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Abstract Oxidative stability and loss of nutritional values
during storage are the major problems that are encountered
in the nut spreads and nut pastes affecting the commercial
value. In this study, kinetic behavior of lipid oxidation and
depletion of the phenolic antioxidants in the black carrot
juice supplemented almond pastes stored at the temperature
range of 4-60 °C were studied. Kinetic models were
employed to quantify the observations. Lipid oxidation was
modeled with the logistic equation. Addition of black carrot
juice delayed lipid oxidation, and decreased the maximum
peroxide value attained. Being different than the results of
the previous studies performed with the similar pastes, the
rate constants of peroxide formation reactions in the black
carrot juice supplemented pastes decreased with increasing
temperature (from 0.60 to 0.27 d™'); possibly due to cap-
turing of the lipid oxidation intermediaries by the antioxi-
dants at higher rates at higher temperatures. Depletion of
phenolics agreed with a unimolecular first order apparent
kinetic model. At the end of the storage period, phenolic
losses in the pastes were 5.4, 31.8, 36.9 and 38.2% at 4, 20,
30 and 60 °C, respectively. The results showed that incor-
poration of the black carrot juice might have an effect on the
mechanism of the lipid oxidation and its temperature
dependency, and improve the shelf life of the almond pastes.
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Introduction

Nuts such as cashew, peanut, hazelnut, and almond gained
attention of many researchers, and recently by food mar-
keters because of the health benefits (such as lowering
blood pressure, decreasing the risk of heart attacks and
diabetes) related to their high unsaturated fatty acid con-
tents. They are widely used in the food industry raw,
roasted, and as an ingredient in chocolates, cakes, ice
creams, desserts, spreads and so on for their ability to
develop organoleptic features (Balta 2013; Beltran et al.
2009; King et al. 2008; Lin et al. 2012; Piedrahita et al.
2015; Shakerardekani and Karim 2013). Difficulty of their
consumption by children and elderly people, and also
microbial contamination and mycotoxin production risks
during storage and handling limit the consumption of nuts
in raw, salted, and roasted forms. Using nuts in spreads
(such as peanut butter) and pastes reduces the risk of
quality loss due to microbial toxin production, and also
increases nut consumption by the consumers who experi-
ence chewing difficulties, such as children (Shakerardekani
et al. 2013). On the other hand, large proportions of
unsaturated fatty acids in nuts make their spreads and
pastes highly susceptible to lipid oxidation during prepa-
ration, processing, storage, and distribution. Lipid oxida-
tion decreases the consumer acceptability by producing
compounds causing off-flavors, bitter taste, as well as by
decreasing the nutritional value (Capanoglu and Boya-
cioglu 2008; Martin et al. 2001; Ozilgen 2014). In order to
promote consumption of these products, their unsaturated
fatty acids must be protected against oxidative
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deterioration and formation of secondary products causing
quality loss. Exclusion of oxygen, low-temperature storage,
avoiding metals, heat, and light, and addition of antioxi-
dants into foods are the main precautions that can be taken
to prevent or slow down lipid oxidation in foods (Ca-
panoglu and Boyacioglu 2008; Choe and Min 2009; Lin
et al. 2012; Martin et al. 2001; Shakerardekani and Karim
2013). Among these methods, use of natural or synthetic
antioxidants is usually preferred since it is the easiest,
effective, and the cheapest method. Antioxidants delay or
prevent lipid oxidation by inhibiting free radical formation,
and/or inhibiting the accumulation of free radicals in the
propagation stage by capturing the free radicals, quenching
oxygen, and reducing localized oxygen concentration. In
recent years, foods that have been known for their
antioxidant properties, are used in the food industry as
“natural antioxidants” due to consumer anxiety over the
safety of synthetic food additives (Algarra et al. 2014;
Brewer 2011; Gok and Serteser 2003; Khandare et al.
2011; Larrauri et al. 2016; Martin et al. 2001; Ozen et al.
2011; Schevey and Brewer 2015). The structural charac-
teristics of the phenolics in black carrot, which contribute
to its antioxidant capacity, make them more stable to heat,
light and pH changes in comparison to the phenolics from
other food sources. Acylated phenolics in black carrots
primarily act as free radical scavengers as they interrupt the
lipid oxidation radical chain reaction at the propagation
stage by donating hydrogen to free radicals. Therefore,
they produce relatively stable antioxidant radicals and thus
terminate the lipid oxidation. The mechanisms of action
ultimately vary from one antioxidant to another, depending
on the composition and structure of the compounds.
Although the antioxidant components of variety of foods
and their mechanisms of action have been investigated by
many researchers, there is limited information on the ef-
fects of natural antioxidants on the kinetics of lipid oxi-
dation in foods (Erkan et al. 2009; Gomez-Alonso et al.
2004; Lin et al. 2012; Nichenametla et al. 2006; Ozen et al.
2011).

Kinetic models are useful tools to quantify and describe
the changes in quality parameters governed by chemical,
biochemical, microbial, and physical reactions, as a func-
tion of conditions in the food chain. This paper employs the
logistic equation to model the effect of natural antioxidant
addition on the kinetics of lipid oxidation in model almond
pastes stored at temperatures ranging from 4 to 60 °C. In
conjunction with lipid oxidation kinetics, the kinetic of
natural antioxidant consumption during storage in the same
model pastes was also undertaken in this study. The main
purpose was to suggest a model to improve the quality
factors by the increasing the knowledge of kinetics of
quality deterioration.

@ Springer

Materials and methods
Almond paste preparation

Almonds and black carrots used in this study were obtained
from the local bazaar. Almonds used for paste making were
native to Datca, Turkey, they all came from the same batch.

Fresh black carrots (Daucus carota L. ssp sativus var.
atrorunebs Alef.) used in this study were cultivated in
Konya, Turkey. Carrots were stored at — 25 °C until the
experiments were carried out. Fresh carrots were cut into
small pieces, pressed, and filtered to produce the black
carrot juice.

Two different model pastes, the reference (almond
paste) and the almond-black carrot paste, were prepared
using traditional Turkish almond paste production tech-
nique. Although the recipes may show slight differences
from region to region, almond flour, water, and sugar are
the main ingredients of traditional Turkish almond paste.
The recipe used in this study was provided by the profes-
sional chef. Almonds were blanched in boiling water for
1 min., shocked, dried in between tissue papers, and then
their thin skins were removed by hands. De-skinned
almonds were ground into small pieces. During grinding,
temperature of the samples were controlled using ice jacket
to prevent thermal damage from friction. Ground almonds
were mixed with 40 g/100 g confectioner’s sugar and 10 g/
100 g water to prepare the reference samples. In almond-
black carrot pastes, water was replaced with the same
amount of black carrot juice; the rest of the recipe was the
same. The pastes were kneaded, rolled into 2.5 cm diam-
eter cylinders, and cut into 1 cm thick pieces. Samples
were arranged on stainless steel trays in a single layer,
tightly covered, and stored immediately. Both black carrot-
almond and reference pastes were stored up to 31 days at
4 °C, 20 °C, 30 °C, and 60 °C. During storage, the samples
were removed at different intervals for the analysis. All
preparation steps were carried out in dark and temperature
controlled cold rooms, and preparation time kept at a
minimum.

Almond paste oil extraction

Ten grams of the paste were transferred to dark-colored
flasks and mixed with 200 mL of petroleum ether and left
stirring at room temperature for 24 h. The extracts were
filtered through 20-25 micron filter paper, and then the
residue was re-extracted. The total petroleum ether was
evaporated in a rotary evaporator (Min and Ellefson 2010).
Obtained almond extract was kept in sterile sample tubes
and stored in at 4 °C in the dark. Further analyses were
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carried out within 24 h. The same procedure was applied to
both the black carrot-almond and the reference pastes.

Peroxide value

The peroxide values were determined following the stan-
dard procedures of determination given in the official
methods and recommended practices of American Oil
Chemists” Society (Walker 1989). In a glass-stoppered
flask, 5.00 £ 0.05 g of a sample was dissolved in 30 mL of
acetic acid- chloroform (60:40, v/v) solvent mixture. Sub-
sequently, 0.5 mL of saturated potassium iodide solution
was added to the solution, and then the solution was mixed
constantly. After 1 min, the solution was diluted with
30 mL distilled water and then titrated with 0.01 mol/L
sodium thiosulphate solution. The peroxide values were
calculated as:

(S — B)xN
'

x 1000 (1)

Peroxide Value <mEq 02) =

kg

where S was the volume of titrant for the sample, B was the
volume of titrant for blank, N was normality of sodium
thiosulphate solution, W was the sample mass in Eq. 1. All
samples were analyzed in triplicate.

Total phenolic content

The oil extracts were treated with methanol and hexane to
extract the bioactive phytochemicals before total phenolic
content analysis (Janu et al. 2014).

The method for total phenolic content of almond
extracts was based on Folin-Ciocalteou’s reactive reagent,
using as an ultraviolet spectrophotometer (Singleton et al.
1999). In a test-tube, 20 pL of extract, 1580 uL of water,
and 100 pL of Folin-Ciocalteu reactive reagent were
mixed. After 3 min, a volume of 300 uL. of 2% sodium
carbonate was added, and the solution was mixed thor-
oughly. The mixture was allowed to stand at 25 °C in the
dark for 120 min. The absorbance was then read at 750 nm
using spectrophotometer. The total phenolic concentration
was calculated from a calibration curve, and the results
were expressed in terms of gallic acid equivalent per 100 g
of extract (mg GAE/100 g extract). All samples were
analyzed in triplicate. The same procedure was followed
for the both black carrot-almond and the reference pastes.

Kinetics of the almond oil oxidation

The logistic equation, which was based on a free radical
chain mechanism proposed by Ozilgen and Ozilgen (1990)
was applied for quantification of the effect of the added
natural antioxidant on the kinetics of lipid oxidation in

model almond pastes stored at temperatures ranging from 4
to 60 °C. The logistic equation was stated as:

%:kc[l— C] 2)

max,

where ¢ was the concentration of the total oxidation
products, ¢, Wwas the maximum attainable value of
parameter c at the end of the lipid oxidation process, k was
the reaction rate constant, and t was time. The logistic
equation was integrated and linearized to evaluate the rate
of peroxide formation in the pastes at the propagation stage
as:

X Cax
l =kt —In{ ——1 3
"T—x n( C ) ®)
where X is CL, k is the slope of the line and the

—1In (CC—(‘J’ - 1) is the intercept with t =0

Kinetics of total phenolic compounds

First order reaction rate kinetic model was employed for
total phenolic compound consumption in the model almond
pastes stored at temperatures ranging from 4 to 60 °C. The
first order reaction rate equation was stated as:

am
— = —k.M 4
dt ‘ “)
where M was the concentration of total phenolics in terms
of gallic acid concentration, t was time, and k, was the
reaction rate constant. In kinetic studies, M,,,, values were
considered as the initial phenolic concentrations.

Statistical analysis

All experiments were done in triplicate. All values were
averaged and expressed as mean =+ standard deviation.
Peroxide values were subjected to analysis of variance
(ANOVA) for each storage temperature to test for differ-
ences arising from black carrot juice addition. Confidence
limits used in this study were based on p < 0.01.

Results and discussion

In the present study, the lipid content was 25.5 + 0.05 g/
100 g for both formulations of the almond pastes, and this
was in agreement with Capanoglu and Boyacioglu (2008).
Fatty acid profiles for almond genotypes from different
parts of Turkey have been extensively studied. An almond
variety grown in Datca was reported to have approximately
52.32% of total fat. Oleic acid was major fatty acid
(76.11%) in Datca almond followed by linoleic (17.11%),
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palmitic (6.14%), and palmitoleic acids (0.04%) (Niza-
moglu 2015). In the literature, small differences in the
composition of the same almond genotype explained by
differences in varieties and the geographical conditions of
the regions where they were grown (Capanoglu and Boy-
acioglu 2008). Based on data adopted from the earlier
study, the oleic acid, linoleic acid, palmitic acid, and
palmitoleic acid contents were calculated as 19.40 g,
4.36 g, 1.57 g, and 0.01 g/100 g of the almond pastes (wet
basis), respectively (Nizamoglu 2015). Antioxidant
capacity, oxidative stability, and content of phenolic
compounds of black carrots harvested from Konya, a city
in Central Anatolia in Turkey, have previously been stud-
ied in detail (Kamiloglu et al. 2015; Ozen et al. 2011;
Oztan 2006). In black carrots, the phenolic concentrations
are reported to be approximately 102-108 mg/100 g, and
they are primarily acylated anthocyanins (Oztan 2006). In
the present study, replacing water with black carrot juice in
formulations increased the initial total phenolic content of

Fig. 1 Modeling of lipid

the almond pastes from 95.90 to 187.29 mg/100 g (by
48.79%) (Table 1).

The initial, maximum, and minimum total phenolic
contents and the maximum peroxide values of the model
pastes are presented in Table 1. Figure 1S shows the
changes in the peroxide values, and the total phenolic
concentrations with time in model pastes stored at 4 °C,
20 °C, 30 °C, and 60 °C, respectively. Lipid oxidation data
followed sigmoidal curves for all model pastes (Fig. 2S).
The peroxide values stayed almost constant at the early
stages of storage and increased exponentially as the storage
time progressed, at all storage temperatures. Clearly,
increase in storage temperatures resulted in higher peroxide
values in all samples, as reported by Capanoglu and Boy-
acioglu (2008). Almond contains natural antioxidants, such
as flavonoids. The content, mechanism of action, and sta-
bility of antioxidants in almonds depend on the genetic and
environmental factors, and the processing and storage
conditions, and might be adequate to protect the lipids
against lipid oxidation only for a certain period (Bolling

oxidation in a almond-black
carrot pastes and in b plain
almond pastes stored at, (®)
4 °C, (0) 20 °C, (A) 30 °C,
(@) 60 °C.—Logistic model fit. _
Regression coefficient (r%) o0
values were better than 0.96 and §
the sum of square error was D)
0.076 and 0.04 in Fig. la and b, E
respectively §
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|
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)
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=
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E
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et al. 2010). Black-carrot addition to the recipe delayed the
exponential increase, from 13 to 9 days to 11-6 days, with
respect to the reference samples stored at the same tem-
peratures (Fig. 1S, Table 1). For all formulations, black
carrot added pastes had the lowest peroxide values than the
corresponding reference samples throughout the storage
periods (Fig. 2S) (p < 0.01). This might be due to the
inhibitory effect of antioxidants in black carrot on peroxide
formation in foods that are rich in lipids (Assous et al.
2014). Peroxide formation continued until there were no
free fatty acid radicals available in the samples for further
oxidation reactions (termination) (Fig. 2S). In general,
protective effect of the natural antioxidant in combination
with the low storage temperature decreased the peroxide
values of the almond pastes, as reported by Assous et al.
(2014), Capanoglu and Boyacioglu (2008), and Larrauri
et al. (2016) (Figures 1S and 2S).

Fig. 2 Changes in
concentration of total phenolics
in a almond-black carrot pastes
and in b plain almond pastes
stored at, (@) 4 °C, () 20 °C,
(A) 30 °C, (@) 60 °C.—First
order model fit. Regression
coefficient (%) values were
better than 0.93 and the sum of
square error was 0.21 and 0.06

The logistic equation (Egs.2 and 3) was in good
agreement with the experimental data (r> > 0.94); Fig. 1).
Logistic equation implies that when the concentration of
the oxidation products reaches to its maximum, ¢y, the
lipid oxidation reaction terminates. The c,,, values
increased with temperature both in the reference and the
almond-black carrot pastes (Table 1). This observation
may be directly related to decomposition of more fatty
acids into oxidation products at higher temperatures
(Labuza 1982). Replacing water with the black carrot juice
noticeably decreased the maximum peroxide value
attained,c,,4y, in the paste compared to the reference sam-
ples stored at the same temperature (Table 1). On the other
hand, the rate of peroxide formation in the almond-black
carrot samples decreased with increasing temperature
(slopes were changing from 0.60 to 0.27 d~'), unexpect-
edly (Table 1). The relation agreed with the Arrhenius

in Fig. 2a and b, respectively

In M (mg/100 g)

4,9

In M (mg/100 g)

10 15 20 25
Time (d)

38
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equation (r2 = 0.98) (Lin et al. 2012). These results were
different from those obtained with the reference samples,
and also the lipid oxidation studies carried out with
almonds and the other types of nuts (Capanoglu and
Boyacioglu 2008; Lin et al. 2012). Replacing water with
the black carrot juice possibly changed the mechanism of
lipid oxidation in the almond pastes (Piedrahita et al.
2015). In those samples, the rate to achieve the c,,,, value
was higher at lower temperatures as a result of less free
radical formation; hence the free radicals scavenged by the
black carrot phenolic compounds more efficiently. Possi-
bly, it was also the main reason for the lowest phenolic
consumption rates at 4 °C. At the early stages of the stor-
age periods, increase was observed in the total phenolic
contents of the model pastes as a result of increase in
solubility of the phenolic compounds with increasing
temperature (Fig. 1S) (Algarra et al. 2014). At the end of
the storage periods, phenolic consumptions were 5.4% at
4 °C, 31.8% at 20 °C, 36.9% at 30 °C, and 38.2% at 60 °C
in the almond-black carrot pastes. In general, consumption
of phenolic compounds during storage followed a first
order kinetic reaction (Eq.4) in all model pastes
(r* > 0.93) (Fig. 2), agreeing with the results of previous
studies that employed the same model during storage of
products containing black carrot juice (Kirca et al. 2007;
Ozen et al. 2011; Patras et al. 2010). Although the phenolic
consumptions increased with storage temperature (Table 1,
Fig. 1S), the rate of concentration change did not show an
Arrhenius-type temperature dependency in the black car-
rot-almond pastes. High amount of acylated cyanidin
derivatives in the structures of black carrots phenolic
compounds reported to give stability to heat, light, and pH
changes (Kamiloglu et al. 2015). Heat stability of black
carrots at 40-70 °C was reported in one of the recent
studies (Assous et al. 2014). Therefore, the effect of storage
temperature on the structure of black carrot phenolic
compounds was neglected in the present study. There were
also no correlation between the peroxide formation rate and
the rate of phenolic consumption (1> = 0.66). It is evident
from all these results that, in combination with consump-
tion in lipid oxidation reactions some other factors, such as
solubility of phenolic compounds, water activity of the
food, self-oxidation, and sugar crystallization during stor-
age might also had an effect on the phenolic concentrations
(Kamiloglu et al. 2015; Kirca et al. 2006; Patras et al. 2010;
Rhim 2002).

The results of this study may help food industry pro-
fessionals, including professional chefs, for quantification
of the effects of black carrot juice on controlling lipid
oxidation in foods that have similar recipes to traditional
Turkish almond paste recipe.

Conclusion

Logistic equation simulated all the experimental patterns
obtained from the peroxide measurements in model almond
pastes. Black carrot juice, when substituted for water in the
almond paste recipe increased the oxidative stability of
almond pastes, delayed the initiation of lipid oxidation, and
reduced the maximum attainable peroxide values. From the
kinetic study, it also decreased the rates of the lipid oxi-
dation reactions at increasing storage temperatures. This
was the major difference from the previous studies, and
pointed as the major impact of this study. Thus, the kinetic
models can be helpful in controlling lipid oxidation in
foods that share similar recipes with traditional Turkish
almond paste during storage for confectionary industry and
professional chefs.
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