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Department of Food Engineering, Chestnut-added milk (CM) was produced with 2 different methods. In the first method, chestnuts
Yildirim, Bursa, Turkey were roasted, and in the second method, they were cooked in bain-marie and then added to milk

at different ratios (5, 15, 25 %). The addition of chestnuts to milk statistically increased the amount
of protein, dietary fiber, carbohydrate, energy, mineral (Ca, K, P, Mg), antioxidant capacity and
total phenolic content compared to the control, whereas it did not cause a significant change in
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Introduction

Chestnut tree, one of the first known food sources of human-
kind, is also known as 'bread tree' (Bounous et al., 2000). It is
seen that although nuts generally have a high fat content, this
is different for chestnuts. Chestnut, which has a higher
amount of carbohydrates, is also extremely nutritious (Das-
sler and Heitmann, 1991). This fruit, which has an important
place in Turkish and world cuisine, is preferred as a candy in
addition to being consumed by roasting or boiling. Antioxi-
dant capacity of chestnuts taken from different provinces in
Turkey on walnuts and chestnuts were determined by FRAP
method and determined between 9.08-14.15 mM Fe;SOs. In
the same study, no significant difference was found in terms
of antioxidant activity of raw, boiled, roasted chestnuts pur-
chased from 3 different provinces (Selek, 2011).. Rich anti-
oxidant content, minerals in its structure, and low but high
quality fat content are among the reasons why chestnuts are
preferred in diets today (Atasoy and Altingoz, 2011).

The benefits of milk, which is one of our most nutritionally
staple foods, have been described for centuries. Consumption
of milk, which is known to be protected from many diseases
such as osteoporosis, bowel cancer, high blood pressure, and
chronic bronchitis, is extremely important (Altun et al.,
2002.) The consumption of milk, which is considered to be
an extremely important nutrient all over the world, unfortu-
nately falls far behind other countries in our country. Consid-
ering all these, alternative solutions to increase milk con-
sumption attract attention (Besler and Unal, 2008). For peo-
ple who cannot consume milk and who do not appeal to the
taste buds, much different flavored milk is produced with the
developing technology today. Different kinds of flavored and
fruit milk have been sold in the markets for a long time. In
particular, the target audience of these products is children
who do not like milk. However, chestnut milk samples, which
suits Turkish palate and has been in our kitchens for a long
time, has not been found yet.

As a natural sweetener that gives the usual sugar taste, stevia
is one of the most popular products of recent time. The main
feature that distinguishes stevia from other sweeteners is that
it is heat resistant and does not leave an intense metallic taste
in the mouth (Inanc and Cinar, 2009). Today, it is known that
it is used in beverages, jam, pudding cooked by boiling, bak-
ery foods such as cakes and cookies, confectionery industry,
seafood, some vegetables, and tea sugar as well as in the pro-
duction of many foods such as sushi, soy sauce, yoghurt
(Kinghorn et al., 2001; Nunes et al., 2007). The objective of
this study was to produce an alternative beverage with a high
nutritional value, new flavor, and natural sweetener and to
determine this product's features.

Materials and Methods

UHT full-fat cow's milk, frozen chestnut and stevia (Energy
0 Kcal, Fat 0 g, saturated fat Og, monounsaturated fat 0 g,
trans fat 0 g, polyunsaturated fat O g, cholesterol Og, carbohy-
drate 0 mg, sugar 0 g, sugar alcohol 0 g, starch Og, fiber 0 g,
protein 0 g, salt sodium 0Og, vitamin 0 g, mineral 0 g and 5
drops of Stevia = 1 cube of sugar) used in the production of
the chestnut-added milk (CM) samples were obtained from
the market. Chestnut fruit, in general has 40-45% water, 3-
6% protein, 3-5% fat, 40-45% carbohydrate, 1.3% ash. How-
ever, these values may vary based on the ecological condi-
tions, type, genus and process (Soylu, 2004). The samples
were prepared fresh before the analysis.

Production of Chestnut-Added Milk Samples

In the production of the CM samples, heat treatment was ap-
plied to chestnuts according to 2 different methods. In the
first method, chestnuts roasted in the oven at 150 °C for 30
minutes were called RCs, and in the second method, chest-
nuts cooked in a bain-marie were called BCs. Cooked chest-
nuts were added to hot UHT full- fat cow’s milk (100 ml) in
different amounts (5, 15, and 25 g) with liquid stevia (5 mL)
and homogenized by mechanical mixing with a blender (War-
ing, 8011S)

Physico-Chemical Analysis of Chestnut Milk Samples

The dry matter, fat, total sugar, protein, acidity, and dietary
fiber of the milk (control) and CM samples were determined
according to The Association of Official Analytical Chemists
(AOAC) Approved Methods of Analysis Methods No:
990.20, 2000.18, 980.13, 991.20, 947.05, 991.43, respec-
tively (Anonymous, 2000). Atwater factor was used for the
calculation of the total carbohydrate and energy of the pre-
pared samples (FAO, 2003).

The color measurements of the milk and CM samples were
carried out by Minolta Spectrophotometer CM 3600d (Osaka,
Japan) in order to measure L*, a* and b* values. The results
were expressed using the CIELab system. L* defines light-
ness or darkness, a* redness or greenness, and b * yellowness
or blueness.

Determination of Mineral Contents

In mineral determination, the samples were digested by
closed system wet combustion (microwave oven) method by
modifying NMKL 186 2007 and TS EN 13805 2004 meth-
ods. Microwave digestion system was used during the sample
preparation. 2 mL of liquid from the homogenized samples
was weighed with microwave vessels. To homogenize the
sample, 8mL of HNO; (65%) and 2 mL H»O: (35%) were
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added. By applying the analysis program, which is given in
Table 1, the samples were analyzed in microwave. The ele-
ment content of the samples was automatically measured and
calculated with a ICP-MS (7700) Agilenet which uses the cal-
ibration curve. The performance characteristics of the method
for the analyzed five elements are given in Table 2.

Extraction of Phenols

The extraction method applied to the milk and CM samples
was conducted according to Vitali et al., (2009) with some
minor modifications. Briefly, 2 mL were taken from each
samples and mixed with HClcone/methanol/water (1:80:10,
v/v) and shaken in a water bath (Nuve/ ST30, Turkey) at 20°C
(250 rpm, 2h). The extracts were centrifuged (Hettich / Uni-
versal 320R, Germany) at 3500 rpm and 4 °C for 10 min. The
supernatant was used in the analyses of total phenolic content
and antioxidant capacity.

Determination of Total Phenolic Content and Antioxidant
Capacity

The total phenolic content of the milk and CM samples was
determined according to Folin-Ciocalteu method (Naczk and
Shahidi, 2004; Vitali et al., 2009). Gallic acid was used as a
standard, and the results were expressed as mg GAE/L.

Many methods are encountered in the literature to determine
the antioxidant capacity. These methods have advantages and
disadvantages compared to each other. Considering the selec-
tivity and applicability of the methods, it is recommended to
compare antioxidant capacity determinations using more than
one method. Therefore, DPPH (2,2diphenyl-1-picrylhydra-
zyl), ABTS [2,2-azinobis (3ethylbenzothiazoline-6-sul-
phonic acid)], and CUPRAC (Cupric ion reducing antioxi-
dant capacity) methods were used to determine the antioxi-
dant capacity (Apak et al., 2004; Vitali et al., 2009). A cali-
bration curve was prepared with Trolox (6-hydroxy-2,5,7,8
tetramethyl chroman-2-carboxylic acid), and the results were
expressed as uM TEAC for each method.

Sensory Evaluation

The sensory evaluation of the milk and CM samples was car-
ried out by 45 untrained panelists whose ages were between
17 to 40. The hedonic scale with 9-points was used for sen-
sorial evaluation. The samples were evaluated in terms of ap-
pearance, consistency, color, taste and overall acceptability.

Statistical Evaluation

The data were evaluated using SPSS 22 software program for
statistical analysis. Differences among the means were ana-
lyzed by the one-way analysis of variance (ANOVA) applied
for parametric tests. Based on the test results, the level of sig-
nificance among the means (p < 0.05) were determined by
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Duncan test. The statistical analyzes made within the group
are shown in lower case, whereas the analyzes for all the sam-
ples are shown in capital letters.

Table 1. Heating program in microwave digestion system

Power Pressure  Heat Ramp Hold
(W) (PSI) (°C) (mins) (mins)
250 250 180 5 1

0 280 180 0 1

250 320 220 1 5

400 340 220 1 5

650 400 220 3 5

Table 2. Performance characteristics of the method

Ele- Detection limit Quantification limit
ments (mg/L) (mg/L)
Na 3.75 12.5
Ca 3.75 12.5
K 3.75 12.5
P 3.75 12.5
Mg 0.09 03

Results and Discussion
Physico-Chemical Analysis of CM Samples

Some physicochemical analysis results of the CM samples
are given in Table 3. As the increased amount of chestnut in
milk, the dry matter content also increased. In the RC sam-
ples, more dry matter amount was determined compared to
the BC samples. The lowest value was determined as 5% BCs
(13.67), whereas the highest value was determined as 25%
RCs (20.74). It is estimated that there was some loss of dry
matter dissolved in water during the bain-marie and that
chestnuts might have taken water into its structure by being
affected by water vapor. Although chestnut is a nut, it is rich
in carbohydrates and poor in fat (1.5-2.0%) and protein (2.5-
3.0%), unlike nuts, such as walnuts and hazelnuts (Johnsen,
1992). Yurdakul (2008) determined the fat values of fresh
chestnuts, boiled chestnuts and roasted chestnuts as 1.8-2.5%,
1.3%, 2.2%, respectively. As the chestnut ratio of the samples
increased, the percentage of the fat content decreased. The fat
content of the milk used in the samples is expected to be ef-
fective in the final product. The average fat of the milk used
was found as 3.10 + 0.08%. There is no statistically signifi-
cant difference between BCs. In RCs, the fat content of the
sample with 25% chestnut was significantly lower than the
other samples.
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Table 3. Chemical analyzes of chestnut milk samples

Method  Chestnut Dry Matter Total Fat Protein Acidity Dietary Carbohydrate Energy
Ratio (%)  Content (%)  Sugar (%) (%) (%) (%) Fiber (%) (%) (keal/100mL)
0 8.0+0.196 4.39+0.04°F  3.10£0.01**  2.90+£0.02°°  0.13+0.01 09 5.93+0.0696 64.7040.409F
Bain-marie 5 13.67+0.30F  4.35+0.08F  3.13£0.22** 3.18+0.02°C 0.12+0.01 0.18+0.01F  6.70+0.38°F 67.19+1.82°F
15 16.30£0.21%F  5.83+0.16"B  2.72+0.56*4 3.39+0.01B  0.12£0.02 0.48+0.01°C  9.40+0.60P 74.66+3.41°P
25 18.8940.380  6.48+0.44%A  2.65+0.46%®  3.38+0.01°B  0.13£0.02  0.78+0.02**  12.0+0.46°5 83.73+2.59%B
0 8.0+0.19G 4.39+0.04°F  3.10£0.01*A  2.90+£0.02¢  0.13+0.01 046 5.93+0.06 96 64.70+0.409F
Roasted 5 15.6840.02°¢  4.39+0.06°  3.05+0.10**  3.09+0.01®  0.11£0.01  0.10+0.01°F  8.85+0.12¢F 75.00+0.65P
15 17.11£0.03%®  4.81+£060%°  3.00+£0.18*4 3.18+0.01°C 0.12+0.01 0.34+0.01°°  10.13+0.18C 79.58+1.60¢
25 20.74+0.03*A  5.27+0.84°C  2.65+0.16°®  3.52+0.02** 0.13+0.03 0.68+0.01°®  13.69+0.18* 91.30+2.10%

All data are expressed as mean + standard deviations (n=3). Mean values showed with different lower letters in the same column for each
chestnut addition levels are significantly different (p < 0.05). Mean values showed with different capital letters in the same column for each

milk samples are significantly different (p < 0.05)

Using the natural sweetener stevia in the product, which is an
alternative to sweeteners used in dairy products, was tried. In
a study on the addition of different sweeteners to chocolate
milk, the sweetening power equivalent of stevia was stated as
70 sucrose (7%). This value remained lower than other sweet-
eners such as aspartame and neotame (Paixdo et al., 2014).
The total sugar of chestnuts in dry matter was determined to
be between 10.32-22.79% (Ertiirk et al., 2006). In a study
conducted on 3 different chestnut species in Italy, the total
sugar amount of chestnuts was found to be between 14.28-
21.23% (Neri et al., 2010). It was determined that as the
chestnut ratio increased, the total sugar amounts of BCs and
RCs increased. The highest value was detected in the 25%
BC sample (6.48%), while the lowest value was found in the
control (4.39%).

Cow's milk contains high quality protein. The amount of pro-
tein in milk is stated as 3-3.5% on average. While the struc-
ture of the protein is mainly composed of casein and whey
proteins, it also contains enzymes and other compounds in its
structure (Fox, 2003). Milk protein with a high content of es-
sential amino acids is accepted as a quality protein and is used
as a standard reference in the evaluation of protein quality in
foods (Arabacioglu, 1993; Miller et al., 2000; Baysal, 2004).
While the protein values of fresh chestnuts vary between 3.2-
5%, this value was determined as 2% for boiled chestnuts and
3.2% for roasted chestnuts (Yurdakul, 2008). The lowest pro-
tein content in the samples was found to be 2.90% in the con-
trol, whereas the highest value was found as 3.52% in 25%
RC. The addition of chestnut increased protein contents in the
milk samples significantly. The values we found in our study
were similar to those in the literature.

Determining the acidity level is important for the status of
storage conditions, the decision of the heat treatment to be
applied, the presence of any imitation, adulteration, and ani-
mal disease (Kirdar, 2001). In a study conducted to determine

some quality criteria of UHT milks, the Soxhlet-Henkel de-
grees values of titration acidity of milk, strawberry flavored
milk and chocolate milk were 7.73; 7.73; 6.67, respectively
(Sonmez et al., 2010). Titration acidity in mango milk was
found to be 0.14% in a study (Bajwa, 2013). The acidity value
was similar to the mango milk sample, and the values were
found to be 0.11-0.14%. The acidity values of CMs were not
affected by the applied method and chestnut ratio.

The fiber content of chestnuts are polysaccharides, which
stems from hemicellulose, cellulose and lignin in the cell wall
(Van Soest, 1994). Most of them cannot be digested by the
body, but can contribute to the development of the intestinal
flora. Chestnut is recommended in diets to reduce the risk of
cardiovascular and cancer diseases (Yurdakul, 2008; Can-
demir, 2011). While the fiber content in fresh chestnuts was
determined as 8-10%, this ratio decreases to 0.7% and 0.9%,
respectively, in boiled and roasted chestnuts (Yurdakul,
2008). The average fiber content of chestnut used in the CM
samples was found to be 2.22 +0.01%. The highest dietary
fiber value was observed in 25% BC (0.78%), while the low-
est dietary fiber content was observed in the control (0%) as
expected. It was seen that as the amount of chestnut in-
creased, the ratio of dietary fiber increased. It was observed
that by adding a source of fiber to milk, a beverage that does
not contain dietary fiber, a functional feature was added to the
final product.

When the nutritional elements of chestnuts are examined, it
is seen that almost half of them are carbohydrates. It has an
average carbohydrate content of 44.7%. Starch constitutes
most of the carbohydrate with 25%. Amylose and amylopec-
tin forms of starch have positive effects on human health due
to energy values and intestinal activities. The distinctive taste
of the fruit when cooked is due to starch (Bernardez, 2004;
Yurdakul, 2008; De Vasconcelos et al., 2010; Candemir,
2011). The carbohydrate of milk was calculated as 5.93 +
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0.06% and 39.67 +£0.01% for chestnuts. The energy values of
the raw materials were calculated as 64.70 £0.40 kcal and 181
+4.6 kcal, for milk (100 mL) and chestnuts (100 g). As the
ratio of chestnuts increased, the carbohydrate and energy val-
ues increased. While the sample with the highest carbohy-
drate and energy value was the 25% RC sample, the lowest
sample was observed in the 5% BC sample. In the chestnuts
added at the same ratio, it was observed that the roasted
method had more carbohydrate and energy value than the
bain-marie method. This difference was similar to the studies
in the literature. In a study, it was determined that when the
chestnut was boiled, the moisture content increased and the
total energy value decreased by 25% to 120 kcal. The starch
composition also changed during boiling. When roasted, the
humidity rate decreased by 20%, the amount of sugar in-
creased by 25% and the energy value increased to 200 kcal.
(Neri et al., 2010) In another study, the energy values given
for 100 grams of fresh chestnuts, boiled chestnuts and roasted
chestnuts were stated to be 160-199, 131, 245 kcal, respec-
tively (Yurdakul, 2008).

There are a few studies on the color analysis of milk and dairy
products. The color values of the produced CM samples were
affected by the milk and chestnuts used. Color analysis results
of the CM samples are given in Table 4. In this study, the
color values of chestnuts were found to be 76.50 £0.1 for L*;
1.88 +£0.05 for a*; and 16.60 £0.47 for b*. These values were
close to the literature values. At the same ratio, the L * values
of the BC samples were higher than the RC samples. The L*
value decreased as the chestnut ratio increased. The a* value
of the milk used in the samples was measured as -0.45 £0.01.
When the a* values of the samples were examined, the high-
est redness value was the 25% RC sample and the lowest was
the 5% BC sample. As the chestnut ratio increased, the degree
of redness increased. The redness of the roasted samples
added at the same ratio was higher than the bain-marie. It is
estimated that the dark colored compounds formed by enzy-
matic and non-enzymatic reactions because this color change
observed with the effect of baking. The b* value of the milk
used in the samples was determined as 12.37 £0.03. The b*
value decreased when the chestnut ratio increased. In addi-
tion, the BC samples had higher 5* values than the RC sam-
ples.

Mineral Contents

Chestnut is especially rich in terms of K, P, Mg, Fe, Mn and
Cu content (Diehl, 2002). When the CM samples were exam-
ined, it was found that the K, P, Ca, Na and Mg contents were
high, respectively. As the ratio of added chestnut increases,
the amount of mineral content increases (except Na). As the
chestnut ratio increased, the sodium content decreased. Some
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studies had shown that heat treatment applied to milk reduced
the amount of Na (Yurdakul, 2008; Neri et al., 2010), which
was similar to this study. The mineral content results of the
CM samples are given in Table 5. When the calcium values
were evaluated; there was no statistically significant differ-
ence between those containing 15% and 25% chestnut. On
the other hand, the samples containing milk and 5% chestnut
were statistically the same. Considering the data as potassium
in terms of method, it was observed that the roasted samples
had a higher content than the bain-marie samples. The highest
value in terms of phosphorus was observed in 25% roasted
chestnut. In magnesium analysis, no statistically significant
difference was observed in those containing 5% chestnut, and
the roasted samples were higher than the bain-marie ones.

Antioxidant Capacity

The antioxidant capacity analysis determined according to
methods of ABTS, CUPRAC, and DPPH assays. The absorb-
ance of the extracts was determined spectrophotometrically
(Jenway, 6405 UV/Vis). The antioxidant capacity results of
the CM samples are given in Table 6. The ABTS values of
the samples were found to be between 33-328 uM TEAC, and
the antioxidant capacity of the samples increased as the
amount of chestnuts added increased. Changing the heat
treatment method of chestnuts had no effect on their antioxi-
dant capacity. In a study conducted in Turkey on the antioxi-
dant capacity of pasteurized and UHT milk, milk (3.2% fat),
partially-skimmed (1.8%) and skimmed UHT milk, ABTS
average values were determined as 240.30 +1.06, 209.81
+2.16; 216.78 +4.81uM TEAC, respectively (Ertan et al.,
2017), and it was observed to be higher than the values we
determined. This difference is thought to be due to the com-
position of UHT milk which was used in our study.

The antioxidant capacities of the samples were determined
between 60710-77496 uM TEAC values with the CUPRAC
method, which were the highest values determined in the an-
tioxidant capacity analyses. It was observed that the ratio of
added chestnuts increased the antioxidant capacity and that
the chestnut cooking method, however, had no effect on the
capacity.

The antioxidant capacity values of 5262-6099 uM TEAC
of the samples were determined with the DPPH method. As
in the other methods, as the ratio of added chestnut amounts
increased, the capacity values increased, and the heat treat-
ment method applied to chestnuts had no effect.
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Table 4. Color values of chestnut milk samples

Method Chestnut Ratio (%) L* a* b*
0 92.72+£0.10**  -0.45£0.01¢€  12.374+0.0334

Bain-marie 5 87.50+0.32°8  0.67+0.04%¢ 11.79+0.36%8
15 85.75£0.43°C  0.51+0.06*®  11.13+0.36C
25 84.45+0.05%°  0.69+0.01%¢ 11.01£0.08°¢
0 92.72+£0.10°*  -0.45+£0.01°¢  12.37+0.03 24

Roasted 5 84.46+0.33°C  1.34+0.09B 11.37+0.388
15 80.44+0.26°  2.52+0.14**  10.10+0.39C
25 78.73+£0.25%  2.53+£0.18*4  10.04+0.13<C

All data are expressed as mean + standard deviations (n=3). Mean values showed with different lower letters in the same column for each
chestnut addition levels are significantly different (p < 0.05). Mean values showed with different capital letters in the same column for each
milk samples are significantly different (p < 0.05).

Table 5. Mineral content values of chestnut milk samples

Method Chestnut Na (mg/L) Ca (mg/L) K (mg/L) P (mg/L) Mg (mg/L)
Ratio (%)
0 366.90+1.30**  685.20+35.20%¢  1247.50+79.10°F 834.40+10.0% 83.70+2.109°
Bain- 5 356.83+£2.22°B  707.45+8.99<¢ 1272.47+11.38°F 866.18+1.91¢P 89.83 +£0.64°F
marie 15 337.35+£1.46°°  773.75+7.99%B 1474.0 £10.97°P 936.95+10.54°¢  93.78 £1.01%P
25 309.83+0.819F  807.52+12.70°B  1591.83+42.46*8 957.95+14.20°8 109.47+1.65%€
0 366.90+1.30**  685.20+£35.20°¢  1247.50+79.109F 834.40+10.0F 83.70+2.109°
Roasted 5 364.35£1.14*  688.52+10.31°C  1311.98+19.05°F 870.88+7.10°P 94.37 £0.33¢F
15 358.2241.42°8  873.73+£56.51*  1477.50+40.11%¢ 950.02+12.81%8¢  105.48+7.56"8
25 344.47£1.06°C 885.2 £78.67*A  1729.83+28.69* 082.17+£17.68*4  116.35+8.22%4

All data are expressed as mean + standard deviations (n=3). Mean values showed with different lower letters in the same column for each
chestnut addition levels are significantly different (p < 0.05). Mean values showed with different capital letters in the same column for each

milk samples are significantly different (p < 0.05).

Total Phenolic Content

In a study on different nuts, the total phenolic content of
chestnut was stated as 92 mg GAE/100g dry matter (Abe et
al., 2010). In the study on chestnuts and walnuts collected
from different regions, the lowest total phenolic content of
chestnuts was found to be 5 GAE/g dry matter, whereas the
highest total phenolic content was 32.82 GAE/g dry matter
(Selek, 2011). De Vasconcelos et al., (2007) found the total
phenolic content of chestnuts as 15.80 mg GAE/g dry matter.

The total phenolic contents of fat, semi-skimmed and
skimmed milk were found to be 982.14 mg GAE/L, 515.19
mg GAE/L, 505.47 mg GAE/L, respectively, in Turkey (Er-
tan et al., 2017). In another study, strawberry milk, chocolate
milk and milk were determined in the range of 1046.60-
1414.60 mg GAE/L, 834.60-2347.20 mg GAE/L, 936.60-
1066.60mg GAE/L, respectively (Sonmez et al., 2010). The
total phenolic content results of the CM samples are given in
Table 6. The total phenolic content of the samples in our

study was between 1628.7-2020.1 mg GAE/L, which was
similar to the above mentioned study. As the ratio of chest-
nuts increased, the total phenolic content of the samples in-
creased due to the total phenolic content of the chestnut. The
heat treatment method applied to chestnuts did not cause sta-
tistical differences.

Sensory Evaluation

The sensory evaluation of the CM samples was performed by
forty five untrained panelists including twenty males and
twenty five females with ages ranging from 18 to 35. Before
starting the analysis, the necessary information was given to
the panelists and the samples were given to the panelists by
coding with 2-digit numbers. The product was evaluated in
terms of appearance, consistency, color, taste and overall ac-
ceptability. The sensory evaluation results of the CM samples
are given in Table 7 and Table 8.

When the appearance of the samples was examined, the heat
treatment method and the rate of the addition of chestnuts did
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not make a significant difference. The panelists considered
the intensity, fluidity and homogeneity sub-criteria while
evaluating the consistency. The most desired sample by the
panelists was the 5% RC samples. The panelists scored for
colour based on light, dark, matte and glossy sub criteria. As
the amount of chestnut in the RC samples increased, the de-
gree of liking decreased. No significant difference was ob-
served in the evaluation of the BC samples or all the samples.

the samples with 5% chestnut addition were most appreci-
ated. In terms of taste, the most preferred one was the 5% RC
sample, whereas the least preferred one was the control sam-
ple. As the final assessment of sensory analysis, the panelists
were asked to rate the overall liking of the samples. There
was no difference between the BC samples. On the other
hand, as the ratio of chestnuts increased in the RC samples,
the acceptability decreased. When all the samples were eval-

uated, the 5% RC sample was the most desired sample.

Table 6. Antioxidant capacity and total phenol content of chestnut milk samples

Method Chestnut Ra- ABTS CUPRAC DPPH Total Phenolic Content
tio (%) (uM TEAC) (uM TEAC) (uM TEAC) (mg GAE/L)
0 33.0+0.990 60710+1485¢C 5262+794%C 1628.7+43.0°C
Bain-marie 5 89.842.8°C 7065620088 5581+675%B¢ 1864.3+32.208
15 181.3+6.5%B 75826+580%4 5906+5562AB 1959.2+16.1204
25 328.2+0.9%A 77496+62284 5965+1706* 2020.1437.624
0 33.0+0.99P 60710+1485% 5262+7944€ 1628.7+43.0C
Roasted 5 108.4+11.5¢¢ 6577242828 5507+1106°¢ 1685.7£16.1%¢
15 216.2+8.8%8 67182+69328C 5985+7745¢BC 1754.14£59.1%¢
25 310.5+24.0% 68622+18428C 6099608 1993.5+21.5%

All data are expressed as mean + standard deviations (n=3). Mean values showed with different lower letters in the same column for each chestnut addition
levels are significantly different (p < 0.05). Mean values showed with different capital letters in the same column for each milk samples are significantly

different (p < 0.05).
Table 7. Sensory analysis sub criteria of chestnut milk samples
Method Chestnut Appearance Consistency Color
Ratio Homogeneous Particulate Sediment Density  Fluid Homogeneity Light Dark Matte Gloss
(%)
Bain-marie 0 7.3+1.84 474324 484334 494274 7.1£1.8% 694224 6.942.14 4842748 554244 6.5£2.14
5 6.9£1.9%4 4.6£2.7°4  4.7+2.9%A 5.0+£2.134 7.0£1.4%4  6.9+2.0%A 6.5£1.8%A 4942238 574D (034 59420348
15 7.1£2.1%4 4.443.1°4 454329 4,642,434 7.1£1.9%4  7.0+2.0%A 6.7£2.0°4 394258 50242434  5.742.19AB
25 5.8+2.5% 4.7£2.8%4  4.5£2. 7% 5142284 6.0+2.4%8 574278 5.54£2.20BC 5342234 554234 524D 148
Roasted 0 7.3+1.84 474324 484334 494274 7.1£1.8% 694224 6.942.14 4842748 5542 44 6.5£2.14
5 7.1£2.104 4.9£3.204  50+£3.1%  5642.4%4 7.0+1.9%4  7.0£1.9%A 6.7£1.9°4 514244 554194 6.3+1.8%
15 6.9+2.30A 4.6£3.0°A  4.7£3.0%4 5542.4%% 6,842 1AB 664224 6.1£2.0°48 5442 3cA 5442 1A 584].9beAB
25 6.6£2.059PAB 4 842 8P4 4,942 9%A 5242304 6.7+2.0AB 6.542.1¢AB 5.242.19C  5.042.3%4 5442204 534228

All data are expressed as mean + standard deviations (n=3). Mean values showed with different lower letters in the same column for each chestnut addition
levels are significantly different (p < 0.05). Mean values showed with different capital letters in the same column for each milk samples are significantly

different (p < 0.05).

Table 8 .Sensory analysis of chestnut milk samples basic criteria

Method Chestnut Ratio (%) Appearance Consistency Color Odor Taste Overall Acceptability

Bain-marie 0 5.642.44 6.3+1.84B 5.941.84 5.442.548  4.442.7€ 4.8+2.68
5 5.442.0%4 6.3+132AB 5.8%1.284 5742034 5.14£1.9%BC  5,0£1.9%8
15 5.342.3%4 6.241.720AB 5.3+£1.5%  4,542.1b8 4.842.33BC  5,042,0°B
25 5.04£1.9%4 5.642.0%8 5.4+£1.74% 5,042,048 4,742 338C 4 542 128

Roasted 0 5.642.44 6.3+1.848 5.9+1.84 5442548 44+42.7€ 4.8+2.68
5 5.742.4%4 6.5+1.7A 5.9+£1.5°4 5942204 6.3+2.204 6.0+2.204
15 5.442.3%4 6.3+1.8¢AB 5.7£1.4%A 5442248 5642 30eAB 5 549 DbeAB
25 5.542.0PA 6.1+1.7°AB 5.2+£1.4% 4.6£2.1°8  4.8+£23BC 4942 (°B

All data are expressed as mean + standard deviations (n=3). Mean values showed with different lower letters in the same column for each chestnut addition
levels are significantly different (p < 0.05). Mean values showed with different capital letters in the same column for each milk samples are significantly

different (p < 0.05).
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Conclusion

The purpose of investigating chestnut milk production and its
properties is to produce a functional product and examine its
properties. Chestnuts are actively processed in Turkey, espe-
cially in Bursa. Here, it is aimed to develop a product with
high added value by developing a new product alternative to
the market and increasing the usage possibilities of the prod-
uct. The addition of chestnut to milk increased the mineral
content of milk (except Na) and added dietary fiber to the
product content; however, it provided a beverage with more
calories and high energy than milk. However, this energy in-
crease was similar to all other flavoured milks. The addition
of chestnuts to milk increased the antioxidant capacity and
total phenolic content of the milk. In the sensory evaluation
of the product, it was observed that the 5% RC sample was
preferred most, and even more preferred than milk. Also, ste-
via is a natural sweetener. Unlike artificial sweeteners, it does
not leave metalish and bitter taste in the mouth. so it can be
used as an alternative to artificial sweeteners.

As a result, chestnut could be expressed as a suitable nut for
functional food formulations by increasing the bioactive po-
tential and providing quality parameters and sensory evalua-
tion. Chestnut-added milk is a beverage alternative that can
be recommended especially to children who don't like to
drink milk, pregnant women, sports and individuals who care
about their diet.
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