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INTRODUCTION

ABSTRACT

In this study, the evil eye, engagement, linaria, rose, unripe grape and sirkencubin from tradi-
tional Turkish sorbets were stored at different temperatures (4, 20 and 37 °C) for 90 days after
they were concentrated to 62 + 1 °Brix. The effects of storage temperature and time on col-
or parameters and the bioactive properties of traditional sorbets were investigated. Although
slight differences were observed, it was determined that total phenolic content, antioxidant
and antiradical activities tended to decrease during storage in general. Storage temperature
and time were found to be effective on color parameters and the biological characteristics of
sorbets tested. The changes in the phenolic compound profiles of the concentrated sorbets
during storage (at 0 and 90" days) were detected by LC-MS / MS. The observed results show
that the bioactive properties and color of the sorbets are better when low temperatures for
storage are preferred.

Cite this article as: Kafadar AD, Ekici L, Albayrak S. Determination of changes in some

biological properties during storage of some conventional sorbets. Sigma ] Eng Nat Sci
2021;39(4):351-366.

Rose sorbet is a beverage that is made with boiling after

Sorbet is derived from the word “Sariba” which means
to drink in Arabic. It is a diluted version of mixed syrups
resulting from sugar to flowers, fruits, shells, roots or seeds
of various plants [1,2]. The word sorbet is called scher-
bett in German, sorbetto in Italian, sorbet in French and
sorbet-sherbet in English [3]. The Turkish kitchen has an
extremely rich sorbet culture [4].
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rose flowers with sugar are scrubbed. It has been used as
antiseptic, peptic, and for alleviating tonsil disturbance [5].
The rose (Rosa damascena) that gives the name of sorbet is
a fragrant plant from the Rosa genus, Rosaceae family [6].
Unripe grape sorbet is a traditional beverage made by mix-
ing the unripe grape juice with sugar on important days and
engagements. Engagement sorbet is a traditional beverage
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made by a mixture of sugar, black raisins with poppy flower
(Papaver rhoeas) at the engagement ceremony on Friday.
Evil eye sorbet is a traditional beverage originating from
evil belief in Istanbul and around. It is made by mixture
of rose water, seizure sugar with saffron (Crocus sativus).
Linaria sorbet is a traditional beverage made by a mixture
of saffron, filtered honey with yellow wheat (Triticum aes-
tivum). It is conventionally produced in the spring (March),
the day before Nevruz in Eastern Anatolia [7]. Another sor-
bet examined in this study is sirkencubin sorbet, which is
traditionally consumed in Mevlevi lodges. The name sirk-
encubin consists of words “angabin” (honey) and “serke”
(vinegar) in Persian. In the Western languages, the equiv-
alence of this sorbet, which is one of the hippocrates’ most
preferred medications, is oxymel [8].

In the present study; it has been aimed to i) study the
functional properties, ii) study the changes in bioactivity
and color when they stored at different temperatures and
times, iii) study the changes in the phenolic profiles at the
onset and end of storage, of six different sorbets includ-
ing the evil eye, engagement, linaria, rose, unripe grape
and sirkencubin. For this purpose, the sorbets were con-
centrated to 62 + 1 °Brix and stored at three different tem-
peratures (4, 20, and 37 °C). Samples were taken at 0, 30,
60, and 90™ days of the storage period, and the changes in
some bioactivity property and the color of the sorbets were
determined. The changes in the phenolic substance profile
during storage were detected by LC-MS / MS assay.

MATERIAL AND METHOD

Materials

In the present study, the unripe grape was collected from
Bunyan Region (Kayseri, Turkey). It was cleaned and stored
at —18 °C. All other materials necessary for making sorbet,
as reported below, were obtained from local markets at
Kayseri, Turkey, and stored in the dark at room temperature.

Production of Sorbets

The preparation of sorbets studied was carried out at Food
Engineering Department Laboratory, Erciyes University.

Evil eye sorbet: Seizure sugar (110 g), saffron (12 g),
and rose water (20 mL, Rosense, Isparta) were mixed into
1 L of water and boiled for 25 min. Then, the mixture was
filtered with a clean cheesecloth [5].

Engagement sorbet: Firstly, dry black grapes (300 g)
was mixed with 1 L of water, and stored for 6 h at room
temperature. Then, sugar (100 g) and grinded corn poppy
flowers (10 g) were mixed with this solution and boiled
during 30 min. For separation of the solid and liquid por-
tions from each other, the obtained mixture was filtered.
The abstracted grapes were pressed by a colander to obtain
grape juice. Then, all grape juice was collected and boiled
for 10 min. At the end, the mixture was filtered. The sorbet
was made available for consumption [5].

Lineria sorbet: Firstly, seed of yellow wheat (250 g) was
put into 1 L of water in the pot and germinated for 5 days in
the dark at room temperature. The germinated seeds were
filtered and crushed by a colander. Water (1 L) was added to
the obtained grinded material and boiled for 40 min. Then,
saffron (10 g) was added and the mixture was boiled for
another 20 min. Drained honey (130 g) was added after the
mixture was cooled to room temperature. The sorbet was
made available for consumption after filtration with a clean
cheesecloth [5].

Rose sorbet: Rose leaves (Rosa damascena) were dried
and washed to clean from dust. Drained rose leaves (20 g)
were rubbed with sugar (100 g) until sugar melts. The mix-
ture was stored for 3 hours in the refrigerator. Then, it was
boiled with water (1 L) for 10 min [5, 9].

Sirkencubin sorbet: To prepare sirkencubin sorbet, honey
(300 g) and vinegar (100 mL) were mixed in water (1 L) [8].

Unripe grape sorbet: Unripe grapes (Vitis vinifera)
were washed and filtered. They were stored at —18 °C until
analyzed. To prepare sorbet, unripe grapes (450 g), which
were brought to room temperature, were mixed with sugar
(120 g) and water (1 L). The mixture was boiled for 30 min
and filtered to separate from unripe grapes. Separated unripe
grapes were pressed by a colander to obtain grape juice. All of
the liquids were collected and boiled for another 20 min [5].

Investigation of Some Bioactive Properties of Sorbet
Samples

Concentrated sorbets were mixed with a suitable ratio
of water before being consumed. In order to determine the
changes in the bioactivity properties of the evil eye, engage-
ment, linaria, rose, sirkencubin and unripe grape sorbets
during storage at different temperatures, the sorbets were
concentrated to 62 + 1 °Brix under atmospheric pressure in
lid open boiler.

Concentrated sorbets were bottled and stored at tem-
peratures of 4, 20, and 37°C for 90 days. Refrigerator
(Vestel, Turkey) was used for storage at 4 °C, while Niive
ES 110 and JeioTech IB-11 (Korea) model incubators were
used for storage at 20 °C and 37 °C, respectively. Total phe-
nolics, antioxidant properties, and color parameters of
stored samples were determined on 0, 30, 60, and 90™ days.
Phenolic compounds of sorbets were detected by LC-MS/
MS to determine the change in phenolic compositions of
the samples at 0" and 90 days.

The Brix
Brix degree of the sorbets were determined using a
refractometer (Reichert AR 700, US) at 20 °C.

Phenolic compositions of sorbets

The phenolic composition analysis was performed using
LC-MS/ MS as described by Ertas et al. [10]. The sorbets were
diluted 10-fold with ddH,O and then filtered through a 0.2
pm microfiber filter to prepare for LC-MS/ MS assay. UHPLC
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(Nexera, Shimadzu) and two tandem mass spectrometry were
used for determination of the phenolic composition. Liquid
chromatography contains an LC-30AD tandem pump, a
CTO-10ASvp colonic oven, a SIL-30AC auto sampler and a
DGU-20A3R degasifier. Chromatographic separation was
accomplished by C18 reverse phase Inertsil ODS-4 (3 um,
150 mm x 4.6 mm) analytical column. The column degree
was fixed at 40 °C. Solvent injection volume and flow rate were
adjusted to be 4 pL and 0.5 mL/min, respectively. The elution
consisted of mobile phase A (5 mM ammonium formate, 0.1%
formic acid and water) and mobile phase B (5 mM ammo-
nium formate, 0.1% formic acid, and methanol). The gradi-
ent program with proportions of solvent B was manipulated t
(min), B% (0, 40), (20, 90), (23.99, 90), (24, 40), (29, 40) [10].

Total phenolic contents

The amount of total phenolic contents of sorbet sam-
ples was detected using Folin-Ciocalteu assay [11]. The
absorbance of the sorbets was read at 765 nm. The data are
exhibited as the average of triplicate analyses. Results were
expressed as mg of gallic acid (GAE) equivalents/kg.

Antioxidant and antiradical activity

The antioxidant properties of the sorbets were investi-
gated using the phosphomolybdenum assay [12]. The total
antioxidant activity of sorbets was estimated as mg of ascor-
bic acid equivalents (AAE)/g.

The antiradical activity of sorbets was determined using
DPPH method [13].

The antiradical properties of the sorbets were calculated
by the following formula:

1% =100 x 1—ﬂ
AC

I: DPPH inhibited by the sorbet, %, AS: Absorbance for
sorbet, AC: Absorbance of control

Total anthocyanin contents
The anthocyanin content of sorbets was determined by
pH differential method [14]. The anthocyanin content of
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sorbets was estimated as cyanidine-3-glucoside (cyn-3-glu)
(molar absorbance € = 26.900, MW: 5449.2).

Determination of color

The L*, C* (chroma) and h° (hue) values from the color
parameters of the concentrated sorbets samples brought
to room temperature were detected by a Konica Minolta
Chroma Meter [15].

Statistical analysis

Data from the present study were assayed by two factor
variance analyzes using SAS statistical program (SAS ver-
sion 8.2). Analyzes were made in 2 replications 3 parallel.
The difference between the groups was detected by TUKEY
multiple comparison test at the significance level of a = 0.05
[16].

RESULTS AND DISCUSSION

Brix values

Changes in the brix rates of sorbets concentrated under
atmospheric pressure by the open boiler method during the
concentration process are given in Figure 1. The target value
of 62 + 1 *Brix was reached at 82™ minutes on the sirken-
cubin sorbet, 85" minutes on the engagement sorbet, 88™
minutes on the linaria sorbet, 109" minutes on the unripe
grape sorbet, 110" minutes on the evil eye sorbet and 112
minutes on the rose sorbet. In another study conducted by
the same concentration method, the time of reaching 62 +
1 °Brix of the poppy sorbet was determined as 85 minutes
[17], and this period was 110 minutes for the tamarind sor-
bet [18].

Phenolic composition

Changes in the phenolic composition after storage on
0™ (initial) and 90 of the sorbets stored at 4, 20 and 37 °C
for 90 days by concentrating under atmospheric pressure
with open boiling method were detected by LC-MS / MS.

The recovery, measurement limit and detection limit
of phenolic standards in LC-MS/MS are shown in Table 1.
The correlation coeflicient was higher than 0.99 for all stan-
dards. The detection limit and the measurement limit for

—&—Lineria
—e— Unripe grape

60 80 100 120
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Figure 1. Time-dependent °brix variations of concentrated sorbets.
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Table 1. Analytic parameters of the LC-MS/MS method

RT* r2° RSD(%)© Linearity LOD/LOQ Recovery (%) Ue
range(mg/L) (ug/L)*

1 tr-Aconitic acid 4.13 0.9933 0.3908 250-10000 15.6 /51.9 102.8 4.9
2 Gallic acid 4.29 0.9901 0.4734 25-1000 4.8/159 102.3 5.1
3 Chlorogenic acid 5.43 0.9932 0.1882 250-10000 7.3/24.3 99.7 4.9
4 Protocatechuic acid 5.63 0.9991 0.5958 100-4000 25.8/85.9 100.2 5.1
5 Tannic acid 6.46 0.9955 0.9075 100-4000 10.2/34.2 97.8 5.1
6 tr-Kaffeic acid 7.37 0.9942 1.0080 25-1000 4.4/14.7 98.6 52
7 p-Coumaric acid 9.53 0.9909 1.1358 100-4000 15.2/50.8 98.4 5.1
8 Rosmarinic acid 9.57 0.9992 0.5220 250-10000 10.4 / 34.8 101.7 4.9
9 Rutin 10.18 0.9971 0.8146 250-10000 17.0/ 56.6 102.2 5.0
10 Hesperidin 9.69 0.9973 0.1363 250-10000 21.6/71.9 100.2 4.9
11 Hyperoside 10.43 0.9549 0.2135 100-4000 12.4/41.4 98.5 4.9
12 4-OH Benzoic acid 11.72 0.9925 1.4013 25-1000 3.0/10.0 106.2 5.2
13 Salicylic acid 11.72 0.9904 0.6619 25-1000 4/13.3 106.2 5.0
14 Mpyricetin 11.94 0.9991 2.8247 100-4000 9.9/329 106.0 5.9
15 Fisetin 12.61 0.9988 2.4262 100-4000 10.7/35.6 96.9 5.5
16 Coumarin 12.52 0.9924 0.4203 100-4000 9.1/30.4 104.4 4.9
17 Quercetin 14.48 0.9995 4.3149 25-1000 2.0/6.8 98.9 7.1
18 Naringenin 14.66 0.9956 2.0200 25-1000 2.6/8.8 97.0 5.5
19 Hesperetin 15.29 0.9961 1.0164 25-1000 3.3/11.0 102.4 5.3
20 Luteolin 15.43 0.9992 3.9487 25-1000 58/194 105.4 6.9
21 Kaempferol 15.43 0.9917 0.5885 25-1000 2.0/6.6 99.1 5.2
22 Apigenin 17.31 0.9954 0.6782 25-1000 0.1/0.3 98.9 53
23 Rhamnetin 18.94 0.9994 2.5678 25-1000 0.2/0.7 100.8 6.1
24 Chrysin 21.18 0.9965 1.5530 25-1000 0.05/0.17 102.2 53

“RT: retention time; °r*: coefficient of determination; “RSD: relative standard deviation; ‘LOD/LOQ (ug/L): limit of detection/
limit of quantification; °U (%): percent relative uncertainty at %95 confidence level.

tested components were in the range of 0.05 to 25.8 ug/L
and 0.17 to 85.9 pg/L, respectively. The recovery of phenolic
substances varied from 96.9% to 106.2% (Table 1).

The phenolic constitutions of the evil eye, engagement,
linaria, rose, unripe grape and sirkencubin sorbets which
were stored for 90 days at the beginning and at different
temperatures are given in Tables 2-7.

The major component of engagement, linaria and
sirkencubin sorbets was protocatechuic acid. The major
phenolic compound in rose and unripe grape sorbets was
gallic acid and it was found that the amount was slightly
increased in the samples stored for 90 days. In the liter-
ature, since sufficient information about the sorbet is not
available, the findings have been compared with samples
as close as possible. In this context, it was determined that
major components of the tamarind sorbet concentrated by
open boiler method were protocatechuic acid and couma-
rin [9].

It is thought that the increase of gallic acid in the roses
and unripe grape sorbets at the storage process is based on

tannin hydrolysis. Indeed, it was reported that the increase
of gallic acid in the pomegranate wines after storage process
might be due to hydrolyzing of tannins [19].

Similarly, it was determined that the hydrolyzed tannins
in the Quercus robur and Quercus cerris degraded by heat
treatment and caused to increase in gallic acid [20]. In the
same study, it was found that the phenolic content and tan-
nin amount were the lower in the heat treated plants than in
the untreated ones [20]. The components and their propor-
tions in the food, their interactions with each other and the
phenolic components, and also some reactions as a result of
heat treatment can alter the phenolic compound profile of
the food [21].

The type and temperature of the heat treatment may
cause an increase in the amount of phenolic component
[22], on the contrary, it may reduce the amounts of phe-
nolic component by breaking down of some phenolic
components.

In general, it is expected that the total amount of phe-
nolic compound will decrease by heat treatment. However,
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Table 2. The phenolic compositions of concentrated engagement sorbet

Parention MS? Content (mg/kg)
() 0.day  4°C90.day  20°C90.day 37°C 90.day
1 tr-Aconitic acid 172.85 85 (12), 129 (9) 0.00+0.00 0.03+£0.01 0.02+0.00 0.02+0.00
2 Gallic acid 169.05 125 (14), 79 (25) 0.07£0.01 0.23+£0.04 0.17+0.03 0.25+£0.05
3 Chlorogenic acid 353 191(17) 0.00£0.00 0.00+0.00 0.01£0.00 0.01£0.00
4 Protocatechuic acid 152.95 109 (16), 108 (26) 0.27+0.05 0.95%0.09 0.71+0.14 1.08+0.21
5 Tannic acid 182.95 124 (22), 78 (34) 0.00+0.00 0.00£0.00 0.02+0.00 0.01+0.00
6 tr-kaffeic acid 178.95 135 (15), 134 (24), 89 (31)  0.04+0.01 0.11+0.02 0.08+0.02 0.12+0.02
7 p-Coumaric acid 162.95 119 (15), 93 (31) —* - - -
8 Rosmarinic acid 358.9 161 (17), 133 (42) - - - -
9  Rutin 609.1 300 (37), 271 (51), 301 (38) - - -
10 Hesperidin 611.1 303,465 0.02+0.00 0.29+0.06 0.19+0.04 0.19+0.04
11 Hyperoside 463.1 300,301 0.01+0.00 0.02+0.01 0.02+0.01 0.02+0.01
12 4-OH Benzoic acid 136.95 93,65 - - - -
13 Salicylic acid 136.95 93,65,75 - - - -
14 Myricetin 317 179,151,137 - - - -
15  Fisetin 284.95 135,121 - - - -
16  Coumarin 146.95 103,91,77 0.01+0.00 0.01+0.00 0.01+0.00 0.03+0.01
17 Quercetin 300.9 179,151,121 - - - -
18  Naringenin 270.95 151,119,107 - - - -
19 Hesperetin 300.95 164,136,108 - - - -
20  Luteolin 284.95 175,151,133 - - - -
21  Kaempferol 284.95 217,133,151 0.01£0.00 0.04+0.01 0.03+£0.01 0.03+£0.01
22 Apigenin 268.95 151,117 - - - -
23 Rhamnetin 314.95 165,121,300 - - - -
24 Chrysin 253 143,119,107 - - - -

*-: Not Detected

Table 3. The phenolic compositions of concentrated evil eye sorbet

Parention(m/z) MS? Content (mg/kg)
0.day 4°C90.day 20°C90.day 37°C 90.day

1 tr-Aconitic acid 172.85 85 (12). 129 (9) 0.03+£0.01 0.02+0.00 0.03+£0.01 0.02+0.00
2 Gallic acid 169.05 125 (14), 79 (25) 0.01£0.00 0.01+0.00 0.01+0.00 0.01£0.00
3 Chlorogenic acid 353 191(17) 0.22+0.05 0.67+0.14 0.56+0.11 0.38+0.08
4 Protocatechuic acid 152.95 109 (16), 108 (26) 0.07+0.01 0.23+£0.05 0.19+0.04 0.19£0.04
5  Tannic acid 182.95 124 (22), 78 (34) 0.00+0.00 0.01+0.00 0.01+0.00 0.01+0.00
6  tr-kaffeic acid 178.95 135 (15), 134 (24), 89 (31)  0.04+0.01 0.12+0.02 0.14£0.03 0.09+0.02
7 p-Coumaric acid 162.95 119 (15), 93 (31) 1.67£0.08 0.15+£0.03 0.16+0.03 0.19+0.04
8  Rosmarinic acid 358.9 161 (17), 133 (42) - - - -

9 Rutin 609.1 300 (37), 271 (51), 301 (38) 0.23+0.05 0.01+0.00 0.01£0.00 0.01£0.00
10 Hesperidin 611.1 303,465 0.17£0.03 1.50%0.31 1.25£0.25 0.83+£0.17
11  Hyperoside 463.1 300,301 0.24+0.05 0.01+0.00 0.01+0.00 0.01+0.00
12 4-OH Benzoic acid 136.95 93,65 0.01+0.00 0.00+0.00 0.01+0.00 0.00+0.00

(continues)
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Table 3. Continued

Parention(m/z) MS? Content (mg/kg)
0.day 4°C90.day 20°C90.day 37°C 90.day
13 Salicylic acid 136.95 93,65,75 - - - -
14 Myricetin 317 179,151,137 - - - -
15 Fisetin 284.95 135,121 - - - -
16 Coumarin 146.95 103,91,77 0.00+0.00 0.02+0.00 0.02+0.00 0.02+0.00
17 Quercetin 300.9 179,151,121 - - - -
18 Naringenin 270.95 151,119,107 0.00£0.00 0.02+0.00 0.01+0.00 0.01£0.00
19 Hesperetin 300.95 164,136,108 - - - -
20 Luteolin 284.95 175,151,133 - - - -
21 Kaempferol 284.95 217,133,151 - - - -
22 Apigenin 268.95 151,117 - - - -
23 Rhamnetin 314.95 165,121,300 - - - -
24 Chrysin 253 143,119,107 - - - -

*-: Not Detected

Table 4. The phenolic compositions of concentrated linaria sorbet

Parention(m/z) MS? Content (mg/kg)

O0.day  4°C90.day 20°C90.day 37°C 90.day

1 tr-Aconitic acid 172.85 85(12). 129 (9) 0.03+£0.01 0.01£0.00 0.03+£0.01 0.01+0.00
2 Gallic acid 169.05 125 (14), 79 (25) 0.00£0.00 0.01£0.00 0.00+0.00 0.01+0.00
3 Chlorogenic acid 353 191(17) 0.02+0.00 0.05+£0.01 0.06+0.01 0.04+0.01
4 Protocatechuic acid 152.95 109 (16), 108 (26) 0.04+0.01 0.12+0.02 0.13+0.03 0.17+0.03
5  Tannic acid 182.95 124 (22), 78 (34) 0.01+£0.00  0.01%0.00 0.01+0.00 0.01+0.00
6  tr-kaffeic acid 178.95 135 (15), 134 (24), 89 (31)  0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00
7 p-Coumaric acid 162.95 119 (15), 93 (31) X 0.00£0.00 0.00+0.00 0.01+0.00
8  Rosmarinic acid 358.9 161 (17), 133 (42) - - - -
9  Rutin 609.1 300 (37), 271 (51), 301 (38) - - - -
10 Hesperidin 611.1 303,465 0.02+£0.00  0.12%0.02 0.12+0.02 0.07+0.02
11 Hyperoside 463.1 300,301 - - - -
12 4-OH Benzoic acid 136.95 93,65 - - - -
13 Salicylic acid 136.95 93,65,75 - - - -
14 Myricetin 317 179,151,137 - - - -
15 Fisetin 284.95 135,121 - - - -
16 Coumarin 146.95 103,91,77 0.00+£0.00  0.01%0.00 0.02+0.01 0.01+0.00
17 Quercetin 300.9 179,151,121 - - - -
18 Naringenin 270.95 151,119,107 0.01£0.00 0.01£0.00 0.01+0.00 0.00+0.00
19  Hesperetin 300.95 164,136,108 - - - -
20 Luteolin 284.95 175,151,133 - - - -
21 Kaempferol 284.95 217,133,151 - - - -
22 Apigenin 268.95 151,117 0.01+£0.00  0.01%0.00 0.01+0.00 0.01+0.00
23 Rhamnetin 314.95 165,121,300 - - - -
24  Chrysin 253 143,119,107 0.01£0.00 0.01£0.00 0.01+0.00 0.01£0.00

*-: Not Detected
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Table 5. The phenolic compositions of concentrated rose sorbet

Parention(m/z) MS? Content (mg/kg)
0.day 4°C90.day 20°C90.day 37°C90.day
1 tr-Aconitic acid 172.85 85 (12). 129 (9) 0.11+0.02 0.02+0.00 0.02+0.00 0.01+0.00
2 Gallic acid 169.05 125 (14), 79 (25) 2.99+0.57  13.93%£2.73 13.55£2.66 26.78+5.25
3 Chlorogenic acid 353 191(17) 0.04+0.01 0.13+£0.03 0.12+0.02 0.09+0.02
4 Protocatechuic acid 152.95 109 (16), 108 (26) 0.89+0.17 3.78+0.74 0.12+0.02 0.09+0.02
5  Tannic acid 182.95 124 (22),78 (34) 0.04+0.01 2.91+£0.57 2.87£0.56 3.73+£0.73
6 Tr-kaffeic acid 178.95 135 (15), 134 (24), 89 (31) _* - - -
7 p-Coumaric acid 162.95 119 (15), 93 (31) 0.04+0.00 0.03+0.01 0.00+0.00 0.00£0.00
8 Rosmarinic acid 358.9 161 (17), 133 (42) - - - -
9 Rutin 609.1 300 (37), 271 (51), 301 (38) 0.09+0.02 0.00+0.00 0.00£0.00 0.00+0.00
10 Hesperidin 611.1 303,465 0.08+0.02 0.94+0.19 0.82+0.17 0.70+0.14
11 Hyperoside 463.1 300,301 5.68+1.16 0.09+0.02 0.08+0.02 0.07+0.01
12 4-OH Benzoic acid 136.95 93,65 0.01£0.00 0.02+0.00 0.01£0.00 0.02+0.00
13 Salicylic acid 136.95 93,65,75 0.02+0.00 0.00£0.00 0.02+0.00 0.00£0.00
14 Myricetin 317 179,151,137 - - - -
15 Fisetin 284.95 135,121 - - - -
16 Coumarin 146.95 103,91,77 0.00+0.00 0.04+0.01 0.01£0.00 0.05+0.01
17 Quercetin 300.9 179,151,121 0.00+0.00 0.03+0.00 0.03+£0.00 0.06+0.01
18 Naringenin 270.95 151,119,107 - - - -
19 Hesperetin 300.95 164,136,108 - - - -
20 Luteolin 284.95 175,151,133 - - - -
21 Kaempferol 284.95 217,133,151 - - - -
22 Apigenin 268.95 151,117 - - - -
23 Rhamnetin 314.95 165,121,300 - - - -
24 Chrysin 253 143,119,107 - - - -

"ND: not detected.

Table 6. The phenolic compositions of concentrated Sirkencubin sorbet

Parention(m/z) MS? Content (mg/kg)
O0.day  4°C90.day 20°C90.day 37°C 90.day
1  tr-Aconitic acid 172.85 85(12). 129 (9) 0.00£0.00 0.03+0.01 0.02+0.00 0.01+0.00
2 Gallic acid 169.05 125 (14), 79 (25) 0.03+£0.01 0.07£0.01 0.08+0.02 0.08+0.01
3 Chlorogenic acid 353 191(17) 0.02+0.00 0.05+£0.01 0.05+£0.01 0.04+0.01
4 Protocatechuic acid 152.95 109 (16), 108 (26) 0.08+0.02 0.21£0.04 0.27+0.05 0.30+0.06
5  Tannic acid 182.95 124 (22), 78 (34) 0.01+£0.00  0.03%0.01 0.02+0.00 0.02+0.00
6  tr-kaffeic acid 178.95 135 (15), 134 (24), 89 (31)  0.04+0.01 0.10+0.02 0.10+0.02 0.08+0.02
7 p-Coumaric acid 162.95 119 (15),93 (31) 0.08+0.01 0.01£0.00 0.01+0.00 0.01+0.00
8  Rosmarinic acid 358.9 161 (17), 133 (42) = - - -
9  Rutin 609.1 300 (37), 271 (51), 301 (38) - - - -
10 Hesperidin 611.1 303,465 - - - -
11 Hyperoside 463.1 300,301 - - - -

(continues)
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Table 6. (Continued)

Parention(m/z) MS? Content (mg/kg)
0.day  4°C90.day 20°C90.day 37°C 90.day

12 4-OH Benzoic acid 136.95 93,65 - - - -
13 Salicylic acid 136.95 93,65,75 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00
14 Myricetin 317 179,151,137 - - - -
15 Fisetin 284.95 135,121 - - - -
16 Coumarin 146.95 103,91,77 0.01+£0.00  0.02%0.01 0.02+0.01 0.02+0.01
17 Quercetin 300.9 179,151,121 - - - -
18 Naringenin 270.95 151,119,107 0.02+0.00 0.01£0.00 0.01+0.00 0.01+0.00
19 Hesperetin 300.95 164,136,108 - - - -
20 Luteolin 284.95 175,151,133 - - - -
21 Kaempferol 284.95 217,133,151 - - - -
22 Apigenin 268.95 151,117 0.01+£0.00  0.01%0.00 0.01+0.00 0.01+0.00
23 Rhamnetin 314.95 165,121,300 - - - -
24  Chrysin 253 143,119,107 0.01£0.00 0.02+0.00 0.03+0.01 0.02+0.00
"-: Not Detected
Table 7. The phenolic compositions of concentrated unripe grape sorbet

Parention(m/z) MS? Content (mg/kg)

0.day  4°C90.day 20°C90.day 37°C 90.day

1 tr-Aconitic acid 172.85 85(12). 129 (9) 0.08+0.02 0.04£0.01 0.03+£0.01 0.01£0.00
2 Gallicacid 169.05 125 (14), 79 (25) 0.44+0.09 1.45+0.28 1.57+0.30 0.50+0.11
3 Chlorogenic acid 353 191(17) 0.00+£0.00  0.01%0.00 0.00+0.00 0.01+0.00
4 Protocatechuic acid 152.95 109 (16), 108 (26) 0.01£0.00 0.04+0.01 0.05+£0.01 0.05+0.01
5  Tannic acid 182.95 124 (22), 78 (34) 0.07£0.01 0.17£0.03 0.19+0.04 0.01+0.00
6  tr-kaffeic acid 178.95 135 (15), 134 (24), 89 (31)  0.09+0.02 0.26+0.50 0.31£0.60 0.53+0.10
7 p-Coumaric acid 162.95 119 (15), 93 (31) 0.11£0.02 0.01£0.00 0.01£0.00 0.01£0.00
8  Rosmarinic acid 358.9 161 (17), 133 (42) _* - - -
9 Rutin 609.1 300 (37), 271 (51), 301 (38) 0.06+0.01 0.00+0.00 0.00+0.00 0.00+0.00
10 Hesperidin 611.1 303,465 0.05+£0.01 0.51+£0.01 0.48+0.01 0.15+£0.03
11 Hyperoside 463.1 300,301 0.26£0.05 0.00£0.00 0.00+0.00 0.00+0.00
12 4-OH Benzoic acid 136.95 93,65 - - - -
13 Salicylic acid 136.95 93,65,75 - - - -
14  Myricetin 317 179,151,137 - - - -
15 Fisetin 284.95 135,121 - - - -
16 Coumarin 146.95 103,91,77 0.00£0.00 0.03+£0.01 0.01+0.00 0.04+0.01
17 Quercetin 300.9 179,151,121 0.00£0.00 0.08+0.01 0.07+0.01 0.02+0.00
18 Naringenin 270.95 151,119,107 0.02+0.00 - - -
19 Hesperetin 300.95 164,136,108 - - - -
20 Luteolin 284.95 175,151,133 - - - -
21 Kaempferol 284.95 217,133,151 - - - -
22 Apigenin 268.95 151,117 - - - -
23 Rhamnetin 314.95 165,121,300 - - - -
24  Chrysin 253 143,119,107 - - - -

“-: Not Detected.
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liberation of bound phenolic compounds as a result of heat
treatment applied to food may cause an increase in the
amount of individual or total phenolic components as well
as the degradation of large molecular weight substances to
low molecular weight antioxidant compounds [23].

Total Phenolics

While the highest amount of total phenolic was found
in 0™ day samples of the rose sorbet with 3790.91 mg GAE/
kg, the least amount was found on 0th day samples of the

sirkencubin sorbet with 122.73 mg GAE/kg. The decrease
in the total phenolic amount of all sorbets stored at different
temperatures were determined depending on the increas-
ing of storage temperature and time. Among samples, the
loss of total phenolic content in the linaria sorbet was found
to be 29.97, 43.17, and 47.58% at 4, 20 and 37 °C, respec-
tively (Table 8).

The reduction in the amount of phenolic substance
occurring during storage may be due to the polymerisa-
tion of phenolic substances [24, 25]. In previous studies,

Table 8. Changes in the total phenolic contents of concentrated shorbets (mg GAE/kg)

Sorbets Storage Time Temperature (°C)
(Day) 4 20 37
Engagement 0 1237.8849+297.84 1237.8844+297.84 1237.8842+297.84
30 1234.85%+143.56 1223.0349+64.28 1222.73%466.43
60 1228.7942+49.28 1218.18%+37.14 1186.36"%+147.85
90 1222.73%2423.57 1190.91482+8.57 1172.73%+8.57
Loss % 1.22 3.79 5.26
Evil Eye 0 1239.3944+77.14 1239.394+77.14 1239.3944+77.14
30 1218.184%+0.95 1203.034%°+38.57 1193.9442+94.28
60 1162.1240+49.28 1154.554+77.14 1057.58%+60.00
90 1134.85%°+2.14 1124.24*°+17.14 1046.97%°+36.43
Loss % 8.44 9.29 15.53
Linaria 0 343.94%+6.43 343.944+6.43 343.944+6.43
30 331.82%+32.14 313.64%+75.00 290.914°+34.28
60 325.76%+49.28 281.824%+34.28 277.274%+23.57
90 240.914°+40.71 195.454%+62.14 180.304+45.00
Loss % 29.97 43.17 47.58
Rose 0 3790.914+51.43 3790.91 4 +51.43 3790.91 42 +51.43
30 3743.94%+ 182.13 3660.274%+149.99 3526.86"+218.56
60 3593.94 4+90.00 3416.67%+267.84 3398.484+362.12
90 3498.484+ 147.85 3383.33A54+242.13 3222.73%+173.56
Loss % 7.71 10.75 14.99
Sirkencubin 0 122.73%+2.14 122.73%+2.14 122.73%+2.14
30 112.124%+12.86 101.524%+15,00 95.454°+6.43
60 109.094%+17.14 100.724%+2.14 89.394+10.71
90 100.004°+0.00 98.48°+15.00 71.21%+6.43
Loss % 18.52 19.76 41.98
Unripe Grape 0 2554.55%+12.86 2554.55%+12.86 2554.55%+12.86
30 2489.394+216.42 2336.374+64.28 2136.36%+77.14
60 2474.244+584.97 2307.584+302.13 2419.704+507.83
90 2463.64%+535.67 2350.004+430.69 2186.36%+567.83
Loss % 3.56 8.01 14.41

®For each temperature in each sherbet, the lower case letters in the same column are the comparison of the different storage times,
and there is no statistically significant difference between the examples represented by the same letters (p > 0.05). A® The capital letters
in the same line are a comparison of different temperatures, and there is no statistically significant difference between the same letters

(p > 0.05).
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the total phenolic contents of the concentrated poppy sor-
bet [17] and the concentrated tamarind sorbet have been
shown to decrease depending on the storage temperature
and time [18].

There are a lot of literature on the effect of storage tem-
perature and time on phenolic substances in different sam-
ples. For example, in a study in which quince nectars were
stored at different temperatures for 9 months, losses in the
total phenolic content occurred at the end of storage were
found to be 11.3%, 23.2%, 29.2%, and 43% at 5, 20, 30, and
40 °C, respectively (total phenolic content was 7888 mg
GAE / L at the beginning of storage). In the same study,
it was found that the storage time and temperature were
involved in degradation of the phenolic substances [26].

Antioxidant and Antiradical Activities

The antioxidant properties of the evil eye, engagement,
linaria, rose, unripe grape and sirkencubin sorbets were
detected by the phosphomolybdenum method. The effect
of storage time on antioxidant activity (except for evil eye
stored at 4 °C, linaria stored at 4 °C, and sirkencubin stored
at 4 and 20 °C) was statistically significant (p <0.05).

It can be said that antioxidant activity of all sorbet sam-
ples tends to decrease in general although there are fluctu-
ations in the antioxidant change of the sirkencubin sorbet
deposited for 90 days at different temperatures.

The antioxidant activity values of the sorbets at the 0™
day were in the following order: rose (134.57 mg AAE /
g)> evil eye (124.14 mg AAE / g)> engagement (123.86 mg
AAE/g)> unripe grape (121.05 mg AAE / g) > sirkencubin
(109.51 mg AAE/g) > linaria (82.69 mg AAE / g). During
storage, the loss in the antioxidant activities of the sorbets
was found to accelerate depending on increasing tempera-
ture. As seen in Table 9, at all three storage temperatures,
the loss in the antioxidant activity was found to be highest
in the rose sorbet, while the least loss was found in sirken-
cubin sorbet. The losses in the antioxidant capacity of rose
sorbet stored for 90 days at 4, 20, and 37 °C were found
to be 14.31%, 14.33%, and 17.43%, respectively, while these
losses in the sirkencubin sorbet were found to be 1.09%,
2.18% and 1.79%, respectively. There are a lot of data about
the reduction of antioxidant capacity during storage. For
example, in a study carried out by Ekici [17], the antioxi-
dant activity losses of poppy sorbets stored for 90 days at
4, 20, and 37 °C were determined as 10%, 15% and 18%,
respectively. In another study, in which the tamarind sorbet
was concentrated by conventional method, the antioxidant
property losses of the sorbets stored for 90 days at 4, 20 and
37 °C were determined as 8.77%, 8.14% and 20.43% respec-
tively [18].

The determined reduction in the antioxidant property
may be related to the breakdown of phenolic substances
which are known to have antioxidant activity. As a matter
of fact, the antioxidant property of the phenolic compounds
is attributed to their hydroxyl groups and it is reported that

the antioxidant activity decrease depending on the degra-
dation of phenolic substances [27].

It has been determined that there are small fluctua-
tions in the antiradical activities in the storage process of
engagement, evil eye, rose, linaria, sirkencubin and unripe
grape sorbets. However, as seen in Table 10, no significant
change was observed in the antiradical activities of engage-
ment and sirkencubin sorbets. It was found that the effect
of the storage period on the radical scavenging capacity was
statistically significant (p <0.05) (except for linaria sorbet
stored at 4 °C, sirkencubin sorbet stored at 4 and 37 °C,
and rose sorbet stored at 37 °C). While it was shown that
the antiradical activity of the evil eye sorbet tendency to
increase during storage, the antiradical activities of rose,
unripe grape and linaria sorbets exhibited a tendency to
decrease. The percent inhibition rates of sorbets at 0™ day
were determined as 95.78%, 91.61%, 88.67%, 87.23%,
43.86% and 29.96% for unripe grape, engagement, evil eye,
rose, linaria and sirkencubin, respectively. The loss in the
antiradical activity of sorbets was detected to be the highest
in the linaria sorbet related to increase of the storage tem-
perature and decrease in the radical scavenging activity of
this sorbet were determined as 9.01%, 18.60% and 23.09%
at 4, 20, and 37 °C respectively (Table 10). In the study on
the biological properties of poppy sorbet stored at 4, 20, and
37 °C for 90 days, it was reported that antiradical activity
was adversely affected with increasing temperature due to
decreasing heat sensitive phenolic substance amount in the
storage process, especially when high temperatures were
selected [17].

The Amount of Total Anthocyanin

In the study, the changes in the amount of total antho-
cyanin in the rose and engagement sorbet stored for 90 days
are given in Table 11. It was determined that the effect of
storage time (except for engagement sorbet stored at 4 and
20 °C) and temperature (except for rose and engagement
sorbet, 0" day, and rose sorbet, 60™ day) on the amount of
total anthocyanin was statistically significant (p < 0.05).

The amounts of anthocyanin of rose and engagement
sorbets on the 0™ day were determined to be 24.94 and
120.90 mg cy-3-glu/ kg at 4 °C, respectively. It has been
found that there are fluctuates in the amount of total antho-
cyanin of the rose and engagement sorbets during the
storage period. In general, a decrease in total anthocyanin
contents of the rose and engagement sorbet during stor-
age was found. The obtained results show that the storage
stability of the anthocyanin present in the rose sorbet is
lower. Similarly, Ekici [17] determined that the loses in the
amount of anthocyanin of poppy sorbet concentrated by
the conventional method were 14%, 41% and 64%, respec-
tively after storing for 90 days at 4, 20, and 37 °C [17]. It
has been stated that the total anthocyanin losses of con-
centrated black mulberry stored at 5, 20, 30, and 40 °C for
8 months were 1%, 64%, 89% and 98%, respectively [28].
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Table 9. Changes in the antioxidant acitivities of concentrated shorbets (AAE)/g

Sorbets Storage Time (Day) Temperature (°C)
4 20 37
Engagement 0 123.86%+2.75 123.86%+2.75 123.86%+2.75
30 118.374%+11.30 115.224%+18.73 111.79%°+5.94
60 113.86*°+0.65 111.2140+1.44 101.92B%+11.52
90 113.304+4.41 109.384°+3.80 100.44 5+7.33
Loss % 8.53 11.69 11.69
Evil Eye 0 124.14%+4.80 124.1444+4.80 124.14%+4.80
30 122.384+15.23 120.15%%+0.83 111.70*°+1.09
60 122.03%+1.66 119.1140+4.41 109.20%°+12.40
90 120.654+0.22 118.43%+2.58 106.27%46.11
Loss % 2.81 4.60 14.40
Linaria 0 82.694+10.87 82.694+£10.87 82.694£10.87
30 82.16%+11.44 76.23482+0.44 74.66%+2.10
60 79.324+8.38 75.5242+8.07 73.06"°+2.58
90 78.984+8.95 74.304%+0.17 72.13%+1.79
Loss % 4.49 10.15 12.77
Rose 0 134.574+11.26 134.57%+11.26 134.5749+11.26
30 126.45%+3.62 122.85%+4.02 112.625+4.06
60 118.894*+3.58 115.28%°+9.30 111.27%+12.35
90 115.31444.10 113.49%+6.15 111.124+2.27
Loss % 14.31 14.33 17.43
Sirkencubin 0 109.514%+9.69 109.514¢49.69 109.514249.69
30 111.0249+10.43 110.28%+1.53 106.974%+3.32
60 108.984+0.04 107.974+0.26 106.394+3.19
90 106.334+1.09 107.47442.18 100.78%+1.79
Loss % 1.09 2.18 1.79
Unripe Grape 0 121.05%+5.50 121.054+5.50 121.05%+5.50
30 118.824+5.94 115.124%+9 .43 110.56%*+11.79
60 118.094+0.35 112.284%+10.56 109.794°+8.51
90 112.694°+0.92 109.7348+5.28 107.00%°+4.15
Loss % 6.91 9.35 11.61

® For each temperature in each sherbet, the lower case letters in the same column are the comparison of the different storage times,

and there is no statistically significant difference between the examples represented by the same letters (p < 0.05). #8 The capital letters
in the same line are a comparison of different temperatures, and there is no statistically significant difference between the same letters

(p < 0.05).

Similarly, the amount of anthocyanin of red wines reduced
by 88-91% as result of storage at 20 °C for 7 months [29]. It
is known that the color stability of anthocyanin pigments
changes with the pH, temperature, structure and concen-
tration of anthocyanin and metal ions and phenolic com-
pounds in the environment [30].

Color
L* value exhibits brightness (L*0= black, L*100= white).
The hue angle [h°® =arctan (b*/a*)] is a feature depending

on color tone while the C* value [C*=(a*2+b*2)1/2] reveals
color intensity or color saturation. The changes in L*, he ve
C* values during storage of engagement, evil eye, linaria,
rose, sirkencubin and unripe grape sorbets that is obtained
by open boiler method stored at different temperatures for
90 days were determined. The changes in the color param-
eters of the evil eye, rose and unripe grape sorbets during
storage period are shown in Table 12, while the changes in
the color parameters of engagement, linaria and sirkencu-
bin sorbet are shown in Table 13.
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Table 10. Changes in the antiradical acitivities of concentrated shorbets (% inhibition)

Sorbets Storage Time (Day) Temperature (°C)
4 20 37
Engagement 0 91.614+0.21 91.614+0.21 91.614+0.21
30 91.28%+0.15 90.08+0.37 89.25%+1.09
60 90.664°+0.55 89.874%+0.74 90.014%+0.41
2 90.46%+0.06 89.35+0.05 90.61°+0.16
Loss % 1.26 2.47 1.10
Evil Eye 0 88.67%+1.16 88.674+1.16 88.67%+1.16
30 88.134+1.43 89.044°+0.23 89.364+2.13
60 89.5650+0.19 90.63%+0.30 90.924%:+0.05
2 90.67%0.09 91.294540,07 91.65%+0.44
Increase % 2.26 2.95 3.36
Linaria 0 43.86"+1.04 43.86%+1.04 43.86%+1.04
30 41.97%42.56 39.834Bb+() 38 36.44%b+5.71
60 40.94%+3.10 36.884+5.17 35.26"+5.16
90 39.904+3.00 35.704+7.04 33.73%+7.31
Loss % 9.01 18.60 23.09
Rose 0 87.23%4+0.14 87.23%4+0.14 87.23%4+0.14
30 86.35%0+1 42 84.944047 15 87.32%+1.47
60 84.07%+2.41 83.96*+2.04 85.11%+3.02
2 84.728b+0.34 85.23%b+1.17 83.98440.07
Loss % 2.88 2.30 0.09
Sirkencubin 0 29.96%+1.11 29.964+1.11 29.96%+1.11
30 30.474+1.18 31.174£1.05 30.294+4.97
60 30.64%+0.50 28.74%<+0.83 29.874%+0.87
2 29.11%+1.28 28.347£0.49 30.074+1.28
Increase % 2.85 5.39 0.36
Unripe Grape 0 95.78%10.21 95.78%+0.21 95.78440.21
30 94.874+0.41 94.474+0.15 93.25%+0.81
60 94.874+0.86 93.084+0.36 93.25%+0.28
20 95.684£0.08 95.20%+0.12 93.18%+0.29
Loss % 0.10 0.61 2.71

® For each temperature in each sherbet, the lower case letters in the same column are the comparison of the different storage times,

and there is no statistically significant difference between the examples represented by the same letters (p < 0.05). #® The capital letters
in the same line are a comparison of different temperatures, and there is no statistically significant difference between the same letters

(p < 0.05).

Although the fluctuates in the L* values of rose, linaria,
evil eye, sirkencubin and engagement sorbets were observed
during the storage period, significant changes were not
found. The greatest change was observed in unripe grape
sorbet. As a matter of fact, the unripe grape with the ini-
tial L* value of 22.36 showed a tendency to decrease and L*
values were recorded to be 15.57, 14.36, and 13.0 at 4, 20,
and 37 °C, respectively. In the study which in concentrated
poppy sorbet was stored, it has been detected that L* value

of sorbet samples which concentrated with conventional
method after storage was 16.28 and reduced after storage
[17]. Similarly, it has been reported that the L* values of
tamarind sorbets which was stored at 4, 20 and 37°C for 90
days decreased [18].

The h° values of rose, evil eye and engagement sorbets
tended to increase during storage. It was determined that
there was no significant change in the h° value of unripe
grape sorbet having an initial value of 77.24 after stored at
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Table 11. Changes in the anthocyanin contents of concentrated shorbets (mg cyn-3-glu/kg)

Sorbets Storage Time (Day) Temperature (°C)
4 20 37
0 120.904+15.90 120.904+15.90 120.904+15.90
Engagement 30 128.374%+24.40 106.43%+16.85 96.96%+7.24
60 128.14%+5.67 105.82%+12.83 97.47%+8.27
90 128.36"%+7.40 103.59%4+3.38 67.85%+0.39
Change% 6.17 (+) 14.32 (-) 43.88 (-)
0 24.94%+2.20 24.94%+2.20 24.94%+2.20
Rose 30 19.204+4.72 17.764%°+0.55 15.528%+3.15
60 20.434+2.13 17.624%+2.83 15.814°+0.94
90 18.284+1.50 17.534+3 38 11.47%°+0.16
Loss% 26.70 29.70 54.02

®For each temperature in each sherbet, the lower case letters in the same column are the comparison of the different storage times,
and there is no statistically significant difference between the examples represented by the same letters (p < 0.05). ® The capital letters
in the same line are a comparison of different temperatures, and there is no statistically significant difference between the same letters

(p <0.05).

Table 12. Changes in the L*, h° and C* values of concentrated evil eye, rose and unripe grape sorbets during storage

Temperature Storage Evil Eye Rose Unripe Grape

(OC) Time L>(- h" Cx— L>+ h o Cx- Lx— ho C>(-
(Day)

4 0 9.624%40.02  41.54°41.61 1.46"°+0.61 101344050 35694308 124%°+0.40 2236*°+1.95 77244871  10.83%+233
30 9464031  49.01°°+553 14774061  9.96%+0.09  43.94%%+0.02 1.63P+0.05 16.81°°+0.11 66.60°"+598  5.04%+1.14
60 9.12%41.11  60.504%+1556 2.165%41.07 9.96°%+2.12  45.12%%1.46 29374039 14.08%9+0.10 62.70*+16.72 3.39%41.77
90 9.62%%+0.02  59.50%+7.16 1.54™+1.13 9994212 46.38%%+1.47 3.08%+041 15574204 72314041352 51604240

20 0 9.62°%+0.02 41548161 1.46°°+0.61 10.13*°4050 35.69%+3.08 124"°+0.04 22.36*£1.95 77.24%%+871 10.834%+2.33
30 954801016 49.92°°+3.81 1.47°°+047 10.23%+0.17 43.17%%+0.59 1.76™+0.06 16.83°°+0.84 67.10°°+0.14  5.63*+0.14
60 9.32°%+1.16  64.28%°+9.86 2.18%%+0.73 10.65*%+1.23 39.825+7.02 28354157 16.99°°+2.85 69.77°%+12.86 8.11°%+5.01
90 9.72%+0.18 73254443  2.02%'+0.04 105351024 3502541145 250%+0.46 14.36%x1.91 61.64%4354  4.82542.05

37 0 9.624%+0.02  41.54%41.61 1.46*°40.61 10.13°£050 35.69%°43.08 1.24%°+040 2236*°+1.95 77244871  10.83%%+2.33
30 9.584+0.20  50.85%°41.59 1.824°+0.35 11.014°+0.26 40.79%°+0.71 2.69%°+0.16 13.91%°+128 61.53%+553  5.00540.70
60 8.754°40.87 63.19%°415.97 2744148 10791047 422254070 5584144 11.09°4+0.81 49.29%48.84  4.64542.10

90 9.210+0.07

700144627  2.59%%+0.15 11.57°%+0.12 41.86°"+2.02 5.68"P+0.25 13.00°°+0.82 28.97%9+16.36 7.48"P+3.94

L*: Brightness, C*: Color density, 4% Color tone. ®*For each temperature in each sherbet, the lower case letters in the same column
are the comparison of the different storage times, and there is no statistically significant difference between the examples represented
by the same letters (p < 0.05). ® The capital letters in the same line are a comparison of different temperatures, and there is no

statistically significant difference between the same letters (p < 0.05).

4°C for 90 days while it had a tendency to decrease at 20
and 37 °C. It was determined that he value of linaria sor-
bet showed a tendency to decrease during storage. Also a
decrease was reported for sirkencubin sorbet at 4 and 37
°C, but there was no significant change during storage at 20
°C. h° values ranging from 0° to 90° indicate that the sam-
ples have a color tone between red and yellow. Decreasing
h° values are considered to be indicative of the color of the
samples turn from the orange-red to red. In a previous

study, it was determined that h® value of the tamarind sor-
bet with an initial h°® value of 48.51 decreased at the end of
the store time [18]. In another study, it was determined that
h° values of rose hip nectars with an initial h° value of 62.30
were found to be in the order of 61, 60, 58 and 50 at the end
of storage for 8 months at 5, 25, 35, and 45 °C, and showed
a tendency to decrease [31]. Similarly, the decreasing in
the h° values of quince nectars at the end of storage for 9
months at 5, 20, 30 and 40 °C were reported [26].
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Table 13. Changes in the L*, heand C* values of concentrated engagement, linaria and sirkencubin sorbets during storage

Temperature Storage Engagement Linaria Sirkencubin

(°C) Time L* he C* L* he C* L* he C*
(Day)

4 0 9.158%40.06  14.69%°+1.04 07344024 26.14%°40.64 82.05%%+3.00 18.65°%+7.24 1536*°40.12 86.08%%+0.8  3.00+0.48
30 9.16%4£0.07  24.92%°+0.86 0.77°P%£0.03 2321%°+1.96 71.70°°+1.62 11.98%°+144 16.55*%+0.01 85.50%+0.00 5.954%°+0.05
60 9.224%+0.02  22.01%°43.11  0.80%%+0.27 263754037 67.93%P<+7.27 1324%°4077 15.46°°+0.04 84.50%+0.08 6.15°+0.08
90 9.45%+0.30  30.21%43.83  0.60°+0.07 25.88%%44.19 68.65°+4.15 13.78%°+250 1586*°+1.89 79.34P°+12.59 7.407%+3.29

20 0 9.152%40.06  14.69%°41.04 0.73%%+0.24 26.14%°40.64 82.05%%+3.00 18.65°%+7.24 1536°%0.12  86.08°°+0.8  4.27°°+0.48
30 9.07°+0.02  21.84°+3.00 0.71%+0.14 23.73%°+2.03 71.83"%+1.78 12364098 16.67*°+023 87.83%%+0.16 6.174%+0.16
60 9.43%10.50 26.87°+1537 0.70%%+0.16 27.16*%+0.87 70.854°°4437 14.69°+9.38 17.114%+032 87.40%%+1.91 6.42°P%+3.44
90 9.36"+0.11  28.16%+1.35  0.65%°+0.03 26.234%44.67 69.00°°+4.57 13.98%°+3.13 15.84%°4124 88.01%%+0.25 6.47%+3.99

37 0 9.15%+0.06  14.69°41.04 0.73%%+0.24 26.14%%40.64 82.05°%+3.00 18.654%+7.24 1536"°+0.12 86.08"%+0.05 4.274°+0.48
30 9.23%10.06  30.35%°41.22  0.79%%+0.01 26.76*%+1.09 70.75°+346 14.95°°+031 16.18%+1.05 80.75°°+8.99 5.695%°+1.34
60 9.35%+0.93 37.90"°+2020 0.82%%+0.26 259474313 63.895°+10.66 14.134%°+242 165244226 83.605°+4.09 9.004%+6.82
90 9.33%+0.12  46.51%4+3.11  0.70%+0.02 235504070 61.69%°+1.33  13.114°+0.53 15.634%+0.49 79.78%+4.78  7.44%%*+4.04

L*: Brightness, C*: Color density, h° Color tone. ®For each temperature in each sherbet, the lower case letters in the same column
are the comparison of the different storage times, and there is no statistically significant difference between the examples represented
by the same letters (p > 0.05). *® The capital letters in the same line are a comparison of different temperatures, and there is no

statistically significant difference between the same letters (p > 0.05).

It has been detected that the C* values of evil eye, sirk-
encubin and rose sorbets tended to increase during storage
period. It was concluded that the C* values of the unripe
grape sorbet with an initial value of 10.83 reduced to 5.16,
4.82 and 7.48, while the C* values of the linaria sorbet with
an initial value of 18.67 reduced to 13.78, 13.98 and 13.11
through storage period at 4, 20 and 37 °C, respectively. The
C* color parameter of the engagement sorbet with the ini-
tial value of 0.73 reduced to 0.60 and 0.65 at the end of 90
days store at 4 and 20 °C, respectively, while there was no
significant change in C* color parameter of the engage-
ment sorbet stored at 37 °C. In the study carried out on the
tamarind sorbet by Ekici and Ozaltin [18], although some
fluctuations were found in samples concentrated by open
boiler assay through storage process, it had been observed
that the C* values decreased after 90 days. Similarly, it has
been indicated that the C* values showed a decrease depend
on increased temperature and the prolonged storage time
in the study carried out by Ekici [17] on the poppy sorbet.
Contrary to these data, it has been reported that the C*
parameter of quince nectar [26] and black mulberry water
[28] have a slight increase tendency after storage at different
temperatures.

CONCLUSION

In this study, the engagement, evil eye, linaria, rose, sirk-
encubin and unripe grape sorbets from traditional Turkish
sorbets were concentrated to 62 + 1 °Brix by open boiler

method and their some bioactive and color properties were
investigated. Also, the phenolic composition of the sorbet
samples was detected by LC-MS/ MS method. The required
times to reach 62 * 1 °Brix, which is the target value in the
engagement, evil eye, linaria, rose, sirkencubin and unripe
grape sorbets, were detected to be 112, 109, 110, 88, 85, and
82" minutes, respectively. Protocatechuic acid was identi-
fied as major components in the engagement, and linaria
and Sirkencubin sorbets, while p-hyperoside, coumaric
and gallic acids, were the major phenolic components in
the rose, evil eye and unripe grape sorbets by LC-MS / MS,
respectively.

During storage period, the losses at the biological prop-
erties of the sorbets occurred. At the end of 90 days, the
highest bioactivity losses were detected in linaria sorbet
with 47.58% loss of phenolic substance, in the rose sor-
bet with 17.43% loss of antioxidant activity, in the linaria
sorbet with 23.09% loss of antiradical activity and in the
engagement sorbet with 67.85% loss of anthocyanin. The
fluctuations had been observed in the color parameters of
the sorbet samples during the storage period. Especially, it
had been determined that the colors of the unripe grape,
linaria and sirkencubin sorbets, which were initially light
colored, began to darken.

In this study, it has been found that these sorbets should
be drunk as a functional beverage due to their phenolic
composition, antioxidant and radical scavenging proper-
ties. It is thought that the storage temperature and time are
effective on the sorbet concentrates quality.



Sigma J Eng Nat Sci, Vol. 39, No. 4, pp. 351-366, December, 2021

365

AUTHORSHIP CONTRIBUTIONS

Authors equally contributed to this work.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the
findings of this study are available within the article. Raw
data that support the finding of this study are available from
the corresponding author, upon reasonable request.

CONFLICT OF INTEREST

The author declared no potential conflicts of interest
with respect to the research, authorship, and/or publication
of this article.

ETHICS

There are no ethical issues with the publication of this
manuscript.

REFERENCES

[1] Akgigek E. Diinden Bugiine Serbet¢iligimiz, Yemek
Kitab1 Istanbul: Calis Ofset; 2002. p. 745-64.
(Turkish)

[2] Serbet(2016). Available at: https://tr.wikipedia.org/
wiki/serbet. Accessed on February, 2016. (Turkish)

[3] Oguz B. Tirkiye Halkinin Kiltiir Kokenleri.l.
2. baski Istanbul: Anadolu Aydinlanma Vakfi
Yayinlary; 2002. p. 723-77. (Turkish)

[4] Ozdogan Y, Istk N. Ge(2002) leneksel Tiirk
Mutfaginda Serbet, 38. Uluslararas1 Asya ve Kuzey
Afrika Caligmalari Kongresi, 10-15 Eylil, 2007,
Ankara, p. 1059-1077, 2011. (Turkish)

[5] Anonymous. Available at: http://www.hayalimde-
kiyemekler.com/icecek-tarifleri/gul-suyu-tarifi/
/.Accessed on 18.06.2015. (Turkish)

[6] Ayvazoglu B. Giiller Kitab. Istanbul: Kap1 Yayinlars;
2019. p. 316. (Turkish)

[7] Otles S, Akgicek E. Igecekler Beslenme ve Saglik.
Ankara: Palme Yayincilik; 2010 p. 267-78. (Turkish)

[8] Anonymous (2013). Available at: http:// www.
mailce.com / sirkencunbin. Accessed on July 7, 2013.
(Turkish)

[9] Ekici L. Kafadar AD, Albayrak S. Physicochemical,
sensory, and bioactive properties of some traditional
Turkish sorbets. Journal of Food Processing and
Preservation 2018;42:1-12. [CrossRef]

[10] Ertas A, Boga M, Yilmaz AM, Yesil Y, Tel G, Temel
H, et al. Detailed study on the chemical and biolog-
ical profiles of essential oil and methanol extract of
Thymus nummularius (Anzer Tea): rosmarinic acid.
Industrial Crops and Products 2015;67:336-45.
[CrossRef]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Singleton VL, Rossi JA Jr. Colorimetry of total phe-
nolics with phosphomolybdic-phosphotungstic
acid reagents. American Journal of Enology and
Viticulture 1965;16:144-58.

Prieto P, Pineda M, Aguilar M. Spectrophotometric
quantitation of antioxidant capacity through the for-
mation of a phosphomolybdenum complex: Specific
application to the determination of vitamin E.
Analytical Biochemistry 1999;269:337-41. [CrossRef]
Brand-Williams W, Cuvelier ME, Berset C. Use of a
free radical method to evaluate antioxidant activity.
LWT-Food Science and Technology 1995;28:25-30.
[CrossRef]

Giusti MM, Wrolstad RE. UnitF1.2. In: Wrolstad RE,
Schwartz §J, editors. Anthocyanins, Characterization
and measurement with UV- visible spectroscopy,
Current Protocols in Food Analytical Chemistry.
New York: Wiley; 2001. p. 1-13. [CrossRef]

Zhang Y, Wang SY, Wang CY, Zheng W. Changes in
strawberry phenolics, anthocyanins, and antioxi-
dant capacity in response to high oxygen treatments.
LWT-Food Science and Technology 2007;40:49-57.
[CrossRef]

SAS Institute. SAS/STAT User’s guide. 6™ ed. New
York: SAS Institue Inc Cory; 1988.

Ekici L. Effects of concentration methods on bioac-
tivity and color properties of poppy (Papaver rhoeas
L.) sorbet, a traditional Turkish beverage. Food
Science and Technology 2014;56:40-8. [CrossRef]
Ekici L, Ozaltin B. Effects of concentration meth-
ods and storage conditions on some bioactive com-
pounds and color of tamarind sorbet: a traditional
Turkish beverage. Journal of Food Measurement
and Characterization 2018;12:2461-74. [CrossRef]
Akalm AC. Nar Saraplarinda Antioksidan Fenolik
Bilesiklerin Belirlenmesi. Yiiksek Lisans Tezi. Ankara
Universitesi, Fen Bilimleri Enstitiisii, Ankara, 2011.
p- 72. (Turkish)

Rakic S, Petrovic S, Kukic J, Jadranin M Tesevic V.
Influence of thermal treatment on phenolic com-
pounds and antioxidant properties of oak acorns
from Serbia. Food Chemistry 2007;2:830—4. [CrossRef]
Meral R. Fonksiyonel Oneme Sahip Dogal
Bilesenlerin Hamur ve Ekmek Ozelllikleri Uzerine
Etkilerinin Belirlenmesi. Doktora Tezi, Yiiziincii
Yil Universitesi, Fen Bilimleri Enstitiisii, Van, 2011.
p- 234. (Turkish)

Sakac M, Torbica A, Sedej I, Hadnadev M. Influence
of breadmaking on antioxidant capacity of gluten
free breads based on rice and buckwheat flours. Food
Research International 2011;44:2806—13. [CrossRef]
Peral V, Holm DG, Jayanty SS. Effects of cooking
methods on polyphenols, pigments and antioxidant
activity in patato tubers. LWT-Food Science and
Technology 2012;45:161-71. [CrossRef]


https://doi.org/10.1111/jfpp.13664
https://doi.org/10.1016/j.indcrop.2015.01.064
https://doi.org/10.1006/abio.1999.4019
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1016/j.lwt.2005.08.013
https://doi.org/10.1016/j.lwt.2013.11.015
https://doi.org/10.1007/s11694-018-9819-z
https://doi.org/10.1016/j.foodchem.2007.01.025
https://doi.org/10.1016/j.foodres.2011.06.026
https://doi.org/10.1016/j.lwt.2011.08.005

366

Sigma J Eng Nat Sci, Vol. 39, No. 4, pp. 351-366, December, 2021

(24]

(25]

(26]

(27]

Wang SY, Jiao H. Scavenging capacity of berry crops
on superoxide radicals, hydrogen peroxide, hydroxyl
radical and singlet oxygen, Journal of Agricultural
and Food Chemistry 2000;48:5677-84. [CrossRef]
Pacheco-Palencia LA, Mertens-Talcott S, Talcott
ST. Chemical composition, antioxidant properties,
and thermal stability of a phytochemical enriched
oil from Acai (Euterpe oleracea Mart). Journal
of Agricultural Food Chemistry 2008;56:4631-6.
[CrossRef]

Ograsic1 E. Ayva Nektarinda Biyoaktif Bilesenler
ve Antioksidan Aktivitenin Depolamada Degisimi.
Yitksek Lisans Tezi. Ankara Universitesi, Fen
Bilimleri Enstitiisti, Ankara, 2010. p. 77. (Turkish)
Sagdic O, Ozturk I, Ozkan G, Yetim H, Ekici L,
Yilmaz MT. RP-HPLC-DAD analysis of phenolic
compounds in pomace extracts from five grape cul-
tivars: evaluation of their antioxidant, antiradical
and antifungal activities in orange and apple juices.
Food Chemistry 2011;126:1749-58. [CrossRef]

(28]

(29]

(30]

(31]

Boranbayeva T. Karadut Suyunda Biyoaktif Bilesikler
ve Antioksidan Aktivitenin Depolamada Degisimi.
Ankara Universitesi, Fen Bilimleri Enstitiisii, Yitksek
Lisans Tezi, Ankara, 2011. p. 76. (Turkish)

Zafrilla P, Morillas ], Mulero J, Cayuela ], M
Martianez-Cachaa A, Pardo F, et al. Changes during
storage in conventional and ecological wine: phe-
nolic content and antioxidant activity. Journal
Agriculturel Food Chemistry 2003;51:4694-700.
[CrossRef]

Malien-Aubert C, Dangles O, Amiot M]. Color sta-
bility of commercial anthocyanin-based extracts
in relation to the phenolic composition. Protective
effects by intra and intermolecular copigmenta-
tion. Journal of Agricultural and Food Chemistry
2001;49:170-6. [CrossRef]

Duru N. (2008) Kugburnu Nektarindaki
Karotenoidlerin Depolama  Stabilitesi. Ankara
Universitesi, Fen Bilimleri Enstitiisii, Yitksek Lisans
Tezi, Ankara, p. 71.


https://doi.org/10.1016/j.lwt.2011.08.005
https://doi.org/10.1021/jf800161u
https://doi.org/10.1016/j.foodchem.2010.12.075
https://doi.org/10.1016/j.foodchem.2010.12.075
https://doi.org/10.1021/jf000791o

	PutConferenceHere
	_GoBack
	_GoBack

