

Fat and Moisture content

Fat is one of the major ingredients, which provides phy-

tonutrients to the spreads. The fat content was similar in all

Table 4 Physicochemical characteristics of chocolate spread

Parameters CS1 (BP-100:0) CS2 (BP-90:10) CS2 (BP-80:20) CS3 (BP-70:30) CS4 (BP-60:40) CS5 (BP-50:50)

Composition

Fat (%) 30.5 ± 0.35 30.2 ± 0.14 30.3 ± 0.21 30.1 ± 0.07 30.2 ± 0.14 30.2 ± 0.28

Moisture (%) 16.7 ± 1.20 16.8 ± 1.27 16.1 ± 1.48 16.9 ± 1.34 16.8 ± 1.27 16.7 ± 1.80

Physical properties

L* 23.3 ± 0.44a 21.5 ± 0.26b 22.2 ± 0.29c 22.6 ± 0.02cd 22.8 ± 0.02ad 22.9 ± 0.02ad

a* 6.3 ± 0.18a 6.6 ± 0.14b 6.6 ± 0.16b 6.5 ± 0.04ab 6.6 ± 0.06ab 6.6 ± 0.03ab

b* 5.0 ± 0.25a 5.8 ± 0.20b 6.4 ± 0.25c 6.4 ± 0.00c 6.5 ± 0.330c 6.6 ± 0.00c

a*/b* 1.26 1.14 1.03 1.02 1.02 1.00

Emulsion stability 1.0 ± 0.00 1.0 ± 0.00 1.0 ± 0.00 1.0 ± 0.00 1.0 ± 0.00 1.0 ± 0.00

Hardness1(N) 0.57 ± 0.028a 0.65 ± 0.028b 0.86 ± 0.028c 1.15 ± 0.028d 1.44 ± 0.02e 1.73 ± 0.021f

Hardness2 (N) 0.40 ± 0.04a 0.63 ± 0.03b 0.70 ± 0.02c 0.99 ± 0.09d 1.19 ± 0.05e 1.38 ± 0.06f

The values in rows with different superscript are significantly different at p\ 0.05; n = 4

PRPOL, phytonutrients retained red palm olein; L*, respectively indicating lightness (0–100); a*, green to red components; b*, blue 1.0 to yellow

components
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the spreads and did not show any significant differences

(Table 4). The fat content of the spread was almost similar

to the corresponding level of fat used in the spread

formulation.

The aqueous phase in the spread formulation constituted

the moisture content of the spread. Similarly, the skimmed

milk contributed moisture content in the spreads. As

compared to the amount of skimmed milk in the spread

formulation, the obtained moisture content was slightly

higher and the moisture content may also be contributed by

the use of liquid glucose as an ingredient, which contains

some percentage of moisture in it.

Colour characteristics

The prepared spreads were dark in colour due to the use of

cocoa powder in the formulation. Hence, all the spreads

showed a lower brightness having almost similar units of

colour for red and yellow colour components and the use of

blends with different levels PRPOL did not make any

difference in the red and yellow colour components of the

spreads and the values obtained were comparatively low

(Table 4). Hence, the ratio of red to yellow colour com-

ponents have shown near to 1 indicating that there is no

variation in colour. The colour of the spreads was dark.

Therefore, the red and yellow colour components of the

spreads were not significant.

Emulsion stability and hardness

The emulsion stability of all the spreads was evaluated

after 15 days of storage at room temperature and the

emulsion stability for all the spreads were found to be 1

(Table 4). The results showed that all the blends have

excellent emulsion properties. Hence, chocolate spreads

with excellent emulsion stability were achieved without the

aid of other additional emulsifying agents in the spread

formulation.

The hardness1 for all the spread samples has showed

slight increase in trends with the increased incorporation of

PRPOL (Table 4). The higher hardness may be due to the

higher solid fat content at the temperature above 30 �C by

PRPOL. The hardness2 was comparatively low as com-

pared to hardness1 and then also the hardness was

increased according to the increased level of PRPOL.

Sensory properties

The organoleptic properties of chocolate spreads are pre-

sented in the Fig. 1. The properties such as colour,

spreadability, texture, flavour, taste and overall accept-

ability of all the samples showed a good score. These

parameters remain similar, even after the use of blends

with different levels of PRPOL. The other properties

include flavour and taste has shown decreases in scores

with the increased level of PRPOL. The decrease in score

may be due to the strong raw flavour of PRPOL, which

could not be masked by the use of cocoa powder. The taste

of the spread was also dependent on the level of PRPOL

and 20 % level showed a taste similar to that of butterfat

and indicated that the 20 % of PRPOL was ideal for the

replacement of butterfat and also to enhance the phytonu-

trient status of the blend. These results agreed with the

results reported by El-Hadad et al. (2011). A mild

deodorization process to PRPOL may be helpful to

improve the organoleptic properties. The variation in the

flavour and taste affected the overall acceptability of the

spreads. As per the acceptability scores the spreads for-

mulated with 20 % incorporation of PRPOL into butterfat

was suitable for delivering all its health improving

properties.

Conclusion

PRPOL and butterfat blends were evaluated for physico-

chemical and phytonutrients characteristics. The blends

showed variation in physicochemical characteristics upon

incorporation of PRPOL into butterfat. The phytonutrients

viz tocopherols, tocotrienols, phytosterols, carotenoids, and

squalene increased, and cholesterol content was decreased

along with better radical scavenging activity upon the

incorporation of PRPOL into butterfat. The prepared

chocolate spreads showed better emulsion stability and

many physicochemical characteristics. The sensory profile

showed up to 20 % replacement of PRPOL was ideal for

formulating chocolate spread, and its level can be increased

by applying mild deodorization process to reduce its raw

flavor. The higher level of phytonutrients of PRPOL

Fig. 1 Organoleptic properties of functional chocolate spreads
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incorporated chocolate spread as compared to butterfat

indicates that it can be used as functional chocolate spreads

with improved health benefits.
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Huyghebaert A, De Greyt W (2002) Influence of the vegetable oil

refining process on free and esterified sterols. JAOCS

79(10):947–953

Wrick K, Friedman LJ, Brewda JK, Caroll JJ (1993) Consumer

viewpoint on designer foods. Food Technol 47:94–104

Yasumatsu K, Sawada K, Moritaka S, Misaki M, Toda J, Wada T,

Ishii K (1972) Whipping and emulsifying properties of soybean

products. Agric Biol Chem 36(5):719–727

3072 J Food Sci Technol (July 2016) 53(7):3060–3072

123


	Physicochemical characteristics of phytonutrient retained red palm olein and butter-fat blends and its utilization for formulating chocolate spread
	Abstract
	Introduction
	Materials and methods
	Preparation of phytonutrient retained palm olein (PRPOL)
	Preparation of blends
	Physicochemical characteristics of blends
	Glyceride (TAG, DAG, MAG) composition of the blends
	Preparation of fatty acid methyl esters and Fatty acid analysis of blends by GC
	Solid fat content and thermal behavior of nutraceutical retained palm red palm olein and butterfat blends
	Phytonutrients composition of phytonutrients retained red palm olein and butterfat blends
	Tocopherols and tocotrienols determination
	Carotenoids determination
	Sterols determination
	Squalene
	Antioxidant activity DPPH radical scavenging assay
	Chocolate spread composition and formulation


	Properties of chocolate spread
	Emulsion stability
	Hardness determination
	Colour analysis
	Sensory evaluation
	Fat and moisture content
	Statistics

	Results and discussion
	Physicochemical properties
	Glyceride (TAG, DAG and MAG) composition
	Fatty acid composition
	Solid fat content (SFC)
	Thermal behaviours of the butterfat and PRPOL blends
	Phytonutrient composition of butterfat, phytonutrients retained palm olein, and its blends
	DPPH radical scavenging activity
	Characteristics of Nutra-spread
	Fat and Moisture content
	Colour characteristics
	Emulsion stability and hardness
	Sensory properties

	Conclusion
	Acknowledgements
	References




