
Food Sci Nutr. 2024;12:5619–5631.    | 5619wileyonlinelibrary.com/journal/fsn3

1  |  INTRODUC TION

Salep, derived from the tubers of orchid species, serves as the 
primary ingredient in the traditional Turkish beverage known as 
salep drink (Tamer et al., 2006). Typically enjoyed during the win-
ter months, this drink is prepared by boiling SP and sugar in milk, 

often garnished with a sprinkle of cinnamon. With an increase in 
demand for salep drinks in recent years, ready- to- drink salep drink 
products have also found their place on store shelves (Doğan & 
Kayacier, 2004). Consumer preferences for beverages, particularly 
in the case of hot salep drinks, are greatly influenced by the fluid-
ity properties of beverages. Achieving an optimal consistency in 
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Abstract
Salep, a traditional Turkish beverage, derives its name from its primary component: 
salep powder (SP), which is sourced from the tubers of certain orchid species. This 
study investigated various physicochemical attributes (including dry matter, protein 
content, pH, titration acidity, water activity, color, serum separation, and zeta po-
tential), as well as rheological and sensory characteristics of salep beverages. These 
drinks were prepared by substituting SP with chia (Salvia hispanica L.) seed mucilage 
powder (MP) with different ratios (10%, 20%, 30%, and 40%). The substitution of SP 
with MP did not influence the dry matter and protein contents or the pH and acidity 
values of the drinks significantly (p > .05). The inclusion of MP in the formulation of 
salep drinks resulted in a decrease in lightness (L*) and a* color values while increasing 
the b* color values. However, consumer perception, as indicated by color difference 
values (∆E*), showed no distinguishable difference between drinks containing MP and 
control drinks. Furthermore, higher ratios of MP led to increased apparent viscosity 
values in the drinks and effectively prevented or significantly reduced serum separa-
tion observed in control drinks (p < .05). Remarkably, sensory evaluations revealed 
that substituting up to 30% of SP with MP did not negatively impact the overall sen-
sory properties of the drinks (p > .05), suggesting that MP could be recommended as 
a feasible alternative. This substitution has the potential to contribute to the conser-
vation of orchid plants, the primary source of salep, while also offering cost- saving 
benefits in the production of salep drinks.
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hot salep drinks is crucial for a pleasant mouth feel. The rheological 
properties of beverages like hot salep or hot chocolate play a signif-
icant role in determining product quality (Doğan & Kayacier, 2004; 
Kayacier & Doğan, 2006).

Salep powder is produced by grinding the tough, dried, light- 
yellow tubers of certain perennial orchid species belonging to the 
Orchidaceae family (Tekinşen & Güner, 2010). Orchids, found on 
every continent except Antarctica, have a remarkable adaptability 
to diverse altitudes ranging from sea level to 5000 meters, making 
them the oldest known flowering plants with a history dating back 
80 million years (Şen, 2016). Among European countries, Turkey 
stands out as one of the most biodiverse in terms of orchid spe-
cies, boasting approximately 170 varieties (Şen, 2017). Presently, 
Turkey is home to at least 20 endemic orchid species, representing 
approximately 13% of the total orchid population in the country 
(Kreutz, 2002). Salep production in Turkey utilizes around 120 or-
chid species belonging to Ophrys, Orchis, Himantoglossum, Serapias, 
Anacamptis, Comperia, Barlia, Dactylorhiza, Aceras, Neotinea, and 
other genera growing in various regions of Anatolia (Sezik, 2002). 
A single dried salep tuber usually weighs between 0.25 and 1.00 g. 
Consequently, it takes approximately 1000 to 4000 orchid tubers to 
yield 1 kg of salep. Turkey produces an estimated 45 tons of salep 
annually, which necessitates the uprooting of an astonishing 45–180 
million orchids from the soil. On the other hand, factors such as agri-
cultural expansion, urban development, overgrazing, and deforesta-
tion pose significant threats to many rare or even endemic orchid 
species, placing them at risk of extinction (Kreutz, 2002). The high 
cost of salep and its extraction from endangered plant species have 
prompted increased research into natural stabilizers that could serve 
as alternatives to salep.

Salep powder, a key ingredient in salep drinks, serves as both a 
thickening and stabilizing agent while giving the desired taste and 
aroma to the final product. It is also used in the production of Maraş- 
type ice cream, where it serves as a thickener and increases the 
melting point (Tekinşen & Güner, 2010). The thick structure of salep 
drink, and stiff and unique, slow- melting characteristic of Maraş- 
type ice cream are attributed to the glucomannan content present 
in salep (Şen, 2016).

Salvia hispanica L., commonly known as chia, is an annual plant 
belonging to the Lamiaceae family, typically thriving in arid or semi- 
arid climates (Sandoval- Oliveros & Paredes- Lopez, 2013). Chia 
seeds are renowned for containing the highest known content of 
ω- 3 linolenic acid among natural sources (Coates & Ayerza, 1996). 
With their rich fatty acid and protein content, chia seeds can be 
utilized to produce protein concentrates and ω- 3 capsules, enhanc-
ing the nutritional profile of bakery products, cereals, and various 
foods (Coelho & Salas- Mellado, 2014). Containing about 50–60 g/
kg of mucilage as a soluble dietary fiber, chia seeds possess a 
unique characteristic: it can easily be extracted and absorb up to 
27 times its weight in water when soaked (Capitani et al., 2013). 
The mucilage, thanks to its unique functional properties (such 
as structure regulation, emulsification, and thickening), attracts 
considerable attention in the food industry. Beyond its role as a 

dietary fiber source, this mucilage polysaccharide is deemed ben-
eficial due to its capacity to lower the glycemic index and induce 
a sense of satiety (Chiang et al., 2021). Given its technological and 
physiological attributes, chia mucilage is increasingly recognized 
as a versatile ingredient. It has been explored as a novel emulsi-
fying agent or thickener in both the cosmetics and food indus-
tries, contributing to consumer health as a rich source of soluble 
dietary fiber (Capitani et al., 2013; Coelho & Salas- Mellado, 2014; 
Tas et al., 2023).

In this study, it was aimed to explore the possibility of reduc-
ing the reliance on SP in the preparation of salep drinks by using 
chia seed mucilage as a stabilizer. The ultimate intention was to 
contribute to the conservation of salep orchids while simultane-
ously reducing production costs and retail prices of salep drinks. 
Chia seed mucilage was considered a natural alternative to SP. 
To achieve this goal, mucilage extracted from soaked chia seeds, 
obtained through drying and sieving, was used to replace SP at 
various ratios in the preparation of hot salep drinks. The study 
investigated various physicochemical, rheological, and sensory 
properties of the drinks to assess the feasibility and efficacy of 
this substitution.

2  |  MATERIAL S AND METHODS

2.1  |  Materials

Cow's milk (UHT milk with 3.1% fat: Ak Food Industry and Trade Inc., 
Istanbul, Turkey), chia seeds (Ala Çiftçi, Yayla Agro Food Industry 
and Transport Inc., Ankara, Turkey), granulated sugar (Konya Sugar 
Industry and Trade Inc., Konya, Turkey), and salep powder (Aziz 
Gündüz Nine Brothers Salep and Morel Trade, Burdur, Turkey) used 
in the preparation of salep drinks were purchased from different 
local or national grocery stores. Phenolphthalein and NaOH were 
purchased from Sigma- Aldrich (St. Louis, MO, USA).

2.2  |  Mucilage extraction

The method of Chaves et al. (2018) was modified for the extrac-
tion of chia seed mucilage. Mucilage was extracted from seeds using 
a water- to- seed ratio of 20:1 (v/w). The mixture of seeds and dis-
tilled water was heated to 80 ± 2°C and stirred at 750 rpm for 2 h 
using a hot- plate magnetic stirrer (WiseStir Wisd, Daihan Scientific 
Co. Ltd., Gang- Won- Do, South Korea). Following this, the aqueous 
suspension was cooled to room temperature, frozen at −18 ± 1°C, 
and subsequently subjected to freeze drying for 72 h using a freeze 
drier (Bluewave, BW- 10B, Bluewave Industry Co. Ltd., Shanghai, 
China). This freeze- dried mixture was sieved through a 35- mesh 
sieve to separate the mucilage from the seeds. The extracted mu-
cilage was then stored at 4 ± 1°C until needed for the preparation 
of salep drinks. The quantity of mucilage extracted was determined 
using a precision balance (A&D Company, Ltd., Tokyo, Japan). The 



    |  5621ALTAŞ et al.

chia mucilage yield (%) was calculated by Equation 1 as described by 
Feizi et al. (2021).

2.3  |  Preparation of Salep drinks

Salep drinks were prepared using a combination of milk, sugar, and 
stabilizers, which included SP and/or chia seed MP. The ratios of gran-
ulated sugar and the total stabilizer in milk were 5.0 and 0.7% (w/v), 
respectively. Five different combinations of drinks were prepared, 
each with varying ratios of chia seed MP and SP. The codes assigned 
to these drinks were as follows: salep drinks were prepared using a 
combination of milk, sugar, and stabilizers, which included SP and/or 
chia seed MP. The ratio of granulated sugar to the total stabilizer in the 
milk was 5.0% (w/v) and 0.7%, respectively. Five different combina-
tions of drinks were prepared, each with varying ratios of chia seed 
MP and SP. The codes assigned to these drinks were as follows: KS: 
control drink with 0.7% SP; CS10: drink with a 10% substitution ratio, 
consisting of 0.63% SP and 0.07% chia seed MP; CS20: drink with a 
20% substitution ratio, consisting of 0.56% SP and 0.14% chia seed 
MP; CS30: drink with a 30% substitution ratio, consisting of 0.49% 
SP and 0.21% chia seed MP; and CS40: drink with a 40% substitution 
ratio, consisting of 0.42% SP and 0.28% chia seed MP.

In the preparation of salep drinks, milk was poured into glass 
containers with lids and heated to a temperature of 70 ± 2°C using 
a water bath (WiseBath Wisd, Daihan Scientific Co., Gang- Won- Do, 
South Korea). Granulated sugar and the mixture of stabilizers were 
then slowly added into the heated milk while being thoroughly 
mixed. The final drinks were maintained at a constant tempera-
ture for 15 min. Following a method similar to Capitani et al. (2012), 
the salep drinks were homogenized at 7600 rpm for 2 min using a 
homogenizer (WiseTis HG- 15D, Daihan Scientific Co. Ltd., Gang- 
Won- Do, South Korea). Traditionally, salep drinks are stored for a 
maximum of 2 days in small enterprises producing traditional salep 
drinks. Therefore, in this study, the salep drinks were refrigerated at 
4 ± 1°C for 2 days.

2.4  |  Physicochemical analyses

The compositional properties (dry matter, fat, lactose, and protein 
contents) of cow's milk used in the production of the salep drinks 
were determined using a milk analyzer (Bentley B150, Bentley 
Instruments Inc., Chaska, Minnesota, USA). The pH values of both 
milk and salep drinks were determined by a pH meter (Jenco 6173, 
Jenco, San Diego, CA, USA) while titration acidity values were de-
termined according to the method in Raw Milk Standard (TS 1018) 
(Anonymous., 2002) by Turkish Standards Institute and Gürsel and 
Anlı (2018).

The dry matter contents of the salep drinks were determined 
using a rapid moisture analyzer (Kern DSB, Balingen, Germany) at 

105°C. The total nitrogen contents of the drinks were determined ac-
cording to the Dumas method with a Dumatherm analyzer (Gerhardt 
GmbH & Co. KG, Königswinter, Germany). The protein contents of 
the drinks were calculated by multiplying the total nitrogen contents 
by a conversion factor of 6.38 (Gürsoy et al., 2016). Additionally, the 
water activity (aw) values of the drinks were determined using the 
water activity device (Testo 645, Testo Inc., Lenzkirch, Germany).

2.5  |  Color measurements

The color values of the drinks were assessed using the CIELAB 
(Commission Internationale de l'Eclairage) color system, which in-
cludes parameters such as L* (lightness), a* (red–green), and b* 
(yellow–blue). Measurements were conducted using a colorimeter 
(CR- 400, Konica Minolta, Tokyo, Japan) equipped with a reflectance 
specular, a D65 illuminator, an observer angle of 10°, and an 8 mm 
aperture. In the CIELAB system, L* values range from 0 (black) to 100 
(white), with positive a* values indicating redness and positive b* val-
ues indicating yellowness, while negative values of a* and b* repre-
sent greenness and blueness, respectively (Gürsoy et al., 2016).

The whiteness index (WI) for each drink was calculated using 
the method outlined by Kurt and Atalar (2018). The hue angles (h) 
were calculated based on the a* and b* color parameters using the 
method suggested by McLellan et al. (1995). Chroma values (C*) 
were calculated according to the method proposed by Daraghmah 
and Qubbaj (2022). Additionally, color difference (∆E*) values were 
determined using Equation 2, as described by Cecchini et al. (2011).

2.6  |  Serum separation

For serum separation, salep drinks were poured into measuring cyl-
inders (25 mL) and stored at 4 ± 1°C. The volume of serum accumu-
lated on the surface was measured on the 1st, 2nd, and 7th days 
of storage, expressed as serum separation values (%) (Aloğlu, 2018).

2.7  |  Zeta potential

The zeta (ζ) potential values of the drinks were determined using a 
nanoparticle analyzer (SZ- 100- Z2, Horiba Scientific, Horiba Limited, 
Kyoto, Japan) at a temperature of 25°C and an electrode voltage of 
2.2 V. Zeta potential (mV) values were calculated based on the elec-
trophoretic mobility of the particles dispersed in the drinks and were 
recorded accordingly.

2.8  |  Rheological analyses

The rheological properties of salep drinks were determined 
using a viscometer (DV2T, Brookfield Engineering Laboratories, 

(1)Yield%(w∕w) =
Mass of extractedmucilage (g)

Mass of chia seeds (g)
× 100

(2)ΔE =

√

(ΔL∗)2 + (Δa∗)2 + (Δb∗)2
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Middleborough, Massachusetts, USA) equipped with an RV2 spin-
dle. For this purpose, approximately 500 mL of each drink was trans-
ferred into beakers insulated by Styrofoam. Measurements were 
taken at a constant temperature of 40 ± 2, 50 ± 2, and 60 ± 2°C, with 
rotation speeds ranging from 50 to 150 rpm. For each rotation speed 
and temperature, torque (%) and viscosity (mPa∙s) values were re-
corded. Apparent viscosity values of the drinks were determined at 
a rotation speed of 120 rpm (111.6 s−1). The flow behavior index (n) 
and consistency coefficient (K, Pa∙sn) values were calculated using 
the power law model (Steffe, 1996) in Equation 3, where δ and γ rep-
resent the shear stress (Pa) and the shear rate (s−1), respectively.

The Arrhenius equation (Equation 4) was used to calculate the 
activation energies and the temperature dependence of apparent 
viscosity values of the salep drinks (Gürsoy et al., 2020). In this equa-
tion, η, A, Ea, R, and T values represent the apparent viscosity (Pa∙s), 
the frequency factor (Pa∙s), the activation energy (J/mol), the gas 
constant (8.314 J/mol∙K), and the absolute temperature (K) values, 
respectively (Cuomo et al., 2020).

2.9  |  Sensory evaluation

The sensory evaluation of the salep drinks was conducted using a 
7- point hedonic scale, where the numerical value of 1 represented 
“dislike extremely” and 7 indicated “like extremely” (Bodyfelt 
et al., 1988). The sensory analysis involved 15 untrained (but expe-
rienced) panelists who evaluated the drinks based on various attrib-
utes such as color, odor, taste, consistency, mouthfeel, and overall 
liking. Each salep drink, identified with an arbitrary three- digit code, 
was presented to the panelists in a randomized order at a tempera-
ture of 60 ± 2°C. For the 2nd- day analyses, the drinks were stored in 
a refrigerator at 4 ± 1°C and reheated to 60 ± 2°C before presenta-
tion to the panelists. Panelists were instructed to use water (Nazlı, 
Aydın, Turkey) to clean their palate between samples.

The index of acceptability (IA) for the salep drinks was calcu-
lated using Equation 5. A food product with an IA of at least 70% 
is generally considered suitable for consumption (Fernandes & 
Salas- Mellado, 2017).

2.10  |  Statistical analyses

The analysis of variance (two- way ANOVA) and Duncan multiple- 
comparison test at the significance level of α = 0.05 were used by 
SAS statistical software program (The SAS System for Windows 9.0, 
SAS Institute Inc., Carry, NC, USA). The results were expressed as 
mean ± standard deviation. All experiments were conducted in two 
independent replicates and each analysis was carried out in at least 
two parallel trials to ensure reliability and consistency of the results.

3  |  RESULTS AND DISCUSSION

3.1  |  Mucilage yield

In this study, a mucilage yield of 8.63 ± 0.50% (w/w) was obtained 
during mucilage production. Similarly, Chaves et al. (2018) reported a 
mucilage yield of 8.49% (±0.27) by freeze- drying chia seeds, using a 
water- to- seed ratio of 40:1 at a pH of 8.0 for 2 h at 80°C. In line with 
these findings, Muñoz et al. (2012) achieved an optimal yield value 
of 6.97% through conventional drying of chia seeds under similar 
conditions. The study by Muñoz et al. (2012) highlighted the signifi-
cant influence of temperature and seed- to- water ratio on chia mu-
cilage yield, emphasizing the importance of optimizing these factors 
for efficient mucilage extraction. The result of our study is in good 
agreement with the findings of these previous studies, confirming 
the consistency and reliability of mucilage yield obtained under opti-
mized extraction conditions.

3.2  |  Physicochemical properties

The cow milk used in the preparation of salep drinks exhibited the 
following compositional values: dry matter 10.46 ± 0.10%, nonfat 
dry matter 7.80 ± 0.01%, fat 2.67 ± 0.09%, protein 2.73 ± 0.04%, lac-
tose 4.34 ± 0.01%, pH 6.67 ± 0.03, and titration acidity (expressed 
in lactic acid %) 0.143 ± 0.00%. Regarding the salep drinks, the dry 
matter and protein contents were determined in the ranges 18.11–
18.32% and 2.83–3.69%, respectively (Table 1). It was found that the 
substitution of SP with MP did not have a significant effect on the 
dry matter and protein contents of the salep drinks (p > .05).

Chia seed mucilage contains high- purity polysaccharide units 
(Timilsena et al., 2016) and salep consists mainly of polysaccha-
ride molecules, such as glucomannan and starch (Tekinşen & 
Güner, 2010). Additionally, the moisture content of chia mucilage 
has been reported to range from 5.74% to 8.33% depending on the 

(3)� = K(�)n

(4)� = Ae(−Ea∕RT)

(5)IA(%) =
Score

7
× 100

TA B L E  1  Initial dry matter and protein contents of salep drinks 
prepared by substituting salep powder (SP) with chia seed mucilage 
powder (MP) (mean ± standard deviation).

Sample codea
Dry matter content 
(%)b Protein content (%)

KS 18.21 ± 0.84A 3.15 ± 0.40A

CS10 18.32 ± 0.56A 2.83 ± 0.32A

CS20 18.12 ± 0.44A 3.28 ± 0.22A

CS30 18.12 ± 0.47A 3.69 ± 0.98A

CS40 18.11 ± 0.15A 3.15 ± 0.42A

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 
10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 
20% (0.56% SP + 0.14% MP), CS30 with a mucilage substitution of 30% 
(0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% 
(0.42% SP + 0.28% MP).
bDifferent superscript letters in a column show significant statistical 
differences (p < .05).
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drying rate (Chavan et al., 2017; Garcia e et al., 2022). Tekinşen and 
Güner (2010) stated that the moisture and nitrogenous substance 
content of salep typically fall within the ranges 6–12% and 0.5–1%, 
respectively. These similarities between the composition of chia 
mucilage and salep provide support for why the salep drinks in our 
study exhibited similar dry matter and protein contents, despite the 
substitution of SP with chia seed MP.

The pH and titration acidity (% lactic acid) values of salep drinks 
over the storage period are shown in Table 2, with statistically sig-
nificant differences observed in these values (p < .05). However, 

despite these differences, both the pH and titration acidity values 
remained within narrow ranges 6.44–6.47% and 0.14–0.16%, re-
spectively. It has been reported that for the sour flavor to become 
apparent, the acidity level in the milk must exceed 0.18% (Gürsel 
& Anlı, 2018). Therefore, although the substitution of SP with chia 
seed MP resulted in some statistical differences in the pH and titra-
tion acidity values of the drinks, these differences may have minor 
significance in practice.

The water activity values of all salep drinks produced in our 
study were determined as 0.99. Interestingly, the substitution of SP 
with chia seed MP did not have a significant effect on the water 
activity of the drinks (p > .05).

3.3  |  Color

Changes in the color values of salep drinks prepared by substituting 
SP with MP during storage are given in Table 3. Initially, the fresh 
CS40 drink had a brightness value (L*) of 75.57 ± 0.40 while the KS 
drink had a brightness value of 77.69 ± 0.77 on its second storage 
day (p < .05). It was found that storing the drinks at 4°C for 2 days 
did not have a significant effect on the L* color values of salep drinks 
(p > .05). In general, brightness values decreased as the substitu-
tion ratio of SP with MP increased, regardless of the storage period 
(p < .05). Campos et al. (2015), in their study on producing ice cream 
with chia mucilage as a stabilizer, noted a similar trend. The bright-
ness value of the control sample (87.23) decreased to 77.59 with the 
addition of 1% mucilage and further to 75.81 with 2% mucilage. This 
decrease was attributed to the slightly creamy color of the mucilage, 
consistent with our findings.

The a* color value of fresh KS drinks was −2.76 ± 0.33 while it 
was −2.14 ± 0.10 for the CS40 sample on its second storage day, and 
the difference in these values was found significant (p < .05). The 

TA B L E  2  pH and acidity values of salep drinks prepared by 
substituting salep powder (SP) with chia seed mucilage powder 
(MP) for two different storage days (mean ± standard deviation).

Sample codea
Storage 
(days) pHb

Acidity 
(% lactic acid)

KS 0 6.44 ± 0.01E 0.142 ± 0.00CD

2 6.49 ± 0.01BC 0.147 ± 0.00BCD

CS10 0 6.46 ± 0.02DE 0.142 ± 0.00CD

2 6.50 ± 0.00AB 0.142 ± 0.00CD

CS20 0 6.46 ± 0.02CDE 0.140 ± 0.00D

2 6.50 ± 0.00AB 0.150 ± 0.00ABC

CS30 0 6.47 ± 0.02CD 0.145 ± 0.00CD

2 6.52 ± 0.02A 0.155 ± 0.00AB

CS40 0 6.46 ± 0.01DE 0.142 ± 0.00CD

2 6.49 ± 0.01BC 0.157 ± 0.00A

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 
10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 
20% (0.56% SP + 0.14% MP), CS30 with a mucilage substitution of 30% 
(0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% 
(0.42% SP + 0.28% MP).
bDifferent superscript letters in a column show significant statistical 
differences (p < .05).

TA B L E  3  Color values of salep drinks prepared by substituting salep powder (SP) with chia seed mucilage powder (MP) for two different 
storage days (mean ± standard deviation).

Sample codea
Storage 
(days) L*,b a* b* WI °h C*

KS 0 77.49 ± 0.37A −2.76 ± 0.33C 5.52 ± 0.32D 76.66 ± 0.38A 116.55 ± 3.38A 6.19 ± 0.30E

2 77.69 ± 0.77A −2.73 ± 0.05C 6.00 ± 0.31BC 76.74 ± 0.72A 114.49 ± 1.03AB 6.60 ± 0.30ABC

CS10 0 76.92 ± 0.46AB −2.47 ± 0.50ABC 5.76 ± 0.37CD 76.08 ± 0.48AB 113.29 ± 5.38A- D 6.29 ± 0.24DE

2 77.00 ± 0.50AB −2.52 ± 0.10BC 6.16 ± 0.17AB 76.06 ± 0.48AB 112.28 ± 0.81BCD 6.66 ± 0.18AB

CS20 0 75.86 ± 0.39CD −2.61 ± 0.19BC 5.77 ± 0.22CD 75.05 ± 0.37CD 114.35 ± 2.40AB 6.35 ± 0.14CDE

2 76.43 ± 0.77BC −2.59 ± 0.07BC 5.96 ± 011BC 75.55 ± 0.76BC 113.54 ± 0.30ABC 6.50 ± 0.13A- D

CS30 0 75.79 ± 0.48CD −2.36 ± 0.35AB 5.80 ± 0.03CD 74.99 ± 0.49CD 112.14 ± 3.00BCD 6.27 ± 0.14DE

2 76.09 ± 0.64CD −2.27 ± 0.08AB 6.26 ± 0.11AB 75.18 ± 0.64CD 109.94 ± 0.69DE 6.67 ± 0.13AB

CS40 0 75.57 ± 0.40D −2.28 ± 0.21AB 6.02 ± 0.16BC 74.74 ± 0.43D 110.74 ± 1.47CDE 6.45 ± 0.21B- E

2 75.65 ± 0.63CD −2.14 ± 0.10A 6.39 ± 0.05A 74.74 ± 0.62D 108.48 ± 0.92E 6.75 ± 0.06A

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 20% (0.56% 
SP + 0.14% MP), CS30 with a mucilage substitution of 30% (0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% (0.42% SP + 0.28% 
MP).
bDifferent superscript letters in a column show significant statistical differences (p < .05).
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a* color values of KS, CS10, and CS20 drinks were similar (p > .05), 
whereas CS30 and CS40 drinks showed significant differences in 
their a* values compared to KS drinks (p < .05). All salep drinks dis-
played negative a* color values, indicating a slight greenish hue on 
both days of storage. Similar results were reported in studies where 
chia mucilage was incorporated as a stabilizer in ice cream (Arnak & 
Tarakçı, 2021), mayonnaise (Fernandes & Salas- Mellado, 2017), and 
yogurt (Atik et al., 2020).

The b* color value of fresh KS drink was 5.52 ± 0.32 while it was 
6.39 ± 0.05 for CS40 drinks on its second storage day, with a sig-
nificant difference between these values (p < .05). Generally, the b* 
color values of salep drinks increased with a higher substitution ratio 
of SP with MP, and this increase was found statistically significant 
(p < .05) only for the fresh CS40 drink. Similarly, storing the drinks at 
4°C for 2 days led to a statistically significant increase in the b* color 
values of all the drinks except for CS20 (p < .05). The b* color values 
of all drinks were positive, indicating a slight yellowish hue, with the 
highest value observed for the CS40 drink. Our results were simi-
lar to those of two studies by Campos et al. (2015) and Arnak and 
Tarakçı (2021), which used chia mucilage in ice cream production.

Differences in the whiteness index (WI) values of salep drinks 
revealed that the KS drink had a WI of 76.74 ± 0.72, which decreased 
to 74.74 ± 0.43 for the CS40 drink with 40% substitution of SP with 
chia seed MP (p < .05). The WI values of KS and CS10 drinks were 
found similar to those of CS20, CS30, and CS40 drinks (p > .05). 
Storage time did not influence the WI values of salep drinks (p > .05). 
A similar trend was observed for the changes in the L* color values, 
possibly due to the color of chia MP. The hue angle (h) of the KS 
drink was 116.55° ± 3.38, and it was 108.48° ± 0.92 for the CS40 
drink (p < .05). Insignificant changes in the h values of drinks were 
found between storage days (p > .05). The hue angles of fresh KS and 
CS10 and CS20 drinks were found similar (p > .05), whereas those 
of CS30 and CS40 drinks were statistically different from fresh KS 
drink (p < .05). Strong yellow tones in color were observed as the chia 

MP ratio increased in salep drinks. Additionally, it was also found 
that the C* values increased for each drink during storage, resulting 
in statistically significant differences (p < .05) except for CS20. An 
increase in the C* values of drinks during storage indicated that the 
color intensity of drinks also increased. This might be due to an in-
crease in the amount of brown pigments in the medium during stor-
age (Ansari & Sahoo, 2018).

The color difference values (∆E*) of salep drinks prepared by 
substituting SP with MP during storage are given in Table 4. The 
smallest ∆E* value was 0.68 for the fresh CS10 drink, and the largest 
was 2.16 for the CS40 drink on its second storage day. According to 
Cecchini et al. (2011), a ∆E* of 5 is generally considered the thresh-
old where noticeable color differences are detectable by the naked 
eye. All drinks had ∆E* values below 5, indicating that color differ-
ences were scarcely noticed through visual inspection. These results 
were corroborated by the sensory evaluation data regarding color, 
as discussed in the subsequent section.

3.4  |  Serum separation

The serum separation values (%) for KS and CS10 drinks on the 1st, 
2nd, and 7th days of storage are given in Table 5. On the 1st day of 
storage, KS drinks exhibited a serum separation of 37.00%, accom-
panied by the formation of a cream layer on the surface. This rate in-
creased to 72.50% by the end of the storage period. The occurrence 
of serum separation and cream formation is linked with the ther-
modynamic incompatibility between glucomannan and milk proteins 
in salep (Dai et al., 2017). The serum separation levels of KS drinks 
remained consistent on the 2nd and 7th days of storage (p > .05), and 
they were statistically different from the value observed on the 1st 
day of storage (p < .05). Conversely, CS10 drinks exhibited a substan-
tial decrease in serum separation compared to KS drinks, attributed 
to the substitution of SP with chia MP, maintaining a level of 3.00% 
even after 7 days of storage (p < .05). Despite the expected shelf life 
of salep drinks being 2 days, it was found that drinks with chia seed 
MP remained stable even after 7 days of storage. For CS20, CS30, 

TA B L E  4  Total color difference (∆E*) values of salep drinks 
prepared by substituting salep powder (SP) with chia seed mucilage 
powder (MP) for two different storage days (mean ± standard 
deviation).

Sample codea Storage (days) ∆E*

CS10 0 0.68

2 0.74

CS20 0 1.66

2 1.27

CS30 0 1.77

2 1.68

CS40 0 2.04

2 2.16

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 
10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 
20% (0.56% SP + 0.14% MP), CS30 with a mucilage substitution of 30% 
(0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% 
(0.42% SP + 0.28% MP).

TA B L E  5  Serum separation values for salep drinks prepared by 
substituting salep powder (SP) with chia seed mucilage powder 
(MP) for three different storage days (mean ± standard deviation).

Sample codea Storage (days) Serum separation (%)b

KS 1 37.00 ± 15.44B

2 68.50 ± 1.91A

7 72.50 ± 1.00A

CS10 1 2.50 ± 1.00C

2 3.00 ± 1.15C

7 3.00 ± 1.15C

aKS (0.7% SP) as control drink and CS10 with a mucilage substitution of 
10% (0.63% SP + 0.07% MP).
bDifferent superscript letters in a column show significant statistical 
differences (p < .05).
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and CS40 drinks, serum separation was not observed until the end 
of storage. The reduction of SP in the preparation of salep drink, 
achieved by substituting it with chia seed MP, resulted in a signifi-
cant decrease or complete prevention of serum separation (p < .05). 
This discovery suggests that chia seed MP could be potentially uti-
lized to control or prevent serum separation in liquid foods such as 
salep drinks.

3.5  |  Zeta potential

Zeta potential serves as a crucial indicator for assessing the stability 
of dispersions, reflecting their ability to maintain stability within a 
given medium. With the electrical repulsion force being pivotal in 
preventing colloidal particle aggregation, a higher absolute value 
of zeta potential typically signifies a more stable structure (Liu 
et al., 2017). In the case of salep drinks, the mean zeta potential values 
decreased from −0.40 ± 1.27 mV (KS) to −0.98 ± 1.04 mV (CS40) with 
increasing the substitution ratio of SP with chia seed MP. The zeta 
potential values of CS10, CS20, and CS30 drinks were − 0.77 ± 1.20, 
−0.82 ± 0.91, and − 0.80 ± 0.78, respectively. However, the incorpo-
ration of chia seed MP did not yield statistically significant changes 
in the zeta potential values of the drinks (p > .05). These absolute 
values were quite low and approached neutral compared to findings 
from various studies on SP polysaccharides (Georgiadis et al., 2012), 
glucomannan–milk solutions (Dai et al., 2017), and chia mucilage so-
lutions (da Silveira Ramos et al., 2021; Timilsena et al., 2016). Solely 
considering zeta potential values, it would be expected that salep 

drinks prepared in this study would be highly susceptible to serum 
separation. On the other hand, it was found that serum separation 
in salep drinks containing chia seed MP was either significantly re-
duced or entirely prevented for up to 7 days. This shows that factors 
beyond zeta potential may contribute to the stable structure of salep 
drinks incorporating chia seed MP.

3.6  |  Rheological properties

The rheological properties of fresh salep drinks at three different 
temperatures (40, 50, and 60°C) are given in Table 6. Among these, 
the lowest apparent viscosity was 118.35 mPa∙s for KS drinks while 
the apparent viscosity of CS30 drinks was 144.95 mPa∙s at 40°C 
(p < .05). Similarly, at 50°C, KS drinks exhibited the lowest apparent 
viscosity of 103.57 mPa∙s, whereas CS30 drinks had an apparent vis-
cosity of 132.03 mPa∙s. At the highest temperature studied, 60°C, 
all drinks had relatively uniform apparent viscosity values within a 
narrower range between 99.09 and 113.23 mPa∙s. Except for CS10 
drinks, samples containing MP consistently exhibited significantly 
higher apparent viscosity values across all three temperatures com-
pared to KS samples (p < .05). These findings indicate that salep 
drinks containing chia seed MP were more viscous than KS drinks. 
Moreover, the consistency coefficient (K) value, initially determined 
as 1.70 Pa∙sn in KS drinks, progressively increased with the inclusion 
of chia seed MP, reaching 7.60 Pa∙sn in CS40 drinks (p < .05). Notably, 
the consistency coefficient value for CS40 drinks was approxi-
mately six times greater than that of KS drinks at 50°C (see Table 6). 

TA B L E  6  Rheological properties of fresh salep drinks prepared by substituting salep powder (SP) with chia seed mucilage powder (MP) at 
40, 50, and 60°C (mean ± standard deviation).

Sample codea Temperature (°C)
Apparent viscosityb 
(120 rpm, mPa∙s)

Consistency coefficient (K, 
Pa∙sn)

Flow behavior 
index (n) R2

KS 40 118.35 ± 3.11EF 1.70 ± 0.19G 1.02 ± 0.04B 0.99 ± 0.00

50 103.57 ± 3.19G 1.17 ± 0.06G 1.13 ± 0.01A 1.00 ± 0.00

60 100.07 ± 11.32G 1.07 ± 0.27G 1.17 ± 0.06A 1.00 ± 0.00

CS10 40 136.07 ± 1.88BC 3.38 ± 1.01E 0.81 ± 0.12DE 0.98 ± 0.01

50 112.83 ± 3.21F 2.20 ± 0.36FG 0.90 ± 0.09CD 0.98 ± 0.01

60 99.09 ± 3.24G 1.60 ± 0.28G 0.97 ± 0.08BC 0.99 ± 0.00

CS20 40 142.00 ± 1.77AB 4.87 ± 0.33CD 0.67 ± 0.02FG 0.94 ± 0.01

50 127.10 ± 1.38D 3.72 ± 0.91DE 0.74 ± 0.11EF 0.96 ± 0.02

60 112.43 ± 5.46F 3.04 ± 0.23EF 0.76 ± 0.02EF 0.95 ± 0.00

CS30 40 144.95 ± 1.71A 6.80 ± 0.95AB 0.55 ± 0.05H 0.88 ± 0.03

50 132.03 ± 2.01CD 6.72 ± 0.80AB 0.53 ± 0.04H 0.86 ± 0.04

60 113.23 ± 6.70F 4.80 ± 0.89CD 0.59 ± 0.08GH 0.87 ± 0.06

CS40 40 139.65 ± 8.40ABC 7.60 ± 1.37A 0.50 ± 0.08H 0.84 ± 0.04

50 126.75 ± 8.25DE 6.89 ± 1.39A 0.50 ± 0.08H 0.82 ± 0.08

60 113.08 ± 11.62F 5.68 ± 1.22BC 0.53 ± 0.10H 0.85 ± 0.05

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 20% (0.56% 
SP + 0.14% MP), CS30 with a mucilage substitution of 30% (0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% (0.42% SP + 
0.28% MP).
bDifferent superscript letters in a column show significant statistical differences (p < .05).
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It is worth noting that for data to be deemed reliable, the coeffi-
cient of determination (R2) should ideally be at least 0.80 (Koocheki 
et al., 2009). In our study, all R2 values obtained from rheological 
measurements fell within the range of 0.82–1.00, indicating that the 
power law model was appropriate to explain the relationship among 
variables, thus ensuring highly dependable results.

The flow behavior index (n) values of KS drinks were 1.02, 1.13, 
and 1.17 while those for CS40 drinks were 0.50, 0.50, and 0.53 at 
40, 50, and 60°C, respectively. The flow behavior index of salep 
drinks had similar statistical relationships at all three temperatures 

studied, and these values decreased as the chia seed MP content of 
drinks increased (p < .05).

The rheological properties of salep drinks stored at 4°C for 
2 days are given at 40, 50, and 60°C in Table 7. The correlation of 
variables observed at the beginning of storage largely persisted, 
with increasing statistical similarities. Notably, CS30 and CS40 
drinks had higher apparent viscosity values than the control (KS) 
group (p < .05). Similarly, the consistency coefficient values of the 
drinks, akin to their apparent viscosity values, decreased after the 2- 
day storage period, dropping notably below the values recorded on 

TA B L E  7  Rheological properties of salep drinks prepared by substituting salep powder (SP) with chia seed mucilage powder (MP) at 
different temperatures after 2 days of storage (mean ± standard deviation).

Sample codea Temperature (°C)
Apparent viscosityb 
(120 rpm, mPa∙s)

Consistency coefficient (K, 
Pa∙sn)

Flow behavior 
index (n) R2

KS 40 71.25 ± 13.62D- G 0.61 ± 0.16E 1.27 ± 0.04AB 1.00 ± 0.00

50 64.08 ± 13.27EFG 0.53 ± 0.16E 1.30 ± 0.05AB 1.00 ± 0.00

60 51.99 ± 11.42G 0.39 ± 0.11E 1.34 ± 0.03A 1.00 ± 0.00

CS10 40 77.42 ± 14.20C- F 1.08 ± 0.35DE 1.05 ± 0.07CD 0.99 ± 0.00

50 68.42 ± 11.48D- G 0.84 ± 0.19DE 1.10 ± 0.06CD 1.00 ± 0.00

60 59.58 ± 11.79FG 0.62 ± 0.21E 1.19 ± 0.07BC 1.00 ± 0.00

CS20 40 87.41 ± 16.48A- D 1.70 ± 0.55CD 0.91 ± 0.06EF 0.98 ± 0.00

50 75.42 ± 15.71C- F 1.25 ± 0.55DE 0.99 ± 0.13DE 0.99 ± 0.00

60 64.58 ± 12.70EFG 0.96 ± 0.40DE 1.03 ± 0.11DE 0.99 ± 0.00

CS30 40 99.84 ± 23.33AB 2.72 ± 1.47BC 0.79 ± 0.14F 0.96 ± 0.01

50 86.16 ± 16.97A- D 2.32 ± 1.19C 0.80 ± 0.14F 0.96 ± 0.02

60 75.17 ± 14.70C- F 1.79 ± 0.82CD 0.85 ± 0.17F 0.96 ± 0.02

CS40 40 102.67 ± 3.59A 4.05 ± 1.15A 0.62 ± 0.10G 0.89 ± 0.02

50 91.50 ± 8.89ABC 3.42 ± 0.97AB 0.65 ± 0.10G 0.90 ± 0.04

60 82.58 ± 5.85B- E 3.45 ± 0.60AB 0.60 ± 0.06G 0.87 ± 0.01

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 20% (0.56% 
SP + 0.14% MP), CS30 with a mucilage substitution of 30% (0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% (0.42% SP + 
0.28% MP).
bDifferent superscript letters in a column show significant statistical differences (p < .05).

F I G U R E  1  Apparent viscosities of 
salep drinks prepared by substituting 
salep powder (SP) with chia seed mucilage 
powder (MP) on the production day (KS 
(0.7% SP) as control drink, CS10 with 
a mucilage substitution of 10% (0.63% 
SP + 0.07% MP), CS20 with a mucilage 
substitution of 20% (0.56% SP + 0.14% 
MP), CS30 with a mucilage substitution 
of 30% (0.49% SP + 0.21% MP), and CS40 
with a mucilage substitution of 40% 
(0.42% SP + 0.28% MP)).
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the production day across all three temperatures. Consistent with 
the production day observations, higher levels of chia seed MP led to 
higher consistency coefficient values. Regarding flow behavior index 
values, differences were statistically insignificant across different 
temperatures for each sample (p > .05). These values generally de-
creased as the content of chia seed MP increased, aligning with the 
anticipated behavior observed with increasing apparent viscosity 
and consistency coefficient values. Similar to the production day, the 
lowest flow behavior index was determined for CS40 drinks, which 
had the highest content of chia seed MP (p < .05). Generally, an in-
crease in the chia seed MP ratio increased the apparent viscosity and 
consistency coefficient values of the drinks while reducing their flow 

behavior index values, indicating a more pronounced shear- thinning 
property as the chia seed MP content increased. This phenomenon 
was attributed to the high purity of chia seed MP, and the reduc-
tion of impurities derived from salep as the ratio of SP in formula 
decreased.

The apparent viscosity and consistency coefficient values of 
all salep drinks decreased with an increase in temperature just like 
the flow behavior index values of the drinks. This increase in the 
flow behavior index values of drinks might suggest the weaken-
ing network structure of glucomannan in SP, which unfolds under 
the influence of higher temperatures (Yaşar et al., 2009). Similarly, 
higher flow behavior index values in beverages with higher chia 
seed MP contents, which maintained better stability during heat-
ing, could imply that mucilage contributes to strengthened molec-
ular forces, preserving viscosity at higher temperatures (Coorey 
et al., 2014). Salep drinks with increased chia seed MP contents, 
which had high viscosities and exhibited improved stability at high 
temperatures, showed the potential for chia seed MP as a thick-
ener in hot beverages like salep. Regarding storage effects, all 
beverages experienced a decrease in apparent viscosity and con-
sistency coefficient values, alongside an increase in flow behavior 
index values over time. This suggests potential degradation of chia 
seed mucilage over time, leading to unstable suspensions (Cuomo 
et al., 2020).

Figure 1 displays the apparent viscosity values of salep drinks at 
various shear rates on the production day, while Figure 2 illustrates 
the same values for 2 days of storage. It was observed that the ap-
parent viscosity values of salep drinks containing chia seed MP 
generally decreased with increasing shear rates. This phenomenon 
can be attributed to the alignment of randomly positioned polymer 
molecule chains in the flow direction at high shear rates, leading to 
a decrease in interaction between neighboring polymer chains and 
subsequently reducing resistance to flow, resulting in decreased vis-
cosity values (Koocheki et al., 2013). Such behavior, characterized by 
a decrease in apparent viscosity with increasing shear rates, is known 

F I G U R E  2  Apparent viscosities of 
salep drinks prepared by substituting 
salep powder (SP) with chia seed mucilage 
powder (MP) after 2 days of storage (KS 
(0.7% SP) as control drink, CS10 with 
a mucilage substitution of 10% (0.63% 
SP + 0.07% MP), CS20 with a mucilage 
substitution of 20% (0.56% SP + 0.14% 
MP), CS30 with a mucilage substitution 
of 30% (0.49% SP + 0.21% MP), and CS40 
with a mucilage substitution of 40% 
(0.42% SP + 0.28% MP)).

TA B L E  8  Activation energy and frequency factor values of salep 
drinks prepared by substituting salep powder (SP) with chia seed 
mucilage powder (MP) for two different storage days determined 
by using the Arrhenius equation.

Sample codea
Storage 
(days)

Activation energy 
(Ea, kJ/mol)

Frequency 
factor 
(A, Pa∙s)

KS 0 20.03 7.39 × 10−4

2 19.06 4.13 × 10−4

CS10 0 32.46 1.29 × 10−5

2 24.45 9.13 × 10−5

CS20 0 20.49 1.84 × 10−3

2 24.87 1.20 × 10−4

CS30 0 14.98 2.27 × 10−2

2 18.03 2.71 × 10−3

CS40 0 12.59 6.12 × 10−2

2 7.01 2.70 × 10−1

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 
10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 
20% (0.56% SP + 0.14% MP), CS30 with a mucilage substitution of 30% 
(0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% 
(0.42% SP + 0.28% MP).
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as pseudoplastic behavior, indicative of shear thinning. Shear thinning 
is typically desirable in food products as it contributes to an accept-
able mouthfeel by facilitating easier swallowing as viscosity decreases 
under the tongue's revolving motion. Moreover, shear thinning offers 
operational advantages in production lines utilizing high- shear rate 
processes, facilitating smooth operations such as pumping and filling 
(Koocheki et al., 2013; Szczesniak & Farkas, 1962).

The activation energy and frequency factor values of salep 
drinks calculated using the Arrhenius equation (Equation 4) are given 
in Table 8. The variation of the apparent viscosities of salep drinks 
with temperature is shown in Figure 3. It was determined that the 
Ea value of CS10 drinks (7.01 kJ/mol) exceeded that of the control 
sample (20.03 kJ/mol), indicating high sensitivity to temperature 
changes (Cemeroğlu, 2013). Conversely, as the chia seed MP content 

F I G U R E  3  Changes in the apparent 
viscosities of salep drinks prepared by 
substituting salep powder (SP) with chia 
seed mucilage powder (MP) in relation 
to temperature at production day (I), and 
after 2 days of storage (II) (KS (0.7% SP) 
as control drink, CS10 with a mucilage 
substitution of 10% (0.63% SP + 0.07% 
MP), CS20 with a mucilage substitution of 
20% (0.56% SP + 0.14% MP), CS30 with 
a mucilage substitution of 30% (0.49% 
SP + 0.21% MP), and CS40 with a mucilage 
substitution of 40% (0.42% SP + 0.28% 
MP)).

TA B L E  9  Sensory properties of salep drinks prepared by substituting salep powder (SP) with chia seed mucilage powder (MP) for two 
different storage days (mean ± standard deviation).

Sample codea Storage (days) Colorb Odor Taste Consistency Mouthfeel Overall liking

KS 0 6.03 ± 0.96A 5.43 ± 1.71ABC 5.56 ± 1.40A 5.36 ± 1.49AB 5.56 ± 1.45A 5.40 ± 1.56A

2 5.46 ± 1.60A 4.84 ± 1.81C 5.21 ± 1.89A 4.75 ± 1.98B 5.37 ± 1.79A 5.03 ± 1.73A

CS10 0 6.13 ± 1.27A 6.06 ± 1.01A 5.73 ± 1.46A 5.70 ± 1.46A 5.76 ± 1.61A 5.76 ± 1.22A

2 5.65 ± 1.61A 5.21 ± 1.47BC 5.40 ± 1.75A 5.25 ± 1.95AB 5.59 ± 1.62A 5.53 ± 1.60A

CS20 0 5.76 ± 1.33A 5.53 ± 0.89ABC 5.23 ± 1.40A 5.46 ± 1.63AB 5.43 ± 1.25A 5.26 ± 1.33A

2 5.62 ± 1.68A 5.34 ± 1.49BC 5.37 ± 1.77A 5.53 ± 1.88AB 5.43 ± 1.68A 5.43 ± 1.68A

CS30 0 5.96 ± 1.12A 5.43 ± 1.19ABC 5.10 ± 1.26A 5.06 ± 2.06AB 5.23 ± 1.47A 5.16 ± 1.34A

2 6.00 ± 1.01A 5.78 ± 0.94AB 5.43 ± 1.43A 5.40 ± 1.68AB 5.43 ± 1.64A 5.56 ± 1.34A

CS40 0 5.56 ± 1.54A 5.16 ± 1.46BC 3.93 ± 1.92B 4.83 ± 1.76AB 3.76 ± 1.86B 4.23 ± 1.65B

2 5.87 ± 1.15A 5.03 ± 1.69C 5.15 ± 1.50A 5.62 ± 1.43A 5.31 ± 1.53A 5.21 ± 1.26A

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 20% (0.56% 
SP + 0.14% MP), CS30 with a mucilage substitution of 30% (0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% (0.42% SP + 0.28% 
MP).
bDifferent superscript letters in a column show significant statistical differences (p < .05).
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increased, the Ea values of other drinks decreased, suggesting that 
chia seed MP helped mitigate viscosity losses with increasing tem-
peratures. Frequency factor values in Table 8 showed that the low-
est value at the beginning of the storage period for CS10 drinks 
(1.29 × 10−5 Pa∙s), and the highest for CS40 drinks (6.12 × 10−2 Pa∙s), 
which had the highest chia seed MP content. The increase in fre-
quency factor values with MP content suggests increased collision 
frequency between reactant molecules and more approaches to the 
activation barrier, accompanied by reduced mobility of polysaccha-
ride chains (Cemeroğlu, 2015; Cuomo et al., 2020). This corresponds 
to the expected reduction in impurities as chia seed MP content 
increases.

3.7  |  Sensory properties

The sensory attributes including color, odor, taste, consistency, 
mouthfeel, and overall liking characteristics of salep drinks are 
given in Table 9 while the index of acceptability values (%) cal-
culated based on these sensory properties are in Table 10. The 
sensory color scores of salep drinks (Table 9) ranged from 5.46 to 
6.13, and the differences in color scores among samples and be-
tween storage days were found statistically insignificant (p > .05). 
None of the color scores fell below the 70% limit of index of ac-
ceptability (Table 10), suggesting that the effect of the chia seed 
MP on the CIE color parameters was minimal. Sensory odor scores 
of all salep drinks with chia seed MP were found similar to the 
control group (KS) (p > .05) at the beginning of the storage period, 
indicating that the incorporation of chia seed MP did not adversely 
affect the odor scores of fresh salep drinks. Panelists' reports on 
sensory evaluation forms indicated that the control drink KS was 
noted for having an intense salep odor, and the CS10 drink was 
perceived to have a more pleasant odor and taste. However, after 

2 days of storage, the odor scores of salep drinks declined, with 
the lowest score for KS (4.84 ± 1.81) and the highest for CS30 
(5.78 ± 0.94) (p < .05). The sensory odor characteristic of KS drink 
fell below the acceptable limit of 70% after 2 days of storage, indi-
cating that substituting SP with chia seed MP helped maintain the 
acceptability of drinks in terms of odor. It was determined that the 
sensory taste scores of all salep drinks, except CS40, were sta-
tistically similar at the beginning of the storage period, and were 
found statistically similar (p > .05) as were mouthfeel and overall 
liking characteristics. The same was also true for the mouthfeel 
and overall liking characteristics of salep drinks. The CS40 drink 
on its production day was liked less than the others, with a mouth-
feel score of 3.76 ± 1.86, and an overall liking score of 4.23 ± 1.65. 
Additionally, the IA scores of fresh CS40 drinks fell below the 70% 
limit for the taste, consistency, mouthfeel, and overall liking char-
acteristics (Table 10). On the other hand, chia seed MP substitu-
tion did not significantly influence the sensory consistency scores 
of drinks (p > .05). Control drinks also fell below 70% in terms of 
consistency by the end of the storage period, similar to the odor 
characteristic. These results suggest that chia seed MP could 
replace SP up to 30% in the preparation of salep drinks without 
adversely impacting sensory liking scores, but substitution rates 
higher than this may negatively influence consumer preferences 
for salep drinks.

4  |  CONCLUSION

The substitution of SP with chia seed MP in the preparation of 
salep drinks did not influence the overall chemical composition of 
the drinks. Although the CIE color parameters of the salep drinks 
were influenced, the differences were within levels where con-
sumers could scarcely distinguish the color differences (ΔE* < 5). 

TA B L E  1 0  Index of acceptability rates (%) for the sensory properties of salep drinks prepared by substituting salep powder (SP) with chia 
seed mucilage powder (MP) for two different storage days.

Sample codea Storage (days) Color (IA) Odorb (IA) Taste (IA) Consistency (IA) Mouthfeel (IA)
Overall Liking 
(IA)

KS 0 86.14 77.57 79.43 76.57 79.43 77.14

2 78.00 69.14 74.43 67.86 76.71 71.86

CS10 0 87.57 86.57 81.86 81.43 82.29 82.29

2 80.71 74.43 77.14 75.00 79.86 79.00

CS20 0 82.29 79.00 74.71 78.00 77.57 75.14

2 80.29 76.29 76.71 79.00 77.57 77.57

CS30 0 85.14 77.57 72.86 72.29 74.71 73.71

2 85.71 82.57 77.57 77.14 77.57 79.43

CS40 0 79.43 73.71 56.14 69.00 53.71 60.43

2 83.86 71.86 73.57 80.29 75.86 74.43

aKS (0.7% SP) as control drink, CS10 with a mucilage substitution of 10% (0.63% SP + 0.07% MP), CS20 with a mucilage substitution of 20% (0.56% 
SP + 0.14% MP), CS30 with a mucilage substitution of 30% (0.49% SP + 0.21% MP), and CS40 with a mucilage substitution of 40% (0.42% SP + 
0.28% MP).
bIA values lower than 70% were identified in bold.
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In general, with an increase in the ratio of chia seed MP, the light-
ness and greenness of the drinks decreased, while the yellowness 
increased. The incorporation of chia seed MP into salep drinks 
also significantly or completely inhibited serum separation in the 
drinks, a phenomenon observed in control drinks. Furthermore, 
the rheological properties of the drinks improved as the chia seed 
MP content of drinks increased. SP could be replaced by chia seed 
MP up to 30% without adversely affecting the sensory proper-
ties of the salep drinks as indicated by the index of acceptability 
values. In conclusion, chia seed mucilage could serve as a viable 
alternative stabilizer in substituting SP in the preparation of hot 
salep drinks, without the need for additional food additives. This 
substitution also reduces the reliance on SP, derived solely from 
orchid plants, thereby conserving these plants and reducing pro-
duction costs for such drinks.
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