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Abstract
The aim of this study was to investigate the physicochemical, antioxidant, and sensory properties of fisetin-enriched fruit 
smoothies and to explore their potential as functional and health-promoting beverages. The dry matter content of the samples 
ranged from 12.52% to 13.03%, while the °Brix values ranged from 17.97% to 18.60%. Specifically, statistically significant 
increases (p < 0.05) were observed in smoothies enriched with fisetin. Sample S5, containing 4.5% fisetin, had the highest 
ash content (0.39%). The water activity values of the smoothies (0.30–0.38) remained below the microbial growth threshold 
(0.60), confirming product safety. pH values ranged from 3.46 to 3.98, and titratable acidity ranged from 0.25% to 0.43%, 
with sample S5 exhibiting the most acidic profile. Sample S5 had the highest viscosity and pectin values at 3057 cP and 
0.85%, respectively. Sugar content was balanced with the addition of stevia and ranged from 7.55 to 11.42 g/100 g. Total 
phenolic content was significantly higher in sample S5 (316.52 mg GAE/L). Antioxidant capacities were highest in sample 
S5 with the following values: CUPRAC (8.73 mMoL Fe2⁺/100 g fw), FRAP (2.84 mMoL Trolox/100 g fw), ORAC (6.12 
mMoL Trolox/100 g fw), DPPH (1.94 mMoL Trolox/100 g fw), and ABTS•+ (3.13 mMoL Trolox/100 g fw). Furthermore, 
sample S5 contained the highest levels of ascorbic acid (0.94 mg/100 g) and anthocyanins (18.2 mg/100 g) compared to 
sample S1 that served as the control group without fisetin. In contrast, sample S3, containing 1.5% fisetin, had the highest 
carotenoid content (62.5 µg/100 g), while sample S2, containing 1% fisetin, and sample S4, containing 3% fisetin, were 
superior in terms of flavonoid content compared to the other samples. Sensory evaluation revealed that sample S3 received 
the highest scores in terms of color and overall acceptability, while samples S4 and S5 were superior in terms of flavor and 
fruit taste. The research findings highlight that smoothies enriched with fisetin, particularly sample S5, could be a promising 
functional beverage.

Keywords  Smoothie · Nutraceutical · Fisetin · Avocado seed flour · Kiwifruit seed oil

 Introduction

Beverages are a fundamental component of the human diet, 
serving not only as a primary source of hydration but also 
as carriers of essential nutrients that support physiological 
functions (Ogundele et al. 2016; Yinusa et al. 2024). To 
this end, the global beverage industry has introduced a wide 
range of functional products to its portfolio, including sports 

drinks, fortified waters, instant teas, plant-based alternatives, 
and energy-boosting formulations (Wootton-Beard and Ryan 
2011). Among these beverages, smoothies have gained pop-
ularity in recent years as a nutrient-rich drink that readily 
offers a variety of bioactive compounds with both nutritional 
and sensory appeal (Castillejo et al. 2016; Rani et al. 2024). 
The formulation aims to enhance nutritional adequacy and 
consumer preference by integrating fruits, vegetables, plant-
based or dairy products, protein supplements, nuts, seeds, 
herbs, and functional additives (Picouet et al. 2016; Khan 
et al. 2021; Nieva et al. 2022; Mandim et al. 2024).

Recent trends in functional food development high-
light the inclusion of naturally occurring antioxidants, 
particularly polyphenols such as anthocyanins and proan-
thocyanidins, due to their antioxidant, anti-inflammatory, 

 *	 Filiz Yangılar 
	 f_yangilar@hotmail.com

1	 Department of Nutrition and Dietetics, Faculty of Health 
Sciences, Erzincan Binali Yıldırım University, Erzincan, 
Turkey

http://crossmark.crossref.org/dialog/?doi=10.1007/s12161-026-03070-3&domain=pdf
http://orcid.org/0000-0001-6447-2419


	 Food Analytical Methods (2026) 19:153153  Page 2 of 13

and cardioprotective properties (Cruz et al. 2021; Wang 
et al. 2023). Red fruits are particularly rich in these phyto-
chemicals, including phenolic acids, flavonoids, stilbenes, 
and organic acids, which contribute to both pigmentation 
and health-promoting effects (FAO, 2022; Mahajan et al. 
2026). Regionally colored fruits such as black rosehip 
(Rosa pimpinellifolia L.), grapevine (Vitis vinifera spp. 
Cimin), black mulberry (Morus nigra L.), and cranberry 
(Cornus mas L.) are considered important raw materi-
als for functional beverages, especially due to their high 
concentrations of anthocyanins and flavonols (Di Stefano 
et al. 2025). In addition to fruit-derived antioxidants, com-
pounds such as fisetin, a flavonol with strong antioxidant, 
anti-inflammatory, neuroprotective, and anticancer proper-
ties, are also attracting attention due to their health ben-
efits and safety profile (Farooq et al. 2021; Afroze et al. 
2022; Zhou et al. 2024). Another point that makes fisetin 
valuable is that it does not pose any risk in terms of food 
safety (Touil et al. 2011; Grynkiewicz and Demchuk 2019; 
Yalniz et al. 2024).

Avocado seeds are rich in soluble dietary fiber and phe-
nolic compounds, which make up approximately 70% of the 
total antioxidant content of the whole fruit. This richness in 
compounds highlights the importance of these compounds 
in the prevention of various chronic diseases (Chaudhary 
et al. 2015; Henry et al. 2015; Elsayed and Elsayed 2024). 
Similarly, kiwi stands out with its rich content of essential 
micronutrients, including vitamins C, K, and E, as well as 
potassium and insoluble fiber, all of which contribute to its 
significant nutritional value and associated therapeutic ben-
efits (Gülçin 2011; Dwivedi et al. 2021; Karagecili et al. 
2023; Ozden et al. 2023). In the formulation, kiwi essential 
oil obtained from this fruit was included as a natural source 
of bioactive compounds. Furthermore, in this study, kiwi 
essential oil was obtained using the microwave-assisted 
extraction (MAE) method in terms of component preserva-
tion. This technique provided the advantage of obtaining 
high-quality products at lower costs with higher extraction 
rates, solvent, and time savings compared to other methods 
for the extraction of bioactive compounds (Sadeghi et al. 
2017; Rahmawati et al. 2021). It has also been reported that 
MAE offers a higher essential oil yield (up to approximately 
40% increase) compared to traditional methods (Dhotre 
2025).

This study aims to develop a new functional smoothie 
variety by evaluating the effect of fisetin on its physico-
chemical and sensory properties. To maximize the bioactive 
profile, the product was enriched with kiwi seed oil, avo-
cado seed meal, and a red fruit blend [black rosehip (Rosa 
pimpinellifolia L.), grapevine (Vitis vinifera spp. Cimin), 
cranberry (Cornus mas L.), black mulberry (Morus nigra 
L.), and black rosehip (Rosa pimpinellifolia L.)]. The aim 
was to determine the most suitable formulation to meet the 

growing demand for functional beverages and appeal to 
health-conscious consumers.

Materials and Methods

Materials

Fisetin (purity ≥ 98.0%, Organic Herb Inc., Changsha, 
China), black rosehip (Rosa pimpinellifolia L.), Erzincan 
grape (Vitis vinifera spp., Cimin), black mulberry (Morus 
nigra L.), cornelian cherry (Cornus mas L.), kiwifruit (Acti-
nidia deliciosa), and Takita Stevia Zero Powder Sweetener 
were sourced from the local market in Erzincan. In addition, 
black rosehip, Erzincan grape, and cornelian cherry were 
collected in September 2024, black mulberry in July 2024, 
and kiwifruit used for essential oil production in October 
2024.

Extraction of Kiwifruit Seed Oil

Solvent-free microwave extraction (SFME) of kiwifruit 
seed oil was conducted using a household microwave oven 
(White-Westinghouse, Pittsburgh, USA) operating at a fre-
quency of 2450 MHz with a power output of 622 W, as 
previously described by Buffler (1993). The internal cavity 
of the microwave unit, lined with polytetrafluoroethylene 
(PTFE), measured 46.1 cm × 28.0 cm × 37.3 cm. A custom-
ized setup was implemented by creating an aperture at the 
top of the microwave oven to accommodate a 1000-mL 
round-bottom flask, which was connected to a three-way 
adapter and a vertical condenser to facilitate phase separa-
tion. For the extraction, 40 g of dried kiwifruit seeds were 
placed in the reaction flask and subjected to microwave irra-
diation at 50% power (approximately 400 W) for 60 min. 
The generated vapors were continuously condensed via 
an external cooling system, allowing for the collection of 
both essential oil and aqueous fractions. These phases were 
separated by decantation at 10-min intervals throughout the 
extraction period. The recovered essential oil was subse-
quently dried over anhydrous sodium sulfate to eliminate 
residual moisture and stored in amber glass vials at 4 °C to 
preserve its chemical stability and bioactivity. A schematic 
representation of the solvent-free microwave extraction 
apparatus used for kiwifruit seed oil recovery is presented 
in Fig. 1. The extraction yield was calculated using the fol-
lowing equation:

where y is the kiwifruit seed oil yield (%, w/w), v is the 
weight or mass of extracted kiwifruit seed oil (g), and w is 
the weight or mass of fresh kiwifruit seeds (g).

y = v∕w x 100
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Smoothie Production

Smoothie preparation was carried out according to the 
methodology described by Fernandez et al. (2018). Samples 
were prepared according to the formulation determined after 
repeated preliminary formulation development processes 
in the laboratory using local colorful fruits from Erzincan 
province and bioactive-rich raw materials. Fresh, regionally 
sourced fruits, Erzincan grape (Vitis vinifera spp. Cimin), 
cranberry (Cornus mas L.), black mulberry (Morus nigra 
L.), and black rosehip (Rosa pimpinellifolia L.) were used 
for this study. All fruits were thoroughly washed and sani-
tized by immersion in a 200 ppm chlorinated water solution 
for 5 min and then dried using sterile paper towels. Fruit 
pulps were extracted using a commercial-grade blender 
(Waring Commercial Blender, Waring Product Division, 
New Hartford, CT, USA). The resulting fruit homogenates 
were filtered through a double layer of sterile cheesecloth 
to remove coarse pulp fragments and seeds, yielding clari-
fied fruit juice. To enhance the antioxidant and functional 
properties of the smoothies, fisetin, 1% kiwifruit seed oil, 
1% avocado seed flour, distilled water, and 10% stevia (as a 
natural sweetener) were incorporated into the filtered fruit 

base according to the specified formulations. The mixtures 
were homogenized and transferred into 2-L sterilized jars 
before being transferred into pre-sterilized 100-mL glass 
bottles. All bottles were hermetically sealed and subjected 
to mild thermal processing in a water bath (Koettermann 
GmbH, Germany) at 80 °C for 5 min to ensure microbial 
safety while minimizing nutrient degradation. Immediately 
after heat treatment, the bottles were rapidly cooled to below 
30 °C using a chilled water bath maintained at 2 °C to pre-
serve the sensory and nutritional integrity of the final prod-
uct. Five different formulations were developed, as empha-
sized: S1, S2, S3, S4, and S5 samples, and formulations of 
smoothies with different ratios of fisetin are given in Table 1.

Physicochemical and Biochemical Profiling 
of Smoothie Samples

The pH of smoothie samples was measured using a cali-
brated digital pH meter (Eutech pH 150 Model, Eutech 
Instruments, Singapore) to ensure precision and reproduc-
ibility. Total soluble solids content (TSS) was determined 
at 25 °C using a digital hand-held refractometer (Atago 
N1, Tokyo, Japan), with results expressed in degrees °Brix. 

Fig. 1   The solvent-free micro-
wave extraction (SFME)

Table 1   Formulation of smoothie samples with different ratios of fisetin

Functional smoothie groups and control were prepared with gram of fisetin (0, 1, 1.5, 3, and 4.5) in 100 mL
Abbreviations: BR black rosehip (Rosa pimpinellifolia L.), EG Erzincan grape (Vitis vinifera spp. Cimin), BM black mulberry (Morus nigra L.), 
CC cornelian cherry (Cornus mas L.), KSO kiwi seed oil, ASF avocado seed flour, S stevia

Sample code Fisetin (g) Fruit composition (% w/v) Functional additives (% w/v)

S1 (control) 0 BR 21.75%; EG 21.75%; B 21.75%; CC 21.75% KSO 1%; ASF 1%; S 10%
S2 1 BR 21.75%; EG 17.25%; BM 34.49%; CC 11.51% KSO 1%; ASF 1%; S 10%
S3 1.5 BR 17.25%; EG 21.75%; BM 11.51%; CC 34.49% KSO 1%; ASF 1%; S 10%
S4 3 BR 34.49%; EG 11.51%; BM 21.75%; CC 17.25% KSO 1%; ASF 1%; S 10%
S5 4.5 BR 11.51%; EG 34.49%; BM 17.25%; CC 21.75% KSO 1%; ASF 1%; S10%
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Moisture and ash contents were analyzed according to 
standard methods recommended by the Association of Offi-
cial Analytical Chemists (AOAC 2015). Total citric acid-
ity (TCA) was quantified via titration by diluting 5 mL of 
each smoothie sample with 45 mL of distilled water and 
titrating against 0.1 mol L⁻1 sodium hydroxide (NaOH) to 
a pH endpoint of 8.1. Viscosity was assessed following the 
method described by Kucharska et al. (2010). Pectin content 
was determined using the Morris colorimetric method, as 
outlined by Nowicka et al. (2016). Water activity (aw) was 
measured at 25 °C using a water activity meter (Aqualab 
Series 3TE, Model CX-2, Decagon Devices, Brazil) with 
the final values found as the mean of three independent rep-
licates under with the procedure by Copado et al. (2017). 
Total sugar content was quantified using the Lane and Eynon 
method, as described in Ranganna (1986). For colorimet-
ric evaluation, the CIELAB parameters (L*, a*, b*) were 
measured using a calibrated colorimeter (HunterLab Color-
Flex-EZ, HunterLab, Virginia, USA), following the protocol 
established by Chaikham and Apichartsrangkoon (2012).

Total Phenolic Compounds

The TPC content of the samples was determined accord-
ing to the Folin–Ciocalteu method described by Singleton 
and Rossi (1965) and some modifications by Martínez-
Hernández et al. (2011). For this purpose, 19 μL of extract 
was pipetted into microtiter plate wells and 29 μL of 1 
N Folin–Ciocalteu reagent was added. The mixture was 
incubated at room temperature for 3 min. Then, a solution 
containing 192 μL of Na2CO3 (0.4%) and NaOH (2%) was 
added. The reaction mixture was incubated in the dark at 
room temperature for 1 h. Absorbance values were measured 
at 750 nm using a UV–VIS spectrophotometer. Results are 
given as mg gallic acid equivalent (GAE)/kg.

Total Antioxidant Capacity

The antioxidant capacity of the smoothie samples was com-
prehensively evaluated using five complementary assays to 
ensure robust and reliable results. These included the oxy-
gen radical absorbance capacity (ORAC) assay, performed 
according to the protocol of Ou et al. (2002); the copper 
(II)-ion reducing antioxidant capacity (CUPRAC) assay, 
following Apak et al. (2004); the 2,2′-azino-bis-(3-ethylb-
enzothiazoline-6-sulphonic acid) (ABTS•+) radical cation 
decolorization assay, as described by Re et al. (1999); the 
2,2-diphenyl-1-picrylhydrazyl (DPPH) stable radical activity 
assay based on Kumaran and Karunakaran (2006); and the 
ferric reducing antioxidant power (FRAP) assay, conducted 
according to Benzie and Strain (1996).

Ascorbic Acid Analysis

Ascorbic acid (AA) extraction was performed following the 
protocol described by Razola-Díaz et al. (2022), with minor 
modifications to enhance compound stability and analytical 
precision. Briefly, 500-µL aliquots of smoothie samples were 
homogenized with 2.5 mL of 10% (w/v) metaphosphoric 
acid solution. The mixture was vortexed for 1 min using a 
Vortex-Genie 2 (Scientific Industries, Bohemia, NY, USA), 
followed by sonication in an ultrasonic bath (Branson 2510, 
Branson Ultrasonics, USA) for 15 min at room temperature. 
After sonication, samples were centrifuged at 4000 rpm for 
10 min using a Hettich Rotina 380 centrifuge (Hettich Zen-
trifugen, Germany). The resulting supernatant was carefully 
collected and filtered through a 0.45-µm polyvinylidene fluo-
ride (PVDF) membrane filter (Millipore Millex-HV, Merck, 
Germany) prior to chromatographic analysis. Quantifica-
tion of AA was carried out using a high-performance liquid 
chromatography (HPLC) system (Agilent 1260 Infinity II, 
Agilent Technologies, USA) equipped with a diode array 
detector (DAD, Agilent G7114A). Separation was achieved 
on a Zorbax Eclipse Plus C18 column (4.6 × 250 mm, 5 µm; 
Agilent Technologies, USA). The mobile phase consisted of 
methanol and ultrapure water (5:95, v/v), adjusted to pH 2.5 
with phosphoric acid. The flow rate was set at 1.0 mL/min, 
the injection volume was 20 µL, and the column tempera-
ture was maintained at 25 °C. Detection was performed at 
a wavelength of 254 nm. L-ascorbic acid standards (Sigma 
A5960) were prepared at five concentrations (50, 100, 500, 
1000, and 2000 ppm) to construct a calibration curve. Limit 
of detection (LOD) and limit of quantification (LOQ) were 
determined based on spectral signal-to-noise ratio (SSNR) 
of 3 and 10, respectively.

Extraction and Analysis of Carotenoids

Carotenoids were extracted from freeze-dried smoothie sam-
ples using a dichloromethane (DCM)/methanol mixture (1:1 
v/v) with an accelerated Dionex ASE 350 solvent extractor 
(Thermo Fisher Scientific, Waltham, MA, USA). For each 
extraction, 1 g of sample was loaded into 34-mL extrac-
tion cells along with approximately 4 g of sand to facilitate 
effective mixing. The extraction protocol consisted of three 
consecutive cycles, each lasting 10 min, conducted at a pres-
sure of 1500 psi at ambient temperature (23 °C). Following 
each cycle, the extraction cells were rinsed with acetone to 
maximize yield. The collected extracts were concentrated 
by evaporation under reduced pressure and subsequently 
reconstituted in acetone to a final volume of 10 mL. Carot-
enoid separation and quantification were performed using 
the same HPLC system applied for anthocyanin analysis. 
Chromatographic conditions included a 10-µL injection 
volume and a flow rate of 0.5 mL/min. The mobile phases 
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comprised Solvent A (acetonitrile with 0.05% triethylamine, 
v/v) and Solvent B (methanol–ethyl acetate mixture, 11:9, 
v/v). The elution gradient was programmed as follows: 
Solvent B increased from 5 to 40% over 0–50 min, then to 
80% between 50 and 60 min, before returning to 5% from 
60 to 75 min. Detection was carried out by scanning from 
700 nm, with carotenoids specifically quantified at 454 nm. 
The carotenoid content was expressed as micrograms of 
β-carotene equivalents per 100 g of fresh weight.

Total Flavonoid Content

The total flavonoid content of the smoothie extracts was 
quantified following the method described by Gedikoğlu 
et al. (2019). Briefly, 1 mL of each extract was combined 
with a 2% (w/v) aluminum chloride solution prepared in 
methanol. The reaction mixtures were incubated at room 
temperature for 15 min to allow complex formation. Sub-
sequently, absorbance was measured at 450 nm using a 
UV–VIS spectrophotometer. A calibration curve was estab-
lished using quercetin standards at concentrations rang-
ing from 0.005 to 0.100 mg/mL. Flavonoid content was 
expressed as micrograms of quercetin equivalents per mil-
liliter of extract (μg QE/mL).

Total Anthocyanin Content

Total anthocyanin content was determined using the differ-
ential pH spectrophotometric method as described by Hos-
seinian et al. (2008) and Worametrachanon et al. (2014). 
Briefly, 10-mL aliquots of smoothie samples were clarified 
by centrifugation at 1000 × g for 10 min at 25 °C using a 
refrigerated centrifuge (Hettich Rotina 46R, Tuttlingen, 
Germany) equipped with a swing-out rotor. The resulting 
supernatants were adjusted to pH 1.0 (±0.05) with 0.025 M 
KCl–HCl buffer and to pH 4.5 (±0.05) using 0.4 M sodium 
acetate buffer to prepare two-phase-adjusted solutions. 
Absorbance readings were recorded at 520 nm (anthocya-
nin λ_max) and 700 nm (turbidity correction) employing 
a dual-beam spectrophotometer (PerkinElmer Lambda 20, 
Waltham, MA, USA) with 10-mm quartz cuvettes. Antho-
cyanin concentration was calculated based on the absorb-
ance difference (ΔA = A520 − A700), expressed as cyanidin-
3-glucoside equivalents using a molar absorptivity (ε) of 
26,900 L·mol⁻1·cm⁻1. Results were expressed as mg cya-
nidin-3-glucoside equivalents per 100 mL of sample (mg 
C3G/100 mL ± SD, n = 2).

Sensory Evaluation

Sensory evaluation assessments of the smoothies were per-
formed by a trained panel consisting of 15 evaluators. All 
panelists involved in the study were thoroughly trained and 

participated voluntarily, having provided informed consent. 
Although a formal ethics committee review and documenta-
tion process were not in place, the study adhered to ethical 
standards designed to safeguard participant rights and pri-
vacy. These measures included voluntary participation with-
out coercion, comprehensive disclosure of study objectives 
and potential risks, acquisition of verbal consent, protection 
of personal data, and the assurance that participants could 
withdraw from the study at any point without consequence. 
To ensure reliability and uniformity in attribute recognition, 
panelists underwent preliminary orientation sessions aimed 
at establishing a standardized sensory evaluation. A generic 
descriptive analysis approach was employed, enabling pan-
elists to systematically assess sensory attributes. The panel 
assessed five critical sensory parameters: appearance, color, 
flavor, taste, and overall acceptability. Evaluations were con-
ducted using a 5-point hedonic scale, where 1 corresponded 
to “dislike extremely” and 5 to “like very much,” with inter-
mediate scores defined as 4 (“like”), 3 (“neither like nor 
dislike”), and 2 (“dislike”).

Statistical Analysis

The experimental design incorporated five treatments, each 
corresponding to a distinct smoothie formulation. Statistical 
analyses were performed using one-way analysis of variance 
(ANOVA) with replication. The statistical software SPSS 
Version 25 for Windows (IBM SPSS Inc., USA) was utilized 
to analyze the data. Significant differences among the mean 
values were identified using Duncan’s multiple range test, 
with the significance level set at p < 0.05.

Results and Discussions

Physicochemical and Nutritional Quality

The physicochemical properties of smoothie samples pre-
pared with different formulations are presented in Table 2. 
Dry matter content among the formulations ranged from 
12.52 to 13.03%, with the control group (S1), containing 
solely colored fruits, exhibiting the lowest value. These 
results are in line with those reported by Kidoń and Uwin-
eza (2022), who found dry matter values between 7.9% 
and 16.7% in smoothies prepared from zucchini, banana, 
and purple carrot. TSS contents are a key determinant of 
dry matter content, reflecting concentrations of sugars, 
organic acids, and other soluble compounds such as tannins 
(Nowicka et al. 2017, 2019). The °Brix values measured in 
the current study ranged from 17.97 to 18.60%. Notably, 
fisetin-enriched smoothies exhibited significantly higher 
°Brix values compared to the control (p < 0.05), likely 
attributable to the augmented total solids contributed by 
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fisetin incorporation. These findings are consistent with the 
°Brix values determined by Quitão-Teixeira et al. (2009) and 
Zinash and Woldetsadik (2013) for carrot juice (8.21%) and 
pumpkin juice (4.1 to 10.3%). Variations in dry matter and 
°Brix values across studies are likely influenced by differ-
ences in fruit cultivars and raw material selection.

Ash content, reflecting the mineral composition of the 
smoothie samples, exhibited significant variation among for-
mulations (p < 0.05). The highest ash content was recorded 
in S5 (0.39%), followed by S4 (0.36%), S3 (0.35%), and S2 
(0.30%), and the lowest in the control sample S1 (0.26%). 
The enrichment with fisetin and avocado seed flour signifi-
cantly contributed to the elevated mineral content observed 
in samples S3 and S5, underscoring the potential of fisetin-
fortified formulations to enhance the mineral profile of fruit 
smoothies.

Maintaining low aw values is critical for ensuring micro-
bial stability in functional beverage products. The aw val-
ues obtained in this study ranged from 0.30 (S1) to 0.38 
(S3), and statistically significant differences were observed 
between treatments (p < 0.05) in Table 2. These variations 
in aw were attributed to factors such as the fruit species 
used, flavonoid content, the internal water content of the 
samples, and storage conditions (temperature and humidity). 
In the literature, a critical aw threshold of 0.60 is accepted as 
the threshold value for inhibiting microbial growth (Peleg 
2022). Below this threshold, no known microorganisms can 
grow. Therefore, aw values well below this limit indicate that 
the products are microbiologically stable and offer a safe 
shelf life. This provides a significant advantage for the safe 
consumption of functional smoothie products, especially 
those formulated with natural ingredients.

The pH values spanned from 3.46 in S5 to 3.98 in S2, 
with significant differences across formulations. It can be 

shared that the high pH determined in S2 may have been 
due to the higher black mulberry and black rosehip content, 
while the low pH value in S5 may have been due to the 
addition of 4.5% fisetin. These results corroborate previous 
findings by Di Cagno et al. (2011), who reported a pH of 
approximately 3.5 in red fruit smoothies. TA values ranged 
from 0.25% (S1) to 0.43% (S5), indicating that increased 
fisetin concentrations, along with organic acid production 
during fermentation, contribute to higher TA and concom-
itant pH reduction. This interplay between pH and TA is 
essential for flavor development and the overall stability of 
the beverage.

The viscosity of the smoothie samples showed no statisti-
cally significant differences across treatments. However, S5 
recorded the highest viscosity (3057 cP), while S1 exhibited 
the lowest (2425 cP). The measured viscosity values for the 
formulations were 2425, 2719, 2948, 3009, and 3057 cP for 
S1, S2, S3, S4, and S5, respectively. The elevated viscosity 
observed in S5, containing Erzincan grape, cranberry, and 
4.5% fisetin, is likely attributable to the intrinsic rheologi-
cal properties of the fruit juices and the synergistic interac-
tions between pectin, Ca2⁺ ions, sugars, and organic acids. 
Xu (2023) emphasized the impact of carbohydrate-protein 
interactions on viscosity, texture, and flavor, highlighting 
the necessity of optimizing viscosity to align with consumer 
preferences.

Pectin, a soluble dietary fiber, is instrumental in enhanc-
ing the structural stability and bioavailability of active 
compounds within smoothies. Analysis revealed significant 
variation in pectin content across formulations (p < 0.05), 
with the lowest concentrations detected in S2 (0.62%) and 
S4 (0.66%) and the highest in S5 (0.85%), following the 
order S5 > S3 > S1 > S4 > S2. These disparities may be 
influenced by processing factors such as thermal treatment 

Table 2   Changes in physicochemical indicators in smoothies with different treatments

The horizontal column, lowercase letters (a–d), expresses differences between samples (p < 0.05). S1 (control), S2 (1% fisetin + 1% kiwi seed 
oil + 1% avocado seed flour + 10% stevia), S3 (1.5% fisetin + 1% kiwi seed oil + 1% avocado seed flour + 10% stevia), S4 (3% fisetin + 1% kiwi 
seed oil + 1% avocado seed flour + 10% stevia), and S5 samples (4.5% fisetin + 1% kiwi seed oil + 1% avocado seed flour + 10% stevia)

Analyses Samples Mean (X ± Sx)

S1 S2 S3 S4 S5

Moisture (%) 12.52 ± 0.01b 12.85 ± 0.02a 12.98 ± 0.09a 13.01 ± 0.12a 13.03 ± 0.07a 12.87 ± 0.20
Ash (%) 0.26 ± 0.02c 0.30 ± 0.01bc 0.35 ± 0.01ab 0.36 ± 0.01ab 0.39 ± 0.07a 0.33 ± 0.04
aw (at 25 °C) 0.30 ± 0.01d 0.34 ± 0.07c 0.38 ± 0.01a 0.35 ± 0.01bc 0.37 ± 0.01ab 0.35 ± 0.02
°Brix 17.97 ± 0.03c 18.33 ± 0.04b 18.07 ± 0.08c 18.60 ± 0.09a 18.01 ± 0.02c 18.19 ± 0.25
pH 3.59 ± 0.01b 3.98 ± 0.03a 3.88 ± 0.07a 3.60 ± 0.04b 3.46 ± 0.02c 3.70 ± 0.20
Titration acidity (g citric acid 100 mL−1) 0.25 ± 0.07c 0.26 ± 0.01c 0.32 ± 0.02bc 0.37 ± 0.02ab 0.43 ± 0.01a 0.32 ± 0.07
Viscosity (cP) 2425 ± 106.77a 2719 ± 99.70a 2948 ± 35.35a 3009 ± 7.77a 3051 ± 68.59a 2840 ± 251.99
Pectin (%) 0.71 ± 0.06bc 0.62 ± 0.07c 0.79 ± 0.02ab 0.66 ± 0.33c 0.85 ± 0.01a 0.72 ± 0.98
Sugar content (g/100 g) 7.55 ± 0.07c 10.67 ± 0.74ab 10.14 ± 0.12b 11.42 ± 0.09a 10.03 ± 0.02b 9.96 ± 1.39
Total phenolic content (mg GAE/100 g) 253.24 ± 2.48c 293.98 ± 2.85b 299.03 ± 1.46b 299.59 ± 0.57b 316.52 ± 4.98a 292.47 ± 22.28
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and homogenization, as well as the differing raw material 
profiles. Pectin’s health-promoting effects are well docu-
mented, including immunomodulatory activity in aller-
gic responses (Blanco-Pérez et al. 2021), cardioprotective 
properties (Jafari et al. 2017), and enhancement of gastro-
intestinal function (Que et al. 2019). Furthermore, pectin 
contributes to the reduction of serum cholesterol levels (Liu 
et al. 2016). Considering the high pectin content in S5 and 
S3, these formulations may show strong potential for indus-
trial application as functional beverages providing bioactive 
health benefits.

Sugar Content

Sugar content, a critical quality attribute in smoothies, 
ranged from 7.55 g/100 g in S1 to 11.42 g/100 g in S4, with 
statistically significant differences observed among formu-
lations (p < 0.05). These findings are consistent with previ-
ous research demonstrating that sugar levels in fruit-based 
beverages are largely influenced by the choice of fruit and 
sweetening agents (Smith et al. 2021). Unlike conventional 
sweeteners such as honey or molasses, this study employed 
stevia—a non-caloric natural sweetener—offering a gly-
cemic-neutral alternative particularly suitable for diabetic 
populations. The incorporation of stevia aligns with the 
recommendations of Kumari et al. (2026), who emphasized 
its capacity to reduce caloric intake without compromising 
sweetness. Variability in sugar content across samples can be 
attributed to differences in fruit composition and sweetener 
inclusion; however, the use of stevia ensures the smoothies 
maintain compatibility with the dietary requirements of indi-
viduals managing diabetes and obesity.

Total Phenolic Content (TPC)

Phenolic compounds, widely recognized for their potent 
antioxidant activity, were quantified to assess their contri-
bution to the functional properties of the smoothies. Total 
phenolic content (TPC) was significantly highest in S5 
(316.52 mg GAE/L), followed by S4 (299.59 mg GAE/L), 
S3 (299.03 mg GAE/L), S2 (293.98 mg GAE/L), and S1 
(253.24 mg GAE/L) (p < 0.05). The enhanced TPC in fise-
tin-enriched samples suggests a synergistic contribution of 
fisetin with the inherent phenolic compounds present in the 
fruit matrix. Ribeiro et al. (2019) reported that processing 
techniques such as heat treatment and homogenization may 
increase phenolic bioavailability and explain the increased 
levels measured. Although official dietary recommenda-
tions for phenolic intake have not been established, literature 
research suggests that consistent consumption of phenolic-
rich foods may reduce the incidence of chronic diseases, 
including cardiovascular disorders, type 2 diabetes, and vari-
ous cancers (Cory et al. 2018). Previous studies by Bashmil 

et al. (2021) and Priori et al. (2016) have demonstrated sig-
nificant variability in phenolic profiles contingent on fruit 
cultivar, maturity, and species, with purple carrot noted as 
a particularly rich source. Collectively, these results high-
light the potential of formulations S5 and S4 as functional, 
antioxidant-dense beverages for health-focused consumers.

Color

Color is a pivotal qualitative attribute of both fresh and 
processed food products, significantly affecting consumer 
preferences, perceptions, and purchasing decisions (Kidoń 
and Uwineza 2022). The lightness (L*) values of the 
smoothie samples ranged from 20.49 (S4) to 28.81 (S1), 
as illustrated in Fig. 2. The control sample (S1) exhibited 
the highest lightness, whereas S5 displayed the darkest 
coloration, which can be attributed to the incorporation of 
4.5% fisetin. Statistically significant differences (p < 0.05) 
were detected among the formulations for all colorimetric 
parameters (L*, a*, b*). The positive a* values, indicative 
of red hues, ranged between 36.20 and 48.25, reflecting the 
predominance of red pigments in the fruit constituents. The 
b* values, which indicate yellowness, ranged from 25.85 to 
30.25 and were generally lower than the corresponding a* 
values. This trend appears to be influenced by the specific 
raw materials used. In line with the findings of Buniowska 
et al. (2019), the inclusion of certain fruits and vegetables, 
such as carrot juice and pumpkin, significantly alters b* val-
ues, highlighting the effect of raw material. Additionally, 
thermal processing may have promoted Maillard browning 
and enzymatic reactions, thereby elevating color parameters, 
particularly yellowness (b*). These results emphasize the 
combined influence of raw materials and processing condi-
tions on the visual quality of smoothies, a critical determi-
nant of consumer acceptance.

Antioxidant Capacities

The antioxidant capacities of the smoothie samples were 
evaluated using multiple complementary assays, includ-
ing CUPRAC, ORAC, DPPH, and ABTS•+, revealing a 
significant positive correlation with fisetin concentration, 
especially in sample S5 (p < 0.05). Antioxidant activi-
ties in S5 were quantified as 8.73 mMoL Fe2⁺/100 g fresh 
weight (fw) for CUPRAC, 2.84 mMoL Trolox/100 g fw for 
FRAP, 6.12 mMoL Trolox/100 g fw for ORAC, 1.94 mMoL 
Trolox/100 g fw for DPPH, and 3.13 mMoL Trolox/100 g 
fw for ABTS•+. These results underscore the substantial 
contribution of fisetin and polyphenolic compounds to the 
overall antioxidant profile. Samples with higher fisetin con-
centrations, notably S5, exhibited the greatest total phenolic 
content and antioxidant capacities, confirming a robust posi-
tive association.
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Among the assays, CUPRAC demonstrated the high-
est antioxidant activity for S5 (8.73 mMoL Fe2⁺/100  g 
fw), closely followed by S3 (8.42 mMoL Fe2⁺/100 g fw). 
Similarly, the FRAP assay recorded peak ferric-reducing 
ability in S5, while ORAC values indicated superior oxy-
gen radical absorbance capacity in the same sample. The 
DPPH and ABTS•+ assays corroborated these findings, 
showing enhanced radical scavenging activities in fisetin-
enriched formulations relative to controls. Notably, these 
assays revealed positive correlations with anthocyanin, fla-
vonol, and total polyphenol contents, suggesting that fisetin 
enrichment potentiates antioxidant efficacy. These results are 
consistent with previous reports by Liu et al. (2017), who 
highlighted the potent antioxidant effects of fruit matrices 
rich in anthocyanins, flavonoids, and carotenoids. Similarly, 
it is suggested that fisetin has antioxidant, anti-inflammatory, 
and anticarcinogenic activities, indicating its potential use 
as a functional food ingredient (Zheng et al. 2008; Shon 
et al. 2016). Furthermore, Basu et al. (2018) demonstrated 
that fruit smoothies, particularly those comprising diverse 
antioxidant-rich fruits, exhibit enhanced antioxidant capac-
ity, aligning with the outcomes of this study. Recent findings 
by Dos Santos et al. (2023) validate that the incorporation of 
natural bioactives such as fisetin markedly improves the anti-
oxidant and anti-inflammatory profiles of food products. All 
this information indicates that fisetin-enriched smoothies, 
particularly sample S5, possess significant functional food 
potential, attributable to their superior antioxidant properties 
and associated health benefits.

Ascorbic Acid Content

Vitamin C, a water-soluble vitamin essential for human 
health, is not endogenously synthesized or stored, necessi-
tating its acquisition through dietary sources such as foods 
or supplements (Chambial et al. 2013). The content of 
vitamin C in fruits and fruit-derived products is subject 
to considerable variability influenced by factors includ-
ing cultivar, agricultural practices, maturity stage, climatic 
conditions, post-harvest handling, processing, packaging, 
and storage parameters (Feszterová et al. 2023). In the 
present study, the ascorbic acid (vitamin C) concentra-
tion in smoothie samples enriched with colored fruits and 
fisetin demonstrated a significant elevation (p < 0.05). As 
depicted in Fig. 3B, vitamin C levels ranged from 0.73 to 
0.94 mg/100 g fresh weight (fw), with the S5 formulation 
containing the highest concentration. Although fisetin does 
not provide a direct vitamin C effect, it significantly inhib-
its carcinoma cell growth in the presence of ascorbic acid, 
as suggested by Kandaswami et al. (1993) and Grynkie-
wicz and Demchuk (2019). This is because the bioavail-
ability and stability of ascorbic acid are enhanced. This 
synergistic effect contributes to the increased antioxidant 
capacity observed in fisetin-enriched formulations, fur-
ther strengthening their functional properties. Therefore, 
smoothies fortified with both fisetin and vitamin C-rich 
fruits represent a promising dietary option for meeting 
daily vitamin C requirements, combining convenience 
with potent antioxidant benefits.

Fig. 2   Color properties of S1 (control), S2 (1% fisetin + 1% kiwi seed 
oil + 1% avocado seed flour + 10% stevia), S3 (1.5% fisetin + 1% kiwi 
seed oil + 1% avocado seed flour + 10% stevia), S4 (3% fisetin + 1% 

kiwi seed oil + 1% avocado seed flour + 10% stevia), and S5 samples 
(4.5% fisetin + 1% kiwi seed oil + 1% avocado seed flour + 10% stevia)
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Total Carotenoid Content

Carotenoids, a group of plant-derived pigments, are widely 
recognized for their health-promoting effects, including 
mitigation of oxidative stress, enhancement of immune 
function, and preservation of ocular health. As documented 
by Fleshman et al. (2011), fruits such as papaya, orange, 
and pumpkin serve as rich sources of carotenoids, includ-
ing β-carotene, lutein, and zeaxanthin. In the present study, 
the carotenoid content of smoothie samples ranged from 
58.5 to 62.5 µg/100 g fresh weight, consistent with values 
reported in previous investigations of fruit-based beverages 
(Liu et al. 2017). Notably, the S3 formulation exhibited the 
highest carotenoid concentration, whereas the control sam-
ple showed the lowest levels, underscoring the significant 
influence of fruit type and proportion on carotenoid content. 
Although fisetin is not classified as a carotenoid, it possesses 
complementary antioxidant properties. Singh et al. (2019) 
emphasized that the co-presence of carotenoids and flavo-
noids such as fisetin potentiates antioxidant efficacy, thereby 
extending their health benefits. Collectively, these findings 
suggest that smoothies formulated with carotenoid-rich 
fruits and fisetin offer considerable functional advantages. 
The observed synergy between ascorbic acid, carotenoids, 
and fisetin not only contributes to robust antioxidant pro-
tection but also improves the bioavailability and stability 
of these bioactive constituents. These results highlight 
the nutritional and functional potential of fisetin-enriched 
smoothies, making them a functional product for consumers 
seeking healthy beverage alternatives.

Total Flavonoid Content

Flavonoid content of smoothie samples ranged from 8.1 to 
9.71 mg quercetin equivalent (QE) per 100 mL, with sta-
tistically significant differences observed between control 
and enriched samples with different formulations (p < 0.05, 

Fig. 3B). Results indicated that S2 and S4 contained elevated 
flavonoid levels, reflecting the contribution of fruits rich in 
flavonoids—including black rosehip, Erzincan grape, black 
mulberry, and cranberry—to the nutritional quality of the 
smoothies. Additionally, compositional differences in fruit 
ratios and formulation may have contributed to the higher 
flavonoid contents in S2 and S4. These results are consistent 
with prior research; for instance, Xu et al. (2018) reported 
flavonoid concentrations in fruit-based smoothies ranging 
from 7.5 to 12 mg/100 mL, contingent on fruit composition, 
corroborating the present findings. Furthermore, the addition 
of the flavonoid fisetin may have contributed to the overall 
flavonoid content of the formulations and, consequently, the 
bioactivity of the samples.

Total Anthocyanin Content

The total anthocyanin content of the smoothie samples 
ranged from 10.70 to 18.2 mg/100 g (Fig. 3B). Among 
the formulations, sample S5 exhibited the highest antho-
cyanin concentration, while S1 presented the lowest levels. 
These results are consistent with those reported by Gao 
et  al. (2020), who documented anthocyanin concentra-
tions between 12 and 18 mg/100 g in mixed berry-based 
smoothies. The observed variation in anthocyanin content 
between S5 and S1 is attributable to differences in fruit com-
position, with anthocyanin-rich ingredients such as purple 
carrot significantly contributing to the elevated levels in 
S5. Comparatively, González-Tejedor et al. (2017) reported 
lower anthocyanin concentrations (3.74  mg/100  g) in 
smoothies formulated with purple seedless grapes, cucum-
ber, beet, and broccoli, whereas Keenan et al. (2010) found 
substantially higher values (34.67 mg/100 g dry weight) in 
smoothies containing strawberries, apples, and bananas. 
The differences between the researchers’ results highlight 
the critical role of fruit selection in determining anthocyanin 
content. In this study, the addition of purple fruits provided 

Fig. 3   A Antioxidant activity 
and B vitamin C (mg/100 g fw), 
total carotenoids (µg/100 g), 
total flavonoids (mg QE 
100 mL−1), and total anthocya-
nin (mg/100 g) properties of S1 
(control), S2 (1% fisetin + 1% 
kiwi seed oil + 1% avocado seed 
flour + 10% stevia), S3 (1.5% 
fisetin + 1% kiwi seed oil + 1% 
avocado seed flour + 10% 
stevia), S4 (3% fisetin + 1% 
kiwi seed oil + 1% avocado 
seed flour + 10% stevia), and 
S5 samples (4.5% fisetin + 1% 
kiwi seed oil + 1% avocado seed 
flour + 10% stevia)
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a potent source of anthocyanins, enhancing the antioxidant 
capacity and functional quality of the smoothie formulations.

Sensory Evaluations

Sensory evaluation results of smoothie samples in terms of 
appearance, color, aroma, taste, and overall acceptability 
(Fig. 4) revealed significant differences between formula-
tions (p < 0.05). Appearance scores ranged from 2.39 to 
4.08, reflecting clear differences in visual appeal among the 
samples. Sample S3, enriched with 1.5% fisetin and different 
fruits, achieved the highest color rating (3.67), ranking high-
est in panelist preferences. Flavor scores were significantly 
elevated in samples S5 and S3, suggesting that the pres-
ence of colorful fruits and bioactive compounds positively 
influenced sensory perception. The natural sugars, organic 
acids, and aromatic compounds inherent in these fruits likely 
acted synergistically to enhance flavor complexity. Sample 
S4 achieved the highest flavor score, which can be attributed 
to an optimal sugar-acid balance, a critical factor in defining 
taste profiles. The balance between sweetness and acidity in 
S4 highlighted the importance of ingredient ratios in sensory 
optimization. Overall acceptability ratings were highest for 
S3 and S2, highlighting the ability to create formulations 
that provide a harmonious outcome of sweetness, acidity, 
and mouthfeel by balancing the fruit and fisetin content. 
Collectively, the results demonstrate that the integration of 
colorful, flavonoid-rich fruits and fisetin markedly improves 

the nutritional composition, antioxidant capacity, and sen-
sory attributes of smoothies. This study underscores the 
importance of strategic ingredient selection and formulation 
refinement in the development of functional beverages that 
satisfy both health-conscious and flavor-driven consumer 
demands.

Conclusion

This study was conducted to comprehensively investigate 
the physicochemical and sensory properties of smoothie 
formulations prepared with fisetin and a variety of colored 
fruits and to determine the most suitable formulation. The 
addition of fisetin significantly increased dry matter, °Brix, 
ash content, and pectin levels, improving sugar concentra-
tion, mineral composition, and overall structural stability. 
Water activity values remained well below the microbial 
growth threshold, yielding the expected results in terms 
of food safety and shelf life. Sample S5 exhibited the low-
est pH and highest titratable acidity values. Nutritionally, 
sample S5 contained the highest total phenolic content 
(316.52 mg GAE/L), ascorbic acid (0.94 mg/100 g), and 
anthocyanins (18.2 mg/100 g). Although sample S3 showed 
the highest carotenoid concentration (62.5 µg/100 g), sam-
ple S5 performed better in all antioxidant tests, including 
CUPRAC, ORAC, FRAP, DPPH, and ABTS•+, concluding 
a strong synergistic effect between fisetin and other bioactive 

Fig. 4   Sensory properties of S1 (control), S2 (1% fisetin + 1% kiwi 
seed oil + 1% avocado seed flour + 10% stevia), S3 (1.5% fisetin + 1% 
kiwi seed oil + 1% avocado seed flour + 10% stevia), S4 (3% fise-

tin + 1% kiwi seed oil + 1% avocado seed flour + 10% stevia), and 
S5 samples (4.5% fisetin + 1% kiwi seed oil + 1% avocado seed 
flour + 10% stevia)
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compounds. Color analysis highlighted S5 as having the 
darkest appearance, consistent with its high anthocyanin 
content, while sensory evaluations generally showed S3 and 
S2 as the most acceptable samples. S5 and S4 demonstrated 
superiority in flavor and taste due to their optimal sugar-acid 
balance. These findings underscore the potential of fisetin-
enriched smoothies, particularly S5, as health-beneficial 
and antioxidant-rich beverages suitable for both industrial 
production and consumer markets focused on healthy liv-
ing and nutritional functionality. Future studies should focus 
on confirming the positive health effects of fisetin-enriched 
smoothies through in vivo and clinical trials and investigat-
ing their scalability for industrial production and consumer 
acceptance in functional food markets.
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