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Phenolic extracts of coconut oil meal (CME) and sesame oil meal (SME) were compared with synthetic antioxidants for the
potential of improving shelf life of vanilla cake. CME maintained hexanal (product of chemical spoilage) levels below 0.3 mg/kg in
cake up to 14 days. BHT- and SME-added cakes maintained hexanal levels below 2 mg/kg, while control cake with no added
antioxidants exceeded this level by day 14. Both CME and SME extended the microbial shelf life up to 13 days, while control and
BHT-added cake exceeded the maximum allowed colony count by day 7 and day 11, respectively. The results indicate that the
onset of microbial spoilage of vanilla cake is faster than the chemical spoilage, and addition of CME and SME extends both
microbiological and chemical stability of cakes beyond day 7 during storage. Over 90% of the antioxidant activity of CME and
SME retained after heating at 180°C for 2 h. CME and SME are ideal thermally stable natural alternatives for synthetic antioxidants

in vanilla cake.

1. Introduction

Antioxidants can stabilize food by retarding the oxidation of
fat or oils present in foods. Due to the health concerns
associated with the synthetic antioxidants, there is high
interest in the use of natural antioxidants as food pre-
servatives. Natural antioxidants consist of vitamins, to-
copherols, carotenoids, and phenolic compounds capable of
preserving food. For instance, the amount of Echinacea
purpurea extracts needed to achieve the lowest peroxide
value in cakes was 1000 mg/kg, and the amount of the same
extracts to achieve highest antimicrobial activity in cake was
1500 mg/kg [1]. However, poor thermal stabilities of some
natural antioxidants limit their use in food preservation.
Processing pineapple into jam destroyed nearly 50% of the
vitamin C content [2]. Some Malaysian herbal aqueous
extracts improved the oxidative stability of cake compared
with the control cake with no added antioxidants. However,

the synthetic antioxidants, butylated hydroxyanisole (BHA)
and butylated hydroxytoluene (BHT), provided higher ox-
idative stability to cake [3]. Though natural antioxidants
such as vitamin E can be used to improve the shelf life of
bakery products, considerable amount of vitamin E is lost
during baking [4]. The vitamin E content in milled barley
decreased by 8% at 120°C within 24 h [5]. Therefore, thermal
stability is an important factor in deciding the effectiveness
of the antioxidants in bakery products. In addition, when
using natural antioxidants for improving the shelf life of
cakes, it is also important to consider the impact of added
antioxidants on sensory quality. Certain plant extracts add
oft-flavors to food products and are not suitable as pre-
servatives. Extracts from plants such as garcinia, curcumin,
vanillin, and mint have been shown to have limited uses in
bakery products [6].

Natural phenolic antioxidants such as phenolic acids and
flavonoids are more stable than vitamin antioxidants in food
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systems during high-temperature processing and storage [7].
Both coconut and sesame oil are rich in phenolic antioxi-
dants that mainly originate from the kernel. Agricultural
byproducts have been well utilized for the extraction of
useful polysaccharides with antioxidant and antimicrobial
activities [8]. The residues remaining after expulsion of oil
from coconut and sesame kernels are called coconut oil meal
and sesame oil meal, respectively. These oil meals are
byproducts of Asian food industries. Studies have shown
that sesame oil meal extracts are more effective in stabilizing
sunflower and soybean oil than BHT and BHA [9]. Heat
stability of sunflower oil has been shown to improve by
incorporating olive waste cake extracts at 200 mg/kg [10].
In addition to improving antioxidant properties, natural
phenolic substances improve antimicrobial properties in
foods [11]. Oxidative stability and microbial shelf life are the
two important factors that determine the overall shelf life of
bakery products. Based on the above literature, we hy-
pothesized that CME and SME contain high amounts of
phenolic antioxidants that can improve the shelf life of
vanilla cake. Present investigation involves evaluation of the
thermal stability and the potential of CME and SME to
improve the shelf life of vanilla cake and the impact of
application of these extracts on the sensory quality of cake.

2. Materials and Methods

2.1.  Chemicals. 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical, butylated hydroxytoluene (BHT), butylated
hydroxyanisole (BHA), tert-butylhydroquinone (TBHQ),
deoxyribose and authentic HPLC standards (>99%) (api-
genin, caffeic acid, catechin, chlorogenic acid, cinnamic acid
p-coumaric acid, daidzein, ellagic acid, epigallocatechin,
ferulic acid, galangin gallic acid, genistein, kaempferol,
luteolin, naringenin, syringic acid and vanillic acid), and GC
standard (98%) (hexanal) were purchased from Sigma (St.
Louis, MO). All other chemicals were purchased from either
Sigma or Fluka (Buchs, Switzerland).

2.2. Sample Preparation. Coconut oil meal and sesame oil
meal were gifts from local mills in Western Province in Sri
Lanka. The samples were air-dried at 40°C until a constant
weight was obtained, ground using a kitchen grinder,
sieved through a 180 ym mesh, and kept at —20°C until
turther use.

2.3. Total Phenol Contents and Antioxidant Activities.
Ethanol:water (70:30 v/v) solvent system (1.0mL) was
mixed with the powder of the oil meal (0.2g), and total
phenol contents of the meal extracts were determined using
Folin Ciocalteu reagent as described earlier [12]. DPPH
radical scavenging assay, ferric reducing antioxidant power
(FRAP) assay, and deoxyribose degradation assay were
performed as described by Seneviratne and Kotuwegedara
[13] at 30 ug/mL concentration of phenolic substances.
Antioxidant activity in egg yolk homogenate was de-
termined according to a previously reported method [12].
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2.4. Identification of Phenolic Compounds. Purification of the
ethanol:water (70:30 v/v) extracts of oil meals was per-
formed, and phenolic compounds were identified by a re-
ported HPLC method with minor modifications to elution
programme [14]. HPLC experiments were carried out using
an Agilent 1260 Infinity liquid chromatographic system
(Waldbronn, Germany) equipped with an Agilent 1200
photo diode array (PDA) detector. A ZORBAX ECLIPSE
Plus C18 column (Agilent Technologies, USA)
(4.6 X100 mm x 3.5 um particle size) maintained at room
temperature (RT) was used for this purpose. The mobile
phase consisted of 0.001 M sulfuric acid in deionised water
(A) and methanol (B). The elution gradient at a flow rate of
0.5mL/min using 95% A/5% B was continued for 15 min.
From 15 to 30 min, solvent B was increased to 10%. Then,
solvent B was increased by 10% at every 10 min up to 70%.
From 90-110min, solvent B was increased to 80%. The
sample (20uL) was injected into the HPLC system and
detected at 280 nm. UV spectra of the eluted compounds
were also detected by PDA detection. Galangin was used as
the internal standard (ISTD). Phenolic compounds of CME
and SME were identified by comparison of the retention
times and UV spectra of authentic standards in HPLC as
reported [15].

2.5. Rancimat Test of Thermal Stability of Phenolic Extracts
Using Sunflower Oil. Phenolic substances naturally present
in sunflower oil were removed by passing through a packed
column of activated alumina according to a reported method
[16]. Solvent was removed from phenolic extracts or syn-
thetic antioxidants under a stream of nitrogen. The dried
phenolic extracts were heated in an oven at 180°C for
120 min and cooled to room temperature before dissolving
the resultant residue in phenol-stripped sunflower oil (3.2 g)
at 100 mg/kg by vortex mixing (40 Hz, 2 min) to obtain a
clear solution. The control was prepared by adding phenol-
stripped sunflower oil with no added antioxidants. The
induction time (IT) of the oils in the tubes was determined at
120°C using the Rancimat apparatus (892 Professional
Rancimat, Metrohm, Switzerland). The protection factor
(PF) was calculated as PF = (IT(antioxidant—added oil)/IT(control))'
The experiment was repeated under the same conditions
without heating the phenolic extracts at 180°C to calculate
the percentage activity retained after heating.

2.6. Shelf Life of Vanilla Cake

2.6.1. Preparation of Vanilla Cake. Cake samples were
prepared by mixing CME or SME or BHT to give 20 mg/
100 g of margarine added to the cake according to a reported
procedure [15]. Control cake was prepared without adding
any antioxidant extract. Cake formula included whole
purpose wheat flour (100 g), sugar (85 g), margarine (100 g),
baking powder (2 g), beaten eggs (25g), milk (20 mL), and
vanilla (2 g). Baking conditions were at 160°C for 30 min in a
preheated electric oven (TR02000/TR2000R/TR050/TR055/
TRO060, Black & Decker, USA).
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2.6.2. Cake Properties. Moisture content and porosity of the
cakes were determined according to reported methods [17].
To determine the porosity, a compaction load of 20 kg was
applied to the cake sample placed in a 2.57 cm diameter
cylindrical container. Initial height and the heights of the
cake samples after pressing for 2 minutes were recorded
using a Vernier caliper. Assuming all pores in the sample
were compressed, porosity was calculated as porosity
(%) = ((Hi-Hf)/H;) x 100, where H; was the initial height of
the sample and Hy was the final height of the sample.

The cakes were photographed using a digital camera
(Nikon Coolpix L120) under the same diffused daily light
conditions. The original images (640 x480 pixels) were
formatted in JPEG. Segmentation to differentiate back-
ground and analysis of pore area were performed using
Image] software (Wayne Rasband, OS-windows 10/8/7/
vista/xp). Pixel values were converted to distance units using
bars of known length. Pore area was calculated after
adjusting and setting the threshold values. The RGB co-
ordinates of the images were transformed into CIE L*a*b*
color space for the analysis of color parameters. Mean values
for CIE L*a*b* color space per unit area was determined for
ten different areas of the cake crumb for four crumb sections
imaged from each cake sample.

2.6.3. Microbial Shelf Life of Cake. Standard protocols
[18, 19] were adopted for the aerobic plate count (APC) and
yeast and mold count (YMC) at two-day intervals for 12 days
of storage. Each cake sample (1.0g) was stored at room
temperature under sterile conditions in stomacher bags. The
cake samples were homogenized in 9.0 mL of 0.1%-buffered
peptone water (CM1049) and 1.0 mL of each homogenized
serial dilution was transferred to a sterile Petri dish in
triplicate. Pour plate technique was performed using Plate
Count Agar (CM0325) plates incubated at 37°C for 48 hours
to determine the APC according to ISO 7218 [20]. 1.0 mL of
each dilution was transferred to the sterile petri dish in
triplicate to determine YMC using pour plate technique in
sterile Potato Dextrose Agar (M096) plates incubated at 25°C
for 4 days according to ISO 7218 [20].

2.6.4. Oxidative Stability of Cake. Each cake sample (50 g)
was ground well, and hexane (150mL) was added and
shaken in an orbital shaker for 20 min. The lipid extract was
decanted, and the extraction was continued with two fresh
portions of hexane. All the extracts were combined, dried
over anhydrous sodium sulphate, filtered, and hexane was
evaporated in a rotary evaporator. Traces of hexane in the
lipid was removed by flushing with nitrogen and stored at
—20°C until further analysis.

The peroxide value of the lipid fraction extracted with
hexane was determined as reported by Shantha and Decker
[21]. Hexanal was measured based on a reported method
using a gas chromatograph 2010 plus equipped with an
AOC-5000 plus autosampler (Shimadzu, Japan) [22]. Each
ground cake sample (4.0 g) placed in headspace vials capped
with aluminium caps with PTFE/silicone septa were shaken
and heated at 55°C for 13 min in an autosampler heating

block. A 100 ym PDMS solid phase microextraction (SPME)
fiber needle from Supelco (St. Louis, MO) was injected into
the vial for 3 min to absorb volatiles and was then transferred
to the injector port (250°C) for 1 min. The injection port was
operated in the split mode, and the split ratio was 1:5.
Volatile compounds were passed through a capillary column
Rtx®- WAX (cross bond with PEG, 30 mx0.32mm i.d.
0.25um) at 65°C for 10 min. The carrier gas was helium at a
flow rate of 2.0 mL-min~". Concentrations of hexanal in the
samples were determined by a standard curve prepared from
authentic hexanal standard using a flame ionization detector
at 250°C.

2.6.5. Sensory Quality of Cake Samples. Sensory quality of
the cake samples was evaluated using 30 trained panelists
adopting a previously reported procedure [23]. Cake sam-
ples (about 3x3x1.5cm) baked within the previous 10h
were served to each panelist in a randomized order. The
panelist’s mouth was rinsed with water to remove any traces
of residual food. Each panelist was asked to rate the quality
attributes according to appearance, color, odor, taste, texture
(hardness and softness), and overall acceptability of each
sample using a 5-point hedonic scale (1 = dislike very much
and 5 =like very much).

2.7. Statistical Analysis. All samples were analyzed in trip-
licate unless otherwise indicated. Two sample t-tests and
ANOVA were carried out for the determination of signif-
icant differences (p <0.05) between the means. Data were
analyzed using Minitab (version 17 for Windows).

3. Results and Discussion

Phenolic contents of coconut meal and sesame meal as
determined by Folin Ciocalteu assay are 775+ 26 mg gallic
acid eqv./kg, 2113 + 291 mg gallic acid eqv./kg dried meal,
respectively. Antioxidant activities of CME, SME, BHT,
BHA, and TBHQ as determined by DPPH radical scav-
enging activity and ferric reducing power are given in Ta-
ble 1. Both DPPH radical scavenging activity and ferric
reducing power of CME are significantly higher (p <0.05)
than those of SME and BHT. Antioxidant activities of plant
extracts prepared under different conditions using various
solvents have been compared with those of BHT. The DPPH
radical scavenging activity of BHT reported in the present
study is comparable with the reported values. DPPH radical
scavenging activity of CME and SME is superior to that of
some plant extracts prepared and analyzed under conditions
similar to the conditions used in the present study [24, 25].
TBHQ has significantly higher DPPH radical scavenging
activity compared with CME, SME, and other synthetic
antioxidants (p <0.05). Higher DPPH radical scavenging
activity of TBHQ compared with SME has been reported [9].
However, ferric reducing power of TBHQ is not significantly
different from that of SME. Deoxyribose degradation by
hydroxyl radicals can be inhibited by phenolic compounds
[26]. Both CME and SME display significantly higher
(p <0.05) inhibition of deoxyribose degradation compared
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TaBLE 1: Antioxidant activities of phenolic extracts and synthetic antioxidants.

Phenolic extract DPPH radical scavenging activity

Ferric reducing power  Inhibition of deoxyribose degradation

(30 ugmL™") (%) (%) (%)

CME 40.0 £2.9° 125.2+10.1° 39.5+ 1.4°
SME 31.0 + 4.8¢ 104.3 +4.5° 42.1+2.5
BHT 30.0+1.7¢ 95.9 + 4.5 32.6+2.1°
BHA 52.5+8.9° 101.2 £6.0° 36.4+1.5°
TBHQ 67.1+9.1° 107.5+13.2° 40.2+2.0°

Each data point represents the mean + SD (n=3). Different letters (a, b, ¢, and d) indicate a significant difference in columns (p <0.05).

with BHT and BHA. Inhibition capacity of deoxyribose
degradation of CME is not significantly different compared
with that of SME and TBHQ (Table 1). Therefore, both CME
and SME show potential to inhibit oxidation of fat to retard
food spoilage due to their radical scavenging activity and
reducing power.

Among the components of food, lipids are the quickest
to deteriorate resulting in off-flavors. Egg yolk homogenate
is a lipid-rich food model system for the evaluation of lipid
oxidation. Egg yolk contains linoleic acid as the major
polyunsaturated fatty acid. Percentage inhibitions of thio-
barbituric acid reactive substance (TBARS) formation in egg
yolk homogenate by CME, SME, and BHT are 71.2+2.2,
56.8£2.7, and 66.9 + 5.6, respectively. Thus, the antioxidant
activity of CME is superior to that of SME and BHT
(Table 1).

Several phenolic compounds of sesame oil meal extracts
prepared using different extraction methods have been
identified [27]. In the present study, phenolic substances of
coconut oil meal and sesame oil meal extracts were identified
using HPLC techniques for comparison. Results given in
Table 1 indicate that CME shows better antioxidant activities
than SME in DPPH, reducing power, and deoxyribose assays
at equal colorimetrically determined phenolic concentra-
tions. As the total phenol concentrations are equal in these
experiments, different antioxidant activities reflect the an-
tioxidant capacity of the different phenolic substances
present in the extracts. Most of the major phenolic sub-
stances in the extracts were identified by comparing with the
retention times and UV spectra of authentic standards.
Authentic standards of apigenin, caffeic acid, catechin,
chlorogenic acid, cinnamic acid p-coumaric acid, daidzein,
ellagic acid, epigallocatechin, ferulic acid, gallic acid, gen-
istein, kaempferol, luteolin, naringenin, syringic acid, and
vanillic acid were used for the identification phenolic
compounds in CME and SME. Caffeic acid, chlorogenic
acid, cinnamic acid, p-coumaric acid, gallic acid, kaempferl,
syringic acid, vanillic acid etc., have been identified in
sesame oil meal using HPLC, UV, or mass spectrometry
techniques [28, 29]. Even though the studies done on the
structure and antioxidant activity relationship of plant-
based phenolic compounds are meagre, there is an in-
dication that o-diphenols such as hydroxytyrosol display
better antioxidant activity than tyrosol which does not have
o-diphenol functionality [30]. Presence of more than two
hydroxyl substituents also supports high antioxidant activity
[31]. Among identified phenolic substances, gallic acid,
chlorogenic acid, caffeic acid, ellagic acid, catechin, and

epigallocatechin have o-diphenol functionality, while gallic
acid, catechin, epigallocatechin, apigenin, genistein, and
naringenin have more than two hydroxyl substituents.

The thermal stability of the food preservatives is vital for
the ability of those additives to increase the oxidative sta-
bility and the microbial shelf life of baked goods. Usually,
cakes are baked at 160-170°C. Therefore, 180°C, which is at
least 10°C higher than baking temperature, was chosen to
evaluate the thermal stability of antioxidants. Thermal sta-
bilities of phenolic antioxidants were evaluated for CME,
SME, BHT, BHA, and TBHQ by heating antioxidant sam-
ples at 180°C for 2h. Then, the ability of these thermally
treated antioxidants to protect phenol-stripped sunflower oil
from oxidative damage was tested using the Rancimat ap-
paratus. Rancimat curves indicating the induction time for
the formation of oxidation products as measured by electric
conductivity variation are given in Figure 1. The results were
compared with the results obtained for nonheated antiox-
idants to calculate the percent stability retained after thermal
treatment. Stability parameters resulting from the Rancimat
test given in Table 2 indicate that the retained stabilities of
the CME and SME after heat treatment at 180°C for 2 h are
95% and 93%, respectively. Protection factors after heat
treatment of CME and SME are 1.56 £ 0.09 and 1.52 + 0.10,
respectively, [32] have also reported protection factors
ranging from 1-1.6 for several tropical fruit extracts by
rancimat test at 110°C at comparable antioxidant
concentrations.

The results indicate that the ability of antioxidant ex-
tracts and the synthetic antioxidants to protect sunflower oil
against oxidation varies in the order,
CME > SME > TBHQ > BHA > BHT, while all the antioxi-
dants provided better protection to sunflower oil compared
with the control with no added antioxidants. Highest an-
tioxidant activity of TBHQ among synthetic antioxidants is
in agreement with the previously reported results [33]. CME
has the highest thermal stability, while BHT has the lowest
thermal stability (Table 2).

Moisture content, volume, and color are important
physical parameters that affect consumer preference.
Therefore, moisture content, porosity (as a measure of
volume), pore area, crumb density, and cake color were
analyzed for the control, BHT-added, CME-added, and
SME-added cakes in order to check if added antioxidants
cause any changes to the structure of cakes, thus, consumer
acceptability. Among many factors including fat-to-sucrose
ratio and preparation conditions of cakes, mixing intensity
was the only significant factor that affects moisture content
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F1Gure 1: Induction time (IT) for the formation of oxidation products in sunflower oil. Variation of IT of sunflower oil with (a) antioxidants

kept at room temperature and (b) heated antioxidants.

TABLE 2: Stability parameters of sunflower oil with added antioxidants (100 mg/kg oil).

Antioxidant in sunflower oil Protection factor (RT)

Protection factor (180°C) Retained stability (%)

CME 1.65+0.12°
SME 1.62+0.13%
BHT 1.32+0.10¢
BHA 1.49 +0.15°
TBHQ 1.59 +0.09"

1.56 +0.09% 95
1.52+0.10° 93
1.16 +0.10° 88
1.39+0.14° 93
1.45 + 0.04° 91

Each data point represents mean + SD (n=3). Different letters (a, b, ¢, and d) indicate a significant difference within the same column (p <0.05).

TasLE 3: Physical parameters of cakes.

Control BHT-added CME-added SME-added
Moisture (%) 21.83(+1.12)* 20.82(+1.56)* 23.87(+1.87)° 23.08(+0.72)*
Porosity (%) 55.75(+4.67)° 56.96(+1.14)* 51.79(+2.54) 54.81(+0.08)*
Crumb density g/cm3 0.507(+0.024)% 0.416(+0.003)¢ 0.443(+0.003)° 0.434(+0.016)°
Pore area (cm?) 0.006(0.004) 0.006(+0.003)* 0.006(+0.001) 0.006(0.001)*
L 64.99 + 3.14% 61.77 £2.71* 59.50 +3.18% 66.28 £5.16%
Color a* —0.64 +1.48° 2.50 +2.65% 2.50+1.01° 1.21 +£2.01*
b* 29.02 + 4.88* 31.73 +4.91* 25.13 +3.50° 31.99 +6.57%

Each data point represents mean +SD (n=3). Different letters (a, b, and ¢) indicate a significant difference within the same row (p <0.05).

[34]. Results given in Table 3 show that moisture content and
the porosity of the fresh cakes are not significantly different
in the cake samples containing different antioxidants
compared with the control. There is a linear relationship
between the porosity and the crumb density [17]. Crumb
density reflects the cell size of cakes. Crumb density of
antioxidant-added cakes was significantly lower (p <0.05)
than the control cake (Table 3). Increase of crumb density
improves the brightness, decreases the cell size and cell wall
thickness, and increase the crumb firmness in bread [35].
However, there are no reports indicating the values of crumb
density that should be increased or decreased to bring about
an observable change in sensory quality. Table 3 also shows
that there is no significant difference among the pore areas of
the cake samples, indicating that added antioxidants may
not affect the pore size of cakes. Color of cakes is an im-
portant parameter that affects consumer preference. Color
space components represent lightness and darkness (L*)

varying from lightness (+L*) to darkness (—L*), difference in
red and green (a*) varying from red (+a*) to green (-a*),
and difference in yellow and blue (b*) varying from yellow
(+b*) to blue (=b*). There is no significant difference among
color space components in the control and cakes with
different antioxidants. Low values close to zero are observed
for a* in all the cakes resulting in low average values and
relatively large standard deviations. Many types of cookies
and cakes with colors close to yellow-brown give low a*
values and higher b* values due to yellow color developed
during baking. Therefore, the antioxidant-added cakes had
yellow color development similar to that of the control cakes
indicating that the added antioxidants do not affect the
consumer acceptability due to changes in color.

Peroxide value is a useful indicator of determining the
early stage of oxidation of fatty acids. The effect of anti-
oxidants on the formation of peroxides in cake samples
during storage at room temperature is given in Figure 2(a).
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FIGURE 2: The effect of antioxidants on the formation of peroxides and hexanal in cake samples during storage at room temperature; (a)
peroxide formation of cakes over time and (b) hexanal production in cakes over time. Each data point represents mean+ SD (n=3).

CME-added cake samples showed lower peroxide values
than the control and other cake samples. The peroxide levels
in CME-added cake samples were significantly (p <0.05)
lower than those in BHT-added cake samples on day 14 and
day 21. Between CME and SME, CME provided higher
protection against peroxide formation during storage. The
effect of clove essential oil on peroxide value of cake has been
reported at different concentrations. However, up to 600 mg/
kg concentrations of clove essential oil were required to
achieve the same level of inhibition rendered by 200 mg/kg
BHT in cake [36]. Most of the volatile secondary oxidation
products such as hexanal, propanal, and pentane give off-
flavors to fat and make food less acceptable to consumers. In
the present study, headspace solid phase microextraction gas
chromatography (SPME-GC) was used to analyze levels of
hexanal as an indicator of the formation of secondary ox-
idation products (Figure 2(b)). CME-added cake samples
could maintain hexanal levels below 0.3 mg/kg up to at least
14 days of storage at room temperature. Longer lag time of
hexanal formation indicates a higher protective effect of
CME. When hexanal concentration in low-fat dehydrated
foods increases above 5mg/kg, rancid odors can be ob-
served. However, hexanal concentrations above 0.3 mg/kg
affect the sensory quality [37]. Hexanal levels for day 7 at
which the sensory quality of control samples may be affected
due to exceeding this limit are 0.58+0.04, 0.28+0.01,
0.10+0.04, and 0.33+0.04 for control, BHT-added, CME-
added, and SME-added cake samples, respectively
(Figure 2(b)).

Antioxidant and antimicrobial activities of phenolic
compounds in baked foods is well known [6]. Microbial shelf
life based on the time taken to exceed the APC (1 x 10° CFU/
g) and YMC (1 x 10° CFU/g) for control cake with no added
antioxidants was 7 days, while BHT-added cake samples
exceeded the APC and YMC levels on day 11. CME- and
SME-added cakes took 13 days to exceed the APC and YMC
levels. Therefore, BHT, CME, and SME appear to have
antimicrobial activity compared with the control cake
samples with no added antioxidants even after exposure to
high temperature during the baking process. CME and SME

showed higher antimicrobial activity compared with BHT.
The antimicrobial activity of the phenolic compounds
present in CME and SME may contribute to the extended
microbial shelflife of the antioxidant-added samples. Data of
hexanal levels and microbial levels indicate that if antioxi-
dants are not used, the quality of cakes will not be acceptable
by day 7 due to microbial activity and considerable rancidity
due to chemical oxidation products. Assuming that the
chemical rancidity can be tolerated, the quality of cake is still
not acceptable by day 7 due to high microbial levels. In
agreement with the reported observations, this suggests that
microbial shelf life is of higher concern than chemical
rancidity for high-moisture bakery products such as cake
[38]. Therefore, the extension of both microbial shelf life and
chemical shelf life by BHT, CME, and SME is important for
the extension of overall shelf life of cakes with respect to the
control with no added antioxidants. As such, both CME and
SME may serve as thermally stable natural alternatives to
synthetic antioxidants for preservation of vanilla cake by
extending both chemical and microbial shelf life.

Moisture content, porosity, pore area, crumb density,
and color of cakes are physical parameters connected to the
sensory quality. However, in addition to physical parame-
ters, it is important to evaluate the sensory perception of
cakes using a trained panel as a more practical indicator of
sensory quality. Sensory evaluation was conducted within
the period at which the maximum allowable microbial ac-
tivity is not exceeded. Sensory characteristics of cake samples
with and without added antioxidant extracts are compared
in Table 4. There is no significant difference (p < 0.05) in the
scores obtained for all the tested sensory qualities in the
control and all other cake samples on day 1. A significant
decrease (p <0.05) in sensory scores occurs in the control
samples on day 6. Sensory scores are affected by the for-
mation of volatile compounds. Hexanal levels above 0.3 mg/
kg affect sensory properties as mentioned above. High
hexanal levels and high microbial counts of control com-
pared with other cake samples may cause lower sensory
scores of control on day 6. Most sensory scores for all the
cake samples are significantly high (p<0.05) on day 1
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TaBLE 4: The sensory opinions of the panelists on control and antioxidant-added baked cake.
Day Taste Aroma Texture Color Overall
Control 1 3.15+0.73* 2.89 +0.74* 3.47 +£0.77%% 3.84+0.37%% 3.23+0.66™*
6 1.38+0.51 1.04 +0.46" 1.75+0.70* 2.12+0.35” 1.50 +0.53%
1 3.21 £0.23% 2.84 +0.89% 3.53 +0.84% 3.58 £ 0.69%* 3.53+1.0%
BHT 6 2.18 +0.15" 1.71 +0.55% 2.50 +0.65" 3.00+0.75™ 2.38+0.52%
10 2.00 £ 0.63% 1.67 +0.52% 2.83 £0.83% 3.17 +0.68* 2.23+0.58Y
1 3.37+0.89% 3.26 +£0.87% 3.95+0.85% 3.79 +0.79% 3.59 +0.79%
CME 6 2.85+0.16% 3.14 +0.69% 3.71 +0.49" 3.42 +£0.98% 3.54+0.16™
10 2.58 +£0.19% 2.96 +0.16™ 2.97 +£0.31% 3.12+0.64™ 2.75+0.26"
12 2.55+0.49% 2.85+0.86™ 2.58 +0.54% 3.22+0.24™ 2.70 £ 0.56%
1 3.18 £0.20% 2.63+£0.57% 3.16 +0.83* 3.53 £ 0.69%* 3.59+1.18%
SME 6 2.67 £0.82% 2.67 £0.89** 3.84+0.15% 3.68 £0.82%F 3.17 +0.75%
10 2.34+0.24% 2.71+£0.25% 3.00 +0.92% 2.75+0.28% 2.75+1.04™
12 2.64 +0.74% 2.25+0.46** 2.66+0.36™ 2.77 £0.48% 2.83 £0.83%

Different letters a, b, and ¢ in the same column indicate significantly different (p <0.05) mean consumer acceptability based on a 5-point hedonic scale
(1 =dislike very much and 5=like very much) (n=30) on the same day for different cakes. Different letters x, y, and z in the same column indicates

significantly different (p < 0.05) mean consumer acceptability for the same cake on different days.

compared with later dates. However, both CME- and SME-
added cakes retained sensory quality from day 7 to day 12.

4. Conclusions

Based on the radical scavenging activity, phenolic extracts of
coconut oil meal and sesame oil meal display excellent an-
tioxidant properties. The stabilities of the phenolic antioxi-
dants of CME and SME are not considerably lost due to
thermal processing. Both CME and SME extend the microbial
shelf life and oxidative stability of vanilla cake without af-
fecting consumer acceptability. Due to favorable sensory
characteristics and high thermal stability, CME and SME are
ideal for extending the shelf life of baked cake and other
bakery products as alternatives to synthetic antioxidants.
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