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ABSTRACT: Mixtures of dehydrated pepper fruit (Capsicum
annuum L.) with pepper seed (PS) and with high-oleic sunflower
seed (SFS) in proportions of 0, 20, 30, and 40% (w/w) were sub-
jected to heat degradation to compare the effect of a polyunsat-
urated medium (PS mixtures) and a monounsaturated medium
(SFS mixtures) on the carotenoid fraction. The kinetic study car-
ried out indicates that the carotenoid degradation, in both types
of mixture and for all the proportions, fits a first-order mathe-
matical model. The values of the kinetic constant k in each case
and for the stage of commercial usefulness of the paprika, which
ends when 50% of its initial coloring power has been lost, indi-
cate that the presence of a higher percentage of seed, either
pepper or high-oleic sunflower, in the mixture means a greater
stability of the carotenoid fraction. However the presence of a
lipid medium less sensitive to oxidation (SFS mixtures) strength-
ens this effect, prolonging the stage of practical usefulness of
the product, so manufacture of paprika by grinding dehydrated
pepper fruit with high-oleic SFS will provide a product with a
longer shelf life. Also the improvement of the natural lipid sub-
strate of the pepper fruit, to delay carotenoid degradation in the
end product, is a possible line of investigation.
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In the preparation and commercialization of foodstuffs or pre-
pared foods, the aim is always to obtain a product of maximal
quality that is as well-conserved as possible before reaching
the consumer. From the period when a product is prepared
until it isused can vary from hoursto daysto monthsto years,
depending on the shelf life of the product and on the chain of
distribution. To improve foodstuffs, a normal practiceisto
add substancesthat either prevent degradation (stabilizers and
antioxidants), improve flavor (sweeteners), increase firmness
(thickeners, agglutinants), or increase vitamin content. His-
torically, pepper was used as a food additive in the form of
the dried fruit, and later as paprika, a product obtained by
grinding the dry fruit and its seed. Such mixing dilutes color-
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ing power, asthe seed supplies no color, but dilution improves
the organoleptic properties of the product and increases con-
sumer acceptability. In addition, grinding of the intact dried
fruit increases the presence of antioxidant substances, such as
the tocopherols, giving greater stability to the carotenoids
present (1).

Previous studies showed that the lipid composition of
paprika, pericarp, and seed (2) isrelatively high in polyun-
saturated fatty acids, in particular linoleic (77% in the seed
and 25% in the dehydrated fruit) and linolenic (24% in
the dehydrated fruit) acids. These acids are sensitive to
oxidation, which gives rise to hydroperoxides (3). The latter
in turn can oxidize pigments, thereby decreasing the color-
ing power of paprika. The oxidation of fatty acids consists
basically of three reactions: initiation, propagation, and
termination, with propagation being the limiting step. The
oxidation of polyunsaturated fatty acids is significant at
ambient temperature whereas monounsaturated fatty acids
are oxidized at high temperature (4). The antioxidant action
of the tocopherols present in the medium would be more
effective if degradative processes caused by fatty acid oxi-
dation were minimized. To achieve this, the fatty acid pro-
file of paprika could be altered from a composition that
ismainly unsaturated to saturated. However, such a compo-
sition may not be appropriate for foodstuffs, as the current
prototype of an ideal fat is virgin olive oil, which is rich
in oleic acid and low in polyunsaturated and saturated
fatty acids (5). For this reason, the present study considers
the use of the dried pericarp of pepper fruit (Capsicum
annuum L.) as a colorant for a seed, other than pepper, with a
lipid composition less sensitive to oxidation. The seed chosen
for the experiment was a high-oleic acid variety of sunflower
seed. This variant of sunflower was originally obtained by
chemical mutagenesis (6).

The aim of the work was to study the effect of pepper
carotenoid pigmentsin a lipid medium with alow polyunsat-
urated acid (9%) content as compared to the lipids of pepper
seed (7), which are higher in polyunsaturated fatty acids. The
proposed experiment complements a previous one carried out
with pepper seed and provides an opportunity to compare pig-
ment stability in the two products: a mixture of dehydrated
fruit with pepper seed, and a mixture of dehydrated fruit with
high-oleic sunflower seed.
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MATERIAL AND METHODS

Preparation of paprika. The pepper fruits and seed used in
the experiment were of the variety Jaranda, grown in the zone
of La Vera (Caceres, Spain), dehydrated at mild temperature,
with heat from the burning of oak logs. The high-oleic sun-
flower seeds (SFS) were supplied by the company Cortillo
S.A. (Ecija, Spain). The mixtures of dehydrated fruit with
pepper seed (PS) and dehydrated fruit with high-oleic SFS
were prepared in the laboratory as follows. A determined
weight of dried, sliced fruit was mixed with different amounts
of seed: 0, 20, 30, and 40 % (w/w). Each mixture was milled
in a hammer mill several times, each step producing a finer
particle, until the final particle diameter was 0.5 mm, similar
to that obtained in the industry.

Sampling. From each homogenate, around 40 g was taken
and placed in a Petri dish in the oven at 70°C in the absence
of light. Sampling was carried out each 24 h during the first
3d, then each 24 d, and, toward the end of the experiment, 7
and 9 d from the previous one. Sampling was done in a mat-
ter of afew minutes, and the mixtures were returned to the
oven. At the beginning, sample weight was around 0.8 g.
With increasing pigment degradation, it was necessary to in-
crease the sample weight to 1.5 g at the end of the experiment.
Each sample point is average of quadruplicate samples.

Extraction, saponification, and quantification of pigments.
The processes have already been described (8,9). Each sam-
ple was subjected to extraction in a homogenizer (Ultra-Tur-
rax T25; Janke & Kunkel, Staufen, Germany) with 50 mL of
acetone. This treatment was repeated several times until no
more color was extracted. All extracts from the same sample
were pooled in a separatory funnel; 200 mL of 10% (wt/vol)
NaCl solution was then added, and the resultant mixture was
treated with 100 mL of ethyl ether to transfer pigment to the
ether phase. Once the aqueous phase was removed, the ether
phase (containing the pigments) was deesterified by adding
10% (wt/vol) methanolic potassium hydroxide and an appro-
priate amount of internal standard (p-apo-8'-carotenal) for
subsequent quantification of pigments. After deesterification
and the operations of neutralization, filtration, and evapora-
tion, the residue was collected in acetone [high-performance
liquid chromatography (HPLC) grade] and kept in the refrig-
erator at —20°C until its analysis by HPLC.

RESULTS AND DISCUSSION

In Table 1 islisted the carotenoid composition of the dry peri-
carp of the pepper (without seed) used as starting material and
of samples prepared with dehusked sunflower seed (kernel
only). The presence of pigments in sunflower seed was re-
duced to that of lutein, at a concentration of 1 mg/kg of ail.
Because the prepared mixtures had a minimal concentration
of lutein, its presence was not considered in this study.

In Table 2 islisted the fatty acid composition of the SFS
used. The oleic acid content was 86%, with the rest (saturated
and unsaturated) similar to that of olive oil. For comparison,
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TABLE 1

Initial Carotenoid Composition (mean values; mg/kg)
of the Different Tested Mixtures of Pepper Seed Mixed
with High-Oleic Sunflower Seed?

Percentage of seed in the lipid mixture

Pigment 0 20 30 40

Capsorubin 250.4 215.7 194.2 180.8
Violaxanthin 280.8 230.5 188.1 142.8
Capsanthin epoxide 2125 151.3 118.3 110.0
Capsanthin 1475.2 11735 972.8 873.0
cis-Capsanthin 301.5 275.9 308.3 212.5
Cucurbitaxanthin A 300.6 211.2 206.8 169.5
Zeaxanthin 315.0 259.6 232.1 179.1
cis-Zeaxanthin 46.6 43.1 38.2 31.0
B-Criptoxanthin 329.4 263.6 245.9 192.8
p-Carotene 2915 2447 228.3 242.0
cis-p-Carotene 83.0 63.5 63.7 27.4
Red 2239.5 1816.3 1593.6 1376.3
Yellow® 1646.9 1326.6 1203.0 984.6
Total® 3886.4 3142.9 2796.6 2360.9

aIndividual pigments, grouped by chromatic fraction (red and yellow), and
total pigments are shown.

bRed = capsorubin + capsanthin + capsanthin epoxide + cis-capsanthin.
®Yellow = violaxanthin + cucurbitaxanthin A + zeaxanthin + cis-zeaxanthin
+ B-criptoxanthin + B-carotene + cis-p-carotene.

4Total= red + yellow.

the fatty acid profile of the PS (2) isincluded in Table 2. The
most striking difference is the polyunsaturated fatty acid con-
tent of the PS compared to the monounsaturated content of
the high-oleic SFS. Table 2 includes the a-tocopherol con-
centration in the two types of seed.

Figure 1 showsthe changein percent retention of total pig-
ments with time for the mixtures of dehydrated fruit with 20,
30, and 40% of added high-oleic SFS and for the control.
There was an obvious difference between the sequence fol-
lowed by the carotenoid concentration of the dehydrated fruit
ground without seed and that of the different mixtures includ-
ing seed. The latter behaved similarly, although atrend to-
ward higher stability with increasing percentage of seed was

TABLE 2
Initial Fatty Acid Composition of the Oil of Pepper Seed and High-
Oleic Sunflower Seed

Pepper seed Sunflower seed
Fatty acid mg/g % mg/g %
Lauric (12:0) ND? 0 ND 0
Dodecenoic (12:1) ND 0 ND 0
Myristic (14:0) 1.08 0.12 0.32 0.05
Palmitic (16:0) 96.12 10.85 29.13 4.15
Palmitoleic (16:1) 1.99 0.22 1.09 0.16
Stearic (18:0) 25.68 2.90 ND 0
Oleic (18:1) 70.73 7.99 607.68 86.48
Linoleic (18:2) 685.17 77.36 62.68 8.92
Linolenic (18:3) 2.75 0.31 0.25 0.04
Arachidic (20:0) 2.14 0.24 1.50 0.21
a-Tocopherol (mg/kg oil) 755 264

aND = not detected.
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FIG. 1. Change in the percentage of retention of total pigments with time for (—) dehydrated
fruit, (~—-) fruit + 20% high-oleic sunflower seed (SFS), (---) fruit + 30% SFS, and (-.-.) fruit +
40% SFS.

seen. In the containers in which the experiment was con-
ducted, the samples containing only dehydrated fruit were de-
colored earlier and more rapidly than the others, which re-
tained their striking red color until the end of the experiment.

Previous work (7) studied the effect of different propor-
tions of PS on the stability of carotenoid pigments. It showed
that in afirst stage (covering the useful life of the product),
stability increased with increasing amounts of seed. The ki-
netic model describing the degradation of total pigments was
first-order, with kinetic constant k varying from 24.69 x 10~*
t0 31.80 x 10~ as the percentage of seed decreased. From this
it was concluded that a greater presence of PS had a benefi-
cial effect. However, as the experiment progressed, the degra-
dation rates inverted, and the paprikas with more PS showed
the lowest stability. The kinetic model for the overall experi-
ment had values for the kinetic constant k from 29.63 x 107*
t0 45.11 x 10~* with increasing percentage of seed in the mix-
ture. This effect at the beginning and end of the experiment
was not observed in the present case, using high-oleic SFS,
where stability increased with higher percentage of seed from
beginning to end.

To quantify the observed effect, a kinetic study was car-
ried out on the data obtained. The kinetic parameters of the
carotenoid degradation reaction were deduced using the inte-
gral method. This method uses a procedure of trial-and-error
to find the order of the reaction. The order is assumed, and
the kinetic equation is integrated. If the order assumed is cor-
rect, the graphical representation (determined from integra-
tion) of the concentration—time data should be linear (10).
Table 3 liststhe kinetic parameters obtained with this method-
ology for the tested mixtures, i.e., those with high-oleic SFS
and those of dehydrated fruit ground without seed. In all
cases, the best kinetic model describing carotenoid pigment

degradation was first order. In addition, from the rate constant
k, carotenoid degradation takes place more slowly the greater
the presence of seed in the mixture.

Although the addition of PSisbeneficial (the values of the
kinetic constant k in the SFS mixtures are lower in al cases),
the change of lipid substrate from polyunsaturated to mono-
unsaturated means improved carotenoid stability in the test
mixtures and a prolonged shelf life for such mixtures. Table 4
shows the change in retention percentage of total pigments
for the different PS and SFS mixtures, the approximate time
when the mixture is no longer commercially useful (retention
percentage <50%), and a comparison of the increase in hours
of useful life between the SFS mixture and the corresponding
PS mixture. It was also observed that the use of a 20% SFS
mixture provided a slightly higher stability with time than a
30% PS mixture, and that the stabilities of 30 and 40% SFS
mixtures were similar.

The mixtures of greatest interest are those containing be-
tween 30 and 40% of seed by weight, the normal dilutionsin
the manufacture of paprika. Table 4 showsthat these two mix-
tures are the most stable, as they are the last to exceed 50%
of carotenoid retention; but the SFS mixtures do so approxi-
mately 100 and 150 h later than the PS mixture. Thisisthe
quantification, in hours, of the increase in stability of the
carotenoid content when using alipid substrate less prone to
oxidation, so manufacture of paprikas using high-oleic SFS
will provide a product with alonger shelf life. Mixtures with
high-oleic SFS proportions greater than 40% will yield a
product lacking the normal appearance of paprika because of
the high oil content in the sunflower kernel.

Although the percentages of seed were equal in both kinds
of mixtures (PS and SFS), with the same color dilution and
the same tocopherol concentration, the presence of oil was
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TABLE 3

Kinetic Parameters Obtained from the Fit of the Concentration of the Red
and Yellow Fractions and Total Pigments to First-Order Kinetics for Paprikas

Prepared with High-Oleic Sunflower Seed

Percentage of seed in the mixture

Pigment fraction? 0 20 30 40
Kinetic constant® (k + SD) x 10™*
Red 26.91+25 18.37 £0.7 15.93+0.5 15.69+ 0.6
Yellow 34.37 £3.0 2217 +0.7 20.14 £ 0.5 18.96 £ 0.5
Total 29.63+2.7 19.85+0.7 17.57 £ 0.5 17.18+0.6
Ordinate at the origin (logarithmic coordinate)
Red 4.605 4.605 4.605 4.605
Yellow 4.605 4.605 4.605 4.605
Total 4.605 4.605 4.605 4.605
Correlation coefficient R

Red 0.990 0.977 0.985 0.981
Yellow 0.985 0.983 0.990 0.992
Total 0.989 0.980 0.987 0.987

aRed = capsorubin + capsanthin + capsanthin epoxide + cis-capsanthin.
PYellow = violaxanthin + cucurbitaxanthin A + zeaxanthin + cis-zeaxanthin + p-criptoxanthin +

[-carotene + cis-p-carotene.
CTotal = red + yellow.

not the same, due to the different fat content of the two types
of seed, i.e., 18% in PS and 50% in sunflower kernel. The dif-
ferences in behavior of the two systems are the result of the
qualitative difference between the two types of oil, particu-
larly regarding the presence of polyunsaturated fatty acids.
The fat of the starting material—the dehydrated fruit—has
24% linolenic acid (18:3), which is very prone to oxidation.
With the addition of one type of seed oil or ancther, this acid
isdiluted in the final paprika. At the same time, depending on
the type of seed oil added, the proportion of fatty acidsis al-
tered, in the sense that alower percentage of polyunsaturat-
eds are added with SFS. The lipid medium contributed by the

TABLE 4

Change in the Percentage of Retention of Total Pigments

in the Mixtures of Dehydrated Fruit with Pepper Seed and Dehydrated
Pepper Fruit with High-Oleic Sunflower Seed

Total pigment retention (%)

202 30 40

Time (h) psP SFS PS SFS PS SFS

50 87 89 88 91 91 92
100 75 79 77 83 79 85
150 66 70 67 76 69 78
200 57 62 59 69 60 71
250 49 55 51 63 53 66
300 43 49 45 57 46 60
350 37 44 39 52 40 56
400 32 39 34 48 35 51
450 28 34 30 43 31 47
500 24 31 26 39 27 43

apercentage of added seed in the mixture.
bType of seed used: PS, pepper seed; SFS, high-oleic sunflower seed. Bold-
face type indicates product is no longer commercially useful.
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seed, which surrounds and impregnates the pigmentation of
the fruit, is different from case to case, and it affects the
degradation. PS impregnates the pigmentsin a highly polyun-
saturated medium, whose main component is linoleic acid
(18:2), whereas SFS contributes oleic acid (18:1) (Fig. 2). It
is this difference in composition of the lipid medium that
causes such differences in oxidation.

The fatty acid content which is responsible for the genera-
tion of peroxides and hydroperoxides by autoxidation plays a
primary rolein color stability of the tested mixtures (4). Thus,
the type of fatty acids composing the lipid substrate deter-
mines the rate at which oxidation takes place. Degradation of
pigments still occurs, but addition of a protecting lipid
medium generates oxidizing products more slowly.

It can be concluded that the profile of the lipid substrate
plays an important role in the oxidative process, and, in the
case of paprika, the presence of linoleic acid favors such
processes, in contrast to other mixtures with oleic acid as the
major fatty acid component. The lipid substrate supplies oxi-
dizing agents that affect the carotenoid fraction, and the nor-
mal method to delay degradation is to add antioxidants, such
as ascorbic acid or tocopherols. This experiment provides an
aternative method to delay the negative effect of polyunsatu-
rated substrates.

A change in the type of seed used in the grinding (high-
oleic SFSinstead of the seed of the fruit itself) could be a
drastic alteration in the manufacture of paprika and thus may
not be the most appropriate solution. Genetic engineering has
become a common and very well known tool and could be
used in the development of new varieties of pepper whose
lipid profile is different from current varieties. In this way,
fruits could be obtained with alower polyunsaturated fatty
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FIG. 2. Change in the percentage of retention of the fractions of red (---), yellow (---), and
total (—) pigments with time for the mixture equivalent to a commercial paprika, and that of a
mixture with high-oleic sunflower seed of the same proportion (40%).

acid content, possibly by controlling the desaturase enzymes
that produce these fatty acids (11).
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