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ABSTRACT

Carotenoids from persimmon fruit (Diospyros
kaki [.) were extracted, determined, identified and
adsorped to solid matrix. Carotenoids stability at
different pll and temperature were also studied,
Different levels of persimmon fruit carotenoids
(D.788, 1.182 and 1.576 mg) were use for coloring
of 100 g of glazing jelly and 1.182, 3.546 and
5.910 mg/ 100 g of aerated sweet. Persimmon ca-
rotenoids were characterized by a high maximum
stability at pll values of 7, 8 and 9, whereas, a
degradation was observed in carotenoids at low
pll. Persimmon carotenoids showed higher ther-
mal stabitity at temperatures ranging from 50 to
100°C.  The identilication result by LC-MS
showed that  the  carotenoids  contained  f3-
cryptoxanthin mono ester with different lengthes
of saturated und multi unsaturated fatty acids,
luteoxanthin and lutten. Color and overall accept-
ability ol glazing jelly and acrated sweet contain-
ing 1.182 mg and 3.54mg curotenoids extracted
from persimmon  fruit  respectively  recorded
closely scores with control (6.390 mg synthetic
color). On the other hand, total color density
(T'CD) of acrated sweet containing 3.54mg and
5.9lmg carotenoids extracted from persimmon
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fruit/100g mixture were stable during storage pe-
riods up to 180 days at room temperature com-
pared with synthetic color.

INTRODUCTION

Color is one of the most important quality at-
tributes of foods. The lirst impression ol the qual-
ity and accepiability of a particular food is judged
upon its appearance. Therefore, the pigments,
which are the prime contributors to coloration, are
important quality constituents to analyze in foods.
Measurement of both natural and synthetic pig-
ments in foods is an analytical challenge to food
chemists. The diversity of naturally occurring
pigment, their derivatives, and the formation of
degradation components that coatribute 0 the
color of foods complicale both qualitutive and
quantitative  measurements, (Suzanne-Niclsen,
1998).

Natural colorants can be obtained from a vari-
ety of sources and comprise a group of functiona}
ingredient consisting of several classes of com-
pounds. The most recognized classes include the
carotenoids and flavonoids, but the curcuminoids
are also of interest. There is strong historical
precedent for use of natural food colorants in for-
mulated foods. In fact, depending on dict and loca-
tion, large quantities of these nuturally occurring
compounds are often consumed as a norimal part
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of the dict in the form of fruits. One of the rea-
sons, many {ruits and vegetables are recommende
as a part of healthy diet is the presence of naturally
occurring coloiing compounds. Carolenoids are by
far the best known class of natural colorants. This
is due in no small part to the body of information
availuble on health benelits of beta-carotene. For
several decades, the evidence has been mounting
concerning the beneticial effects of this most well
kitows of carotenoids, (Winston, 2000),

The color of a tood product is ofien the con-
sumer's {iest indication of s flavor and quality.
fmagine you are looking at a product for the first
time, but can't smell it, (Stout, 2002). Coloved
raisins resembling a range of different fruits may
be used to enhance the appearance of baked goods,
breads, snacks, dairy desserts and other products.
Such an mnovation can not only transform the
finished product, but also help promote the raisin
and s functionality  and  health  benelits,
{Pszczola, 2002),

The increasing use of natural food colorants
with the contectionery industry is discussed. {ndi-
viduad aspects include: reasous for using natural
colorants in conlectionery; green, yellow and or-
ange colorunts pink, red and purple colorants; blue
food colorant; choosing the right color lor difter-
ent confectionery products (gums and jellies,
sugar couated confechionery, foam products, hard
boiled candy, lu-based coatings) and health bene-
fits associated with certain natural colorants, anti-
oxidant activities, possible protection against car-
diovascular discase and cancer, (Niclsen, 1999),

Major Ninding is that both pigment and color
degradanion during thermal processing follow 1™
order reaction hietics. The Kinetic parameters
(namely, rate constant and activation energy) pro-
vide useful information on the quality change
which occurs during thermal processing, (Ahmed
et ul 2002), Some investigations on color change
due 1o carotenoids during the heating process have
been doue on tomato based products and in carrot
Juice, (Arenu ef al 2000).

The persimmion fruits were an eacelent source
of retinol: 1 g provided about 541U of the vita-
min. Among other {ruits; several rescarches pro-
pose persimmon as a good source of nutritional
antioxidant, vitmnins, polyphenols, and dictary
tiber; (Gorinstein ¢f al 1994).

The am of the present work was 1o produce,
determne and  identify the natural  carotenoids
extracted from persimrmon fruit in addition to
study 1he clfect of pll, temperature, and time on

their stability and utihzing them in some proc-
essed foods, i.c. glazing jelly and acrated sweet

MATERIALS AND METHODS
1. Materials

Mature and fully colored sweet persummon
(Diospyros kaki L) was purchased from local
market at Cairo during the season of 2005, Tarta-
razin and carotene standurd were obtained from
the Sugar wud integrated industries Compuny,
Egypt.

2. Methods

2.1. Extraction of ycllow colorant (carote-
noids)

Yellow colorant (Carotenoids) was extracted
from persimmon frun samples as described by
Aravantings-Zafivis ¢f al (1992) as follows:

** One hundred g of ground samples and extrac-
tion solvent (300 m! acctone) were blended in
Warring blender at high speed for 5 min.

** The extract was filtrate throagh a filter paper
Whatman No.! into conical flask.

** Lxtraction and filtration were continued till the
residuc was colorless.

** The filtrate was transterred 1o a separating fun-
nel.

** Hexan and water containing sodium sulphate
were added to transfer the pigments into the
hexan phase This step was repeated until no
more color in acetone phase was observed.

** The hexan extract was filtered through anhy-
drous sodiwm sulphate.

** The hexan extriact was concentrated by rotary
vacuum cvaporator at 40°C.

2.2. Determination of totai carotenoids

To measure total carotenoids, the color was
measured using spectrophotometer Jenway 610 5
(UV. Vis) at 432 nim. The total carotenoids content
was calculated wsing equation described by Ran-
ganna (1979).

Conce. of carotenes read from
standurd curve (ugel) \ Final
Carotenoid vehunme diliion

(i 100g) = \ 190

wlf of the extract iesed N weiglit
of sumple
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2.3. Concentration and adsorption of carote-
noid in solid supports

A 3.94 mg of total concentrated carotenoids
was adsorbed to 1 g of solid matrix (unhydrous
dextrose) and dried in air oven at 40 °C for 24 h.

2.4. ldentification of carotenoids by (LC-MS)

Yellow colorant (carotenoids) of persimmon
fruit was identified according to Lessin er al
(1997); using Liquid Chromatography Mass Spec-
trum (LC-MS) in Anhalt University of Applied
Science, Institute of Food Technology, Biotech-
nology and processes engneering. Koethen — An-
halt, Germany, with the following conditions:

- Liquid chromatography; the column 250*4mm
RP-18.

- The elution mixture was water / methanol / ethy-
lacetat.

- The flow rate was 0.6 m! / min. at 20°C and the
detection at 470 nm.

- Mass Spectrum: EQ 3000, 10ntrop. APC1 (270
°C).

2.5. Carotenoids stability
2.5.1. Effect of pH

Effect of different pH values on carotenoids re-
tention was measured according to the method
described by Elbe and Huang (1974) as follows:
* One ml of each pigment solution was mixed

with 9 mt of 0.1 M phosphate buffer of various

pH values ranging from 2 to 9 and absorbance
readings were measured using spectrophotome-
ter at 452 nm,

2.5.2. Effect of temperature

The method described by Saguy (1979) was
used to study the effect of temperature on carote-
noids retention with some modifications.

* | ml of pigment solution and 9 ml of the opti-
mum buffer solution were placed in a thermo-
statically controlled water bath at different tem-
peratures ranging from 50 -100°C for 30 min.

* The sample was further cooled down immedi-
ately in an ice water bath and absorbance meas-
urement was read using spectrophotometer at
452 nm.

2.5.3. Thermal stability of carotenoids

Carotenoids solution was holded for 180 min
at temperature ranging from 50 to 100 in water
bath and then cooled immediately in an ice bath
followed by measuring absorption of the solution.

2.5.4.Total color density (TCD): was
measured using 2 ml of pigment solution and 2
ml.of water and absorbance was measured by
spectrophotometer at 420, 520 and 700 nm. ac-
cording to Spayd ef af (1984). TCD = (Abs 420
— Abs 520) — 2(Abs 700).

2.5.5. Activation energy; “E,”

Activation energy of the investigated carote-
noids was calculated by Arrhenius equation; and
the values are given as Cal / mol.

23 Rx Tl x T2 x log K2/K1

E,-
12-71
as described by Whittaker, (1994)

Were: K is the rate constant, R is the universal gas
constant and T represents absolute temperature

2.6. Technological methods
2.6.1. Glazing jelly processing

Glazing jelly was prepared in the laboratory
using the ingredients which were given in Table

M.
Procedure in steps

- A mixture of sucrose and carageenan was boiled
first in the water then calcium chloride, sorbic
acid and potassium sorbate were added to the
mixture.

- Corn syrup was added with continuous stirring.

- After complete dissolving of the ingredients the
heating was stopped and color was added.

- Jelly samples were cooled in the refrigerator for
5h
A synthetic color (tartarazin) was used by 6.3

mg/100g of the mixture whereas natural carote-

noids extracted from persimmon fruit were added
at 0.788 mg, 1.182 mg and 1.576 mg /100g of the
mixture.
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2.6.2. Arcated sweet processing

Arcated sweet was manufactured in the labora-
tory using the procedure as described by DMV
Internutional Food Service (1997). The formula
of control sample is shown in Table (1).

Proecdure in steps

- Whip BV 50, water and sugar 1o prepare stitf
foam.

- Boil the sucrose, glucose and water up to 127°C.

- While beating at a lower speed, slowly add the
boiled mix to the stiff toam.

- Add the icing sugar and mix.

- Melt the fat and add.

- Cooling the mixture and color was added.

A synthetic color (tartarazin) was added at 6.3
mg/100g of the mixture, whereas natural prepared
carotenoids solution extracted from persimmon
fruit were added at 1.182 mg, 3.546 mg and 5.9
mg/ 100g of the mixture.

Table 1. Formulation of glazing jelly and aerated sweet

Glazing jelly Acrated sweet

Ingredients Weight (%) Ingredicnts Weight (%)
Sucrose 35.85 BV 50 0.30
Water 54.35 Icing sugar 9.60
Corn syrup 9.06 Water 15.90
Caragecnan 0.38 sucrose 30.50
Sorbic acid 0.08 Glucose 43.20
Potassium sorbate 0.13 Fat 2.50
Calcium chloride 0.15

BV 50: (Acrating agent) high-quality modified milk protein

2.6. Sensory evaluation

A 10 panclists from the staff members of the
Food Science Departiment, Faculty of Agriculture,
Ain Shams University were asked to evaluate
color, clarity, texture, flavor, grainess and overall
acceplability of the processed yellow glazing jelly
and asked to evaluate color, f{lavor, texture,
grainess and overall acceptability of the processed
acrated sweet according to Kramer and Twigg,
(1974), using a 9-poimt numerical scale. ta such a
case, the higher score values indicate greater pref-
erence and the analyzed method categorized the
organoleptic  propertics  within - the  following
scales:

Rating system Grades out of 10
Fancy 10-9-~8
Fxtra standird 7-6-5
Standard 4-3-2
Substandard |

3. Statistical analysis

Analysis of variance and Duncan’s muitiple
range lest was carried out according 1o SAS,
(1996).

RESULTS AND DISCUSSION

Whean deciding which natural color to use in a
specific application it should be noted that there
are several factors 10 influence that choice as fol-
lows: Color shade required, legisiation ol the
countries in which the food is to be sold, physical
form required, composition of the foodstutt, proc-
essing conditions (pirticularly the temperatures
used and the times for which these temiperatures
are held), plt (the pll ol a lood will often deter-
mine the suitability of a particulur color for a
given application. The Stability or color shade of
most natural color are affected by pll, packaging
(this will determine the amount of oxygen and
light that reaches the product and hence the suit-
ability of such color as carotenoids) and required

Annals Agric. Sci., 51(2), 2006
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shelf-life and storage conditions, (1endry and
lloughton, 1996).

1. Total carotenoides

The total carotenoids extracted from persim-
mon fruit were found to be 13.92 mg/ 100g fruit.

2. Carotenoides stability
2.1. Effect of pH

The effect of different pH value on retention
percent of carotenoides extracted from persimmon
fruit was presented in Fig. (l). Results showed
that the retention % of carotenoides extracted from
persimmon fruit was found to increase with ele-
vating the pH values. The retention rate of carote-
noides was increased from 49,701 % at pH 2.0 to
100% for pH 7, 8 and 9. Also the results revealed
that carotenoides extracted from persimmon fruit
are characterized by a high maximum stability at

429

pH 7,8 and 9 this means that carotenoids was more
stable at natural and alkaline pii, than an acidic
pll. .

2.2. Effect of temperature and thermal sta-
bility

The retention and degradation % of carote-
noids extracted from persimmon (ruit at different
temperatures are presenied in Table (2). Forin-
stance, the retention rate of carotenoids decreased
with increasing temperatures (50-100°C) and hold-
ing time (30 and 180 min.).

The highest retention of carotenoids was
(100%) at 50, 60 and 70 °C/30 min. The degrada-
tion rates of persimmon fruit were greatly influ-
enced by temperature and holding time. Finally it
could be noticed that, total carotenoids extracted
from persimmon fruit showed higher thermal sta-
bility at different temperatures that are required for
several processing of different products.

100
S ) F .
b ¢ e
Q 3 Sl - .:;E fd
T 401 E=f H = : S I
=3 o boH [ 3 el ) 4
0. P T N O P
213 /456|789
Retention % [49.7/63.2]174.9!756(92.5{100 | 100 | 100
pH

Fig. 1. The retention values of carotenoids exiracted from persimmon fruit at

different pH.
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Table 2. Thermal stability and activation energy of the carotenoids extracted from

persimmon ftuit at different temperatures

Temperature Retention % Degradation %
CC) 30 min 180 min 30 min 180 min
50 100 96.15 0.00 3.85
60 100 95.82 0.00 4.18
70 100 94,58 0.00 5.42
80 98.60 93.73 1.40 6.27
90 85.44 80.45 14.56 19.55
100 80.21 70.14 19.79 29.86
Arrhenius equation. Ea (cal/mole)
30 min 180 min

Ea 70-80 -337.989 -218.589

Ea 80-90 -357.697 -3915.598

Ea 80-100 -2718.183 -3817.281

Ea 90-100 -1710.47 -3714.027

2.3. Activation energy (Ea)

Activation energy (Ea) in terms of Cal/mole
that is required for degradation of carotenoids ex-
tracted from persimmon fruit was calculated from
Arrhenius equation and the data is given in Table
(2) Ea at 70 up to 80 °C was -337.989 cal/ mole at
70 up to 80°C after 30min. and decreased to
-218.589 cal/mole after 180min. But at 90 up to
100°C the Ea was -3714.027 cal/mole after
180min. Subsequently, the actual inherent “Ea”
within 80-100°C was in fact -3817.281 cal/mole
after 180min. These means that when the rate of
temperature to rise up the activation energy re-
quired to destroy the carotenoid was decreased.
These means that carotenoids were less stable at
high temperature.

3. Identification of natural carotenoids by
LC-Ms

Suzanne-Nielsen, (1998) found that, the caro-
tenoid pigments consist of two major classes: the
hydrocarbon carotenes and oxygenated xantho-
phylls. Not only do the carotenoids provide yellow
to red coloration in food, but some also serve as
precursors to vitamin A. For this reason, many
analytical methods for carotenoids are aimed at
measurement of the provitamin A carotenoids for
determination of their nutritional value. The com-

plex nature and diversity of carotenoid compounds
present in plant foods necessitates chroma-
tographic separation. Because most carotenoid
extracts consist of a mixture of nonpolar carotenes
and more polar xanthophylls, as the acetone con-
centration is increased, the more polar xantho-
phylls elute separately as the monohydroxy and
dihydroxy pigments.

Within the scope of the study, determination of
natural carotenoids was one of the criteria that
used to shed light upon degree of color strength in
the carotenoids extract from persimmon fruit sam-
ple. Subsequently, the carotenoids was identified
by the LC-MS technique and the retention time
besides the obtained areas were used to calculate
the responded concentration of each of the identi-
fied compounds as seen in Table (3) and Fig. (2).

Table (3) and Fig. (2) showed that carotenoids
extracted from persimmon fruits were identified as
B-cryptoxanthin. The sample cantained [-
cryptoxanthin mono ester with different change
lengths of saturated and multi unsaturated fatty
acids (chain length from C:17 to C:21, violaxan-
thin, zeaxanthin, fatty acid ester zeaxanthin, lute-
oxanthin and 5,6-dihydroxy-5.6-dihydro luten.
However, the cryptoxanthin C19:3 showed the
highest area (30.5%) oppositely, luteoxanthin re-
corded the lowest area (0.1%) B-carotin was under
the detection limit. The obtained results agree with
those reported by Daood et al (1992) they found
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Table 3. Peak area of identified carotenoids extracted from persimmon fruit by LC-MS

Retention Time Peak area Comvpionen ¢
(RT) (%)
8.2 0.1 Neoxanthin / luteoxanthin
8.9 0.15 Violaxanthin
27.5 33 B-Cryptoxanthin
38.1 1.2 5,6-Dihydroxy-5.6-dihydro luten
65.1 24 Cryptoxanthinmonoester
66.7 3.9 Cryptoxanthinmonocster
67.2 10.1 Cryptoxanthinmonoester
72.9 1.9 Cryptoxanthin-C18:1
74.2 30.5 Cryptoxanthin-C19:3
74.6 8.2 Cryptoxanthinmonoester
75.4 5.5 Zeaxanthin-C17:1
75.9 2.7 Zeaxanthin-C21:0
76.8 6.1 Zeaxanthin-C19:0
77.1 8.0 Cryploxanthinmonoester
77.6 42 Zeaxanthinmonoester
78.2 49 Zeaxanthinmonoester

17a

260 4

150 4

or

°
-3
2
“ ~
8
8
8
3
8
1

Time (min.)
Fig. 2. Auto-scaled chromatogram of identificd carotenoids extracted from persimmon fruit by 1.C-MS
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that the carotenoids of (Diospyros kaki L.) were
identified as cis-mutatoxanthin, antheroxanthin,
zeaxanthin, neolutein, cryptoxanthin, alpha-
carotene and beta-carotene and fatty acid esters of
cryptoxanthin and zeaxanthin.

4. Application

. Natural colorants offer a rainbow of shades for
baked goods and extruded products, from yellow
to blue-red and subdued to vivid. They can be a
desirable alternative to synthetic colorants for a
wider range of shades, (Stout, 2002).

There is a variety of novel ways to deliver col-
ors into a food system. The color, which may be
used as a replacement for annatto, is suitable for
use in cheeses, yogurts, milk drinks and other
lipid-based dairy applications. It can be used in
various multi- component viscous food systems
without bleeding, color separation, or visible color
loss due to pasteurization of final product. The
shade can also be used in a variety of water-based
applications, such as hard and coated candies, jelly
beans, fruit chews, chewing gum and other confec-

tionery products, as well as in fruit preparations,
marmalades and preserves, baked goods pudding
and fiozen desserts, (Pszczola, 2002).

Natural carotenoids extracted from persimmon
fruit were used for preparing glazing jelly and
aerated sweet instead of synthetic color

4.1. Glazing jelly

Sensory attributes of glazing jelly prepared
with different level of carotenoids extracted from
persimmon fruit were statistically analyzed and
the results are given in Table (4) and Fig. (3). No
significant difference was observed in texture,
grainess and flavor of glazing jelly prepared with
all level of carotenoids extracted from persimmon
fruit and synthetic color. On the other hand, color
and overall acceptability of glazing jelly prepared
with 1.182 mg natural carotenoids recorded
closely scores with 6.390 mg synthetic color.
Therefore, 1.182 mg carotenoides extracted from
persimmon fruit can be selected to produce high
accepatability glazing jelly similar with that of
synthetic color.

Table 4. Sensory evaluation of glazing jelly prepared with different level of carotenoids extracted from

persimmon fruit

ny i
Level of colorants ean values of sensory evaluation
(mg/100g) Color  Clarity Texture Grains Flavor Overall acceptability
Synthetic color a a a a a a
6.390mg (control) 8.5 8.9 8.8 8.8 8.7 84
Natural extracted
carotenoids
0.788mg 7.6° 8.5% 8.7° 83" 8.5" 7.7°
1.182 mg 8.1® 8o 8.6° 8.3° 83" 8.4°
1.576 mg 81"™  75° 8.8° 86" 8.5° 8.0°

a, b ... Means in the same column showed different superscript letters are significantly different (P< 0.05).
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—

Synthetic color 0.0788 mg

1.182 mg

1.576 mg

Fig. 3. Glazing jelly prepared with different levels of carotenoids extracted from persimmon fruit

4.2. Aerated sweet
4.2.1. Sensory evaluation

Sensory evaluation of aerated sweet prepared
with different levels of carotenoids extracted from
persimmon fruit was calculated to choice the best
levels of natural carotenoids which improved or
closed the color, flavor, texture, grainess and
overall acceptability of aerated sweet prepared
with synthetic color or from persimmon fruit dur-
ing storage periods and the results are given in
Table (5) and Fig. (4). No significant differences
were observed in flavor and grainess of aerated
sweet as a result of addition 1.182mg, 3.540mg
and 5.910 mg of carotenoids extracted from per-
simmon fruit and synthetic color (6.390 mg /100g
mixture) during storage periods. However, aerated
sweet contained 3.54 mg of natural carotenoids
extracted from persimmon fruit showed higher
score of color and overall acceptability compared
with synthetic color during storage periods. There
for, 3.54mg of natural carotenoids extracted from
persimmon can be selected to produce aerated
sweet with high quality.

4.2.2. Total Color Density (TCD)

Hendry and Houghton, (1996) reported that,
as has been stated, natural colors are a very di-
verse group of compounds and it is therefore ex-
tremely difficult to make general comments about
their nature and performance. However, the litera-
ture contains many such statements that, over the

year, have led to general misunderstandings. One
of those frequently repeated statements says that
natural colors have a lower tinctorial strength than
synthetic colors and thus require higher levels of
addition. However, in reality the reverse is gener-
ally true. B-carotene, for example, is all intense
color and their use in food generally results in a
decrease in color dose-level. It is interesting to
compare the absorptivities of some natural colors
with azo-dyes of a similar shade.

Changes in total color density (TCD) during
180 days of storage for aerated sweet prepared
with natural carotenoids extracted from persim-
mon fruit are shown in Fig. (5). Results showed
that total color density was found to decrease with
elongating storage period for all aerated sweet
samples. However, the decrese of total color den-
sity of aerated sweet prepared with synthetic caro-
tenoid was higher than those containing different
levels of natural carotenoids. On the other hand,
TCD of samples containing 3.54 mg/ 100 mixture
and 5.910 mg / 100 mixture were stable during
storage at room temperature for 180 days
compered with control.
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Table 5. Sensory evaluation of aerated sweet prepared with different levels of ca-
rotenoids extracted from persimmon fruit during storage at room tem-

perature
Storage Sy:::)tll:::ﬁc Levels of natural carotenoids (mg/100g)
periods 6.390mg
(days) Ccontrol 1.182 mg 3.54 mg 5.910 mg
Color
Zero 7.50° 7.25° 8.50° 8.45°
45 7.60° 7.10° 8.30° 8.40°
90 7.60° 7.10° 8.30° 8.40°
180 7.50° 6.70° 8.10° 8.20°
Flavor
Zero 8.40° 8.60° 8752 8.70°
45 8.40° 8.30° 8.90° 8.70°
90 8.20° 8.30° 8.90° 8.70°
180 8.80° 8.80° 8.40° 8.40°
Texture
Zero 8.25° 8.45° 8.50° 8.20°
45 8.30° 8.30° 8.60° 8.20°
90 8.30° 8.30° 8.60° 8.20°
180 7.80° 7.90° 8.20° 7.90°
Grainess
Zero 7.75° 8.15° 3.80° - 8.55°
45 8.00° 7.90° 8.70° 8.50 *
90 8.00° 790 a 8.70° 8.50°
180 7.70° 7.60a 8.30° 8.10°
Overall acceptability
Zero 7.85° 7.50° 8.55° 8.25 ¢
45 7.60° 7.40° 8.70° 8.40°
90 7.60° 740" 8.70° 8.40°
180 7.30° 7.00° 8.50° 8.20°

a,b... Means in a raw and column showing the same letters are not significantly different
(P<0.05)
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Fig. 5. Total color density of aerated sweet prepared with different levels of caratencids ex-
tracted from persimmon fruit during storage for 180 days at room temperature.
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