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ABSTRACT: The study examined the effects of storage conditions and storage time on certain properties of terebinth milk slices prepared
with gelatin and a gelatin/starch mixture. Milk slices were produced using two different methods: gelatinous and gelatinous-starchy. These
slices were stored for 90 days under refrigerated and room conditions (both in light and dark environments). Terebinth milk slices had a high
total phenolic content and antioxidant capacity, according to analyses. The most common phenolic chemicals were fumaric acid, luteolin, gallic
acid, syringic acid, and ellagic acid. According to fatty acid analyses, the amount of terebinth increased proportionately to the levels of oleic,
linoleic, and palmitic acids. Also, it was discovered that important quality criteria like pH, color, and antioxidant activity were not significantly
impacted by storage conditions or length. The participants preferred the gelatinous milk slices, according to sensory assessments. Beyond just
being a conventional coffee ingredient, the results indicate that terebinth can play a substantial role in the creation of functional foods.
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Um lanche inovador: fatia de leite de terebinto

RESUMO: O estudo examinou os efeitos das condi¢des de armazenamento e do tempo de armazenamento em certas propriedades de fatias
de leite de terebinto preparadas com gelatina e uma mistura de gelatina/amido. As fatias de leite foram produzidas através de dois métodos
diferentes: gelatinoso e gelatinoso-amido. Estas fatias foram armazenadas durante 90 dias em condicdes refrigeradas e ambientes (tanto em
ambientes luminosos como escuros). As fatias de leite de terebinto apresentaram um elevado teor de fenolicos totais e capacidade antioxidante,
de acordo com as analises. Os produtos quimicos fenoélicos mais comuns foram o acido fumarico, a luteolina, o acido galico, o acido siringico
e 0 acido elagico. De acordo com as analises de acidos gordos, a quantidade de terebinto aumentou proporcionalmente aos niveis de acidos
oleico, linoleico e palmitico. Além disso, verificou-se que critérios importantes de qualidade, como o pH, a cor e a atividade antioxidante, ndo
foram significativamente impactados pelas condi¢des de armazenamento ou pelo comprimento. Os participantes preferiram as fatias de leite
gelatinoso, de acordo com as avaliagdes sensoriais. Para além de ser apenas um ingrediente convencional do café, os resultados indicam que o
terebinto pode desempenhar um papel substancial na criagdo de alimentos funcionais.

Palavras-chave: terebinto, fatia de leite, teor fenolico, atividade antioxidante.

INTRODUCTION to their richness in protein, fiber, unsaturated fatty
acids and minerals, different parts of the mastic
tree have been evaluated as medicinal aromatic
plants (OZCAN, 2004; EYTEMIS, 2016). In some
regions, pistachio fruit is powdered and combined

with various spices to produce a breakfast product

Terebinth, also known as Pistacia
terebinthus, is an aromatic medicinal plant from
the Anacardiaceae family. It grows mainly in the
Mediterranean and Asian regions (OZCAN, 2004).

Traditionally used in ancient times for spice and
medicinal purposes, terebinth fruits contain solid
oil, resin and volatile oil (BAYTOP, 1999). In
southern Turkey, the fruit is used in cookies, and
in rural areas, it is usually mixed with ingredients
such as walnuts and dried cloves and used in the
production of special village bread baked on a sac
(TANKER & TANKER, 1990). While terebinth
fruits are considered a food source for humans due
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called “zahter” (HAYOGLU, 2010; HAYOGLU et
al., 2016). HAYOGLU et al. (2010) stated that it can
also be used as a flavoring in the confectionery sector
and in their research on the possible use of terebinth,
it was found that the ash, moisture and sugar contents
of candies made from roasted and unroasted terebinth
were 1.83% and 1.23%, 2.67% and 3.78%, 70% and
60%, respectively. Menengic coffee is also known
as the instant coffee and decaffeinated coffee of the
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east and southeast (TIRYAKI & AK, 2009; BULUT
et al., 2025). In the study conducted by HAYOGLU
et al. (2016), they produced ready-to-use functional
zaatar by mixing olive oil and terebinth oils and
found that the panelists largely preferred products
containing terebinth oil. Pistachio, a food rich in
aromatic content, has been the subject of many
studies due to its antioxidant and flavonoid properties
(DOGAN et al., 2007; TOPCU et al., 2007; KAVAK
et al., 2010; ORHAN et al., 2012; SAMARTH et al.,
2017; CEYLAN et al., 2019; OZYURT et al., 2021;
KOTEN & UNSAL, 2022).

Today, the increasing demand for healthy
and practical products has led to the emergence of
healthy new and different products. However, studies
on milk slices are limited in the literature. The study
focused on the production possibilities of terebinth
milk slice, a new product, in order to reveal a different
application area for terebinth in the food sector and to
bring a new food product to the food industry. For this
reason, ground terebinth prepared with milk, gelatin
and starch was processed into milk slices and stored
in various environments (dark, light and refrigerator)
for 90 days, and changes in quality criteria were
examined over time. Since gelatin and starch are used
in the production of chewy confectionery products
due to their easy availability, moisture retention,
elasticity and texture forming properties, gelatin and
starch were also used in the production of milk slices.

MATERIALS AND METHODS

The materials used were sugar (supplied
from local markets), milk (supplied from local
farm), starch (wheat starch provided from the local
market), gelatine (from the regional market) and
ground terebinth (from the domestic market) In the
production of terebinth milk slices, a preparation
based on the traditional method of making terebinth
coffee has been applied, which has been determined
by preliminary trials.

Terebinth milk slice production

The milk brought to the laboratory in
quantities determined for production was placed in a
15-liter container. Ground terebinth and sugar were
added to it in the amounts determined in preliminary
trials. The products were cooked at 105 °C for 20
minutes. The prepared product was filtered with a sieve
to separate it from the sediments. In order to prevent the
product from spoiling, sodium benzoate, a preservative,
was added in a ratio of 1000:1. The measured amount
of product was transferred to two different 8-liter pots.

When the temperature of the product reached 70 °C,
gelatin was added to one of the pots and stirred for 15
minutes. When it reached the desired consistency, it
was removed from the heat source. When the product
in the other pot also reached 70 °C, gelatin and starch
were added, and heating and stirring continued until
it reached the desired consistency, then removed from
the heat source. The products were then immediately
poured into molds with a thickness of 0.5 cm. The
products were allowed to rest for 24 hours. The
rested milk slices were cut into slices measuring 0.5
x 0.6 cm. Milk slices of the specified dimensions were
packaged with polypropylene packaging material
with a thickness of 32 microns. The production flow
diagram for terebinth milk slices is given in figure 1.
Two different methods were applied for the production
of milk slices. While gelatin alone was used in some
of the produced milk slices, starch and gelatin were
used together in the others. The produced milk slices
were stored for 90 days under brightness, darkness,
and refrigerator conditions. Analyses were conducted
at one-month intervals before and during storage of the
terebinth milk slices to monitor changes monthly.

Analyzes of terebinth milk slices

Titration Acidity: 10 mL of the samples

homogenized from trellis milk slices were taken into
a beaker, 2-3 drops of phenolphthalein were dropped
on it and titrated with 0.1 N NaOH solution until
it turned slightly pink. The result was calculated
according to equation 1 and determined in terms of
lactic acid (%) (CEMEROGLU, 2007).
%Acidity = (Amount of NaOH used (mL) x 0.009 x
100) x Sample amount! (1
pH: pH values of the terebinth milk slice were
measured by using a digital pH meter by dipping
the probe directly into the terebinth milk slice
(CEMEROGLU, 2007).

Water activity: The amount of water
activity was determined using a table type water
activity device (Hygropalm Awl; Rotronic,
Basserdorf, Switzerland).

Total dry matter: 10 g of the prepared
terebinth milk slice samples were placed in tared
drying containers. The samples were dried at 75 °C
for 4-5 hours until they reached a constant weighing
weight. The dried samples were kept in the desiccator
until they cooled. Then weighing was done. The
result was calculated according to equation 2
(CEMEROGLU, 1992).

% Dry Matter=(m3—ml)x (m2-m1)'x 100 (2)
ml: Weight of empty drying container and lid (g)
m2: Weight of the drying container containing the test
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Weighing the ingredients according to the specified formulation

Ground terebinth (50 ml)

1

Milk (100 ml)

{

Sugar (40 gr)

1

Cooking (105 C°20 dk)

!

Filtration process

!

Sodium benzoate (1000:1)

!

Mixing

0

Addition of gelatin (4 gr)

4 !

-—-- Starch addition (30 gr)
Pouring into molds

] ]

Resting (24 saat)

il
|
|

Gelatinous milk slices  Starchy gelatinous milk slices

b1 1

Storage

Figure 1 - The terebinth milk slice production flow chart.

sample and its lid before drying (g)
m3: Weight of test sample, drying container and lid
after drying (g)

Ash amount: Terebinth milk slice samples,
brought to constant weight, were placed in crucibles by
taking a 10 g sample. The samples in the crucible were
kept in the muffle furnace at 550 °C until they turned
white and gray ash color. Then the samples were placed
in the desiccator to cool. The cooled samples were
weighed on a precision scale. The result was calculated

according to equation 3(DIAMANTOGLOU et al., 1989).

%Ash = ((Tare+ Ash)-Tare) x ((Tare+ Example)-
Tare)' x100 (3)

Color Analysis: The color of terebinth milk
slices was calculated using the Color Quest XE model
device. L* value indicates whiteness-brightness, a*
indicates green-red, b* indicates yellow-blue color
(CEMEROGLU, 2007).

Antioxidant capacity (DPPH): The antioxidant
capacities of the samples were measured using the
DPPH method.

Reagents
DPPH (1-diphenyl-2-picrylhydrazyl radical; 0.0035
g in 10 mL of methanol)
10 mM Trolox in ethanol (25.0 mg in 10 mL)

Weigh 100 mg sample and ImL methanol.
Vortex and sonicate for 5 minutes. Samples are
centrifuged (2000 rpm, 10 min.) and kept on ice. The
supernatant obtained was diluted 10-fold and filtered
(0.45 pm and 13 mm @). Stock DPPH was diluted to
1,000 absorbance with methanol and added to wells
in a microplate at 250 pl each. The plate was then
uncovered and read at 515 nm. Subsequently, 2 pl
of the sample was added to the wells, the plate was
covered, and readings were taken after 50 minutes.
Calculation was obtained by subtracting the initial
absorbance from the final and blank absorbance. The
calibration curve is made with Trolox (water-soluble
synthetic analogue of vitamin E) in a range between
10-0.1 mmol g' and the data are expressed as mmol
Trolox g' (MENA et al., 2011).

Phenolic substance (Folin-Ciocalteu)

For extraction, 10 g of sample was vortexed
and sonicated in 90 ml of methanol for 10 minutes.
Samples were centrifuged (2000 rpm, 10 min).
The obtained supernatant was diluted (10-fold) and
filtered (0.45 pm and 13 mm ©). The obtained extract
was used for analysis. Terebinth milk slices were
prepared in 2 parallels for total phenolic substance
determination by the Folin-Ciocalteu method. 15 pl
extract is added to the micro plate. It is added to 170
pl pure water (Milli-Q). 12 pl of 2N Folin-Ciocalteu
solution is added and the plate is mixed thoroughly.
30 pl of 20% Na,CO, is added and mixed. Then, it is
kept in the dark in room conditions for 60 minutes.
It is added to 73 pl of pure water and placed in the
device. Readings were made based on pure water at
765 nm absorbance. Gallic acid dilutions (1-100 mg
100 ml'!, dissolved in 10 % ethanol) were used for the
calibration curve. The results were expressed as mg
gallic acid g (MEDINA-REMON et al., 2009).

Phenolic fraction: The phenolic matter
fractions of the samples were determined using LC-
MS/MS.
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Device used: Shimadzu LCMSMS-8030
Column: Inertsil ODS 4; 2 um. 2.1X 50 mm
Mode: Binary gradient

Pump A: LC-20ADXR

Pump B: LC-20ADXR

Total Flow: 0.4000 mL(min)™

Mobile Phase A: %0.1 Formic acid + water
Mobile Phase B: %0.1 Formic acid + Methanol
B Conc.: 5.0%

B Curve: 0

PressMax: 660 bar

Autosampler Model: SIL-20ACXR

Oven (Column Oven) Model: CTO-10ASvp
Oven (Column Oven) Temperature: 40 °C
Maximum Temperature: 85 °C

<LC Time Program>>

Time Module Command Value
4.00 Pumps Pump B Conc. 95
7.00 Pumps Pump B Conc. 95
7.01 Pumps Pump B Conc. 5
12.00 Controller Stop

Peroxide Value

1 gram of oil samples extracted
appropriately from terebinth milk slices are weighed
in an Erlenmeyer flask. To the samples, 10 ml of
chloroform is added, and the flask is rapidly shaken
to dissolve the fat. Subsequently, 15 ml of acetic acid
and 1 ml of potassium iodide are added sequentially
to the flask, and the flask is capped and shaken for 1
minute. It is left in the dark for 5-10 minutes. Then,
75 ml of distilled water and 1 ml of starch solution
are added. It is titrated with 0.01 N sodium thiosulfate
(Na,S,0,) solution. After titration, the black-blue
color turns to white-transparent. The peroxide value
analysis employs the method recommended by
AOAC (AOAC, 2000).

GC-MS Fatty Acid Analysis

Extraction: Oil samples were methylated
according to the method specified in TS EN ISO
12966:2. For this purpose, 100 mg of oil sample
was placed in a test tube with 2 ml of isooctane and
thoroughly mixed. Then, 200 pul of 2 N methanolic
(KOH) solution was added and mixed again. After
waiting for approximately 30 minutes, 1 pl was
taken from the upper phase and injected into the GC
(TS, 2017).

Chromatographic Conditions: The
composition of fatty acids was determined using a gas
chromatography device with a Flame Ion Detector
(FID), specifically the Thermo TraceGC Ultra model
by Thermo. An HP-88 column (60 m) was used for

the separation of fatty acids. The detector temperature
was set at 280 °C, and the injector block temperature
was set at 250 °C. The column temperature program
was set as follows: after waiting for 2 minutes at 50
°C, the temperature was increased to 180 °C at a rate
of 20 °C per minute, then increased to 230 °C at a rate
of 5 °C per minute, and held at this temperature for
5.5 minutes. The split ratio was set at 1:50, and the
injection volume was set to 1 pl.

Texture Analysis: The texture analysis
of the sample, including maximum strength
(Fmax) values and hardness tests, was conducted
using a TAXT2i texture analysis device (Texture
Technologies Corp, Scarsdale, NY/Stable Micro
Systems, Godalming, UK) with a 36 mm cylindrical
probe. Graphical results were plotted as Fmax
(maximum force, N) over time. Maximum force was
used to determine the hardness values of the samples.

Sensory Analysis: The sensory analysis of
the produced milk slice samples was conducted by
panelists consisting of doctoral and master’s students
as well as faculty members from the Department of
Food Engineering at Harran University. Milk slice
samples were evaluated by 10 individuals based on
characteristics such as color, appearance, aroma,
taste, richness, delayed taste, mouthfeel, and other
attributes, rated on a scale of 5 points (KEMP et al.,
2009; ONOGUR, 2011).

Statistical Analysis: The experiments were
conducted in two parallels and three replicates. The
JMP11 software package was used for data analysis.
The data obtained were evaluated using the LSD
(Least Significant Difference) multiple comparison
test at the significance level of P < 0.05.

RESULTS

The composition properties of terebinth used

The composition properties of terebinth
used in milk slice production are as follows: 9.49%
protein, 26.74% moisture, 24.57% cellulose, 45.08%
fat, L* 30.28, a*-1.55, b* 3.98.

Chemical properties

Table 1 shows that the titration acidity
values of the terebinth milk slice made with gelatin
increased during the storage period. The highest
value was found to be 3.42% in the third month.
While the titration acidity value of the terebinth
milk slice made with gelatin/starch was 3.10% at
the beginning of storage, it decreased to 2.46% at
the end. Starch is thought to act as a binding agent,
causing the titration acidity value to decrease over
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A novel snack: terebinth milk slice. 5

Table 1 - Some chemical properties of terebinth milk slices.

e e

v s
t‘d“""

——————————————————————————— Storage time (month)” Storage Method--------------------
Chem. Product 0 1 2 3 Brightness Darkness Refrigerator
Propert.
_— Gelatin 1.98+0.32° 2.25+0.32° 3.27+0.32° 3.42+0.32° 2.83+0.23" 2.54+0.23" 2.81+0.23"
1tration .
acidity ff;ﬁ‘ctg‘ 3.10+0.32% 1.980.32° 2.40+0.32° 2.46+0.32% 2.35+0.23" 2.50+0.23" 2.59+0.23"
Gelatin ~ 6.010.04" 6.31+0.04" 6.34+0.04%! 6.23+0.04™ 6.23+0.04" 6.18+0.04%! 6.26£0.04"
p ngfct;n 5.72+0.04" 6.30£0.04"  6.38+0.04" 6.25£0.04"  6.15£0.04" 6.17£0.04" 6.16+0.04"
Water Gelatin  0.79+0.04% 0.85+0.04% 0.61+0.04°" 0.55+0.04%! 0.64+0.01° 0.68+0.01%! 0.77£0.01*
b i
?:vgl ¥ fgj‘g}“ 0.8940.04"1  0.85:0.04"  056£0.04"  046:0.042  0.66£001® 0620012  0.77+£0.01"
Total d Gelatin ~ 80.14+1.04°! 79.50+1.04*"  82.57+1.04" 82.76+1.04*"  81.45+0.90" 81.92+0.90  80.36+0.90"!
otal dry .
matter ngfctiln 81.68+£1.04  7627+1.04°  79.29+1.04"  8225£1.04"  8027+0.90°"  79.96+0.90""  79.39+0.90°!
Gelatin ~ 1.93+0.06" 1.88+0.06™ 1.86+0.06" 1.97+0.06" 1.96+0.50™ 1.960.50"! 1.80+0.50*!
b fgj‘g}“ 1.27+0.06® 1.28+0.06™ 1.35+0.06™ 1.37+0.06® 1.3340.50% 1.36+0.50® 1.26+0.50®

"The averages indicated with different letters in the same column and with different numbers in the same row for each value are

statistically significantly different from each other (P < 0.05)

time. In gelatin milk slices, the titration acidity value
was 1.98% at the beginning of the storage, while in
gelatin/starch milk slices, this value was 3.10 % (P
< 0.05). In the 3™ month, the value of gelatin milk
slices increased to 3.42%, while the titration acidity
value of gelatin/starch products decreased to 2.46%,
and both changes were found to be statistically
significant (P < 0.05). Although numerical differences
were found in titration acidity values depending on
the storage conditions (brightness, darkness, and
refrigerator), these differences were not found to be
statistically significant (P > 0.05). This indicated that
storage conditions do not have a significant effect on
product acidity. Upon examining table 1, a significant
difference (P < 0.05) was found between gelatin milk
slices (6.01 £ 0.04b) and gelatin/starch milk slices
(5.72 £ 0.04b) in the Oth month. This difference is
believed to stem from the buffering properties of
starch, which affect the pH value. The pH value of
gelatin milk slices was 6.01 at the beginning of the
storage and increased to 6.23 at the end of the storage
period (P < 0.05). For gelatin/starch milk slices, the
pH value increased from 5.72 to 6.25 between at the
beginning of the storage and third month (P < 0.05).
The increase in pH continued from the beginning
of the storage to the second month for both types of
slices. In the third month, a decrease in pH values was
observed for both types. It is thought that this decrease
is due to reactions occurring within the structure of
milk slices, depending on the storage period.

When examining table 1, a significant
decrease in water activity is observed starting from
the second month, depending on the storage period.
This decrease is believed to be due to the binding
function of starch. The highest water activity values
were observed in samples stored in the refrigerator,
reaching 0.77, depending on the storage method.
Regarding the production method, water activity
values in gelatinous samples (0.68) were found to be
higher than those in gelatin/starch samples (0.63) for
those stored in a dark environment.

As seen in table 1, the dry matter content in
all samples varied between 76.27% and 82.76%. The
method of production, storage time, and method did
not have a significant effect on the dry matter content.

An examination of table 1 reveals that
the storage period and method have no significant
impact on the ash content. However, the production
method shows a clear distinction, with gelatinous
samples exhibiting a considerably higher ash content
compared to those containing gelatin/starch. This
difference is likely attributed to the added starch,
which dilutes the proportional ash content.

Colour

Changes in color values in terebinth milk
slices during storage are given table 2. Examination
of table 2 reveals that production method, storage
method, and storage duration do not significantly
affect the L* color values. This dark color likely
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Table 2 - Changes in color values in terebinth milk slices during storage.

Colour”
Storage time (Month)/
Storage method L a b
Product:
Gelatin Gelatin Starch Gelatin Gelatin Starch Gelatin Gelatin Starch
0 26.32+0.50" 25.55+0.50* 2.27+0.24" 1.47+0.24% 2.38+0.42% 2.30+0.42°
1 24.22+0.50" 25.34+0.50* 2.11+0.24" 2.2340.24" 4.21+0.424 2.98+0.42%
2 24.97+0.50* 25.99:+0.50% 1.01£0.24% 2.64+0.24" 1.03+0.42% 3.66+0.42%
3 24.92+0.50" 27.53+0.50* 1.5440.24% 2.1140.24" 1.4440.42 3.02+0.42"
Brightness 24.65+0.43% 25.70+0.43% 1.85+0.21" 1.72+0.21" 2.40+0.36" 2.34+0.36"
Darkness 25.35+0.43%? 27.08+0.43% 1.70+0.21*? 2.29+0.21" 2.28+0.36™ 3.45+0.36
Refrigerator 25.3240.43% 25.52+0.43% 1.65+0.21% 2.32+0.21" 2.11£0.36" 3.19+0.36"

"The averages indicated with different letters in the same column and with different numbers in the same row for each value are

statistically significantly different from each other (P < 0.05).

stems from the inherent brownish hue imparted by
the terebinth to the milk slices. The highest a* values
for gelatinous samples at 2.27 + 0.24 at the beginning
of the storage, 2.11 + 0.24 at the first month, and for
gelatin/starch samples at 2.64 £ 0.24 at the second
month. While storage type had no significant effect
on gelatinous samples, the lowest value (1.72 £ 0.21)
was found in gelatin/starch samples stored in the
brightness. There were fluctuations in the b values
of the samples throughout the storage period. In this
regard, the highest b values were obtained in the
gelatin samples with 4.21 £ 0.42 at the beginning of
the storage and in the gelatin/starch samples with 3.66
+ 0.42 in the second month. The lowest values were

obtained in the gelatin samples with 1.03 +0.42 in the
second month and in the gelatin/starch samples with
2.30 £ 0.42 at the beginning of the storage. While
storage type had no significant effect on gelatinous
samples, the lowest value (2.34 = 0.36) was found in
gelatin/starch samples stored in the brightness.

Phenolic substance and antioxidant activity

Changes in the amount of phenolic
substances and antioxidant activity in terebinth milk
slices during storage are given in table 3. Phenolic
compounds detected in terebinth milk slices are given
in table 4. Accordingly, it can be seen that the phenolic
content of the gelatin samples is higher than that of

Table 3 - Changes in the amount of phenolic substances and antioxidant activity in Terenbinth milk slices during storage.

Storage time

Phenolic substances and antioxidant activity”

Phenolic substances (mg gallic acid 100g™)

(Month)/ Storage Antioxidant activity (mM Trolox 100g™)
method Product: Product:
Gelatin Gelatin Starch Gelatin Gelatin Starch
Month
0 331.00 +£19.52" 275.50 £19.52% 33.00 +£1.35% 35.00 +£1.35%
1 289.66 £19.52" 247.83 £19.52% 35.33 +£1.35% 39.66 +1.35%
2 357.83 +£19.52°" 263.83 £19.52% 37.50 £1.35% 40.83 +1.35"
3 359.00 +19.52° 294.83 +£19.52% 36.83 +£1.35% 40.33 +1.35"
Storage method
Brightness 288.25 £16.9"! 286.87 £16.9! 37.37 +1.17" 38.62 +1.17
Darkness 352.12 +16.9"! 273.87 £16.9 36.12 1174 37.12 1174
Refrigerator 362.75 £16.9* 250.75 £16.9% 33.50 £1.17* 41.12 +1.17*

"The averages indicated with different letters in the same column and with different numbers in the same row for each values are

statistically significantly different from each other (P < 0.05).
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A novel snack: terebinth milk slice. 7

Table 4 - Phenolic compounds detected in terebinth milk slices.

Storage Period th h 3™ month 3" month 3" month 3" month 3" month 3™ month
0™ month 0™ month . . . . . .
. g q gelatin gelatin/ starch gelatin gelatin/ starch gelatin gelatin/ starch

Phenolic gelatin gelatin/ starch ) . H .

refrigerator  refrigerator brightness brightness darknes darkness
compounds (ppb)
Acetohydroxamic 25.69 29.19 36.38 41.13 46.57 25.03 9.86 55.91
Acid_pos
Catechinhyrate pos 30.48 26.12 28.61 30.47 37.97 23.91 16.09 -
Vanilic Acid_pos 167.29 159.17 199.6 130.62 138.42 272.41 287.77 166.92
Syringicacid_pos 361.55 358.69 371.27 359.72 435.71 453.28 195.44 460.26
Fumaric Acid _neg 1391.16 1215.94 1441.25 1413.24 1702.79 2142.79 6160.63 3127.44
Gallicacid_neg 3760.6 2958.84 3802.02 3219.93 6618.11 4930.11 7222.1 1348.69
Hydroxyben_neg 33.94 33.83 33.21 34.04 39.99 33.81 29.21 188.1
Salisilikasid_neg 58.85 58.56 57.21 57.35 61.51 57.04 54.11 296.46
Oleuropein_neg 36.77 34.75 30.27 23.38 32.7 3019 - 112.85
Ellagicacid neg =~ - = - 1585.73 1083.07 2256.48 5890.06 4990.69 1179.86
Quercetin_neg 1361.75 740.5 708.58 870.79 330.58 1247.13 1409.86 751.15
Biitein neg =~ - 465.84 956.36 957.58 667.09 1243.56 1936.01 2573
Naringenin_neg 40.85 40.78 44.77 45.14 45.61 46.83 - 39.26
Luteolin_neg 356.1 2336.91 7358.43 7249.17 4396.65 10641.83 13292.35 7572.83
Kaempferol_neg 257.91 172.87 375.1 348.81 198.01 498.84 587.07 338.64

"The averages indicated with different letters in the same column and with different numbers in the same row for each values are
statistically significantly different from each other (P < 0.05).

5 ——
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the gelatin/starch samples. While the gelatin samples
gave the lowest values under Brightness conditions,
they gave the highest values under darkness and
refrigerator conditions. In our study, the average total
phenolic content in gelatinous milk slices extracted
with pure water ranged from 288.25 mg gallic acid
100g"! to 362.75 mg gallic acid 100g™. Similarly, the
average total phenolic content in gelatin/starch milk
slices ranged from 247.83 mg gallic acid 100g™" to
294.83 mg gallic acid 100g!. The antioxidant activity
of the samples varied between 33.00 mmol Trolox
100g! and 41.12 mmol Trolox 100g™.

Amount of peroxide

During the peroxide determination,
peroxide values were obtained for gelatin/starch
terebinth milk slices, whereas no value could be
determined for terebinth milk slices produced only
with gelatin. In gelatin/starch products, the initial
peroxide value was 0.133 meq O, kg', and with
storage, the peroxide value increased to 0.46 meq O,
kg! due to the presence of milk fat in the environment
along with fatty acids. The values in gelatin/starch
products were below the limits. This indicates that
terebinth milk slices can be stored for a long time.

GC MS Fatty Acids
Table 5 shows the changes in fatty acid
values of terebinth milk slices during storage. The

main fatty acids in these slices are oleic, linoleic, and
palmitic acids. Conversely, cis-10-Heptadecenoic
Acid, Heptadecanoic Acid, and Capric Acid are the
least abundant. These fatty acids originate partly
from the terebinth kernel’s structure and partly from
the surrounding milk. According to table 5, storage
conditions and duration did not affect the fatty acid
values (P > 0.05).

Texture

The textural characteristics of terebinth
milk slices are given in table 6. The gelatin/starch
slices that were kept in the refrigerator had the
maximum hardness (6388 =+ 210 g), while the
gelatinous slices that were kept in the dark had the
lowest (5696 + 210 g). Resilience, which indicates
how well the slices bounce back after deformation,
varies depending on the storage and production
method. In both production methods, samples stored
in the refrigerator received the lowest values (from
54 + 5 to 86 £ 5), while samples stored in bright
conditions received the highest values (from 168 =+
5 to 169 £ 5). This result indicated that temperature
increases elasticity. Regarding the production method,
gelatinous samples (86 + 5) exhibited higher elasticity
values compared to gelatinous/starchy samples (54
+ 5) under refrigerator conditions. This difference
might be due to the starch’s effect on elasticity in the
refrigerated gelatin/starch slices. According to this
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Table 5 - The changes in fatty acid values of terebinth milk slices during storage.

Product
Gelatin  Gelatin/Sturch Gelatin: Gelatin/Sturch------------

Fatty Acid 0" month: 2" month

Refr. Refr. Bright. Darkn. Reft. Bright. Darkn. Refr.
Butyric acid 0.44 0.18 0.1 0.29 0.36 0.19 0.1 0.62
Caproic acid 0.36 0.12 0.06 0.4 0.34 0.02 0.02 0.3
Caprylic acid 0.23 0.05 0.21 0.41 0.021 0.3 0.27 0.39
Capric acid 0.6 0.38 0.55 0.99 0.55 0.95 0.46 1.15
Lauric acid 0.67 0.67 0.61 0.93 0.63 0.9 0.81 0.89
Myristic acid 2.52 2.16 2.44 2.87 228 3.17 2.92 2.64
Pentadecanoic acid 1.29 0.22 0.24 0.25 0.19 0.27 0.3 0.23
Palmitic acid 25.28 23.86 24.22 24.65 2222 25.5 25.38 24.26
Palmitoleic acid 33 3.98 3.79 4.42 3.48 4.01 3.96 4.12
Heptadecanoic acid 0.12 0.15 0.16 0.16 0.15 0.17 0.18 0.15
Cis-10-Heptadecenoic acid 0.11 0.15 0.07 0.15 0.13 0.15 0.23 0.13
Stearic acid 3.17 3.21 3.43 2.89 3.16 3.24 3.26 2.74
Oleic acid 44.54 46.25 4534 43.34 42.31 433 43.92 42.8
Linoleic acid 17.52 17.86 17.99 17.5 16.77 17.12 17.45 17.39

-------- 0" month: 3" month.

Butyric acid 0.44 0.18 0.37 0.1 0.19 0.21 0.19 0.19
Caproic acid 0.36 0.12 0.39 0.14 0.12 0.13 0.11 0.18
Caprylic acid 0.23 0.05 0.24 0.25 0.08 0.23 0.27 0.2
Capric acid 0.6 0.38 0.65 0.73 1.08 0.62 0.68 0.52
Lauric acid 0.67 0.67 0.71 0.77 0.72 0.76 0.83 0.61
Mpyristic acid 2.52 2.16 2.54 2.76 2.52 2.61 2.93 2.14
Pentadecanoic acid 1.29 0.22 0.25 0.26 0.23 0.25 0.28 0.21
Palmitic acid 25.28 23.86 24.12 25.19 25.07 24.66 24.95 23.74
Palmitoleic acid 33 3.98 3.75 3.97 4.03 3.88 3.87 3.69
Heptadecanoic acid 0.12 0.15 0.16 0.16 0.15 0.16 0.17 0.14
Cis-10-Heptadecenoic acid 0.11 0.15 0.17 0.16 0.14 0.19 0.19 0.15
Stearic acid 3.17 3.21 3.33 3.18 3.03 3.23 3.32 3.15
Oleic acid 44.54 46.25 44.86 44.09 44.15 44.75 44.16 46.06
Linoleic acid 17.52 17.86 17.7 17.49 17.2 17.57 17.31 18.18

"The averages indicated with different letters in the same column and with different numbers in the same row for each values are

statistically significantly different from each other (P < 0.05).

result, it indicates that gelatin preserves elasticity
more effectively than starch in colder environments.

Sensory Properties

Table 7 provides changes in the sensory
properties of terebinth milk slices during storage. As
seenintable 7, gelatinous samples were preferred more
in terms of appearance and color compared to starchy
gelatinous samples. It was observed that storage time
or storage method did not cause any decrease in the
preference scores of gelatinous samples, and the
scores remained at high levels between 4.70 + 0.08
and 4.90 £ 0.08. Storage time has led to a decrease in
values in starchy gelatinous samples. The value at the

beginning of the storage was 4.10 + 0.08, whereas it
decreased to 3.56 = 0.08 and 3.63 £ 0.08 in the first
and second months of storage, respectively. Storage
in the refrigerator, in darkness, or in brightness did not
significantly affect the appearance and color values
of starchy gelatinous samples, and the values ranged
between 3.63 + 0.08 and 3.86 + 0.08. Gelatinous
samples have also received high scores as smell, and
it has been determined that storage time or storage
method did not cause any decrease in liking scores,
and the scores remained at high levels between 4.56
+ 0.12 and 4.73 + 0.12. Starchy gelatinous samples
received high scores similar to gelatinous samples
at the beginning of the storage (4.50 + 0.12), while

Ciéncia Rural, v.56, n.3, 2026.
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A novel snack: terebinth milk slice. 9

Table 6 - Terebinth milk slices' texture properties and the changes.

Storage method Texture Properties”
Hardne: Resilience
Product:
Gelatin Gelatin Starch Gelatin Gelatin Starch
Brightness 6220 + 210! 6227+ 210" 169 + 5% 168 + 5%
Darkness 5696 + 210%! 6217+ 210" 152 + 5 137 + 5
Refrigerator 6315 + 210" 6388 £ 210! 86 + 5°! 54+ 5%

"The averages indicated with different letters in the same column and with different numbers in the same row for each values are

o0 :

v s
t‘d“""

statistically significantly different from each other (P < 0.05).

they received lower scores in the first (3.83 = 0.12)
and second months (4.10 + 0.12) of storage. Starchy
gelatinous samples stored in light or dark (4.30£0.12)
received higher scores compared to starch gelatinized
samples stored in the refrigerator (3.83 £ 0.12). All
samples stored in brightness or darkness fell within
the same statistical group with scores ranging from
4.30 + 0.12 to 4.60 = 0.12, while gelatinous samples
stored in the refrigerator (4.73 + 0.12) received higher
scores compared to starchy gelatinous samples (3.83
+ 0.12). At the beginning of storage, taste tests
conducted on gelatinous samples (4.50 + 0.10) and
starchy gelatinous samples (4.56 + 0.10) revealed
similar high scores; however, in the first and second
months, the starchy gelatinous samples exhibited a
significant reduction. In the first and second months
of storage, the taste of gelatinous samples was found

to be at a good level, at 3.96 + 0.10 and 4.06 + 0.10,
respectively. Whereas the taste of starchy gelatinous
samples was found to be slightly above the medium
level, at 3.30 + 0.10 and 3.43 + 0.10, respectively.
Gelatinous samples were valued somewhat higher
than starchy gelatinous samples in brightness,
darkness, and refrigerator storage (P > 0.05)
According to storage methods, the highest
taste of samples stored in the refrigerator was found
to be 4.53 + 0.10 for gelatinous samples. In both the
gelatinous (4.20 + 0.11) and gelatinous starchy (4.40
+ 0.11) samples, the fullness, which measures the
density in the mouthfeel, satiety, and pleasure of the
terebinth milk slices, was best at the beginning of
the storage. The second month has the lowest value,
3.13 £ 0.11, of all. Gelatinous samples consistently
achieved slightly higher scores than starchy

Table 7 - Changes in the sensory properties of terebinth milk slices during storage

-----—-—————-Storage time (month)"

Chem. Propert. Product 0 1
Appearance and  Gelatin 4.90+0.08"" 4.70+0.08°"'
Colour Gelatin/starch ~ 4.10+0.08" 3.56+0.08"
Smell Gelatin 4.70+0.12! 4.56+0.12"
Gelatin/starch ~ 4.50+0.12%! 3.83+0.12
T Gelatin 4.50+0.10°! 3.96+0.10%
Gelatin/starch ~ 4.56+0.10%! 3.30+0.10"
Fullness Gelatin 420+0.11* 3.93+0.11%
Gelatin/starch ~ 4.40+0.11°! 3.63+0.11"
Gelatin 4.33+0.13! 3.46+0.13"
Mouthfeel Gelatin/starch ~ 3.96£0.13"  3.1040.13"
Gelatin 4.30+0.12 3.13+0.12"
Delayed taste

Gelatin/starch ~ 4.36+0.12%! 3.06+0.12"

Storage Method----------------—-

2 Brightness Darkness Refrigerator
4.73+0.08"! 4.73+0.08"! 4.80+0.08" 4.80+0.08"
3.63+0.08" 3.80:0.08 3.63+0.08* 3.86+0.08
4.66+0.12" 4.60+0.12" 4.60+0.12" 4.73+0.12"
4.10£0.12" 4.30+0.12" 4.30+0.12" 3.83+0.12%
4.06+0.10"! 4.03+0.10" 3.96+0.10™ 4.53+0.10"
3.43+0.10"” 3.76+0.10" 3.50+0.10™ 4.03+0.10""
4.10£0.11* 3.86+0.11°" 3.90+0.11" 4.46+0.11"
3.13+0.11¢ 3.76+0.11% 3.40+0.11* 4.00+0.11"'
3.86+0.13! 3.73+0.13" 3.70+0.13% 4.23+0.13"
2.96+0.13% 3.16+0.13" 3.50+0.13% 3.36+0.13*
3.40+0.12" 3.56+0.12" 3.40+0.12% 3.86+0.12%
3.36+0.12" 3.53+0.12% 3.40+0.12% 3.86+0.12%

“The averages indicated with different letters in the same column and with different numbers in the same row for each value are

statistically significantly different from each other (P < 0.05).
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gelatinous samples across all storage methods (P >
0.05). The highest value (4.46 =0.11) was observed in
gelatinous samples stored in the refrigerator. In terms
of mouthfeel, which refers to the sandy structure
and stickiness in the mouth, gelatinous samples
gave higher scores than starchy gelatinous samples
throughout the entire storage period. The highest
values were obtained with 4.33 + 0.13 in gelatinous
samples and 3.96 = 0.13 in starchy gelatinous samples
at the beginning of storage. Over storage, both sample
types showed a decrease, with gelatinous samples
reaching their lowest value (3.46 £ 0.13) in the first
month and starchy gelatinous samples reaching
theirs (2.96 = 0.13) in the second month. According
to storage methods, gelatinous samples stored in the
refrigerator (4.23 + 0.13) gave higher values than
starchy gelatin samples (3.36 + 0.13) (P < 0.05). The
delayed taste originating from the unique aroma of
the terebinth was more pronounced at the beginning
of storage (4.30 = 0.12 in gelatinous samples, 4.36
+ (.12 in starchy gelatinous samples). A decrease in
this value was observed in the later stages of storage,
with the lowest values encountered in the first month
of storage, 3.06 + 0.13 in starchy gelatinous samples,
and 3.13 £0.13 in gelatinous samples. It was observed
that storage methods had no effect on delayed taste (P
> 0.05).

DISCUSSION

The composition properties of terebinth used

In POLAT & HAYOGLU (2023)’s study
of pistachio, protein was 9.56, moisture in dry matter
was 29.77, cellulose was 25.58, fat was 45.05, colour
values were L"30.31, a’-1.53, b*3.96. The values
stated by POLAT & HAYOGLU (2023) and BULUT
et al. (2025) are consistent with the values we found,
and small differences between them are thought to
be due to the conditions in which the products are
grown, as CEMEROGLU (2007) points out.

Chemical properties

Storage conditions do not have a significant
effect on product acidity. Similarly, DOGAN et al.
(2007) stated in our study that acidity in fruit yogurts
with added terebinth extract increased depending on
the storage period. It is thought that the pH decrease
is due to the reactions that occur in the structure of
milk slices depending on the storage period. In a
study conducted by ALTUNTAS et al. (2020), the
average pH value in terebinth fruit was 5.70, while it
was 6.49 in the seed. The pH values obtained in this
study are in these ranges.

Colour

Examination of table 2 reveals that
production method, storage method, and storage
duration do not significantly affect the L* color
values. This finding aligns with POLAT’s (2016)
study on terebinth seeds, which reported a similar
value near 30.

Total Phenolic Content and Antioxidant activity

In BULUT et al. (2019) study on terebinth
coffee, the phenolic content was found to be 361.65
mg gallic acid 100 g in coffees prepared with water,
while it was 336.77 mg gallic acid 100 g in coffees
prepared with milk. Similarly, the average total
phenolic content in gelatin/starch milk slices ranged
from 247.83 mg gallic acid 100 g' to 294.83 mg
gallic acid 100 g'. We observed the total phenolic
content of milk slices with terebinth was similar to
the findings reported by BULUT et al. (2019). KAYA
& OZER (2015) investigated the phenolic content
of Pistacia terebinthus fruit in the Elazig region,
identifying vanillic acid, resveratrol, caffeic acid,
quercetin, and ferulic acid. The measured values
ranged from 9.667 ppm for ferulic acid to 373.5 ppm
for resveratrol. DURAK & UCAK (2015) analyzed
the phenolic content of 12 different pistachio nut
samples. They found a significantly higher total
phenolic content (between 12,189 and 36,392 mg
GAE 1000 g ') compared to the levels reported by
KAYA & OZER (2015) for Pistacia terebinthus fruit.
Additionally, they observed a positive correlation
between the total phenolic content and antioxidant
activity (DPPH inhibition) of the pistachio nut
samples. It was determined that storage time,
storage conditions and production methods did not
have a major effect on the total antioxidant activity.
Similarly, in the study conducted by BULUT et al.
(2025) on terebinth coffee, no significant decrease
was observed in the amounts of antioxidants and
phenolic substances during storage. These findings
suggested that potential factors like geographical
origin or processing methods can influence the
phenolic content and antioxidant properties.

GC MS Fatty Acids

When the degree of effect of storage
conditions and duration on fatty acid values is
examined, it is consistent with the findings of OZCAN
(2004), BULUT et al. (2019), KAYA & OZER (2015)
that oleic acid values ranged from 57.7% to 45.88%,
palmitic acid values ranged from 24.66% to 21.1%
and linoleic acid values ranged from 23.63% to
16.8%. These reported values are consistent with the
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fatty acid profile observed in terebinth milk slices.
This research focused on the potential for producing
terebinth milk slices, a healthier functional food, using
terebinth a traditional, naturally occurring beverage
with high antioxidant capacity that is popular in our
nation. The following conclusions were reached as a
result of the study’s findings. It has been determined
that terebinth and milk slices complement each other,
and the antioxidant capacity increases in terebinth
milk slices due to the presence of terebinth. It has
been found that they are rich in phenolic compounds,
with the highest values being ellagic acid, gallic acid,
luteolin, fumaric acid, and syringic acid. These data
obtained are similar to the data stated by BULUT
et al. (2025). It has been determined that oleic,
linoleic, and palmitic fatty acids are more abundant
in terebinth milk slices. In sensory evaluations
conducted on terebinth milk slices, it was determined
that milk slices made with gelatinous were preferred
more by panelists compared to those made with
starchy gelatinous. It was also found that gelatin milk
slices maintained their distinctive appearance, color,
aroma, taste, and fullness characteristics throughout
the storage period. However, it was observed that
starchy gelatinous samples also received above
average scores, and moreover, the preference scores
at the beginning of production were good or above
good. This outcome indicates that products with
functional properties like these will play an important
role both in introducing new products to the food
industry and in promoting healthy nutrition. It has
been determined that terebinth, traditionally used in
coffee making, particularly complements the milk
slice enjoyed by children, indicating the potential for
further research and development of such healthy and
functional products. This would not only be beneficial
for health and nutrition but also for the food industry
and added value.
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