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Abstract: A lack of distinctive features has become a significant factor limiting the develop-
ment of kiwi wine. However, the rapidly growing trend of healthcare-oriented composite
fruit wine with health functions and diverse flavors presents a way to address this issue. A
kiwi wine fermentation method was investigated by incorporating the medicinal and edible
fruits of Cornus officinalis. The results indicate that adding Cornus officinalis introduced a
unique component known as iridoid glycosides to the wine. Additionally, the concentra-
tions of phenols, total iridoid glycosides, and most aroma compounds in the wine increased
after the addition of crushed Cornus officinalis following alcoholic fermentation. As the
proportion of Cornus officinalis in the kiwi wine rose, so did polyphenolic substances and
total iridoid glycosides; however, this diminished the wine’s clarity. Additionally, a yeast
addition of 200 mg/L demonstrated optimal fermentation capabilities, and a bentonite ad-
dition of 1.1 g/L exhibited an outstanding clarifying effect. These results not only enhance
nutritional value and quality but also provide a theoretical foundation for the production
of high-quality Cornus—kiwifruit composite wine.
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1. Introduction

Kiwifruit has become an indispensable and commercialized product in the interna-
tional market [1,2]. It is rich in a wide array of nutrients, such as vitamin C, organic acids,
minerals, proteins, carbohydrates, phenols, and other bioactive compounds, as well as trace
elements [3—6]. These components endow kiwifruit with high nutritional and medicinal
value, including antioxidant and anti-cancer benefits, antibacterial properties, and relief
from constipation [7-9]. The expansion of kiwifruit cultivation has significantly increased
its production. However, numerous problems have arisen in the industry, such as oversup-
ply and unmarketability issues [10,11]. Thus, converting kiwifruit into composite wine not
only mitigates economic losses for orchards by fully utilizing the fruit, but also enhances
its nutritional value and bioactive properties while preserving its inherent nutritional
characteristics and varietal qualities [12-14].

There are still limitations in the development of kiwi wine, including a lack of aroma
and distinctive characteristics [15]. Healthcare composite fruit wine offers an effective
solution to these issues, enhancing the wine with diverse aromatic qualities and significantly
improving its health benefits [16]. For instance, incorporating cyclocarya into kiwifruit wine
and adding blueberries to red wine can enhance both the nutritional value and aromatic
components [17,18]. The healthcare composite wine approach has emerged as a prominent
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direction for future research and development in kiwi wine production. Cornus officinalis
is a widely used medicinal herb in Asia, with notable medicinal properties [19,20], and
it contains various active compounds, including flavonoids, as well as iridoids and their
glycosides [21-23]. Pharmacological studies have demonstrated that Cornus officinalis has
numerous bioactive functions, including anti-inflammatory, antioxidant, and anti-cancer
properties, as well as benefits in lowering blood sugar and blood pressure, protecting nerves,
enhancing retinal function, and treating lipid metabolism disorders [24-30]. The economic
potential of Cornus officinalis thus extends to medical applications, food products, and
horticulture. Research has primarily focused on its mechanism of action and functional
activity, such as its liver and kidney tonifying effects, hypoglycemic activity, and protective
influence on hippocampal neurons [31-33].

Incorporating Cornus officinalis into kiwi wine introduces new bioactive compounds,
such as the iridoid glycosides [34], but there is a lack of research on the optimal fermentation
methods for Cornus—kiwifruit wine. This study investigates the effects of varying ratios of
kiwi and Cornus officinalis, different forms and timing for Cornus officinalis addition, the
quantity of yeast added during fermentation, and the amount of bentonite used during
clarification. The impact of these factors on the basic physicochemical parameters, polyphe-
nolic compounds, iridoids, volatile substances, color, and clarity of Cornus-kiwifruit wine
was assessed, with the results providing a theoretical foundation for the production of
Cornus-kiwifruit wine with enhanced nutritional and health features.

2. Materials and Methods
2.1. Samples

“Xuxiang’ kiwifruits and Cornus officinalis were utilized to produce Cornus—kiwifruit
wine and to examine the impact of different treatments on its characteristics. Kiwifruits
were sourced from local orchards in Yangling, Shaanxi Province, China (N 34°14’ to 34°20/,
E 107°59’ to 108°08’). Fruits were harvested in four batches at commercial maturity, de-
termined by the following ripening indices: soluble solids content (SS5C) of 15-16°Brix
and titratable acidity (TA) of 12-13 g/L. The Cornus officinalis fruits were obtained from
farmers and collected at their commercial ripening stage in Hanzhong, Shaanxi Province,
China (N 32°08' to 33°52/, E 105°29’ to 108°16’). Dried whole kiwifruits and Cornus offici-
nalis fruits were carefully selected, uniformly crushed using a mechanical crusher, treated
with sulfur dioxide (SO,, 60 mg/L; analytical grade; Tianjin Tianli Chemical Reagent Co.,
Ltd., Tianjin, China), and added to the must. The must was prepared by blending Cornus
officinalis and kiwifruit in predetermined ratios. Pectinase treatment was performed using
20 mg/L LALLZYME EX pectinase (LALLEMAND, Blagnac, Haute-Garonne, France) to
enhance juice extraction. Sucrose was added to adjust the soluble solids content (SSC)
to 20°Brix. Alcohol fermentation was initiated through inoculation with varying concen-
trations of CVE-7 yeast (Angel Yeast Co., Yichang, Sichuan, China) and maintained at
controlled temperatures of 16-18 °C. Fermentation was terminated by adding 50 mg/L sul-
fur dioxide when the specific gravity reached 0.985-0.995. The wine samples were clarified
through filtration by adding bentonite (Sheng Feng Agriculture and Animal Husbandry
Co., LTD., Fushun, Liaoning, China) at varying concentrations.

The experimental design involved a systematic evaluation of Cornus officinalis fruit
incorporation in wine production through four distinct methodological approaches: whole
fruit addition prior to fermentation (WBF), whole fruit addition post-fermentation (WAF),
crushed fruit addition before fermentation (CBF), and crushed fruit addition after fermen-
tation (CAF). Using a systematic comparative analysis, we established the core processing
parameters for Cornus—kiwifruit composite wine. Optimization experiments examined
the influence of three critical processing variables and their impacts on key oenological
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characteristics, including varying Cornus officinalis to kiwifruit mass ratios (1:20, 1:30,
1:40, and 1:50), different yeast inoculation concentrations (100, 150, 200, and 250 mg/L),
and a range of bentonite fining levels (0.8, 0.9, 1.0, 1.1, and 1.2 g/L). The experimental
methodology is detailed in Table S1, which specifies the Cornus officinalis incorporation
method, the Cornus officinalis to kiwifruit mass ratio, the yeast inoculum concentration,
and the bentonite dosage for clarification.

2.2. Detection of Physicochemical Parameters

A handheld refractometer (ATAGO, Guangzhou, Guangdong, China) was utilized
to determine the soluble solids content, while a pH meter (Mettler Toledo, Changzhou,
Jiangsu, China) was used to assess the pH of the wine [35]. The direct titration method
was employed to evaluate both reducing sugar and total acidity [36,37]. Additionally, the
alcohol content was determined using the distillation method [38]. Each measurement was
repeated three times for each wine sample.

2.3. Determination of Polyphenolic Substances and Iridoid Glycosides in Cornus-Kiwi Fruit Wine

Iridoids and their glycosides are the most abundant compounds in Cornus officinalis
fruit and represent unique components of this plant, possessing numerous significant
functions. The total iridoid glycoside content was determined using photometric analytical
methods, with the results expressed as rutin [39]. The absorbance of iridoid glycosides was
measured at 236 nm using an Agilent Cary 60 UV-VIS spectrophotometer (Agilent, Palo
Alto, CA, USA), and the total content was calculated based on the standard curve. The
measurements were repeated three times for each wine.

The total anthocyanin content in the Cornus-kiwifruit wine was determined using the
pH differential method, with the final results expressed as malvidin [40]. Additionally, the
NaNO,-AICl3 method was employed to measure the total flavonoid content, expressed as
rutin [41]. The total phenolic content in the composite fruit wine was assessed using an
Agilent Cary 60 UV-VIS spectrophotometer (Agilent, Palo Alto, CA, USA) according to the
Folin-Ciocalteu assay, with the results expressed as gallic acid [42]. Each index of the wine
samples was evaluated in triplicate.

2.4. GC-MS Analyses of Volatile Compounds in Wines

Volatile compounds were extracted using headspace solid-phase microextraction (HS-
SPME) and analyzed using gas chromatography—mass spectrometry (GC-MS). The wines
were analyzed directly. A solution was prepared by adding 1.00 g of NaCl (analytically
pure, Sinopharm Chemical Reagent Co., Ltd., Shanghai, China.) and 5 mL of wine to a
15 mL sample bottle, followed by a 1 cm magnetic stir bar and 10 uL of 4-Methyl-2-pentanol
(Wuhan UCchem Biotechnology Co., Ltd., Wuhan, Hubei, China). An automatic sampler
was used to extract the volatile compounds in the wine, and the sample bottle was then
placed on a magnetic heating stirring table at 40 °C for 30 min to ensure temperature
equilibrium. The activated extraction head was inserted into the sample’s headspace and
operated at 40 °C for an additional 30 min. Subsequently, the extraction head was removed
and placed in the GC injection port for analysis, which lasted 8 min. An Agilent gas
chromatography (GC) model 7890 instrument was employed for the analysis, integrated
with an Agilent 5975 mass spectrometer (MS), a 7683 automatic sampler (Agilent, Palo Alto,
CA, USA), and a DB-Wax capillary column (60 m x 0.25 mm X 0.25 um; Agilent, Palo Alto,
CA, USA). The injection port was maintained at 250 °C. Initially, the column temperature
was 50 °C and held constant for 5 min. Qualitative analysis was performed by comparing
retention indices established using n-alkanes (C7-C24) (Supelco, Bellefonte, PA, USA) and
matching mass spectra with those of certified reference standards. All spectral data were
verified against the NIST 11 mass spectral database (National Institute of Standards and
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Technology). For quantitative analysis, 4-Methyl-2-pentanol was employed as an internal
standard with calibration performed via a five-point calibration curve methodology, with
calculations conducted following the curve established in our laboratory’s prior work [43].
Final results were reported as concentration values (ug/L) in the respective wine samples.
Three technical replicates were analyzed per sample.

The odor activity values (OAVs) of individual compounds were calculated by dividing
their concentrations in wine samples by their odor thresholds in water. Only aroma-active
compounds with OAVs > 1, indicating a direct contribution to the aroma, were selected for
further analysis. The odor threshold values were obtained from the literature [44].

2.5. Clarity and Color Analysis

The clarity of the wine samples was determined using an Agilent Cary 60 UV-VIS
spectrophotometer (Agilent, Palo Alto, CA, USA) [45]. The upper clarified liquid was
collected to measure the light transmittance of the sample. The light transmittance of the
samples was measured at 550 nm, with distilled water serving as the blank control. The
assay was performed in triplicate for each wine sample.

Color analysis of the Cornus-kiwifruit wine was conducted using the CIELab color
space, employing a Ci7600 colorimeter for testing (X-Rite, Grand Rapids, MI, USA) [46].
The color parameters L*, a*, and b* were utilized to describe the three-dimensional color
space. This technique was repeated three times for each sample.

2.6. Sensory Evaluation

In accordance with the experimental guidelines in The Science of Wine Tasting, a
panel of 16 trained assessors (8 men and 8 women) conducted sensory evaluations of the
Cornus—kiwifruit wines. Blind tasting was conducted using ISO-standard wine tasting
glasses [47], with samples presented in standardized vessels labeled with randomized three-
digit codes. A standardized four-dimensional sensory evaluation system was employed,
with the following scoring metrics: visual appearance (20 points), olfactory attributes (30
points), taste profile (30 points), and overall quality (20 points). The raw scores were then
converted into a weighted average, expressed on a 10-point scale [48].

2.7. Statistical Analysis

The statistical dataset was subjected to a one-way analysis of variance (ANOVA)
conducted using IBM SPSS Statistics 27 (IBM Corp., Armonk, NY, USA), with a signif-
icance level set at p < 0.05.0riginLab 9.1 (Origin Lab Corporation, Northampton, MA,
USA) and Omicshare was adopted for image rendering. The results are presented as the
mean = standard deviation (SD) of the three replicates.

3. Results
3.1. Effects of Various Treatments on Basic Physicochemical Indexes of Cornus—Kiwifruit Wine

The total acid content of the composite wine with Cornus officinalis added before
fermentation was significantly higher than that of the wine with Cornus officinalis added
after fermentation. Furthermore, crushing significantly increased the total acid content
in the wine compared to using whole Cornus officinalis (Figure 1A). Notably, there were
differences in the total acid content of the wine based on varying Cornus officinalis to
kiwi ratios. When the ratio was 1:30, the total acid content was at its highest, while the
differences between 1:20 and 1:50 were minimal (Figure 1B). At a yeast supplemental level
of 200 mg/L, the total acid content in the wine reached its maximum (Figure 1C). When the
bentonite addition was between 1.0 g/L and 1.1 g/L, the total acid content was significantly
higher than that of other treatments, with the highest total acid content observed under the
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1.1 g/L treatment (Figure 1D). Treatment variations had little effect on pH, as the differences
were not significant (Figure 2). The fermentation duration of the whole Cornus officinalis
fruit method was 1 day longer than that of crushed fermentation, and the fermentation
period for Cornus officinalis added before fermentation was longer than that of Cornus
officinalis added after fermentation (Figure S1).
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Figure 1. Effects of different treatments on the total acidity of Cornus—kiwifruit wine. (A) Addition
methods and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit.
(C) Amount of yeast additive. (D) Different amounts of bentonite additive. Note: WBF = adding
whole Cornus officinalis before fermentation, WAF = adding whole Cornus officinalis after fermenta-
tion, CBF = adding crushed Cornus officinalis before fermentation, CAF = adding crushed Cornus
officinalis after fermentation. The error bars represent the standard deviation of the mean (n = 3).
Different letters indicate significant differences among treatments, as determined by one-way ANOVA
(p < 0.05). The same below.
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Figure 2. Effects of various treatments on the pH of Cornus—kiwifruit wine. (A) Addition methods
and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit. (C) Amount of
yeast additive. (D) Different amounts of bentonite additive.
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The reducing sugar content in wine with Cornus officinalis added after fermentation
was higher than that in wine with Cornus officinalis added before fermentation. Addition-
ally, the reducing sugar content of fruit wine produced from crushed Cornus officinalis
was higher than that obtained from the addition of whole Cornus officinalis (Figure 3A).
The reducing sugar content of Cornus—kiwifruit wine was influenced by different ratios of
Cornus officinalis to kiwi fruit used (Figure 3B). The reducing sugar content in the wine
reached its minimum level when the yeast additive concentration was 200 mg/L. The
other treatment groups with different yeast supplementation levels showed relatively small
variations in reducing sugar content, all of which were significantly higher than that of
the 200 mg/L treatment group (Figure 3C). When the bentonite addition was 1.1 g/L, the

reducing sugar content in the wine was significantly higher than that of other treatments
(Figure 3D).
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Figure 3. Effects of different treatments on the reducing sugar of Cornus-kiwifruit wine. (A) Addition
methods and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit.
(C) Amount of yeast additive. (D) Different amounts of bentonite additive.

The soluble solids content in wine can be increased by adding crushed Cornus offic-
inalis and by incorporating crushed Cornus officinalis after fermentation (Figure 4A). A
decrease in added Cornus officinalis corresponds to reduced soluble solid content. Notably,
the soluble solid content of the wine showed little variation when the Cornus officinalis to
kiwi ratios were between 1:40 and 1:50 (Figure 4B). Additionally, when the yeast supple-
mentation level increased from 100 mg/L to 200 mg/L, the soluble solid content initially
decreased and then increased, with the lowest content recorded at 200 mg/L (Figure 4C).
The wine exhibited the highest soluble solid content at a bentonite concentration of 1.1 g/L,
while the lowest content was recorded at 0.9 g/L of bentonite addition (Figure 4D).
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Figure 4. Effects of different treatments on the soluble solids of Cornus-kiwifruit wine. (A) Addition
methods and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit.
(C) Amount of yeast additive. (D) Different amounts of bentonite additive.

The alcohol content of wine with Cornus officinalis added before fermentation was
significantly lower than that of wine with Cornus officinalis added after (Figure 5A).
Different Cornus officinalis to kiwi ratios influenced the alcohol content of the wine. When
the ratio was 1:30, the alcohol content reached its maximum. Furthermore, the difference in
alcohol content between material ratios of 1:40 and 1:50 was minimal (Figure 5B). When
the yeast contents were 150 mg/L and 200 mg/L, the alcohol content reached its maximum
(Figure 5C), which correlated well with the observed reduction in sugar content, indicating
the efficient conversion of reducing sugars into ethanol. Alcohol content was minimized
by a bentonite addition of 1.1 g/L, while treatments with 0.9 g/L and 1.2 g/L yielded
significantly elevated alcohol levels relative to other dosages (Figure 5D).
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Figure 5. Effects of various treatments on the alcohol content of Cornus-kiwifruit wine. (A) Addition
methods and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit.
(C) Amount of yeast additive. (D) Different amounts of bentonite additive.



Foods 2025, 14, 1705

8 of 24

3.2. Effects of Various Treatment Methods on Polyphenolic Substances and Unique Components in
Cornus-Kiwifruit Wine

The total iridoid glycoside, anthocyanin, flavonoid, and phenol levels in crushed
Cornus officinalis composite fruit wine were higher than those in whole Cornus officinalis
composite fruit wine (Table 1). Furthermore, adding Cornus officinalis after fermentation
enhanced the concentrations of total flavonoids, phenols, anthocyanins, and iridoid glyco-
sides. The total anthocyanin, flavonoid, phenol, and iridoid glycoside levels in the wine
significantly decreased with a reduction in Cornus officinalis. In addition, the total iridoid
glycoside, anthocyanin, and phenol concentrations in the wine increased with an increase
in yeast, reaching the maximum at 200 mg/L and subsequently decreasing. When the yeast
addition levels were between 200 mg/L and 250 mg/L, the total anthocyanins, flavonoids,
phenolics, and iridoid glycosides in the Cornus-kiwifruit wine were significantly higher.
The highest total anthocyanin, phenolics, and iridoid glycoside levels were observed at
a yeast addition of 200 mg/L, while the highest total flavonoid content was achieved at
250 mg/L. Total anthocyanin, flavonoid, phenolics, and iridoid glycoside contents in the
wine were significantly higher in treatments with bentonite dosages of 1.0, 1.1, and 1.2 g/L
than in those with 0.8 and 0.9 g/L. Of these, the 1.1 g/L bentonite group exhibited the
highest total flavonoid, phenolic, and iridoid glycoside levels. Furthermore, the highest
total anthocyanin content was observed with bentonite supplementation at 1.0 g/L.

Table 1. Effects of different treatments on the contents of polyphenolic substances and special
components in Cornus-kiwifruit wine (mg/L).

Total Total . Total Iridoid
Treatments Anthocyanins Flavonoids Total Phenolics Glycosides
Cornus officinalis 1 WBF 15340.10d 27424 +19.17d 67647 £2021d  2591.75 4 88.84 d
added in 2 WAF 6.90 + 028b  433.01 £836b  1317.62+4931b  4353.99 + 23.62b
different ways 3 CBF 299 +044c 32282+314c 77730 +3359c¢  3760.86 + 120.59 ¢
and times 4 CAF 10.14 +052a 67090 +7.43a 146255 +37.80a  5761.85+2041a
_ ) 5 1:20 1849 +1.08a 57538 +6.47a 140665+ 69.03a  4486.49 + 210.64 a
Different ratio of ¢ 1:30 1741 +046a 55313 +£27.05a 135776 £3217a  3897.45+ 12190 b
Cornus officinalis 1:40 780 +1.69b 50792 +11.08b 132177 +31.10a  3246.98 + 24547 ¢
and kiwi 8 1:50 530+ 052c 417.68 £2246¢c 101851 +59.44b  2655.78 + 329.68 d
9 100mg/L 627 +0.66b 43890 +1556d 1339.87 £48.70b  3716.39 & 390.30 ¢
Different yeast ~ 10 150mg/L  7.31£1.08b 49491 +16.60c 1432.42+1048ab 4829.95+ 117.85b
additions 11 200mg/L 1013 +£0.74a 561.66 & 14.88b  1500.12 +77.85a  5648.48 + 197.32a
12 250mg/L  9.02+023a 64176 +11.79a 1459.44 & 83.62ab  5237.21 & 138.66 ab
, 13 08g/L 295+ 0.16c 40829 +1438¢c  897.13 +24.15d  2604.05 + 108.22 b
Different 14  09g/L 285+0.12c 487.444+9.86b  996.34 +24.60c  2615.81 4 59.55 ab
amounts of 15  10g/L  460+039a 499.44+1087b 117431 +21.66b 289450 +38.24b
bentonite 16 11g/L 3.89 +£0.12b  520.024+3.05a  1425.69 +£4198a 311452 +73.03a
additive 17  12g/L  386+006b 49626 +647b 91818 +17.23d 272322 +56.12¢

Note: WBF = adding whole Cornus officinalis before fermentation, WAF = adding whole Cornus officinalis
after fermentation, CBF = adding crushed Cornus officinalis before fermentation, CAF = adding crushed Cornus
officinalis after fermentation. The data for each treatment are expressed as the mean =+ standard deviation of
three replicates. Different lowercase letters within the same group signify statistical significance as determined by
one-way ANOVA (p < 0.05), and the same letters in the table indicate no significant differences in the number of
fungi among treatment groups. The same applies below.

3.3. Different Treatments on Volatile Compounds in Cornus—Kiwifruit Wine

Volatile compounds in the Cornus-kiwifruit wine derived from different treatments
were then identified and quantified (Table 2). A total of 45 volatile compounds were
detected, including esters, aldehydes, ketones, terpenes, and alcohols. Ester content, as well
as aldehydes and ketones, represented the majority of the volatile compounds, accounting
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for between 23.17-41.87% and 25.25-40.63%, respectively, with higher levels observed for
isoamyl acetate, hexyl acetate, ethyl acetate, hexanal, (E)-2-hexenal, and several others. The
analysis identified ten ester compounds, thirteen aldehyde and ketone compounds, ten
alcohol compounds, and ten terpene compounds.

Based on our calculations, 25 substances were identified with OAVs > 1 that directly
contribute to the aroma profile, as detailed in Table S2. Among these, eight belong to the
ester class, including isoamyl acetate, hexyl acetate, ethyl hexanoate, and ethyl acetate.
Isoamyl acetate imparts banana and cantaloupe aromas, and hexyl acetate contributes apple
and banana scents. Additionally, ten aldehyde and ketone compounds were identified,
including (E)-2-hexenal, hexanal, nonanal, and 3-Damascone, which confer apple and green
grass aromas. Furthermore, five terpenes were detected, including geraniol, 3-myrcene,
and p-cymene, contributing floral and green herbaceous notes.

The volatile compound contents varied across different Cornus-kiwifruit wine treat-
ments, with some volatile substances exhibiting regular changes. The levels of many
volatile compounds in the wine obtained from crushed Cornus officinalis were signifi-
cantly higher than those derived from whole Cornus officinalis. These included esters
such as ethyl acetate and ethyl butyrate; acetophenone, along with other aldehydes and
ketones; alcohols like 1-octanol and 1-nonanol; and terpene compounds such as geraniol.
The volatile profiles of the wine also differed based on Cornus officinalis to kiwi ratios.
Specifically, hexyl acetate and other compounds decreased as the proportion of Cornus
officinalis decreased. Conversely, the contents of ethyl acetate and other compounds were
the highest at a 1:50 Cornus officinalis-to-kiwi ratio. Additionally, when the yeast addition
concentration is 200 mg/L, the proportion of volatile substances such as esters, aldehydes,
ketones, and terpenes is high. An analysis of the effects of different bentonite concentrations
on the volatile aroma compounds in the wine revealed that the highest aromatic substance
contents were obtained at bentonite dosages of 1.0 g/L, 1.1 g/L, and 1.2 g/L. Notably,
the 1.1 g/L treatment resulted in significantly higher concentrations of most odor-active
compounds than the 1.0 g/L and 1.2 g/L treatments, including isoamyl acetate, ethyl
hexanoate, ethyl acetate, (E)-2-hexenal, hexanal, and geraniol.
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Table 2. Effects of different treatments on the contents of volatile substances in Cornus-kiwifruit wine (ug/L).
Cornus officinalis Addfed in Different Ways Different Ratio of C.or.nus officinalis and Different Yeast Additions Different Amounts of Bentonite Additive
Aroma and Times kiwi
Substance 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
WBF WAF CBF CAF 1:20 1:30 1:40 1:50 100mg/l. 150mg/L 200mg/L 250mg/L  0.8g/L  09g/l  10g/L  1iglL 12gL
Esters
Methyl 24.26 + 24.20 £+ 24.06 £+ 26.28 + 26.22 £ 25.40 £+ 25.40 £+ 23.66 = 26.20 £+ 26.28 = 24.83 £+ 24.75 + 24.28 £+ 24.55 + 24.57 £ 25.08 = 24.16 £
Octanoate 0.06 b 0.09b 0.15b 04la 0.03a 0.23b 0.04c 0.016 d 0.056 a 0.40 a 0.07b 0.08 b 0.14 ab 0.09b 0.40b 0.12a 0.03 ¢
Ethyl 18.68 + 38.61 12522 £ 12645+ 113.08 &+ 78.20 £+ 111.51 £ 67.46 £ 13234+ 12645+ 69.80 £ 60.28 + 11892 &£ 12431+ 12515+ 134.04 £ iZ?:;z
Caprylate 0.00 b 3.57b 27.78 a 14.80 a 3.02a 224Db 3.01a 293¢ 478 a 14.80 a 0.29b 1.32b 1.76 ¢ 3.00b 1.87b 299 a b.
Ethyl 46.80 62.95 = 120.30 £ 149.16 £ 123.67 £ 5741 + 45.46 + 47.20 + 16427 £ 159.16 £ 89.56 = 8491 + 11546 +£ 11912+ 12760+ 12990 £ figg
Butyrate 0.54b 15.20b 2776 a 2522 a 3.09 a 1.65b 448c¢ 191c¢ 3.61la 11.08 a 2.59b 0.67 b 1.99b 2.53b 3.32a 3.19a a'
650.27 1382.80 1485.68 1577.76 1139.58 1185.68 1076.59 1012.41 1238.56 1374.69 1310.71
Isoamyl 570.39 + 69438 = 70935+ 95441+ 863.82 &+ 759.52 +
Acetate + 48.51 58.25 b 4+ 99.87 4+ 99.25 +82.24 2548 3.09 ¢ 342b + 54.35 +42.16 26.58 a 18.96 a + 28.26 + 15.52 +24.45 +24.15 +8.17
b a a a a a d e c a b
215.13 701.13
Ethyl 4357 25871+ 684.02+ 70713+ 30925+ 22333+ 27614+ 311.824+ 43967+ 507.13 £ 31932+ 26120+ 43774+ 58395+ 690.75+ 731.25+ 4308
Hexanoate b. 249D 13.79 a 36.88 a 14.35 a 6.75 ¢ 0.64b 783 a 59.73 a 36.88 a 795b 19.78 b 13.75d 10.02 ¢ 590 b 8.04 a b.
Hexyl 4813+ 4249+ 15348+ 21505+ 32441+ 14303+ 13076 £ 12689+ 17928+ 20827+ 10339+  64.66+ 260.69 + 28341+ 26024 + 26240 £+ 163;2
Acetate 1.25¢ 10.15¢ 34.61b 13.27 a 14.14 a 13.03b 3.82b 7.07b 13.10b 3.67 a 0.85¢ 434d 9.56 b 6.56 a 340b 9.00b b.
Butyl 7.64 + 7.70 £ 7.65 £ 7.63 £ 771+ 7.76 £ 7.66 £ 7.66 £ 7.60 £ 7.63 + 7.58 + 7.67 £ 7.67 £ 7.62 £ 7.70 £ 772+ 7.65 +
Acrylate 0.08 a 0.02a 0.08 a 0.03 a 0.00 a 0.06 a 0.09 a 0.10a 0.00b 0.039 a 0.00b 0.00 a 0.08 a 0.04a 0.01a 0.05a 0.05a
Methyl 1146 £ 11.11 £ 14.67 £ 1147 + 1143 + 11.37 £ 11.73 £ 10.23 £ 11.84 + 1146 + 11.52 + 10.76 £ 10.77 + 11.28 + 11.77 £ 11.27 £ 10.78 £
Aalicylate 0.96 b 048D 0.54a 0.96 b 0.95a 11.37 a 1.36a 0.75a 04la 097 a 0.06 a 0.00 a 0.00 ¢ 0.43 ab 0.01a 0.45 ab 0.01¢
Ethyl i9195.0248 27543 + 51488+ 66513+ 33833+ 33346+ 298.61+ 44679+ 47091+ 65468 £ 46093+ 67155+ 32826+ 38891+ 365.12+ 39323 £ figz
Acetate b. 18.68 ¢ 76.82 a 198 a 11.81b 27.24b 9.39b 22.66 a 18.12b 16.75 a 191b 12.18 a 201c 495a 447 b 3.30a d'
Methyl 11.04 £ 11.29 + 11.96 £ 11.26 + 11.14 + 11.18 £ 11.33 £ 11.05 £ 11.35 + 11.16 £ 11.13 £ 11.04 £ 11.29 + 11.05 £ 11.04 £ 11.20 £ 11.22 +
Benzoate 0.00b 0.01b 0.19a 0.30b 0.14a 0.18 a 0.17 a 0.01a 0.11a 0.16 a 0.12a 0.00 a 020 a 0.00 a 0.00 a 0.26 a 0.15a
Aldehyde
ketone
(E)-2- f;g; 533.16 + fggg; }t6?7)2i471 773.16 = 55828 £ 61278 £ 579.78 £ ?ggé? 792.95 + 1627621 500.27 &= 53826+ 60091+ 699.78 £ 70792 £ 14(6)22
Hexenal c- 1281 ¢ a ’ b- 29.29 a 1.04c 10.09b 21.87 ¢ a ’ 0.45b b ’ 2494 ¢ 430c 7.03b 590 a 395a d-
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Table 2. Cont.
Cornus officinalis Addfed in Different Ways Different Ratio of C.or.nus officinalis and Different Yeast Additions Different Amounts of Bentonite Additive
Aroma and Times kiwi
Substance 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
WBF WAF CBF CAF 1:20 1:30 1:40 1:50 100mg/L  150mg/L  200mg/L 250mg/L 0.8 g/L 0.9 g/L 1.0 g/L 11g/L  12g/lL
(E’}gj"l' 1945+ 1941+ 2340+ 2097+ 1923+ 1928+ 1926+ 1939+ 1936+ 1992+ 1959+ 1976+ 1930+ 1935+ 1939+ 1935+ 1926+
<adienal 0.05b 0.05b 124 a 1.05b 0.02a 0.08 a 0.01a 0.13a 011a 043 a 0.15a 0.68 a 0.08a 0.09 a 0.14a 022a 0.04 a
Hexanal 14;22 595.21 + fizé‘;’ fgg'zg 94051 + 95044+ 42564+ 83505+ 97716 + 1i39(]é760§ 85838 + 82502+ 155453 fﬁ% fgé‘é fig'gf) iiléz&
: 36.57 a : : 1341a 39.33 a 15.82 ¢ 10.67b 750 b : 4233 ¢ 1557c¢  +£320c : : : :
C a b a b b a d
Octanal 1771+ 1669+ 3364+ 2006+ 13141+ 1298+ 13524+ 1708+ 1856+ 2066+ 1826+ 1467+ 1775+ 1424+ 1242+ 1855+ 1827+
0.65b 2.32b 3.89a 1.20b 1.92a 1.03a 1.59a 214a 2.62a 0.34a 0.71a 0.32b 0.61a 0.60b 0.78 ¢ 0.85a 149a
Nomanal f‘;f; 31866+ 63302+ 47111+ 21500+ 19020+ 18502+ 21602+ 34567+ 46376+ 39619+ 24451+ 33068+ 31863+ 30911+ 362.34 + 14%2
4 1335 ¢ 2429 a 5.66 b 6.58 a 9.08 b 6.36 b 8.63a 7.34 ¢ 473 a 11.75b 5.48d 3.75¢ 2.45d 2.09e 410a b
(B)-2- 3421+ 29964+ 7915+ 12125+ 3016+ 3157+ 2938+ 4576+ 4763+ 4753+ 4299+ 3858+ 7515+ 6887+ 7710+ 7884+ 7214+
Octenal 332¢ 6.48 ¢ 0.22b 20.52 a 1.56 b 5.39b 0.65b 551a 0.72a 250a 0.31b 0.04 ¢ 1.99 ab 249 ¢ 227 ab 3.06a 3.09 be
(E’i)'?"l' 5.88 + 6.03 + 7.40 + 6.42 + 5.97 + 5.75 + 6.04 + 5.77 + 5.87 + 6.42 + 5.77 + 5.89 + 5.78 + 5.76 + 5.65 + 5.77 + 5.69 +
pta di‘zml 0.02a 0.04 a 20a 0.14a 017 a 0.09 a 0.13 a 0.12a 0.02b 0.14a 0.23b 0.10b 0.16 a 0.09 a 0.02a 0.07 a 0.02a
Benzal- 4596+ 4390+ 7821+ 6939+ 3243+ 1707+ 2892+ 1560+ 3834+ 6939+ 3638+ 3882+ 3273+ 4488+ 4539+ 5730+ 5536+
dehyde 0.97b 1.55b 14.29 a 0.87a 198 a 2.53b 0.19a 0.46 b 481b 0.87 a 0.02b 0.29b 1.86 ¢ 1.76 b 091b 1.79a 0.13a
(E}}E}):A_ 1584+ 1598+ 17.83+ 1587+ 1584+ 1597+ 1583+ 1609+ 1586+ 1587+ 1627+ 1585+ 1585+ 1588+ 1593+ 1586+ 1584+
nadienal 0.01a 0.18 a 2.68a 0.00 a 0.00 a 0.18 a 0.01a 0.35a 0.03b 0.00b 0.03a 0.02b 0.02a 0.05a 0.12a 0.03a 0.01a
1-Octen-3-  9.89 + 9.49 + 1752+ 1027+ 1013 + 9.54 + 9.98 + 10.87 + 9.32 + 10.27 + 9.99 + 9.49 + 953 + 9.49 + 9.50 + 9.58 + 9.80 +
one 0.19b 021b 1.87a 0.07b 0.13a 0.31a 0.19a 144 a 0.01b 0.07 a 0.07 a 0.24b 0.19a 0.15a 0.06 a 0.27 a 042a
Carvon 1.95 + 1.95 + 2.00 + 1.98 + 1.96 + 1.95 + 1.96 + 1.95 + 1.96 + 1.98 + 1.94 + 1.96 + 1.95 + 1.95 + 1.94 + 1.95 + 1.95 +
vone 0.02a 0.00 a 0.00 a 0.03a 0.01a 0.01a 0.01a 0.00 a 0.00 a 0.03a 0.01a 0.01a 0.01a 0.01a 0.01a 0.00 a 0.00 a
B-Dama- 3368+ 3522+ 18320+ 7632+ 6416+ 4259+ 4253+ 6574+ 3611+ 7632+ 4352+ 37167+ 5706+ 5424+ 5320+ 5341+ 53.04+
scone 214 ¢ 5.75 ¢ 21.15a 3.01b 091a 0.83b 13.18b 15.69 a 451b 3.0la 142b 0.29b 174 a 1.62b 0.05b 0.16 b 0.43b
Acetop- 1409+ 1398+ 1945+ 1870+ 1510+ 1291+ 1397+ 1165+ 1782+ 1570+ 1158+ 1368+ 1154+ 1159+ 1275+ 1325+ 11.59+
henone 048 a 3.39a 259 a 1.55a 0.41a 1.88b 1.23a 0.09b 196 a 579 a 0.00 a 295a 0.10b 0.01b 0.28 a 1.14a 0.00b
Alcohols
(2)-2- 4866+ 4639+ 7954+ 7605+ 2978+ 3216+ 5514+ 2680+ 4262+ 7604+ 3085+ 2316+ 5761+ 7356+ 7526+ 7791+ 6382+
Hexenol 5.38b 5.97b 448 a 5.26a 473b 9.38b 2.86a 3.48b 7.55b 5.26a 0.63 ¢ 0.85 ¢ 0.40d 2.29b 0.86 ab 153a 227¢
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Table 2. Cont.
Cornus officinalis Addfed in Different Ways Different Ratio of C.or.nus officinalis and Different Yeast Additions Different Amounts of Bentonite Additive
Aroma and Times kiwi
Substance 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
WBF WAF CBF CAF 1:20 1:30 1:40 1:50 100mg/l. 150mg/L 200mg/L 250mg/L  0.8g/L  09g/l  10g/L  1iglL 12gL
4-methyl- 16.27 + 5.68 + 4691 + 52.98 + 7.55 + 12.06 + 9.14 + 13.08 + 46.82 + 53.28 + 17.68 + 15.85 + 33.92 + 37.23 + 43.86 + 4294 + 41.18 +
1-Pentanol 1.78 b 198 ¢ 1.27 a 529a 0.17b 1.79 a 0.13b 0.60 a 427 a 4.86 a 093 b 0.20b 0.68 ¢ 094b 141la 245a 2.56 a
1-Octen-3-  45.80 + 28.59 + 147.36 + 76.95 + 23.63 + 18.18 + 20.40 + 20.25 + 26.05 + 3993 + 20.47 + 2498 + 25.23 + 31.35 + 32.02 + 33.65 + 23.17 +
ol 435b 0.97 ¢ 28.90 a 5.19b 0.72a 0.13 c 024b 096 b 0.76 b 472 a 3.09b 0.39b 1.27b 231a 1.02a 1.38a 141b
2-Ethyl-1- 9.65 + 18.10 + 30.92 + 33.30 £+ 7.07 + 7.85 + 10.56 + 13.275 + 19.59 + 14.04 + 12.62 + 17.24 + 26.57 + 30.46 + 39.07 £ 4496 + 44.69 +
hexanol 027 ¢ 0.83b 594 a 1.17 a 0.90 b 144D 0.71 a 1.68 a 1.38a 222b 0.79 ¢ 0.04 a 0.88d 2.09 ¢ 1.62b 2.62 a 2.03 a
1-Octanol 42.56 + 32.39 + 47.57 + 81.12 + 28.94 + 23.30 £ 24.82 + 5.85 + 47.36 £+ 50.39 + 47.40 + 43.50 £+ 53.07 £+ 49.54 + 47.00 £+ 46.18 + 2531 +
416b 0.52 ¢ 547 b 0.74 a 298 a 1.62b 0.76 b 0.35¢ 2.51a 1.77 a 042 a 247 a 148 a 2.08 ab 0.55b 322b 1.88 ¢
1-Nonanol 27.01 £+ 31.07 £ 116.02 £ 89.68 + 20.04 £ 20.49 + 24.23 + 32.14 £+ 54.33 £+ 54.68 + 33.78 £ 26.30 £+ 77.66 £ 68.81 + 56.68 + 54.14 + 50.34 +
onano 421b 5.28 b 18.41 a 10.47 a 0.95 ¢ 1.34c 1.54b 3.06 a 3.47 a 3.40a 192b 2.30b 144 a 093b 0.97 ¢ 345c¢ 2.23d
1-Butanol 9.71 £ 7.25 + 8.78 + 1047 + 7.98 + 799 + 7.63 + 8.64 + 7.92 + 10.47 + 8.51 + 8.24 + 6.93 + 745+ 6.68 + 8.17 + 6.96 +
094 a 0.07 ¢ 0.52b 033 a 0.48 a 0.72 a 022 a 0.02a 0.39b 0.33 a 0.37b 0.60 b 0.09 be 0.33b 0.35¢ 0.30 a 0.21 bc
3methyl- 080 guoe OO0 B gsoa0s eseser o219+ ososze oS B 903081 7esoox WD ggress WO geg345 2L
1-Butanol ’ 8.99 ¢ ’ ’ 11.32b 1491 c 6.88 ¢ 10.90 a ’ ’ 8.69 ¢ 11.23d ’ 6.02d ’ +785a ’
c a b b a a d b
H(ez)e-r?l)-.l- 10.34 + 10.13 + 26.76 + 23.57 + 8.97 + 9.07 + 7.96 + 15.69 + 16.94 + 23.57 + 12.46 + 9.68 + 16.45 + 13.71 + 10.34 + 16.23 + 10.68 +
ol 0.34b 0.77b 478 a 143 a 1.05b 1.44Db 1.20b 2.69 a 514 a 143 a 147Db 0.60 b 0.19a 0.17b 0.13 ¢ 0.96 a 011c
Il)ilt;n}ll- i6342'6800 52230 + 985.02 + 1097.05 59429 + 446.67 = 59599 £ 536.77+ 805.01 + ioiggg 47329 + 43159+ 969.61 &= 590.39 £ 95294 + ioiégi iggég
Y ’ 7.63 ¢ 4546 b +84la 1.03a 9.16 b 20.01 a 2494 a 5.84b ’ 16.75 ¢ 20.38 ¢ 7.48b 7.58 e 7.49 ¢ ’ ’
Alcohol C a a d
Terpene
B- 22.69 + 22.58 + 22.66 £+ 22.73 + 22.63 + 22.66 + 22.60 £+ 23.67 £+ 22.81 £+ 22.73 + 22.65 + 22.63 £+ 22.59 + 22.58 + 22.60 £ 22.66 + 22.64 +
Myrcene 0.01a 0.01a 0.03 a 0.20 a 0.05 a 0.10a 0.01a 154a 0.20 a 0.20 a 0.09 a 0.07 a 0.01a 0.01 a 0.05 a 0.07 a 0.09 a
«-Phella- 22.64 £+ 22.67 £ 22.76 £+ 22.73 £+ 22.68 + 22.73 £ 22.68 + 22.68 £+ 22.65 + 22.73 £ 22.64 + 22.69 £+ 22.69 + 22.70 £+ 22.70 £ 22.72 £ 22.67 £
ndrene 0.09 a 0.02 a 0.01a 0.00 a 0.02 a 0.06 a 0.01a 0.02 a 0.02a 0.00 a 0.09 a 0.02 a 0.02 ab 0.03 ab 0.02 ab 0.02 a 0.02b
D-Limo- 22.73 £+ 23.05 £ 23.17 £+ 23.40 £+ 22.74 + 2331 £+ 2297 + 22.62 £+ 23.26 + 23.40 + 23.05 £ 22.75 £+ 2293 + 22.99 + 22.85 + 23.24 + 22.76 £
nene 0.17b 0.04b 0.08 a 0.17 a 0.24 a 0.50 a 0.18 a 0.79 a 0.94 a 0.17 a 0.30 a 0.32a 0.14Db 0.11 ab 0.05b 0.16 a 0.19b
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Table 2. Cont.
Cornus officinalis Addfed in Different Ways Different Ratio of C.or.nus officinalis and Different Yeast Additions Different Amounts of Bentonite Additive
Aroma and Times kiwi
Substance 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
WBF WAF CBF CAF 1:20 1:30 1:40 1:50 100mg/L  150mg/L  200mg/L 250mg/L 0.8 g/L 0.9 g/L 1.0 g/L 11g/L  12g/lL
B-Caryop- 2597+ 2594+ 2805+ 2602+ 25944+ 2598+ 25974+  27.03+ 2600+ 2602+ 2603+ 2596+ 2596+ 2593+ 2596+ 2596+ 2595+
hyllene 0.01b 0.01b 0.88a 0.08 b 0.03a 0.08 a 0.07 a 149 a 0.10a 0.08 a 0.06 a 0.04a 0.07 a 0.01a 0.05a 0.04 a 0.03a
(Z)-Rose 557 + 5.54 + 5.89 + 554 + 5.56 + 5.62 + 5.63 + 5.58 + 5.66 + 5.54 + 5.57 + 5.61 + 554 + 5.58 + 5.54 + 5.58 + 5.57 +
Oxide 0.04b 0.01b 0.10 a 0.01b 0.04 a 0.02a 0.04a 0.05a 0.04a 0.01b 0.04b 0.00 a 0.00 a 0.07 a 0.01a 0.05 a 0.05a
4- 3303+ 21894+ 7846+ 4666+ 3739+ 2359+ 2389+ 3814+ 4515+ 4666+ 6021+ 5285+  41.09+ 3982+  41.18+ 4980+ 2877+
Terpinenol ~ 1.35b 0.18 ¢ 0.69 a 1.55b 4.06a 0.97b 5.63b 444 a 2.69 ¢ 1.55 ¢ 3.28a 0.09b 1.10b 1.22b 0.41b 121a 2.05¢
o 1063+ 1146+ 1337+ 1070+ 1426+ 1009+ 1103+ 1074+ 1068+ 1070+ 1064+ 1067+ 1065+ 1163+ 1261+ 1273+ 1050+
Terpineol 0.00 a 044 a 3.73a 0.01a 5.13 a 0.74 a 0.55a 0.13a 0.03 a 0.02a 0.02a 0.035 a 0.03 ¢ 0.01b 0.12a 0.23a 0.23 ¢
Cormiol | J085% 11880+ 15974+ 24539+ 9941+ 6005+ 5562+ 5198+ 17983+ 21339+ 9383+ 8277+ 17297+ 209414+ 20675+ 25517+ ioé‘?;
€ranio 847 a 836 a 1862b  38.02a 7.40 a 328D 5.86 b 781b 2.30b 722 a 493 ¢ 263 ¢ 314d 195b 2.10be 469 a N
Cyvmene 3012F 3609+ 3714+ 3715+ 3607+ 3688+ 3625+ 3426+ 3635+ 3705+ 3621+ 3611+ 3616+ 3650+ 3611+ 3678+ 3607+
Py 0.32b 0.24b 027 a 0.07 a 0.26 a 0.85a 021a 226a 0.87 a 0.07 a 0.51a 0.35a 0.39a 0.61a 0.31a 0.08 a 0.31aa
11’;\_&2;}};: 803+ 1288+ 1022+ 7.32 + 8.82 + 7.25 + 7.60 + 8.43 + 9.14 + 7.32 + 7.72 + 7.62 + 7.37 + 731 + 9.83 + 1342+ 944 +
< len-9-ol 0.93b 3.01a 212a 0.06 b 0.75a 0.37 a 0.26 a 0.73 a 0.16 a 0.06 b 0.15b 0.39b 0.20 ¢ 0.06 ¢ 0.16 b 0.51a 0.41b
Others
Butan- 2781+ 4612+ 24936+ 13373+ 14958+ 110.04+ 52014+ 2094+ 8040+ 13923+ 7707+ 6943+ 10207+ 10452+ 10211+ 10491 + lo‘é'gi
edioicacid  1.84c 3.60 ¢ 52.06 a 5.10b 427a 5.41b 0.03 ¢ 1.94d 12.25b 267a 6.62b 8.76 b 190 a 0.95a 1.83a 0.60 a o
2-Methy- 1685+ 1683+ 2195+ 1792+ 1673+ 1652+ 1567+ 1688+ 1777+ 1792+ 1736+ 1703+ 1637+ 1750+ 1581+ 1748+ 1620+
Ipyrazine  0.45b 0.07b 3.06a 1.51b 0.77 a 0.54 a 0.29 a 0.34a 1.10a 151a 1.08a 0.28 a 0.20b 0.42a 0.24b 0.36 a 0.42b

Note: Concentrations of volatile compounds were quantified by curves of chromatographically pure standards and expressed as the means + SD (n = 3).
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3.4. Effects of Different Treatments on the Color and Clarity of Cornus—Kiwifruit Wine

The clarity of the Cornus-kiwifruit wine was greater when the addition occurred
post-fermentation (Figure 6A), improving with decreasing ratios of 1:20, 1:30, 1:40, and
1:50 (Figure 6B). Initially, as the amount of yeast increased, the clarity also improved,
reaching maximum clarity at a yeast addition of 200 mg/L before gradually decreasing
(Figure 6C). During the clarification process, increasing the amount of bentonite from
0.8 g/L to 1.2 g/L resulted in varying degrees of clarification. The most significant level of
clarity was observed at a bentonite addition of 1.1 g/L (Figure 6D).
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Figure 6. Effects of various treatments on the clarity of Cornus—kiwifruit wine. (A) Addition methods
and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit. (C) Amount of
yeast additive. (D) Bentonite additive amount.

The a*, b*, and L* values for Cornus—kiwifruit wine produced by adding Cornus
officinalis after fermentation were significantly higher than those obtained by adding it
before fermentation (Figure 7A). The color of the wine made through the post-fermentation
addition of Cornus officinalis was garnet red, while the color of the wine produced through
the pre-fermentation addition was straw yellow (Figure 7E). The a* and b* values decreased
significantly with material ratios of 1:20, 1:30, and 1:40 (Figure 7B). Consequently, the wine’s
color transitioned from garnet red to amber (Figure 7F). As yeast addition increased from
150 mg/L to 250 mg/L, the a* and L* values initially increased and then decreased, reaching
their maximum at 200 mg/L of yeast addition. At this optimal yeast dosage, the wine
exhibited the highest red color and brightness (Figure 7C), resulting in a change from garnet
red to amber (Figure 7G). Additionally, the b* value showed a declining trend, indicating a
decrease in yellow color (Figure 7C). During the clarification process, the a* value in the
wine first increased and then decreased as the amount of bentonite added increased from
0.8 g/L to 1.1 g/L, achieving maximum values when the dosage was 1.1 g/L. The b* value
followed a similar trend, reaching its maximum at 1.0 g/L (Figure 7D). The color of the
wine was amber, although slight variations were observed (Figure 7H).
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Figure 7. Effects of different treatments on the color of Cornus-kiwifruit wine. (A) Addition
methods and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit.
(C) Yeast additive amount. (D) Amount of bentonite additive. (E) Addition methods and timing of
Cornus officinalis. (F) Addition ratios of Cornus officinalis to kiwifruit. (G) Yeast additive amount.
(H) Amount of bentonite additive.

3.5. Comprehensive Quality Analysis of Cornus—Kiwifruit Wine Based on Principal
Component Analysis

Principal component analysis (PCA) was performed based on 53 measured indicators,
including fundamental physicochemical parameters, phenolic compounds, total iridoid
glycosides, and volatile compounds.

An analysis of the different Cornus officinalis addition times and methods revealed
that PC1 accounted for 54.1% of the total variance, while PC2 and PC3 explained 22.1%
and 8.5% (Figure 8A,B), respectively. Alcohols, aldehydes, and ketones, such as 1-octen-
3-ol, octanal, nonanal, 3-methyl-1-butanol, benzaldehyde, and 3-damascone, contributed
significantly along the positive axis of PC1. The crushed and whole-grain treatments were
distinctly separated along the PC1 and PC3 axes. Esters (e.g., methyl octanoate and hexyl
acetate), total iridoid glycosides, and phenolic compounds exhibited high contributions
along the positive PC2 axis, whereas rose oxide terpenoids displayed higher loadings on
the negative PC2 axis. The PC3 axis effectively differentiated the treatments based on the
addition time.

Among the various ratios of Cornus officinalis and kiwi, PCA demonstrated that
PC1, PC2, and PC3 explained 34.9%, 20.7%, and 13.9% of the total variance, respectively
(Figure 8C,D). Alcohols, aldehydes, and ketones (e.g., 3-methyl-1-butanol, 1-nonanol, and
octanal) showed prominent contributions along the positive PC1 axis, whereas esters (e.g.,
ethyl caprylate, and ethyl butyrate), total iridoid glycosides, and phenolic compounds
exhibited higher loadings on the negative PC1 axis, clearly differentiating between the 1:20
and 1:50 ratios of Cornus officinalis to Actinidia sp. Esters and carbonyl compounds (e.g.,
ethyl hexanoate, hexyl acetate, nonanal, and 3-damascone) contributed markedly to the
positive PC2 axis, while (Z)-rose oxide and other terpenoids were more prominent on the
negative PC2 axis. A clear distinction was observed between the 1:20 and 1:30 treatments,
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whereas the 1:30 and 1:40 ratios exhibited an overlapping distribution in quadrants III and
IV. Except for the 1:40 treatment, which was positioned on the positive PC3 axis, all other
ratios were located on the negative PC3 axis.
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Figure 8. Principal component analysis (PCA) of physicochemical parameters and volatile aroma
compounds in Cornus-kiwifruit wine. (A) The PCA plot of addition methods and timing in Cornus-
kiwifruit wine. (B) The 3D PCA plot of addition methods and timing in Cornus—kiwifruit wine.
(C) The PCA plot of addition ratios of Cornus officinalis to kiwifruit in Cornus—kiwifruit wine.
(D) The 3D PCA plot of addition ratios of Cornus officinalis to kiwifruit in Cornus—kiwifruit wine.
(E) The PCA plot of yeast additive amount in Cornus-kiwifruit wine. (F) The 3D PCA plot of yeast
additive amount in Cornus-kiwifruit wine. (G) The PCA plot of bentonite additive amount in
Cornus-kiwifruit wine. (H) The 3D PCA plot of bentonite additive amount in Cornus-kiwifruit wine.
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When analyzing different yeast treatments, the PCA results indicated that PC1, PC2,
and PC3 explained 47.7%, 18.7%, and 12.9% of the total variance, respectively (Figure SE,F).
Total iridoid glycosides and phenolic compounds contributed significantly to the positive
PC1 axis, whereas most volatile aroma compounds were concentrated on the negative PC1
axis, enabling a clear separation between the 100, 150, and 200 mg/L yeast treatments. The
250 mg/L yeast addition exhibited an overlapping distribution between quadrants III and
IV, while a distinct separation was achieved in a 3D-PCA plot for treatments with varying
yeast concentrations.

Finally, the PCA of different bentonite addition levels showed that PC1, PC2, and PC3
accounted for 35.6%, 19.1%, and 12.5% of the total variance, respectively (Figure 8G,H).
A clear separation was observed between different bentonite treatments in both the PCA
and 3D-PCA plots. Basic physicochemical parameters, total iridoid glycosides, phenolic
compounds, and most volatile aroma compounds exhibited strong associations with the
positive PC1 axis, with 1.1 g/L bentonite displaying the highest value on this axis. Aldehy-
des and alcohols were primarily associated with the positive PC2 axis, while esters were
concentrated on the negative PC2 axis.

The PCA results demonstrate significant differences in the parameters of Cornus
officinalis—Actinidia chinensis wine across different treatments, thereby imparting distinct
characteristics to each group.

3.6. Effect of Different Treatments on the Sensory Quality of Cornus—Kiwifruit Wine

The sensory evaluation results were systematically analyzed using radar plots (Figure 9).
Significant differences were observed in sensory attributes among various processing
methods. Cornus-kiwifruit wines produced with crushed Cornus officinalis exhibited
superior visual and olfactory characteristics compared to those containing whole berries.
Notably, pre-fermentation addition resulted in significantly lower gustatory scores than
post-fermentation addition, likely attributable to the perceived inferior mouthfeel associ-
ated with higher acidity and lower sugar content. The CAF treatment demonstrated the
highest overall sensory score (Figure 9A). Regarding fruit ratio optimization, wines pre-
pared with Cornus officinalis to kiwi ratios of 1:20 and 1:50 showed significantly enhanced
performance in visual appearance, taste perception, and comprehensive evaluation. The
1:20 ratio achieved the maximum olfactory rating, while the 1:50 combination yielded the
lowest overall score (Figure 9B). Yeast inoculation levels exhibited a minimal impact on
gustatory perception, and the 200 mg/L addition significantly improved visual appeal,
aromatic profile, and total sensory assessment (Figure 9C). The bentonite concentration
substantially influenced wine quality, with the 1.0, 1.1, and 1.2 g/L treatments demon-
strating significantly elevated scores in visual, olfactory, gustatory, and overall evaluations
compared to other concentrations. The 1.1 g/L treatment consistently achieved the highest
sensory ratings across all of the assessed parameters (Figure 9D).
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Figure 9. Radar chart depicting sensory evaluation results of Cornus-kiwifruit wine. (A) Addition
methods and timing of Cornus officinalis. (B) Addition ratios of Cornus officinalis to kiwifruit.
(C) Amount of yeast additive. (D) Different amounts of bentonite additive.

4. Discussion
4.1. Effects of Different Treatments on Basic Physicochemical Indices of Cornus—Kiwifruit Wine

In the fermentation of fruit wine, yeast plays a significant role in determining quality.
Selecting an appropriate yeast with excellent fermentation capabilities is advantageous for
enhancing the quality of kiwi wine and reducing its alcohol content [49]. Adding 200 mg/L
of yeast optimizes the fermentation rate and ensures complete fermentation in Cornus—
kiwifruit wine, yielding the lowest reducing sugar and highest alcohol content. This is
likely due to insufficient yeast activity at lower doses, causing incomplete fermentation,
high residual sugar, and low alcohol yield. Conversely, higher yeast doses may deplete
sugars excessively, reducing ethanol production and increasing residual yeast [50].

The results indicate that Cornus officinalis addition significantly modulates ethanol
and total acidity in Cornus-kiwifruit wine [51]. Post-fermentation supplementation yielded
elevated ethanol content and total acidity compared with pre-fermentation incorporation,
and the total acid content of Cornus-kiwifruit wine was significantly elevated compared
with that of kiwifruit wine alone [52]. Furthermore, composite wines prepared with crushed
Cornus officinalis consistently demonstrated superior total acid content over those incorpo-
rating whole berries. This enhanced acidity likely stems from the intrinsic acidic properties
of Cornus officinalis, which potentiate the baseline acidity of the wine. The crushed form
may optimize substrate contact and maceration efficiency during processing [53].

The flavor and color of wine are influenced by various treatment methods during
fermentation and clarification. For example, research indicates that different types of clari-
fying agents produce distinct effects on the color of mulberry wine [54], with some clarifiers
outperforming mixed clarifiers [55]. The clarity and brightness of Cornus-kiwi wine in
our study were maximized with the addition of 1.1 g/L bentonite, resulting in improved
color performance. Furthermore, using appropriate yeast to initiate fermentation is crucial
for maintaining the color stability of fruit wine [56]. blueberry wines undergoing shorter
fermentation times and higher fermentation temperatures exhibit more red and brown
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tones [57], and in this study, higher yeast concentrations decreased the Cornus—kiwifruit
wine’s yellow hue. The highest red hue was observed at 200 mg/L, where clarity was
also maximized, suggesting that yeast residues from excessive dosing may reduce clar-
ity [16]. Consequently, the selection and quantity of yeast and clarifying agents can be
optimized through further research to produce high-quality composite fruit wines. The
composite wines produced with post-fermentation Cornus officinalis addition exhibited
significantly better color and clarity than those with pre-fermentation addition. Higher
Cornus officinalis concentrations reduced clarity and decreased red color intensity, sug-
gesting an inhibitory effect on clarification. The red color is a characteristic attribute of
Cornus officinalis, contributing to the distinctive appearance of Cornus-kiwifruit wine.
This finding is consistent with earlier studies indicating that Cornus officinalis wines tend
to develop sedimentation during storage, often resulting in turbidity and precipitation
that substantially compromise product quality [58]. Therefore, optimizing clarification
techniques is critical for quality control. Future studies should investigate not only dosage
effects, but also the efficacy of different clarifying agents and their synergistic combinations
in improving Cornus-kiwifruit wine clarity.

4.2. Effects of Different Adding Methods of Cornus officinalis on Polyphenolic Substances and
Special Components in Cornus—Kiwifruit Wine

The phenolic compounds in composite fruit wine are influenced by various factors,
including the timing of addition and soaking duration, which affect the active health
components of phenols. For instance, the soaking time affects both the active ingredients
and antioxidant capacity of wolfberry wine [59]. In addition, when herbs are added after
fermentation, both phenolic compounds and antioxidant activities significantly increase
compared to the additions before fermentation [60]. In our study, adding Cornus officinalis
after fermentation enhanced the extraction of polyphenolic substances in Cornus—kiwifruit
wine, and crushing the fruit increased its polyphenolic substances. This effect may stem
from two interrelated mechanisms: the naturally high phenolic concentration in Cornus
officinalis berries and improved extraction efficiency achieved through mechanical pro-
cessing. The crushing process increases the surface area exposure of fruit tissues during
maceration, thereby facilitating the more effective dissolution and transfer of phenolic
compounds into the must. These findings suggest that optimized physical disruption
of fruit tissues represents a critical processing parameter for maximizing the bioactive
potential of Cornus officinalis wines [61].

Adding Cornus officinalis to kiwifruit wine not only enhances polyphenolic content,
but also introduces iridoids and iridoid glycosides, which are characteristic bioactive com-
pounds of the fruit responsible for its health benefits. Ethanol-soluble iridoids reach higher
concentrations in wines than in fresh fruits [62], resulting in more potent hepatoprotective,
nephroprotective, and hypoglycemic effects than those of the raw material [63]. With the
evolution of consumer consumption attitudes, preferences have increasingly shifted toward
the nutritional, health-promoting, and functional benefits of fruit wines. Both polyphenols
and iridoid glycosides increase with higher Cornus officinalis concentrations and improved
crushing methods, likely due to enhanced extraction efficiency. Notably, winemaking
processing modifies the acidic profile of Cornus officinalis while simultaneously enhanc-
ing both iridoid glycoside content (typically low in traditional preparations) and sensory
quality. Although wine and mead processing effectively increases principal iridoid glyco-
sides and improves flavor characteristics, the underlying extraction and transformation
mechanisms require further investigation [64].
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4.3. Effects of Different Addition Methods on Aroma Compound Content in Cornus—Kiwifruit Wine

The aroma of fruit wine is a key factor in its quality evaluation, reflecting not only
flavor characteristics, but also influencing consumers’ overall perceptions. The evalua-
tion of aroma is primarily related to the content and complexity of aroma compounds.
Kiwi wine produced through mixed fermentation with various yeast strains exhibits an
increased concentration of volatile compounds, thereby enhancing its floral and fruity
notes [65]. Additionally, different yeast inoculation methods significantly affect the quality
and aromatic profile of these wines [66], and their aroma and taste can be significantly
improved by identifying and screening yeast [67]. Indeed, previous studies significantly
emphasized the selection of yeast. Nevertheless, the quantity of yeast added at the onset
of fermentation plays a crucial role in determining the aroma profile of Cornus—kiwifruit
wine, and this study reveals that varying yeast inoculation levels significantly influence
the concentration of volatile aroma compounds. The 150 mg/L and 200 mg/L yeast ad-
ditions exhibited higher concentrations of most volatile aroma compounds, while the
100 mg/L and 250 mg/L treatments showed lower levels. This phenomenon may be due
to insufficient fermentation caused by an inadequate yeast quantity at 100 mg/L, resulting
in incomplete aroma development and potential negative impacts from yeast autolysis
byproducts at 250 mg/L that could compromise Cornus-kiwifruit wine aroma quality [68].

Adding specific substances to fruit wine can alter the characteristics of aroma com-
pounds, enhance flavor, and improve quality. For instance, incorporating reduced glu-
tathione into cider [69], assimilable nitrogen [70] and ammonium salts [71] into wine, and
active ingredient extracts [72] into health-oriented wine can modify the content of volatile
substances and aroma characteristics, thus enhancing flavor and improving quality. This
study found incorporating Cornus officinalis introduced a unique class of compounds—
iridoid glycosides—into the kiwifruit wine. Crushed Cornus officinalis added both pre-
and post-fermentation addition significantly increased the concentration of aromatic com-
pounds in the wine, with the resulting samples performing well in sensory evaluation.
The Cornus-kiwifruit wine not only developed aromatic compounds during fermentation,
but also typically synthesized aging-related aroma compounds during maturation. It is
hypothesized that Cornus officinalis, particularly in its crushed form, may facilitate the
formation of these aging-related aromas [73].

Kiwifruits demonstrate significant maturity variation within the orchard, with variabil-
ity observed even within individual canopies. To ensure consistent maturity levels, phased
harvesting strategies are often employed [74]. Differences in the basic physicochemical
parameters, phenolic content, and volatile aroma compounds were observed among the
four groups of Cornus-kiwifruit wine. These variations may be attributed to differences in
harvest timing. Such temporal variations could influence fruit quality parameters such as
firmness and aromatic profile [75,76], consequently affecting the final wine quality. Within
the same treatment group, as the kiwifruits were collected concurrently with same quality
parameters, the variations detected among Cornus-kiwifruit wines could be predominantly
attributed to differential processing conditions, which demonstrated the treatment’s effects
on wine quality characteristics.

5. Conclusions

Cornus officinalis introduced iridoid glycosides to the kiwi wine. The total acid,
phenols, iridoid glycosides, and volatile aroma substances significantly increased when
the fruit of Cornus officinalis was crushed and added after fermentation. Furthermore,
the amount of Cornus officinalis influenced the wine’s quality. An increase in the Cornus
officinalis-to-kiwifruit ratio enhanced the levels of volatile aroma compounds, phenolic
compounds, and other active health-promoting ingredients, such as iridoid glycosides
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and hexyl acetate. However, the excessive use of Cornus officinalis can negatively affect
clarity. The composite wine produced with a yeast addition of 200 mg/L exhibited the
highest concentrations of phenolic compounds and total iridoid glycosides, along with
the highest relative volatile aromatic compound content, including esters, aldehydes, ke-
tones, and terpenes. Furthermore, the sensory evaluation results for this sample were
significantly superior to those of the other experimental groups. The concentrations of
phenolic compounds, total iridoid glycosides, and the majority of volatile aromatic com-
pounds were notably higher with bentonite addition levels of 1.0 g/L, 1.1 g/L, and 1.2 g/L.
Additionally, these samples exhibited superior clarity and color characteristics. Compar-
ative analysis indicated that the 1.1 g/L bentonite treatment yielded Cornus-kiwifruit
wine with significantly enhanced physicochemical and sensory properties compared to the
other experimental groups, accompanied by the highest overall sensory evaluation scores.
Thus, this research provides a theoretical foundation for the production of high-quality
Cornus—kiwi composite fruit wine.
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Author Contributions: Conceptualization, C.Z., X.Z., K.C. and Y.F; methodology, C.Z., X.Z. and ].Z,;
software, S.P; formal analysis, C.Z., K.C. and Y.E; investigation, C.Z., X.Z.,].Z.,S.P.,, K.C. and Y.F; data
curation, C.Z., X.Z. and J.Z.; writing—original draft preparation, C.Z.; writing—review and editing,
K.C. and Y.E,; supervision, K.C. and Y.E; project administration, K.C. and Y.F,; funding acquisition,
K.C. and Y.F. All authors have read and agreed to the published version of the manuscript.

Funding: This work was financially supported by Key Research and Development Program of
Shaanxi (2024NC-YBXM-024) and Development project of Arid Agriculture Laboratory in Shaanxi
Province (2024ZY-JCY]-02-46).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article or Supplementary Material.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

Ma, T; Lan, T,; Geng, T.; Ju, Y.; Cheng, G.; Que, Z.; Gao, G.; Fang, Y.; Sun, X. Nutritional properties and biological activities of
kiwifruit (Actinidia) and kiwifruit products under simulated gastrointestinal in vitro digestion. Food Nutr. Res. 2019, 63, 1674.
[CrossRef]

Gao, Z.; Yu, Z.; Yue, T,; Quek, S.Y. Optimization of polyphenol removal from kiwifruit juice using a macroporous resin. J. Sci.
Food Agric. 2017, 97, 2498-2507. [CrossRef] [PubMed]

Soufleros, E.H.; Pissa, I.; Petridis, D.; Lygerakis, M.; Mermelas, K.; Boukouvalas, G.; Tsimitakis, E. Instrumental analysis of volatile
and other compounds of Greek kiwi wine; sensory evaluation and optimisation of its composition. Food Chem. 2001, 75, 487-500.
[CrossRef]

Cozzolino, R.; De Giulio, B.; Petriccione, M.; Martignetti, A.; Malorni, L.; Zampella, L.; Laurino, C.; Pellicano, M.P. Comparative
analysis of volatile metabolites, quality and sensory attributes of Actinidia chinensis fruit. Food Chem. 2020, 316, 126340. [CrossRef]
[PubMed]

Liu, D.; Qi, Y;; Zhao, N.; Cao, Y.; Xu, J.; Fan, M. Multivariate analysis reveals effect of glutathione-enriched inactive dry yeast on
amino acids and volatile components of kiwi wine. Food Chem. 2020, 329, 127086. [CrossRef]

Santoni, F; Barboni, T.; Paolini, J.; Costa, J. Influence of Cultivation Parameters on the Mineral Composition of Kiwi Fruit from
Corsica. Chem. Biodivers. 2016, 13, 748-754. [CrossRef]

Kallithraka, S.; Salacha, M.L; Tzourou, I. Changes in phenolic composition and antioxidant activity of white wine during bottle
storage: Accelerated browning test versus bottle storage. Food Chem. 2009, 113, 500-505. [CrossRef]


https://www.mdpi.com/article/10.3390/foods14101705/s1
https://www.mdpi.com/article/10.3390/foods14101705/s1
https://doi.org/10.29219/fnr.v63.1674
https://doi.org/10.1002/jsfa.8066
https://www.ncbi.nlm.nih.gov/pubmed/27701746
https://doi.org/10.1016/S0308-8146(01)00207-2
https://doi.org/10.1016/j.foodchem.2020.126340
https://www.ncbi.nlm.nih.gov/pubmed/32036183
https://doi.org/10.1016/j.foodchem.2020.127086
https://doi.org/10.1002/cbdv.201500236
https://doi.org/10.1016/j.foodchem.2008.07.083

Foods 2025, 14, 1705 22 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Zhang, K.; Du, M,; Zhang, H.; Zhang, X.; Cao, S.; Wang, X.; Wang, W.; Guan, X.; Zhou, P;; Li, J.; et al. The haplotype-resolved T2T
genome of teinturier cultivar Yan73 reveals the genetic basis of anthocyanin biosynthesis in grapes. Hortic. Res. 2023, 10, uhad205.
[CrossRef]

Eltorki, M.; Leong, R.; Ratcliffe, E.M. Kiwifruit and Kiwifruit Extracts for Treatment of Constipation: A Systematic Review and
Meta-Analysis. Can. J. Gastroenterol. Hepatol. 2022, 2022, 7596920. [CrossRef]

Wang, B.; Peng, B. A Feasibility Study on Monitoring Residual Sugar and Alcohol Strength in Kiwi Wine Fermentation Using a
Fiber-Optic FI-NIR Spectrometry and PLS Regression. J. Food Sci. 2017, 82, 358-363. [CrossRef]

Ozgen, F; Celik, N. Evaluation of Design Parameters on Drying of Kiwi Fruit. Appl. Sci. 2018, 9, 10. [CrossRef]

Li, H;; Huang, J.; Wang, Y.; Wang, X.; Ren, Y; Yue, T.; Wang, Z.; Gao, Z. Study on the nutritional characteristics and antioxidant
activity of dealcoholized sequentially fermented apple juice with Saccharomyces cerevisiae and Lactobacillus plantarum fermentation.
Food Chem. 2021, 363, 130351. [CrossRef] [PubMed]

Cakar, U.; Grozdani¢, N.; Pejin, B.; Vasi¢, V.; Cakar, M.; Petrovi¢, A.; Djordjevi¢, B. Impact of vinification procedure on fruit wine
inhibitory activity against x-glucosidase. Food Biosci. 2018, 25, 1-7. [CrossRef]

Zhong, W.; Chen, T,; Yang, H.; Li, E. Isolation and Selection of Non-Saccharomyces Yeasts Being Capable of Degrading Citric acid
and Evaluation Its Effect on Kiwifruit Wine Fermentation. Fermentation 2020, 6, 25. [CrossRef]

Liu, J.; Liu, M.; Ye, P,; Lin, F; Huang, J.; Wang, H.; Zhou, R.; Zhang, S.; Zhou, ].; Cai, L. Characterization of major properties and
aroma profile of kiwi wine co-cultured by Saccharomyces yeast (S. cerevisiae, S. bayanus, S. uvarum) and T. delbrueckii. Eur. Food Res.
Technol. 2020, 246, 807-820. [CrossRef]

Liu, Y,; Wei, Y; Li, H; Li, F; Song, M.; Li, Z.; Zhang, T.; Han, S.; Pan, C. Optimization of fermentation technology for composite
fruit and vegetable wine by response surface methodology and analysis of its aroma components. RSC Adv. 2022, 12, 35616-35626.
[CrossRef]

Liu, J.; Guan, W.; Sun, Z.; Ni, Y,; He, L.; Tian, F; Cai, L. Application of Cyclocarya paliurus-Kiwifruit Composite Fermented to
Enhance Antioxidant Capacity, Flavor, and Sensory Characteristics of Kiwi Wine. Molecules 2023, 29, 32. [CrossRef]
Martin-Gomez, J.; Garcia-Martinez, T.; Varo, M.A.; Merida, ].; Serratosa, M.P. Enhance Wine Production Potential by Using Fresh
and Dried Red Grape and Blueberry Mixtures with Different Yeast Strains for Fermentation. Foods 2023, 12, 3925. [CrossRef]
Czerwinska, M.E.; Melzig, M.F. Cornus mas and Cornus officinalis-Analogies and Differences of Two Medicinal Plants Traditionally
Used. Front. Pharmacol. 2018, 9, 894. [CrossRef]

Tian, G.L.; Zhang, T.Y,; Yang, EQ.; Ito, Y. Separation of gallic acid from Cornus officinalis Sieb. et Zucc by high-speed counter-
current chromatography. J. Chromatogr. A. 2000, 886, 309-312. [CrossRef]

Zhang, H.; Wang, J.; Feng, Q.-M.; Li, Q.X.; Wang, F.; Wang, P,; Li, H.B.; Zhang, L.X.; Chi, J.; Dai, L.P. 5-Hydroxymethylfurfural
derivatives from wine-processed Corni fructus. J. Mol. Struct. 2023, 1294, 136322. [CrossRef]

Klongov4, L.; Kovér, M.; Navratilova, A.; Fialkova, V.; Pozgajova, M. Cornus mas L. Extract-Mediated Modulations of the Redox
State Induce Cytotoxicity in Schizosaccharomyces pombe. Appl. Sci. 2024, 14, 4049. [CrossRef]

Moldovan, R.; Mitrea, D.R.; Florea, A.; Chis, I.C.; Suciu, S.; David, L.; Moldovan, B.E.; Muresan, L.E.; Lenghel, M.; Ungur, R A ;
et al. Effects of Gold Nanoparticles Functionalized with Bioactive Compounds from Cornus mas Fruit on Aorta Ultrastructural
and Biochemical Changes in Rats on a Hyperlipid Diet-A Preliminary Study. Antioxidants 2022, 11, 1343. [CrossRef] [PubMed]
Moldovan, B.; Filip, A.; Clichici, S.; Suharoschi, R.; Bolfa, P; David, L. Antioxidant activity of Cornelian cherry (Cornus mas L.)
fruits extract and the in vivo evaluation of its anti-inflammatory effects. J. Funct. Foods 2016, 26, 77-87. [CrossRef]

Popovic, B.M,; Stajner, D.; Slavko, K.; Sandra, B. Antioxidant capacity of cornelian cherry (Cornus mas L.)—Comparison between
permanganate reducing antioxidant capacity and other antioxidant methods. Food Chem. 2012, 134, 734-741. [CrossRef]

Telang, N.T.; Li, G.; Sepkovic, D.W.; Bradlow, H.L.; Wong, G.Y. Anti-proliferative effects of Chinese herb Cornus officinalis in a
cell culture model for estrogen receptor-positive clinical breast cancer. Mol. Med. Rep. 2012, 5, 22-28. [CrossRef]

Jayaprakasam, B.; Olson, L.K.; Schutzki, R.E.; Tai, M.H.; Nair, M.G. Amelioration of obesity and glucose intolerance in high-fat-fed
C57BL/6 mice by anthocyanins and ursolic acid in Cornelian cherry (Cornus mas). J. Agric. Food Chem. 2006, 54, 243-248.
[CrossRef]

Wang, S.F; Chen, X.G.; Hu, Z.D.; Ju, Y. Analysis of three effective components in Fructus corni and its preparations by micellar
electrokinetic capillary chromatography. Biomed. Chromatogr. 2003, 17, 306-311. [CrossRef]

Dong, Y.; Feng, Z.L.; Chen, H.B.; Wang, ES.; Lu, ].H. Corni Fructus: A review of chemical constituents and pharmacological
activities. Chin. Med. 2018, 13, 34. [CrossRef]

Lee, H.; Kim, M.Y;; Ji, S.Y.; Kim, D.H.; Kim, S.Y.; Hwangbo, H.; Park, C.; Hong, S.H.; Kim, G.Y; Choi, Y.H. The Protective Effect of
Oral Application of Corni Fructus on the Disorders of the Cornea, Conjunctiva, Lacrimal Gland and Retina by Topical Particulate
Matter 2.5. Nutrients 2021, 13, 2986. [CrossRef]

Wang, F; Chi, J.; Guo, H,; Wang, J.; Wang, P.; Li, Y.X.; Wang, Z.M.; Dai, L.P. Revealing the effects and mechanism of wine
processing on Corni Fructus using chemical characterization integrated with multi-dimensional analyses. |. Chromatogr. A 2024,
1730, 465100. [CrossRef] [PubMed]


https://doi.org/10.1093/hr/uhad205
https://doi.org/10.1155/2022/7596920
https://doi.org/10.1111/1750-3841.13604
https://doi.org/10.3390/app9010010
https://doi.org/10.1016/j.foodchem.2021.130351
https://www.ncbi.nlm.nih.gov/pubmed/34147897
https://doi.org/10.1016/j.fbio.2018.06.009
https://doi.org/10.3390/fermentation6010025
https://doi.org/10.1007/s00217-020-03439-6
https://doi.org/10.1039/D2RA04294K
https://doi.org/10.3390/molecules29010032
https://doi.org/10.3390/foods12213925
https://doi.org/10.3389/fphar.2018.00894
https://doi.org/10.1016/S0021-9673(00)00480-5
https://doi.org/10.1016/j.molstruc.2023.136322
https://doi.org/10.3390/app14104049
https://doi.org/10.3390/antiox11071343
https://www.ncbi.nlm.nih.gov/pubmed/35883833
https://doi.org/10.1016/j.jff.2016.07.004
https://doi.org/10.1016/j.foodchem.2012.02.170
https://doi.org/10.3892/mmr.2011.617
https://doi.org/10.1021/jf0520342
https://doi.org/10.1002/bmc.247
https://doi.org/10.1186/s13020-018-0191-z
https://doi.org/10.3390/nu13092986
https://doi.org/10.1016/j.chroma.2024.465100
https://www.ncbi.nlm.nih.gov/pubmed/38996512

Foods 2025, 14, 1705 23 of 24

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

Sun, S.; Peng, K,; Yang, B.; Yang, M.; Jia, X.; Wang, N.; Zhang, Q.; Kong, D.; Du, Y. The therapeutic effect of wine-processed
Corni Fructus on chronic renal failure in rats through the interference with the LPS/IL-1-mediated inhibition of RXR function. J.
Ethnopharmacol. 2024, 321, 117511. [CrossRef] [PubMed]

Gu, H,; Jiang, Z.; Wang, M.; Jiang, H.; Zhao, F.; Ding, X.; Cai, B.; Zhan, Z. 5-Hydroxymethylfurfural from wine-processed Fructus
corni inhibits hippocarnpal neuron apoptosis. Neural Regen. Res. 2013, 8, 2605-2614. [CrossRef]

Adamenko, K.; Kawa-Rygielska, J.; Kucharska, A.Z.; Glowacki, A.; Piorecki, N. Changes in the Antioxidative Activity and the
Content of Phenolics and Iridoids during Fermentation and Aging of Natural Fruit Meads. Biomolecules 2021, 11, 1113. [CrossRef]
[PubMed]

Wei, J.; Zhang, Y.; Yuan, Y.; Dai, L.; Yue, T. Characteristic fruit wine production via reciprocal selection of juice and non-
Saccharomyces species. Food Microbiol. 2019, 79, 66-74. [CrossRef]

Zhou, W.; Sun-Waterhouse, D.; Xiong, J.; Cui, C.; Wang, W.; Dong, K. Desired soy sauce characteristics and autolysis of Aspergillus
oryzae induced by low temperature conditions during initial moromi fermentation. J. Food Sci. Technol. 2019, 56, 2888-2898.
[CrossRef]

Li, S.; Bi, P,; Sun, N.; Gao, Z.; Chen, X.; Guo, J. Characterization of different non-Saccharomyces yeasts via mono-fermentation to
produce polyphenol-enriched and fragrant kiwi wine. Food Microbiol. 2022, 103, 103867. [CrossRef]

Zhao, Y,; Tian, T; Li, J.; Zhang, B.; Yu, Y.; Wang, Y.; Niu, H. Variations in Main Flavor Compounds of Freshly Distilled Brandy
during the Second Distillation. Int. . Food Eng. 2014, 10, 809-820. [CrossRef]

Li, M.Y.; Wang, W.; Meng, X.C.; Wang, X.]. Determination of content of iridoid glycosides in the enrichment of Cornus officinalis
macroporous adsorption resin. Chin. Med. Pharmacol. 2010, 38, 43—45. [CrossRef]

Lee, S.G.; Vance, TM.; Nam, T.G.; Kim, D.O.; Koo, S.I; Chun, O.K. Evaluation of pH differential and HPLC methods expressed as
cyanidin-3-glucoside equivalent for measuring the total anthocyanin contents of berries. J. Food Meas. Charact. 2016, 10, 562-568.
[CrossRef]

Wolfe, K.; Wu, X.Z,; Liu, R H. Antioxidant activity of apple peels. |. Agric. Food Chem. 2003, 51, 609—-614. [CrossRef] [PubMed]
Tuberoso, C.I.G.; Serreli, G.; Congiu, F.; Montoro, P.; Fenu, M.A. Characterization, phenolic profile, nitrogen compounds and
antioxidant activity of Carignano wines. J. Food Compos. Anal. 2017, 58, 60-68. [CrossRef]

Li, W;; Yao, H.; Chen, K; Ju, Y.; Min, Z,; Sun, X.; Cheng, Z.; Liao, Z.; Zhang, K.; Fang, Y. Effect of foliar application of fulvic acid
antitranspirant on sugar accumulation, phenolic profiles and aroma qualities of Cabernet Sauvignon and Riesling grapes and
wines. Food Chem. 2021, 351, 129308. [CrossRef]

Van Gemert, L.J. Compilations of Odor Threshold Values in Air, Water and Other Media, 2nd ed.; Oliemans Punter & Partners BV:
Zeist, The Netherlands, 2011; pp. 207-358.

Baca-Bocanegra, B.; Goncalves, S.; Nogales-Bueno, ].; Mansinhos, I.; Heredia, EJ.; Hernandez-Hierro, ]. M.; Romano, A. Influence
of Wine pH and Ethanol Content on the Fining Efficacy of Proteins from Winemaking By-Products. Foods 2022, 11, 1688. [CrossRef]
Webber, V.; Dutra, S.V.; Spinelli, ER.; Carnieli, G.J.; Cardozo, A.; Vanderlinde, R. Effect of glutathione during bottle storage of
sparkling wine. Food Chem. 2017, 216, 254-259. [CrossRef]

ISO 3591:1997; Sensory Analysis—Apparatus—Wine-Tasting Glass. International Organization for Standardization: Geneva,
Switzerland, 1997.

Li, H. Wine Tasting; Science Press: Beijing, China, 2006.

Chen, X.; Peng, M.; Wu, D.; Cai, G.; Yang, H.; Lu, J. Physicochemical indicators and sensory quality analysis of kiwi wines
fermented with different Saccharomyces cerevisiae. |. Food Process. Preserv. 2022, 46, €17132. [CrossRef]

Wang, Z.; Hao, Q.; An, X,; Chitrakar, B.; Li, J.; Zhao, Z.; Ao, C.; Sun, ]. Optimization of Mopan Persimmon Wine Fermentation
with Pectinase and Analysis of Its Mechanism of Action. Foods 2023, 12, 1246. [CrossRef] [PubMed]

Zhang, Q.A.; Fan, X.H.; Zhao, W.Q.; Wang, X.Y.; Liu, H.Z. Evolution of some physicochemical properties in Cornus officinalis wine
during fermentation and storage. Eur. Food Res. Technol. 2013, 237, 711-719. [CrossRef]

Chen, A.J.; Fu, Y.Y;; Jiang, C.; Zhao, J.L.; Liu, X.P; Liu, L.; Ma, J.; Liu, X.Y.; Shen, G.H.; Li, M.L,; et al. Effect of mixed fermentation
(Jiuqu and Saccharomyces cerevisine EC1118) on the quality improvement of kiwi wine. CyTA—]. Food 2019, 17, 967-975. [CrossRef]
Cheng, Y.; Watrelot, A.A. Effects of Saignée and Bentonite Treatment on Phenolic Compounds of Marquette Red Wines. Molecules
2022, 27, 3482. [CrossRef]

Ren, M,; Liu, S.; Li, R.; You, Y.; Huang, W.; Zhan, J. Clarifying effect of different fining agents on mulberry wine. Int. J. Food Sci.
Technol. 2019, 55, 1578-1585. [CrossRef]

Pascoal, A.; Oliveira, ].M.; Pereira, A.P,; Féas, X.; Anjos, O.; Estevinho, L.M. Influence of fining agents on the sensorial characteris-
tics and volatile composition of mead. J. Inst. Brew. 2017, 123, 562-571. [CrossRef]

Li, Y.; Chen, Y.; Chen, Y,; Liu, J.; Zhang, B.; Zhu, B.; Qian, X. Lactiplantibacillus plantarum inoculation enhanced the color
stabilization and aroma quality of blueberry wine. LWT 2024, 208, 116750. [CrossRef]


https://doi.org/10.1016/j.jep.2023.117511
https://www.ncbi.nlm.nih.gov/pubmed/38036016
https://doi.org/10.3969/j.issn.1673-5374.2013.28.002
https://doi.org/10.3390/biom11081113
https://www.ncbi.nlm.nih.gov/pubmed/34439780
https://doi.org/10.1016/j.fm.2018.11.008
https://doi.org/10.1007/s13197-019-03742-5
https://doi.org/10.1016/j.fm.2021.103867
https://doi.org/10.1515/ijfe-2014-0123
https://doi.org/10.19664/j.cnki.1002-2392.2010.04.018
https://doi.org/10.1007/s11694-016-9337-9
https://doi.org/10.1021/jf020782a
https://www.ncbi.nlm.nih.gov/pubmed/12537430
https://doi.org/10.1016/j.jfca.2017.01.017
https://doi.org/10.1016/j.foodchem.2021.129308
https://doi.org/10.3390/foods11121688
https://doi.org/10.1016/j.foodchem.2016.08.042
https://doi.org/10.1111/jfpp.17132
https://doi.org/10.3390/foods12061246
https://www.ncbi.nlm.nih.gov/pubmed/36981176
https://doi.org/10.1007/s00217-013-2045-3
https://doi.org/10.1080/19476337.2019.1682678
https://doi.org/10.3390/molecules27113482
https://doi.org/10.1111/ijfs.14433
https://doi.org/10.1002/jib.445
https://doi.org/10.1016/j.lwt.2024.116750

Foods 2025, 14, 1705 24 of 24

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Varo, M.A.; Martin-Gémez, J.; Merida, ].; Serratosa, M.P. Exploring the Impact of Temperature and Fermentation Time on the
Evolution of Bioactive Compounds, Antioxidant Activity, and Color Evolution in Blueberry Wines. ACS Food Sci. Technol. 2024, 4,
1301-1309. [CrossRef]

Yao, R.Q.; Wang, E. Study on the Clarification Effect of Composite Clarifying Agents on Cornus officinalis Wine. Brew. Sci. Technol.
2018, 6, 30-33+46. [CrossRef]

Song, Y.; Xu, B. Diffusion Profiles of Health Beneficial Components from Goji Berry (Lyceum barbarum) Marinated in Alcohol and
Their Antioxidant Capacities as Affected by Alcohol Concentration and Steeping Time. Foods 2013, 2, 32—42. [CrossRef]

Roufa, P; Evangelou, A.; Beris, E.; Karagianni, S.; Chatzilazarou, A.; Dourtoglou, E.; Shehadeh, A. Increase in Total Phenolic
Content and Antioxidant Capacity in Wines with Pre- and Post-Fermentation Addition of Melissa officinalis, Salvia officinalis and
Cannabis sativa. Horticulturae 2023, 9, 956. [CrossRef]

Ferrero, L.; Beria D’argentina, S.; Paissoni, M.A.; Rio Segade, S.; Rolle, L.; Giacosa, S. Phenolic budget in red winemaking:
Influence of maceration temperature and time. Food Chem. 2025, 482, 144159. [CrossRef]

Giordano, M.; Pinela, J.; Dias, M.I.; Calhelha, R.C.; Stojkovi¢, D.; Sokovi¢, M.; Tavares, D.; Canepa, A.L.; Ferreira, .C.ER.; Caleja,
C.; et al. Ultrasound-Assisted Extraction of Flavonoids from Kiwi Peel: Process Optimization and Bioactivity Assessment. Appl.
Sci. 2021, 11, 6416. [CrossRef]

Zhou, S,; Liu, J.; Tan, L.; Wang, Y.; Li, J.; Wang, Y.; Ding, C.; Long, H. Changes in metabolites in raw and wine processed Corni
Fructus combination metabolomics with network analysis focusing on potential hypoglycemic effects. Front. Pharmacol. 2023, 14,
1173747. [CrossRef]

Ju, C.G,; Zhu, L.; Wang, W.; Gao, H.; Xu, Y.B; Jia, T.Z. Cornus officinalis prior and post-processing: Regulatory effects on intestinal
flora of diabetic nephropathy rats. Front. Pharmacol. 2022, 13, 1039711. [CrossRef] [PubMed]

Sun, N.; Gao, Z; Li, S.; Chen, X.; Guo, J. Assessment of chemical constitution and aroma properties of kiwi wines obtained from
pure and mixed fermentation with Wickerhamomyces anomalus and Saccharomyces cerevisiae. . Sci. Food Agric. 2022, 102, 175-184.
[CrossRef] [PubMed]

Huang, J.; Wang, Y.; Ren, Y.; Wang, X.; Li, H.; Liu, Z.; Yue, T.; Gao, Z. Effect of inoculation method on the quality and nutritional
characteristics of low-alcohol kiwi wine. LWT 2022, 156, 113049. [CrossRef]

Wei, J.; Wang, S.; Zhang, Y.; Yuan, Y.; Yue, T. Characterization and screening of non-Saccharomyces yeasts used to produce
fragrant cider. LWT 2019, 107, 191-198. [CrossRef]

Wei, J.; Li, Y.; Liu, Y;; Liu, S.; Yang, X.; Wang, X. Process Optimization for Production of Persimmon Wine with Lower Methanol.
Foods 2024, 13, 748. [CrossRef]

Xu, J.; Qi, Y,; Zhang, J.; Liu, M.; Wei, X; Fan, M. Effect of reduced glutathione on the quality characteristics of apple wine during
alcoholic fermentation. Food Chem. 2019, 300, 125130. [CrossRef]

Lola, D.; Kalloniati, C.; Dimopoulou, M.; Kanapitsas, A.; Papadopoulos, G.; Dorignac, E.; Flemetakis, E.; Kotseridis, Y. Impact of
Assimilable Nitrogen Supplementation on Saccharomyces cerevisiae Metabolic Response and Aromatic Profile of Moschofilero
Wine. . Agric. Food Chem. 2023, 71, 2952-2963. [CrossRef] [PubMed]

Pérez, D.; Assof, M.; Bolcato, E.; Sari, S.; Fanzone, M. Combined effect of temperature and ammonium addition on fermentation
profile and volatile aroma composition of Torrontés Riojano wines. LWT 2018, 87, 488-497. [CrossRef]

Chen, X;; Jia, X,; Yang, S.; Zhang, G.; Li, A.; Du, P.; Liu, L.; Li, C. Optimization of ultrasonic-assisted extraction of flavonoids,
polysaccharides, and eleutherosides from Acanthopanax senticosus using response surface methodology in development of
health wine. LWT 2022, 165, 113725. [CrossRef]

Liu, R.; Liu, Y,; Zhu, Y.; Kortesniemi, M.; Zhu, B.; Li, H. Aromatic Characteristics of Passion Fruit Wines Measured by E-Nose,
GC-Quadrupole MS, GC-Orbitrap-MS and Sensory Evaluation.pdf. Foods 2022, 11, 3789. [CrossRef]

Mumford, A.; Pliakoni, E.D.; Hale, I. Effects of Harvest Maturity on Storability, Ripening Dynamics, and Fruit Quality of ‘Geneva
3’ Kiwiberries.pdf. HortScience 2023, 58, 761-767. [CrossRef]

Tilahun, S.; Choi, H.R; Park, D.S.; Lee, YM.; Choi, ].H.; Baek, M.W.; Hyok, K.; Park, S.M.; Jeong, C.S. Ripening quality of kiwifruit
cultivars is affected by harvest time. Sci. Hortic. 2020, 261, 108936. [CrossRef]

Choi, H.R.; Tilahun, S.; Park, D.S.; Lee, Y.M.; Choi, ].H.; Baek, M.W.; Jeong, C.S. Harvest time affects quality and storability of
kiwifruit (Actinidia spp.). Sci. Hortic. 2019, 256, 108523. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1021/acsfoodscitech.4c00271
https://doi.org/10.13746/j.njkj.2018051
https://doi.org/10.3390/foods2010032
https://doi.org/10.3390/horticulturae9090956
https://doi.org/10.1016/j.foodchem.2025.144159
https://doi.org/10.3390/app11146416
https://doi.org/10.3389/fphar.2023.1173747
https://doi.org/10.3389/fphar.2022.1039711
https://www.ncbi.nlm.nih.gov/pubmed/36278215
https://doi.org/10.1002/jsfa.11344
https://www.ncbi.nlm.nih.gov/pubmed/34061382
https://doi.org/10.1016/j.lwt.2021.113049
https://doi.org/10.1016/j.lwt.2019.03.028
https://doi.org/10.3390/foods13050748
https://doi.org/10.1016/j.foodchem.2019.125130
https://doi.org/10.1021/acs.jafc.2c07325
https://www.ncbi.nlm.nih.gov/pubmed/36719992
https://doi.org/10.1016/j.lwt.2017.09.020
https://doi.org/10.1016/j.lwt.2022.113725
https://doi.org/10.3390/foods11233789
https://doi.org/10.21273/HORTSCI17105-23
https://doi.org/10.1016/j.scienta.2019.108936
https://doi.org/10.1016/j.scienta.2019.05.050

	Introduction 
	Materials and Methods 
	Samples 
	Detection of Physicochemical Parameters 
	Determination of Polyphenolic Substances and Iridoid Glycosides in Cornus-Kiwi Fruit Wine 
	GC-MS Analyses of Volatile Compounds in Wines 
	Clarity and Color Analysis 
	Sensory Evaluation 
	Statistical Analysis 

	Results 
	Effects of Various Treatments on Basic Physicochemical Indexes of Cornus–Kiwifruit Wine 
	Effects of Various Treatment Methods on Polyphenolic Substances and Unique Components in Cornus-Kiwifruit Wine 
	Different Treatments on Volatile Compounds in Cornus–Kiwifruit Wine 
	Effects of Different Treatments on the Color and Clarity of Cornus–Kiwifruit Wine 
	Comprehensive Quality Analysis of Cornus–Kiwifruit Wine Based on Principal Component Analysis 
	Effect of Different Treatments on the Sensory Quality of Cornus–Kiwifruit Wine 

	Discussion 
	Effects of Different Treatments on Basic Physicochemical Indices of Cornus–Kiwifruit Wine 
	Effects of Different Adding Methods of Cornus officinalis on Polyphenolic Substances and Special Components in Cornus–Kiwifruit Wine 
	Effects of Different Addition Methods on Aroma Compound Content in Cornus–Kiwifruit Wine 

	Conclusions 
	References

