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A B S T R A C T   

In order to re-utilize the residual from the distillation of the Chinese wolfberry wine and reduce the environ-
mental pollution, the residual is firstly filtered by the ceramic membrane of 50 nm, then the Cu (II) has trans-
ferred from the distillation is removed using the ion exchange resin, and the treated solution is recombined with 
the distilled liquor to make the Chinese wolfberry brandy and the comparison has conducted on the physico-
chemical properties, antioxidant activity and flavor compounds between the recombined brandy and the finished 
brandy. The results indicate that the Cu (II) was effectively removed by ceramic membrane combined with the 
D401 resin. Compared with finished brandy, the recombined brandy contains high contents of polysaccharides, 
phenols and flavonoids, thus contributing to the improvement of antioxidant capacity. The gas chromatography- 
ion mobility spectrometry (GC-IMS) reveals that 25 volatile compounds like esters and alcohols have identified in 
the brandy samples, and the differences are significant between the recombined and the finished brandy. In 
summary, the distilled residual from the Chinese wolfberry wine might be re-used after the appropriate treatment 
so as to reduce the discharge and environmental pollution.   

1. Introduction 

Chinese wolfberry, a treasured botanical originating from China, has 
been extensively utilized as a traditional Chinese medicine herbal and a 
functional food, revered for its diverse benefits including antioxidation 
properties and anti-aging effects. (Niu, Huang, Jin, Wu, & Zhou, 2017). 
Brandy, renowned for its distinctive flavor profile, is a spirit crafted 
through the fermentation and distillation of grapes, standing proudly 
among the world's six most celebrated distilled spirits (Dziekonska- 
Kubczak, Pielech-Przybylska, Patelski, & Balcerek, 2020). Typically, the 
name of the brandy is paired with its primary ingredient, such as jujube 
brandy or plum brandy; hence, Chinese wolfberry brandy is a unique 
liquor distilled from fresh wolfberry fruit (Vyviurska, Matura, 
Furdíková, & Špánik, 2017; Xia, Suo, Wang, Cerbin, & Wang, 2017). 
Owing to the transfer of bioactive components from the raw materials 
into the wine during fermentation, Chinese wolfberry brandy boasts 
exceptional characteristics that distinguish it from other spirits (Zhao 
et al., 2019). 

Distilled residual, which contains valuable nutrient compounds such 
as polysaccharides, phenols and flavonoids has been generated during 

the brewing process, but the natural discharge of these residual will not 
only pollute the environment but also cause a large loss of resources 
(Salian, Wani, Reddy, & Patil, 2018). The flavonoids and related 
phenolic and polyphenolic compounds have been of interest owing to 
their antimicrobial, antioxidative, anti-inflammatory, and anti- 
mutagenic properties, there is an extensive literature describing each 
of these biological properties (Lorenzo, Colombo, Biella, Stockley, & 
Restani, 2021; Lee et al., 2017; Rodriguez-Mateos et al., 2014). And 
numerous researches have indicated that dietary polyphenols or me-
tabolites and catabolites of flavonoids achieve health promotion 
through gut microbiota regulation, for example, dietary flavonoids are 
enzymatically hydrolyzed and absorbed in the intestine, and are con-
jugated to their glucuronide/sulfate forms by phase II enzymes in 
epithelial cells and the liver (Li et al., 2023; Murota, Nakamura, & 
Uehara, 2018). 

In addition, the presence of copperware distillation equipment in 
winemaking can result in elevated levels of Cu (II) in wine. The appro-
priate amount of Cu (II) catalyzes the color, taste, and flavor of the final 
distilled wine product, enhancing their quality and sensory character-
istics (Neves, Oliveira, Fernandes, & Nóbrega, 2007; Szymczycha- 
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Madeja, Welna, Jamroz, Lesniewicz, & Pohl, 2015). However, excessive 
concentrations of Cu (II) adversely affect its stability, organoleptic 
properties, and poses risks to the human digestive, nervous, and immune 
system (Bonic et al., 2013; Wang et al., 2023; Wang et al., 2023). ICP- 
OES testing has revealed that the distillation residual contains Cu (II) 
at a concentration of 154.58 mg/mL. However, there is little research 
has been done on removing metal ions from brandy distillation re-
siduals. It is important to carefully consider the selection of treatment 
methods and optimize the process to minimize costs and environmental 
impact while protecting the safety and quality of the final product. 

Membrane technology is widely used in the food industry for juice 
clarification and concentration processes due to its advantages of pre-
serving the product's quality, decreasing equipment costs, and 
improving aroma retention (Bhattacharjee, Saxena, & Dutta, 2017a; 
Bhattacharjee, Saxena, & Dutta, 2017b). For example, membrane sep-
aration has been applied to concentrate pomegranate and watermelon 
juice while maintaining their bioactive compounds content (Bhatta-
charjee et al., 2017a; Bhattacharjee et al., 2017b; Cassano, Conidi, & 
Tasselli, 2014). Resin adsorption, utilizing ion exchange and micropo-
rous resins, is an effective and eco-friendly technology widely employed 
in the food industry, specifically in alcoholic beverages, to reduce 
acidity and improve flavor (Zhong, Li, Yang, & Li, 2018). Additionally, 
resin adsorption has been showed to reduce metals content in wine 
(Benitez, Castro, & Barroso, 2001; Palacios, Caro, & Perez, 2000). 
Further research is necessary to determine the optimal condition and 
parameters for combining membrane separation and resin adsorption, as 
there is limited literature regarding the approach for wastewater treat-
ment in food industry. The development of new alcoholic beverages can 
be facilitated by the utilization of treated solution, such as the produc-
tion of de-protein whey beverage from dairy whey wastewater treated 
by UF (Korotkov, Stanislavskaya, & Melnikova, 2015). The sensory 
properties and antioxidant capacity of the recombined brandy can be 
enhanced by incorporating volatile flavor compounds and nutrients 
derived from treated solution. Based on the above facts, it can be 
deduced that the Cu (II) in the wastewater could be removed and the 
nutrient composition preserved through the implementation of an 
appropriate technique. As a result, the comprehensive utilization rate 
and added value of wastewater can be improved. 

Gas chromatography-ion mobility spectrometry (GC-IMS) is an 
emerging technology that has been developed for the accurate separa-
tion of volatile compounds from complex samples and to analyze them 
(Guo, Schwab, Ho, Song, & Wan, 2022). It offers the advantage of low 
detection limits and high separation performance of GC and high 
sensitivity of IMS. In recent years, broader applications of GC-IMS have 
been observed in various fields such as medicine, cosmetics and envi-
ronmental protection, with a particular focus on food flavor analysis 
(Wang, Chen, & Sun, 2020). For example, the correlation between 
characteristic volatile compounds and brandy aging has been identified 
using GC-IMS (Chen et al., 2021; Chen et al., 2021; Li, Yang, Tian, Zou, 
& Li, 2020). Previous studies have demonstrated that GC-IMS exhibits 
higher reliability in studying volatile flavor, and it represents a prom-
ising approach for the identification of brandy quality. 

The main objective of this research is to utilize membrane technol-
ogy for the filtration of distillation residual, as well as the removal of Cu 
(II) and retention of nutrients from treatment water using ion exchange 
resin. Subsequently, a Chinese wolfberry brandy will be developed with 
the treatment water as the major components. Additionally, the nutri-
tional components and antioxidant activity of recombined and finished 
Chinese wolfberry brandy were compared and analyzed, and a 
comprehensive understanding of the diversity of flavor compounds was 
sought using GC-IMS. The innovation of this paper lies in the combi-
nation of ceramic membrane filtration and ion exchange resin adsorp-
tion, which can not only reduce the loss of nutrients, but also effectively 
remove Cu (II) in distillation residue, meeting the national food safety 
standards and enabling the recycling of distillation residue from brandy 
production. These efforts will contribute to recycle nutrients in 

distillation residual, reduce wastewater discharge, decrease environ-
mental pollution, and enhance the added value of wolfberry. 

2. Experiments 

2.1. Chemicals and materials 

The distilled residual, distilled liquor (the original brandy with high 
alcohol content after secondary distillation) and finished brandy were 
supported by Ningxiahong Medlar Industry Group Company Ltd. 
(Ningxia, China). The ion exchange resins, glucose, rutin, gallic acid and 
1,1-diphenyl-2-picrylhydrazyl were purchased from Yuanye Bio- 
Technology Co. Ltd. (Shanghai, China). Folin-Ciocalteu reagent was 
obtained from Biotopped Technology Co. Ltd. (Beijing, China). Sodium 
hydroxide, hydrochloric acid, phosphoric acid (H3PO4) and sodium 
carbonate (Na2CO3) were purchased from Tianli Chemical Reagent Co. 
Ltd. (Tianjin, China). All other chemicals and solvents were of analytical 
grade. 

2.2. Ceramic membrane treatment of distillation residual 

A ceramic membrane with a pore size of 50 nm and a pressure of 0.5 
MPa was utilized to separate the distillation residual, and the ceramic 
membrane filtrate (CMF) and ceramic membrane concentrate (CMC) 
were collected and stored at 4 ◦C for further use. The characteristics of 
the CMC and CMF had been reported in our paper (Dang, Zhao, Dong, 
Dang, & Zhang, 2022). The levels of Cu (II) in the CMC and CMF were 
determined by ICP-OES to be 117.67 mg/mL and 62.25 mg/mL, 
respectively. In the following experiment, CMF was taken as the 
research object to further explore the adsorption process of ion exchange 
resin for Cu (II) in CMF. 

2.3. Static adsorption and desorption tests 

The static adsorption and desorption capacity of 4 different resins for 
Cu (II) were evaluated. Specifically, 0.3 g of pre-treated resin was added 
into a 25 mL CMF solution, and the suspension was subjected to 
adsorption for 6 h in a constant temperature oscillator. The residual 
concentration of metal ions in the solution was detected using Induc-
tively Coupled Plasma-Optical Emission Spectrometer (ICP- OES). Ex-
periments were performed in triplicate for the sake of accuracy. Once 
equilibrium was achieved, the resins were rinsed with deionized water 
and subsequently eluted with a 10% HCl solution. The concentration of 
Cu (II) in the eluent was determined, and several parameters were 
calculated, including adsorption capacity, adsorption ratio and desorp-
tion ratio. 

Q = (C0 − Ce)⋅Va/W (1)  

A = (C0 − Ce)/C0 × 100% (2)  

D% = CdVd/[(C0 − Ce)⋅C0 ] × 100% (3) 

The following parameters were determined: where Q、A、and D 
represent the adsorption capacity (Q) in mg/g, adsorption ratio (A) in % 
and desorption ratio (D) in %. The variables used in the calculations 
were as follows: C0, the initial concentration of Cu (II) before adsorption 
in mg/g, Ce, the concentration of Cu (II) at adsorption equilibrium in 
mg/g, Cd, the concentration of Cu (II) in eluent in mg/g; Va, the volume 
in mL of CMF solution, Vd, the volume in mL of desorption solution; and 
W, the weight in g of resin. 

2.4. Batch adsorption experiments 

Batch adsorption experiments were conducted in triplicate using 
CMF solution to investigate the adsorption behavior of the Cu (II) by 
D401 resin. The effect of adsorption dose (0.1–0.5 g), pH (3–9), contact 
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time (0–480 min) and adsorption temperature (15, 25 and 35 ◦C) on the 
adsorption behavior of Cu (II) were examined to determine the optimal 
adsorption conditions. Additionally, the adsorption kinetics curve of Cu 
(II) on D401 was studied by shaking 0.3 g of D401 resin with 25 mL of 
CMF solution at 293 K, and the samples were taken at different intervals 
until adsorption equilibrium was reached (Hoang, Nishihama, & Yosh-
izuka, 2021). The pseudo-first order and pseudo-second-order model 
was represented by eq. (4) and (5). 

ln(Qe − Qt) = lnQ1 − k1t (4)  

t
/

Qt = 1
/(

k2Q2
2

)
+ t

/
Q2 (5)  

where Qe and Qt represent the amounts of Cu (II) ions adsorbed on the 
resin at equilibrium and at various times t (mg/g), respectively. Q1 and 
Q2 are the calculated adsorption capacity of the pseudo-first-order 
model and the pseudo-second-order model (mg/g), respectively; while 
k1 and k2 are the rate constants of the pseudo-first-order model (1/min) 
and the pseudo-second-order model (mg/ (g min)). The fitting validity of 
these models is commonly assessed by the plotting of ln(Qe − Qt) vs t and 
t/Qt vs t, respectively. 

For the adsorption isotherms, 25 mL of CMF solution with varying 
concentrations (39.62, 62.52, 78.94, 101.2 and 117.6 mg/mL) was 
added to a conical flask containing D401 resin. These concentrations 
were determined based on preliminary experiments conducted in our 
laboratory. The Langmuir and Freundlich models can be expressed as 
follows (Wang, Jia, et al., 2023; Wang, Ma, et al., 2023): 

Ce/Qe = 1/(KLQm)+CeQm (6)  

lnQe = lnkf + 1
/
(nlnCe) (7)  

where Qe is the equilibrium adsorption capacity (mg/g), Ce is the equi-
librium concentration (mg/g), KL is the Langmuir constant, Kf is the 
Freundlich constant and n is the characteristic constant. 

The adsorption thermodynamics were investigated by studying the 
adsorption of Cu (II) onto D401 resin at various temperatures (15, 25 
and 35 ◦C). Eqs. (8)、(9) were used to calculate the thermodynamic 
parameters for the adsorption of Cu (II) onto the D401 resin, including 
ΔG (kJ⋅mol− 1), ΔS (J⋅mol− 1⋅K− 1) and ΔH (kJ⋅mol− 1), were calculated 
with the following equations(He et al., 2014): 

ΔG = − RTlnKL (8)  

lnKL = ΔS/R − ΔH/(R⋅T) (9)  

where R (8.314 J/mol ⋅ K) is the gas constant, T (K) stands for the ab-
solute temperature, and KL (L/mg) is the standard thermodynamic 
equilibrium constant defined by Qe / Ce The values ΔH and ΔS can be 
calculated from the slope and intercept of Vant's Hoff plots of ln KL vs T / 
1. 

2.5. Preparation of recombined brandy 

To obtain the recombined brandy, the raw materials were blended 
according to the eq. (10). Among them, M and A represent the quality 
and alcohol content of the recombined brandy respectively, M1 and A1 
represent the quality and alcohol content of the original brandy (OB), 
and M2 and A2 represent the quality and alcohol content of the treatment 
liquid. 
{

M1 × A1% + M2 × A2% = M × A%
M1 + M2 = M (10)  

2.6. Determination of physicochemical parameters 

The pH value was measured using a PHS-3C digital pH meter 
(Shanghai Leici Co. Ltd., China); titratable acidity (TA) was determined 

through titration with 0.01 M NaOH and expressed as a percentage of 
acetic acid (Fan, Zhang, Yan, & Tian, 2016); total soluble solids (TSS) 
was measured using a digital refractometer(Shanghai Leici Co. Ltd., 
China); the content of reducing sugar was determined using the dinitro 
salicylic (DNS) method (Chen et al., 2018); the alcoholic content was 
tested using an alcohol meter, and the results were expressed as milli-
liters of alcohol per 100 mL of wine; the CIE parameters (L*, a* and b*) 
were determined by a SC-80C automatic colorimeter (Beijing Kang-
guang instrument Co. Ltd., China). 

2.7. Determination of the active ingredient 

The total polyphenolic content (TPC) of samples was determined 
using the Folin-Ciocalteu method with some minor modifications (Fan 
et al., 2016); the total flavonoid content (TFC) was determined using 
AlCl3 colorimetric method with slight modifications (Kwaw et al., 
2018); the total polysaccharides content (TSC) was measured by a 
phenol‑sulfuric acid method, with several modifications (Zhang, Zhang, 
Yan, & Fan, 2017). 

2.8. Determination of antioxidant activities 

2.8.1. Ferric-reducing antioxidant power 
The ferric-reducing antioxidant power (FRAP) was determined with 

slight modifications (Chen, Huang, Yang, & Hou, 2019). Samples with 
volumes of 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mL were supplemented with 
distilled water to 1 mL. 2.5 mL phosphate buffer (0.2 mol/L, pH = 6.6) 
and 2.5 mL potassium ferrocyanide (1%, w/v) were added, respectively. 
After 20 min of incubation at 50 ◦C, 2.5 mL trichloroacetic acid (10%, w/ 
v) was added, and the reaction solution was centrifuged at 3000 r/min 
for 10 min. Then, 2.5 mL supernatant was collected and mixed with 2.5 
mL distilled water and 0.5 mL ferric chloride solution (0.1%, w/v). 
Finally, the absorbance at 700 nm was recorded after 10 min of reaction. 
0.1 mg/mL GA was used as a positive control. 

2.8.2. DPPH radical scavenging assay 
The DPPH free radical-scavenging activity of the samples was 

measured according to the method (Yang, Su, Wang, Wang, & Wang, 
2021), with slight modifications. Samples with volumes of 0.1, 0.2, 0.3, 
0.4, 0.5, and 0.6 mL were supplemented with distilled water to 1 mL and 
mixed with 4 mL DPPH (10− 4 M) respectively. Then, the mixture was 
remined in the dark for 30 min. 0.1 mg/mL GA was used as a positive 
control. The absorbance was determined at 517 nm. The DPPH scav-
enging rate of the sample can be calculated by the following formula: 

Scavenging rate (%) = 1 − (As − Ab)/A0 (11) 

As: Absorption of sample solution. 
Ab: Absorption of DPPH replaced by ethanol. 
A0: Absorption of sample replaced by ethanol. 

2.8.3. Hydroxyl radical scavenging 
Hydroxyl radical scavenging activity was determined using the 

method with slight modifications (Zhang, Fan, Zhao, Wang, & Liu, 
2013). Samples with volumes of 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mL were 
added distilled water to 1 mL. Then 1 mL of FeSO4(9− 3 M), 1 mL of 
H2O2(1%, w/v) and 1 mL of salicylic acid (70% ethanol solution) were 
added to the mixture and reacted for 25 min at 37 ◦C. The absorbance 
was measured at 510 nm. 0.1 mg/mL GA was used as a positive control. 
The scavenging rate was calculated by the following formula: 

Scavenging rate (%) = 1 − (As − Ab)/A0 (12) 

As: Absorption of sample solution. 
Ab: Absorption of H2O2 replaced by distilled water. 
A0: Absorption of sample replaced by distilled water. 
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2.8.4. Superoxide anion scavenging assay 
The scavenging activity was measured as the method described in the 

paper (Yang et al., 2021), with some modifications. Samples with vol-
umes of 0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 mL and supplemented with 
distilled water to 1 mL. Then 4 mL of Tris-HCl buffer (0.05 M, pH 8.2) 
and 3 mL of pyrogallol solution (30 mM) were added to the sample. After 
a 5-min reaction, 0.5 mL of HCl was added to the mixture to terminate 
the reaction. The absorbance was determined at 320 nm. 0.1 mg/mL GA 
was used as a positive control. The scavenging rate was calculated by the 
following formula: 

Scavenging rate (%) = 1 − (As − Ab)/A0 (13) 

As: Absorption of sample solution. 
A0: Absorption of sample replaced by ethanol. 

2.9. Determination of volatile profiles 

The volatile profiles of brandy were analyzed using a GC-IMS system 
(FlavourSpec®, G.A.S, Dortmund, Germany) equipped with an auto-
sampler (CTC Analytics AG, Zwingen, Switzerland) and a WAX capillary 
column (30 m × 0.53 mm, 1 μm, Restek, Beijing, China)0.100 μL brandy 
sample was added to a 20-mL headspace injection vials. After incubating 
at 60 ◦C and 500 rpm for 15 min, a 100 μL headspace was injected by a 
syringe previously heated to 85 ◦C. Then the headspace was delivered to 
the GC for pre-separation. The column was maintained at 45 ◦C and the 
carrier gas (N2, 99.99% pure) flow ramp was optimized as follows: 2 
mL/min in the first 2 min, 10 mL/min within 2–10 min, and finally 
increased to 100 mL/min within 20 min. The ionization source operated 
in positive ion mode using a β-ray (3H, 300 MBq). The drift tube tem-
perature and drift gas (N2) flow rate were set 45 ◦C and 150 mL/min, 
respectively. 

To calculate the retention indices (RIs) of volatile compounds in 
brandy samples, an external standard of n-ketone (C4-C9, Sinopharm 
Group Co. Ltd., Beijing, China) was used in the Laboratory Analysis View 
software (FlavourSpec®, Dortmund, Germany). The type of each vola-
tile compound was confirmed by comparing the RIs and drift time of the 
authentic standard compounds with the GC-IMS library G.A.S (Dort-
mund, Germany). Qualitative analysis was conducted based on the NIST 
database and IMS database of the GC-IMS Library Search application 
software. The extraction and analysis of the GC-IMS data were per-
formed using the LAV software (version 2.2.1, G.A.S, Dortmund, Ger-
many) to generate a topographic plot and gallery plot, providing 
corresponding information for the VOCs. The composition of volatile 
substances in the brandy sample was determined and analyzed, and the 
relative content of each volatile component was calculated by peak 
volume normalization. 

2.10. Calculation of relative odor activity value (ROAV) 

The VOCs' ROAVmax that contributed the most to the flavor of the 
sample was defined as 100, and the ROAV of other VOCs was calculated 
as follow (Song et al., 2022): 

ROAV ≈ 100×
Ci

Cmax
⋅
Tmax

Ti
(14) 

In the formula, Ci is the relative content of the aroma compound in 
tea (%); Ti is the aroma threshold of compound in water (mg/kg); Cmax 
and Tmax represent the relative content and aroma threshold of the 
compound that contributes the most to the overall flavor of the sample. 

2.11. Data analysis 

Statistical significance between groups was performed by one-way 
ANOVA, and P < 0.05 was considered statistically significant. Analysis 
of variance (ANOVA) was conducted using the SPSS statistics software of 
version 11.0 (SPSS Inc., Chicago, IL, USA). 

3. Results and discussion 

3.1. Adsorption and desorption capacities of different resins 

The corresponding model and parameter performance of the four 
resins are shown in Table 1. Resin adsorption had widely utilized in the 
wastewater industry due to its numerous advantages, including high 
adsorption efficiency, simplicity, speed, versatility, and chemical sta-
bility, and had become a research hotspot for the removal of heavy 
metals in wastewater treatment (Bao et al., 2020; Chu, Feng, Liu, Wu, & 
Liu, 2022). The adsorption effects of the four resins on Cu (II) and the 
retention of active components are shown in Fig. 1. As shown in Fig. 1 
(a), it is obvious that the adsorption capacities and de-adsorption ca-
pacities of the D401 resins were higher than those of the 001 × 7、732 
and D101 resins, reaching 97% adsorption rate and 81% desorption rate. 
As depicted in Fig. 1(b), the loss of phenolic compounds had minimal for 
all four resins, while the loss of flavonoid compounds was more signif-
icant. This was due to the van der Waals force and hydrogen bonding 
interaction between resins and phenolic compounds, and it had 
commonly used in the enrichment and purification of plant active in-
gredients (Luo et al., 2019). Therefore, the retention effect of active 
components was optimal with the D401 resin. However, Cu (II) existed 
in distillation residues with complex matrix compounds. It was well- 
known that the matrix effect not only significantly affects the targeted 
removal of specific components in such mixtures, but may also cause 
false quantified results (Mao et al., 2021; Schimek et al., 2016). For 
instance, polyphenols contain dense ortho-hydroxyphenyl and meta- 
hydroxyphenyl groups, which can act as multi-base ligands and form 
cyclic chelates with metal ions (Chen, Farag, et al., 2021; Chen, Li, et al., 
2021; Zhang, Guan, Jiang, & Khan, 2023). Therefore, it was a good 
research direction to study the impact of matrix compound removal on 
the assay results in subsequent experiments. 

3.2. Adsorption performance 

To investigate the impact of adsorbent dose on the efficiency of 
adsorption process, the adsorbent dose was varied from 100 mg to 500 
mg while keeping all other parameters constant. The results for 
adsorption capacities and removal efficiencies of Cu (II) at the equilib-
rium were presented in Fig. 2(a), as the removal efficiency of Cu (II) 
increased from 88.52% to 97.41%, while the equilibrium adsorption 
concentration decreased from 7.15 to 1.61 mg/L. This could be attrib-
uted to the fact that increasing the adsorbent dose provides a large 
surface area and more binding sites for Cu (II) in solution (Bansal, Singh, 
& Garg, 2009). However, it was important to note that the Environ-
mental Protection Agency and World Health Organization have defined 
the maximum allowable level of Cu (II) in natural water as 1.0–2.0 mg/L 
(Katiyar et al., 2021). Therefore, for the treatment of Cu (II) in waste-
water, an optimal condition of approximately 0.3 g of resin was chosen. 

The initial solution pH was an important parameter that had been 
reported to influence the adsorption of metal ions (El-Ashtoukhy, Amin, 
& Abdelwahab, 2008). In this study, we investigated the adsorption of 

Table 1 
Physical properties of the four kinds of resins.  

Resin Surface 
area 

(m2/g) 

Particle 
diameter(mm) 

Polarity Appearance 

001 ×
7 

10–100 0.45–1.25 Polar Golden yellow globular 
particles 

732 5–30 0.3–1.2 Polar 
Light yellow globular 

particles 

D101 100–1500 0.30–1.25 
Non- 
polar 

White opaque globular 
particles 

D401 30–120 0.03–0.12 
Non- 
polar 

Light yellow opaque 
globular particles  
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Fig. 1. Effects of different resin on the filtrate (a) Absorption and desorption capabilities; (b) Nutrient composition.  

Fig. 2. Effect of (a) resin dose, (b) pH, (c) contact time, (d) temperature on the adsorption of Cu (II) (conditions: C0:62.52 mg⋅L− 1; resin dosage:0.3 g; 
pH:3.4; T:25 ◦C). 
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Cu (II) over the range of initial solution pH 2–9. Fig. 2(b) shows that the 
adsorption capacity of resin for Cu (II) gradually decreased with the 
maximum adsorption capacity observed at pH without adjusting. At 
lower pH levels, both carboxylic groups and nitrogen atoms were pro-
tonated, resulting in less availability of active sites for metal ions due to 
greater repulsive forces (He et al., 2014). Conversely, when the pH value 
exceeded the threshold for metal precipitation, the removal process 
could be considered a combination of adsorption and precipitation of 
metal hydroxides, making accurate measurement impossible (Liang, 
Song, Huang, Li, & Chen, 2013). 

Fig. 2(c) presents the results of investigating the removal of Cu (II) by 
D401 resin as a function of contact time. Contact time was varied in the 
range of 5–480 min. The adsorption amount of resin gradually increased 
with increasing contact time, and saturation adsorption was ultimately 
reached after 180 min. The initial period of 0–60 min had identified as 
the rapid adsorption stage, during which the adsorption amount 
increased rapidly with increasing contact time. As the reaction time 
continued to increase, the number of available active sites on the 
adsorbent gradually decreased until they were completely exhausted 
(Wang, Jia, et al., 2023; Wang, Ma, et al., 2023). 

The effect of contact temperature on the Cu (II) adsorption process 
was investigated in the temperature range of 15–40 ◦C. As depicted in 
Fig.2(d), the adsorption capacity of Cu (II) increased at temperature of 
20–40 ◦C. This can be attributed to the greater swelling of resin at higher 
temperatures, which enhances the diffusion of Cu (II) into the resin (He 
et al., 2014). Consequently, the finding indicated that the adsorption of 
Cu (II) onto D401 was more effective at higher temperatures. 

3.3. Adsorption kinetics 

The parameters of kinetic models and their corresponding R2 values 
obtained from the related plots are given in Table 2, and the simulated 
plots for the pseudo-first-order and pseudo-second-order models are 
displayed in S.1(a) and S.1(b). The results suggested that the kinetic data 
of Cu (II) adsorption were better fitted by the pseudo-second-order 
model (R2 = 0.9999) compared to the pseudo-first-order (R2 =

0.9445). Additionally, the calculated maximum adsorption amount 
(Qecal) closely matched the experimentally determined values (Qe

exp). 
The finding suggested that chemisorption was the dominant rate- 
controlling step in the uptake of Cu (II) by D401 resin (An et al., 2020). 

3.4. Adsorption isotherms 

The adsorption isotherm represented the relationship between the 
equilibrium adsorption capacity and the equilibrium concentration at a 
constant temperature. The calculated parameters for both Langmuir and 
Freundlich isotherms models were summarized in Table 3, and the 
fitting of the Langmuir and Freundlich isotherms data were displayed in 
S.2(a) and S.2(b). The results revealed that the adsorption capacities of 
Cu (II) onto resin increased with increasing initial concentrations of Cu 
(II). Furthermore, the Langmuir model better represented the adsorption 
of Cu (II) by resin, as it provided much higher correlation coefficients 
(R2 = 0.9593–0.9989). These findings indicated that the adsorption 
occurred at the homogeneous surface of D401 resin, and the Cu (II) was 
adsorbed in a monolayer form on the resin (An et al., 2020). 

3.5. Adsorption thermodynamics 

The calculated values of thermodynamic parameters had presented 
in Table 4. The ΔG values at different temperatures were negative, 
indicating a spontaneous adsorption process. As the temperature 
increased, the absolute value of ΔG gradually increased, indicating that 
higher temperature was more favorable to the adsorption reaction. The 
positive values of ΔH revealed that the adsorption was an endothermic 
process. Moreover, the positive values of ΔS demonstrated that the 
adsorbent had good affinity for Cu (II). 

3.6. Physicochemical characteristics of different brandy 

The physicochemical parameters of original brandy (OB), finished 
brandy (FB), ceramic membrane concentrate brandy (CMCB) and 
ceramic membrane filtrate brandy (CMFB) were shown in Table 5. The 
values of L*, a* and b*in OB and CMCB showed no significant differ-
ences, and were higher than CMFB. Compared to the OB, the CMCB and 
CMFB had higher phytochemical concentrations, the reason is that 
phenolic compounds were transferred from Chinese wolfberry to brandy 
during the maceration, but a high proportion of these compounds 
remained in the byproducts (Jara-Palacios, 2019). However, the content 
of total sugars and polysaccharides in FB is higher than in CMCB and 
CMFB, the reason is that FB had added sugar in the post-processing. 

3.7. Antioxidant activities of different brandy 

It's well known that brandy contains a number of key functional 
components, mainly including polysaccharides, phenolics and flavo-
noids. These components can not only control the stability of the wine, 
and improve the organoleptic properties, but also have a major effect on 
the antioxidant properties of brandy (Niu et al., 2017). Fig. 3 shows the 
antioxidant capacities of different brandy. Generally, FRAP was regar-
ded as a significant indicator of potential antioxidant activity (Hifney, 
Fawzy, Abdel-Gawad, & Gomaa, 2016). As shown in Fig. 3(a), FRAP 
increased with increasing sample volume in an obvious dose-dependent 
manner. At a given concentration, the samples demonstrated FRAP in 
the following order: CMFB>CMCB>GA > FB. Compared to the positive 
control of GA, the FRAPs of CMFB and CMCB were slightly higher at 
lower volume, whereas the FRAP of GA exceeded both at higher volume. 

Table 2 
Kinetic parameters for the adsorption of Cu (II) (conditions: C0:51.60 mg⋅L− 1; resin dosage:0.3 g; pH:3.4; T:25 ◦C).  

Kinetic model Qe
exp (mg/g) Pseudo-first-order kinetics Pseudo-second-order kinetics 

Adsorbate Qe
cal 

(mg/g) 
k1 

(min− 1) 
R2 Qe

cal 

(mg/g) 
k2 (g/mg⋅min) R2 

Cu (II) 5.053 1.4450 0.0127 0.9445 5.1203 0.0302 0.9999  

Table 3 
Isotherm constants evaluated for Cu (II) adsorption on D401 resin.  

T (◦C) Langmuir Freundlich 

qm (mg/g) RL R2 KF n R2 

15 7.72 0.4615 0.9989 2.3610 2.3507 0.8679 
25 9.34 0.4167 0.9980 2.5886 1.9320 0.9268 
35 10.13 0.6255 0.9593 3.4795 1.8149 0.9410  

Table 4 
Adsorption thermodynamic parameters of Cu (II) adsorbed onto D401 resin.  

T (◦C) T (K) lnKL ΔG(kJ/mol) ΔH (kJ/mol) ΔS [J/(mol⋅K)] 

15 288 1.77 − 4.25 
74.12 270.65 25 298 2.32 − 5.58 

35 308 3.79 − 9.72  
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Fig. 3(b) indicated the scavenging effect on •DPPH. Overall, the ca-
pacities of DPPH free radical scavenging increased with the increase of 
brandy volume. The capacities of free radical scavenging of FB were 
6–14%, and CMCB and CMFB were 11.7–46.4% and 11.4–43.7%, while 
GA had the highest scavenging ability up to 24.9–90%. Therefore, the 
mixed brand had higher antioxidant activity, related to the high content 
of phenolics and flavonoids in the distillate waste. As shown in Fig. 3(c), 
all of the samples generally were found to have a certain capacity to 
scavenge the hydroxyl radical. The scavenging effect of GA was the best. 
The antioxidant activity of FB and GA increased slowly, while the two 
mixed brandies increased sharply with the increase of brandy volume. 
When the additive amount was <0.4 mL, the antioxidant capacity of FB 
was higher than mixed brandy, whereas the latter outweighed the 
former when the sample volume was >0.4 mL. It can be seen that the 
scavenging rate of three brandies to superoxide anion has not high 
within the experimental concentration range, the maximum was not 
>30%. The scavenging capacity was as follows: CMFB>CMCB>FB, and 
the scavenging effect of GA was the best. The antioxidant activity of 
three brandies increased slowly with the increase of brandy volume. The 
scavenging effect of the sample on superoxide anion may be attributed 
to the active hydroxyl groups in the phenolic and flavonoid compounds 
(Fan et al., 2016). 

3.8. Differential analysis of topographic plots of volatile components in 
brandy 

The volatile flavor of different brandies was analyzed using the GC- 
IMS method in order to identify difference in flavor substances. The 

Table 5 
Physicochemical parameters of different brandy.  

Brandy OB CMCB CMFB FB 

pH 4.00 ±
0.01c 4.38 ± 0.01a 4.37 ± 0.01a 4.18 ± 0.00b 

TSS (%) 
20.33 ±
0.14a 14.98 ± 0.02c 14.67 ± 0.36c 17.17 ± 0.14b 

Alcohol(% 
vol) 

65.23 ±
0.15a 31.13 ± 0.05c 31.27 ± 0.23c 35.63 ± 0.15b 

CIE 

L* 91.29 ±
0.12c 

92.40 ±
0.01ab 92.62 ± 0.36a 91.91 ±

0.58bc 

a* 6.92 ±
0.05ab 6.57 ± 0.39b 4.41 ± 0.51c 7.70 ± 0.98a 

b* 
13.63 ±
1.30a 5.74 ± 0.54bc 6.90 ± 0.61b 4.48 ± 1.12c 

TS (g/L) 
0.24 ±
0.00d 2.01 ± 0.01b 1.58 ± 0.01c 3.46 ± 0.01a 

TA (g/L) 0.29 ±
0.00d 3.29 ± 0.06a 3.01 ± 0.09b 0.41 ± 0.00c 

TPC (mg/L) 
18.56 ±
1.43d 

265.44 ±
16.55a 

254.53 ±
14.92b 

120.65 ±
2.26c 

TFC (mg/L) 
16.32 ±
0.71d 

448.97 ±
7.23a 

353.41 ±
12.96b 56.89 ± 2.22c 

TSC (mg/L) 
46.56 ±
5.49d 

408.92 ±
5.82b 

293.87 ±
8.87c 

506.34 ±
21.95a 

a-d different letters next to mean values indicates statistically significant dif-
ference (p < 0.05). 

Fig. 3. Antioxidant capacities of different brandy(a) ferric-Reducing Antioxidant Power; (b) DPPH radical scavenging capacity; (c) hydroxyl radical scavenging 
ability; (d) superoxide anion scavenging ability. 
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results obtained from the GC-IMS analysis are presented in Fig. 4, which 
shows a topographic plot. In the plot, the horizontal coordinate repre-
sented the ion migration time, while the vertical coordinate represented 
the gas chromatography retention time. Fig. 4(a) had indicated that the 
majority of signals appeared in the retention time of 200–600 s and the 
drift time of 1.0–1.5. The color represented the concentration of the 
substance, with darker color indicated higher concentration. The con-
centration was positively correlated with the concentration of volatile 
organic compounds detected in the sample, providing insights into the 
flavor profiles of the brandies (Chen, Farag, et al., 2021; Chen, Li, et al., 
2021). 

The difference comparison model was employed to assess the flavor 
ingredients of samples. The topographic plot of OB served as a reference, 
against which the topographic plot of other samples was compared. In 
the resulting plot Fig. 4(b), red indicated a higher concentration of the 
substance compared to the reference, which blue signified a lower 
concentration. The analysis revealed that the flavor of the four samples 
exhibited similarities but differed in terms of odor strength. Specifically, 
CMCB and CMFB contained a higher number of volatile components 
compared to FB. Furthermore, for CMCB and CMFB, most of the peaks 
were similar but different in concentration. 

3.9. Analysis of differences in the composition of volatile compounds of 
different brandies 

The aromatic compounds in brandy basically consist of fruit-derived 

volatiles and the volatiles produced during the fermentation and 
distillation (Ren et al., 2018). The chemical characteristics of the bandy 
were presented in Table 6, and the mean values and standard deviations 
calculated for each volatile compound of brandy were shown. As seen in 
Fig.5 (a), a total of 25 volatile were detected by qualitative analysis, 
including 7 esters, 7 alcohols, 5 aldehydes, 3 ketones, 2 acids, and 1 
sulfur-containing compound. Esters and alcohols were the most abun-
dant groups in brandy, followed by aldehydes, ketones and acids, it was 
consistent with previous research (Raičević, Popović, Jančić, ̌Suković, & 
Pajović-Šćepanović, 2022). The FB showed a significantly higher con-
tent of volatile esters and alcohols compared with the other samples. The 
total peak area of aroma rank: FB>CMCB>CMFB>OB(Fig.5 (b)). 

Esters: Esters were mainly produced by both fermentation and 
distillation and had typical odors such as fruit and floral descriptors 
(Matijasevic et al., 2019). In this study, a total of seven ester compounds 
were detected in brandy, and the total concentration of the volatile es-
ters in the CMCB, CMFB and FB was clearly greater than in the OB. The 
Ethyl acetate, Ethyl butyrate, Ethyl caproate, Ethyl isobutyrate, Ethyl 
lactate, and Ethyl propionate were identified as the important esters in 
brandy and play a key role in the organoleptic characteristics of newly 
distilled brandy (Zhao, Zheng, Song, Sun, & Tian, 2018). The presence of 
Ethyl acetate made a significant contribution to the volatile profile of 
distilled alcoholic beverages. The relative content of Ethyl acetate 
quantified in CMCB and CMFB (16%) exceeded by over 2 times that 
detected in the FB (6.9%), whereas the relative content of ethyl caproate 
in FB (6.3%) was >15 times that of CMCB and CMFB (0.4%). The reason 

Fig. 4. Volatile compounds in brandy (a)topographic plots of GC-IMS; (b) comparison results under the spectral diagram.  
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Table 6 
Analysis of volatile components of four brandies by GC-IMS.  

No Compounds Threshold CAS Formula RT [s] DT [ms] OB CMCB CMFB FB 

(mg/kg) percentage (%) ROVA percentage (%) ROVA percentage (%) ROVA percentage (%) ROVA 

1 Methyl acetate 1.5 C79209 C3H6O2 272.703 1.19689 0.97 ± 0.06a 3.07 0.36 ± 0.01b 1.08 0.38 ± 0.01b 1.16 1.02 ± 0.03a 2.26 
2 Ethyl acetate 32.55 C141786 C4H8O2 301.175 1.33757 10.43 ± 0.22a 1.52 16.72 ± 0.06a 2.31 16.76 ± 0.2b 2.36 6.93 ± 0.17c 0.71 
3 Ethyl butanoate 0.08 C105544 C6H12O2 344.521 1.45854 1.69 ± 0.04a 100.00 0.45 ± 0.01b 25.34 0.46 ± 0.02b 26.39 1.71 ± 0.04a 71.02 
4 Ethyl hexanoate 0.21 C123660 C8H16O2 361.998 1.16871 0.49 ± 0.05b 11.14 0.4 ± 0.02b 8.58 0.39 ± 0.04b 8.52 6.32 ± 0.28a 100.00 
5 Ethyl isobutyrate 0.057 C97621 C6H12O2 308.865 1.25144 0.61 ± 0.07b 50.67 0.25 ± 0.01c 19.76 0.26 ± 0.02c 20.94 0.88 ± 0.02a 51.30 
6 Ethyl lactate 128 C97643 C5H10O3 883.494 1.54335 0.52 ± 0.01b 0.02 1.49 ± 0.3a 0.05 1.46 ± 0.33a 0.05 0.31 ± 0.05b 0.01 
7 Ethyl propanoate 19.19 C105373 C5H10O2 344.521 1.45854 0.63 ± 0.14a 0.16 0.46 ± 0.01b 0.11 0.48 ± 0.04b 0.11 0.82 ± 0.03a 0.14 
8 1-Propanol 53.95 C71238 C3H8O 417.144 1.24637 5.31 ± 0.77b 0.47 5.68 ± 0.07a 0.47 5.61 ± 0.08a 0.48 4.49 ± 0.03c 0.28 
9 2-Butanol 5.1 C78922 C4H10O 399.672 1.32404 0.49 ± 0.01b 0.45 0.33 ± 0.01c 0.29 0.34 ± 0.02c 0.31 8.02 ± 0.06a 5.23 
10 Methanol 30 C67561 CH4O 282.227 0.98091 1.63 ± 0.59a 0.26 0.72 ± 0.19a 0.11 0.88 ± 0.01a 0.13 1.12 ± 0.06a 0.12 
11 2-Methyl-1-propanol 8 C78831 C4H10O 485.01 1.36619 8.3 ± 0.08c 4.92 9.17 ± 0.1b 5.16 9.13 ± 0.09b 5.24 11.68 ± 0.07a 4.85 
12 3-Methyl-1-butanol (D) 0.7 C123513 C5H12O 674.134 1.49185 13.23 ± 0.85b 89.59 15.54 ± 0.19a 100.00 15.25 ± 0.27a 100.00 15.35 ± 0.4a 72.86 
13 3-Methyl-1-butanol (M) 0.7 C123513 C5H12O 672.828 1.24185 1.99 ± 0.1b 13.45 2.95 ± 0.15a 18.98 3.13 ± 0.06a 20.52 1.39 ± 0.05c 6.60 
14 Ethanol 2900 C64175 C2H6O 328.019 1.12411 28.6 ± 0.22b 0.05 30.34 ± 0.01a 0.05 30.28 ± 0.22a 0.05 22.51 ± 0.26c 0.03 
15 Acetic acid (D) 120 C64197 C2H4O2 1175.647 1.26573 17.79 ± 0.39a 0.70 9.58 ± 0.61c 0.36 9.73 ± 0.09c 0.37 10.59 ± 0.39b 0.29 
16 Acetic acid(M) 120 C64197 C2H4O2 1182.177 1.14915 0.84 ± 0.08a 0.03 0.46 ± 0.07b 0.02 0.41 ± 0.04b 0.02 0.35 ± 0.01b 0.01 
17 Acrolein 0.21 C107028 C3H4O 270.798 1.06398 0.48 ± 0.19a 10.86 0.34 ± 0.09a 7.29 0.47 ± 0.02a 10.27 0.34 ± 0.05a 5.38 
18 2-Methylpropanal (D) 0.1 C78842 C4H8O 308.469 1.06151 0.37 ± 0.1a 17.36 0.31 ± 0.05a 13.96 0.35 ± 0.00a 16.07 0.23 ± 0.03a 7.64 
19 2-Methylpropanal (M) 0.1 C78842 C4H8O 302.922 1.02817 0.43 ± 0.19a 20.26 0.17 ± 0.04a 7.66 0.21 ± 0.00a 9.64 0.13 ± 0.02a 4.32 
20 Propanal (D) 0.2 C123386 C3H6O 259.117 1.14999 0.86 ± 0.23a 20.47 0.64 ± 0.11a 14.41 0.56 ± 0.02a 12.85 0.85 ± 0.05a 14.12 
21 Propanal (M) 0.2 C123386 C3H6O 260.193 1.04303 1.16 ± 0.39a 27.49 1.72 ± 0.07a 38.74 1.7 ± 0.03a 39.02 1.05 ± 0.09a 17.44 
22 2-Butanone 3 C78933 C4H8O 308.865 1.25144 0.18 ± 0.01b 0.28 0.15 ± 0.01b 0.23 0.15 ± 0.00b 0.23 1.36 ± 0.03a 1.51 
23 3-Hydroxy-2-butanone 0.75 C513860 C4H8O2 783.84 1.33595 0.1 ± 0.00b 0.61 0.21 ± 0.05a 1.26 0.23 ± 0.04a 1.41 0.13 ± 0.00a 0.58 
24 Acetone 100 C67641 C3H6O 268.799 1.11912 2.64 ± 0.06a 0.13 1.4 ± 0.08c 0.06 1.24 ± 0.02c 0.06 2.21 ± 0.07b 0.07 
25 Dimethyl sulfide 1.1 C75183 C2H6S 282.227 0.98091 0.28 ± 0.05a 1.20 0.16 ± 0.01a 0.66 0.17 ± 0.03a 0.71 0.23 ± 0.03a 0.69 

a–d different letters next to mean values indicates statistically significant difference (p < 0.05). 
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was that the concentration of Ethyl hexanoate increases during the aging 
process, and the Ethyl acetate evaporates. 

Alcohols: Alcohols were important aromatic compounds in brandy, 
mainly produced during fermentation from amino acids (Fan & Qian, 
2005). A total of 7 volatile alcohols were identified in brandy, including 
1-propanol, 2-butanol, 2-methyl-1-propanol, 3-methyl-1-butanol (D), 3- 
methyl-1-butanol (M), ethanol, and methanol. In addition to Ethanol, 
which was the main component of brandy, the following are 2-methyl-1- 
propanol and 3-methyl-1-butanol. They were higher alcohols that pro-
duce fusel smell and were also considered to be the odor of some wines. 
Key odor activities in products such as whiskey (Jeleń, Majcher, & 
Szwengiel, 2019). There was no significant difference in the relative 
content of alcohols in CMCB, CMFB and FB, both above 64%, while the 
relative content in the OB is low. The reason was that higher levels of 
alcohols such as 2-Methyl-propanol, 3-Methylbutanol and 2-Butanol 
were detected in the head and tail fractions, which increased the con-
tent of alcohols in the recombined wine compared to the OB (Tian et al., 
2022). 

Acids: Volatile acids originated from the alcoholic fermentation 
process and were important flavor substances in brandy (Zhao et al., 
2012). The identified acids overall had low concentration in brandy, but 

it was important for acids to balance the taste of brandy. Only acetic acid 
was detected in the brandy, and the relative content of acid in FB is 
lower than other brandy. Studies had shown that during fermentation 
and aging, some acids and esters were esterified to generate esters 
(Zhao, Xu, Li, Fan, & Jiang, 2009), thereby reducing the content of acids 
in the finished brandy. 

Aldehydes and ketones: Aldehydes and ketones were mainly derived 
from raw materials and fermentation processes. The aldehydes isolated 
and identified in brandy were acrolein, 2-Methyl propionaldehyde(D), 
2-Methyl propionaldehyde(M), Propionaldehyde (D) and Propionalde-
hyde (M). The number of ketones was relatively low compared to al-
dehydes, with only 3 ketones detected, including 2-Butanone, 3- 
Hydroxy-2-butanone, and Acetone. Compared with FB, the relative 
content in the other three brandies was lower. However, in FB, the 
content of ketones was higher than aldehydes. 

Sulfur: Although the concentration of volatile sulfur-containing 
compounds was low, it played a very important role in the flavor pro-
file of wine, which mainly came from the degradation of sulfur- 
containing amino acids during fermentation (Dziekonska-Kubczak 
et al., 2020). Dimethyl disulfur was the only sulfur-containing com-
pound found in brandy samples, and the content of sulfur-containing 
compounds in recombined brandy was slightly lower than FB. 
Although the smell of sulfur-containing compounds was unpleasant, 
when they were diluted to ppb and ppm levels, their flavor changed 
greatly, showing the spicy and nutty aromas of onion and garlic, which 
had a great impact on the aroma of various foods and beverages (Mes-
tres, Busto, & Guasch, 2000). Low-molecular-weight volatile sulfur 
compounds were the main cause of reducing flavor and deteriorating 
quality in wine (Wang, Jia, et al., 2023; Wang, Ma, et al., 2023). In order 
to remove the reducing flavor imparted by H2S, mercaptans, and so 
forth, copper was often deliberately added to wine to repress reductive 
off-flavor (Zhang et al., 2021). Compared with the finished brandy, the 
Cu (II) in CMF had reduced the content of volatile sulfur compounds in 
brandy. 

3.10. The key volatile compounds by ROAV of different brandy 

Relative odor activity value (ROAV) was commonly used to evaluate 
the contribution of volatile compounds (Bi et al., 2021). For all com-
pounds, ROAV≤100; the larger the ROAV value, the greater the 
contribution of the component to the overall flavor of the sample. 
Compounds with ROAV≥1 were identified as key flavor compounds of 
the analyzed samples, and compounds with 0.1 ≤ ROAV<1 were iden-
tified as important modulators of the overall flavor of the sample. Sen-
sory researches of wine had demonstrated that if the concentration of 
volatiles is above its odor perception threshold (ROAV>1), the aroma 
compound contributes to specific characteristics of flavor (Li et al., 
2022). The ROAV values of 25 volatile compounds were shown in 
Table 6. There were 14 key flavor compounds and there were 8, 7, 7 and 
7 embellished flavor compounds in OB, CMCB, CMFB and FB, respec-
tively. Moreover, the ROAV values of Methyl acetate, Ethyl butanoate, 
Ethyl hexanoate, Ethyl isobutyrate, 2-Methyl-1-propanol, 3-Methyl-1- 
butanol (D), 3-Methyl-1-butanol (M), Acrolein, 2-Methylpropanal (D), 
2-Methylpropanal (M), Propanal (D) and Propanal (M) were >1 in four 
brandies. The ROAV values of Ethyl propanoate, 1-Propanol, Methanol, 
and Acetic acid (D) were between 0.1 and 1 in four brandies. Therefore, 
there was little difference in the contribution of the above compounds to 
the flavor. However, the ROAV values of Ethyl acetate and 3-Hydroxy-2- 
butanone in CMCB and CMFB were both >1 and higher than FB. 
Research shows that Ethyl acetate had the aroma of fresh fruits and 
floral aroma, the addition of CMF improves the flavor of the blended 
brandy (Xu et al., 2022). In addition, the ROAV values for 2-Butanol in 
FB and Dimethyl disulfide in OB were >1, and some higher alcohols 
including 2-Butanol will increase the bitterness of the wine, thereby 
affecting the taste of the wine (Fan, Tang, Xu, & Chen, 2020). That 
shows the addition of CMF can reduce the ROAV value of brandy 2- 

Fig. 5. Comparison of volatile compounds in different brandies(a) comparison 
of type and number; (b) comparison of flavor peak area. 
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Butanol and Dimethyl disulfide. 

3.11. Identification and content analysis of volatile compounds of 
different brandy 

In order to further compare the flavor materialization law and 
relative content differences of volatile substances in the four brandies, 
the Gallery fingerprint was drawn according to the change of signal ion 
peak, and the results are shown in Fig. 6(a). Throughout the fingerprint, 
the data were arranged according to four different brandies. The sample 
in the figure is ordinate, the volatile substance composition was abscissa, 
and the color shade reflects the difference in volatile content (Chen, 
Farag, et al., 2021; Chen, Li, et al., 2021). There was a significant dif-
ference in the content of the four brandy volatile substances. In the area 
marked by a red rectangle, the content of ethyl Acetate, Acrolein, Ethyl 
lactate and 3-Hydroxy-2-butanone in CMCB and CMFB were signifi-
cantly higher than OB and FB; in the area marked with a yellow 

rectangle, it can be seen that there were many types of flavor substances 
in the four brandies, and there was no significant difference in the 
content of each volatile substance, mainly including Propionaldehyde 
(M), Propionaldehyde (D), 2-Methyl-1-propionaldehyde (M), 2-Methyl- 
1-propionaldehyde (D), Acetic acid (M), Acetic acid (D), Methyl-1- 
propanol, Ethanol, 3-Methyl-1-butanol (M), 3-Methyl-1-butanol (D) 
and 1-Propanol; in the area marked with a green rectangle, there were 7 
volatile compounds such as Ethyl butyrate, Ethyl isobutyrate, Dimethyl 
disulfide, Methyl acetate, Ethyl propionate, Methanol and Acetone, 
among which the content of volatile substances in the FB was richer, 
followed by the OB, and the content in the two recombined brandy was 
the least; in the area marked with a purple rectangle, 2-Butanol, Ethyl 
caproate, 2-Butanone were unique flavor substances in FB, which were 
hardly detected in the other three brandies. 

To facilitate a clearer comparison among brandies, hierarchical 
cluster analysis (HCA) was utilized to explore the relationship between 
flavor compounds and brandies. As shown in Fig. 6(b), the heat map 

Fig. 6. Volatile compounds in four brandies(a) gallery plot fingerprint; (b) heat map clustering.  
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shows the average distribution of each compound in the samples with 
colored boxes, while the horizontal dendrogram indicated the clustering 
pattern among the samples (Ni, Yan, Tian, Zhan, & Zhang, 2022). The 
standardized color intensity scale ranged from the highest (dark red) to 
the lowest (dark blue), showing the relative contents of various volatile 
chemicals from high to low. The brandies were segregated into three 
clusters based on their flavor profiles. The first cluster was represented 
by OB, characterized by a higher proportion of aldehydes (Propanal, 2- 
Methyl propanal and Acrolein) and esters (Methyl acetate, Ethyl buta-
noate and Ethyl isobutyrate). The second cluster was exhibited by FB, 
which had a higher proportion of esters (Methyl acetate, Ethyl butanoate 
and Ethyl isobutyrate). The third cluster was described by CMCB and 
CMFB, with a higher proportion in alcohols (3-Methyl-1-butanol, 
Ethanol and 1-Propanol) (Jara-Palacios, 2019; Zhao et al., 2018). These 
results suggested that there were dramatic differences in flavor com-
pounds between the four brandies. The HCA results provided insights 
into the differences in flavor profiles of the brandies, with potential 
implications for their production and marketing. Also, volatiles could be 
assigned to four groups based on the dendrogram. Group A comprised 10 
compounds with higher content in CMFB and CMCB, and lower or 
almost no content in OB and FB. Group B contained 3 compounds that 
were at higher content in OB, including Acetic acid (D)、Acetic acid(M) 
and 2-Methyl propanal (M). Group C contained 5 compounds that were 
at higher content in FB, including 2-Methyl-1-propanol, Ethyl prop-
anoate, 2-Butanol, Ethyl hexanoate and 2-Butanone. The remaining 7 
compounds were classified as group D, which presented higher contents 
in FB and OB. 

4. Conclusion 

According to the data, it is found that the D401 resin is effective in 
removing Cu (II) from the distillation, achieving a maximum elimination 
rate of 97% for 62.25 mg/L of Cu (II), pH without adjusting, and 0.3 g of 
adsorbent at 25 ◦C. The results of three antioxidant assays demonstrates 
that all the samples exhibited excellent antioxidant capacity with the 
order of CMFB > CMCB > FB, which correlated with its compound 
content. GC-IMS analysis reveals the identification of 25 flavor sub-
stances in the brandy, including esters, alcohols, acids, aldehydes and 
ketones, with esters and alcohols being predominant. The alcohol con-
tent in the recombined brandy is slightly lower than the finished brandy, 
although no significant difference is observed in other compounds. By 
blending the treated distillation residue with Chinese wolfberry distil-
lation pulp, the prepared brandy not only has the characteristics of 
commercial brandy, but also contains an increased content of bioactive 
substances, thus improving its antioxidant ability. The most crucial 
aspect is to simplify the production process of brandy. In conclusion, the 
distilling wastewater of Chinese wolfberry brandy could be effectively 
treated and re-utilized, resulting in the production of mixed brandy and 
maximizing the value of distilled residual in the processing industry. 
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