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Abstract
This study focuses on analyzing the impact of various fining agents on apple cider and evaluating their effects on its physi-
cal–chemical and sensory properties. Despite its common cloudy state, some consumers prefer clear apple cider. Within this 
study, two variations of apple cider were analyzed: original cider and cider with added barrique extract. Eight different fining 
agents were applied to these samples, specifically bentonite, gelatin, polyvinylpolypyrrolidone, egg white protein, activated 
carbon, pea protein, isinglass, and silica gel. The results revealed that the use of fining agents significantly impacted the 
antioxidant content in apple cider. The most substantial reduction in antioxidants was observed in samples with added acti-
vated carbon, resulting in a 75% decrease to values of 0.11–0.26 mmol TE/L. This decrease in antioxidants correlated with a 
decline in total polyphenols. Sensory analysis demonstrated statistically significant differences among the various apple cider 
samples. Bentonite and egg white protein had minimal adverse effects on sensory properties, while activated carbon had the 
most pronounced negative impact on the aroma and taste of the cider. This study provides valuable insights into the use of 
fining agents in winemaking technology and their effects on the quality of apple cider, considering consumer preferences.
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Introduction

Cider is a beverage produced by fermenting apple juice, with 
an alcohol content between 0.95 and 6.71 g/L (low-alcohol 
cider may have less than 0.95 g/L) obtained though partial 
or complete fermentation of juice (whether fresh or recon-
stituted), with or without the addition of sugar, water or fla-
voring [1, 2]. Global cider production is steadily growing, 
with the UK being the world leader in cider consumption 
[3]. According to 2018 statistics, more than 1 million tons 

of apples were processed worldwide solely within the cider 
industry [4].Apple ciders have distinct chemical composi-
tions and organoleptic characteristics [5], which depend on 
the technological processes of production [2]. One of the 
critical technological operations is clarification [6], i.e., after 
pressing, apple cider numerous solid sludge particles need to 
be removal [7]. The most commonly employed clarification 
methods include sedimentation, centrifugation, microfiltra-
tion, enzymatic clarification, and clarification using clarify-
ing agents [8]. In the technology of fruit wines, clarifying 
agents are the most frequently used materials. Clarifiers 
work based on either positive (albumen/gelatin) or nega-
tive (bentonite/silica gel) electric charge [9]. Bentonite is 
the most widely used clarifying agent in the production of 
alcoholic beverages [10]. It effectively removes yeast sludge, 
tannins, and other protein-based substances from wine [11]. 
Polyvinylpolypyrrolidone (PVPP) and activated carbon are 
also employed to remove natural polyphenols found in fresh 
fruit juice [12]. Gelatin is mainly used in the clarification of 
juices that are not intended for further processing. It effec-
tively removes cloudiness that could arise during the storage 
of finished products [13]. In recent years, also plant-based 
fining agents have become increasingly common. Proteins 
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extracted from plants (cereals, grape seeds, potatoes or leg-
umes) and non-protein substances (polysaccharides obtained 
from seaweed) show significant potential [14].

Despite the fact that ciders can be cloudy, some consum-
ers prefer clear alcoholic beverages, especially in regions 
where grape wine consumption is more prevalent. In coun-
tries where cider production does not have a long history, 
cider-specific fining agents are usually not readily available. 
Therefore, the potential of traditional winemaking fining 
agents to reduce turbidity in cider was investigated. While 
the influence of clarifying agents on the chemical composi-
tion of wines and fruit wines has been documented in many 
publications, describing the effects of bentonite, gelatin, 
PVPP, egg white, as well as casein [15–17], these publica-
tions primarily describe the effect of fining agents applied 
to cider before fermentation and do not address the applica-
tion of the agents and post-fermentation effects on finished 
products [13, 18]. The aim of this study was to assess the 
suitability of selected fining agents for cider production and 
to provide recommendations for the most appropriate agent 
based on the conducted analytical and sensory analyses. The 
most efficient fining agent should significantly reduce turbid-
ity and minimally affect the antioxidant content, polyphe-
nols, and sensory expression of cider.

Materials and methods

Apple cider

The apple cider used in this experiment was made from 
a blend of 'Melodie' and 'Idared' apple cultivars, with 'Mel-
odie' accounting for 60% and 'Idared' for 40% of the total 
volume. To enhance juice stability prior to fermentation, 
40 mg/L of sulfur dioxide in the form of powdered potas-
sium disulphite was added to freshly pressed apple juice, 
which had soluble solids at 12.3°Bx, titratable acids at 
6.4 g/L, and a pH of 3.4. The apple juice underwent fer-
mentation in a stainless steel container for 21 days at a tem-
perature of 18 °C. After fermentation, the apple cider was 
separated from the yeast sludge and transferred to another 
stainless steel container where it aged for 6 months at a tem-
perature of 8 °C before being used for sample preparation. A 
temperature controller ITC-308-Wifi (Inkbird, USA) moni-
tored the cider's temperature, measuring it every 12 h, with 
temperature fluctuations within a range of ± 2 °C. The final 
apple cider contained 3.71 g/L of alcohol, titratable acids at 
5.8 g/L, and had pH of 3.4.

Samples preparation

Two different variants were prepared (variant A and variant 
B). Variant A included cider with a fining agent; variant B 

included cider with the fining agent and 250 µl/L of a bar-
rique extract. The barrique extract (Vinoferm OAK-a-VIN, 
Brouwland, Belgium) was added to the samples just before 
clarification. The purpose of adding the barrique extract 
to apple cider was to imitate the conditions of aging in a 
wooden oak barrel. For clarification, eight different fining 
agents were used—bentonite, gelatin, polyvinylpolypyrro-
lidone (PVPP), activated carbon, pea protein, isinglass, egg 
white, and silica gel. The maximum quantity and ½ of the 
maximum quantity of fining agents were dosed according 
to the specifications outlined in Table 1. All variants were 
prepared in 1-l containers with five replicates.

Chemical standards and fining agents

Folin–Ciocalteu reagent, 2,4,6-tris-(2-pyridyl)-s-triazine 
(TPTZ), and 2,2 -diphenyl-1-picrylhydrazyl were obtained 
from Sigma-Aldrich (St. Louis, MO, USA). Polyphenol 
standards were as follows: tyrosol, caffeic acid, p-coumaric 
acid, chlorogenic acid, ferulic acid, (+)-catechin, (−)-epi-
catechin, all supplied by Glentham Life Sciences Ltd. (Cor-
sham, United Kingdom). Fining agents for this experiment, 
namely bentonite, gelatin, polyvinylpolypyrrolidone, acti-
vated carbon, pea protein, isinglass, egg white, and silica 
gel were purchased from Lamothe-abiet (Canéjan, France). 
Pectolytic enzyme Panzym F2 was purchased from Eaton 
(Bloomfield, NJ, USA). Acetic acid (99%, Lachema, Czech 
Republic) and methanol (suitable for HPLC, ≥ 99.9%, 
Sigma Aldrich, St. Louis, MO, USA), were used for HPLC 
measurements.

Antioxidant capacity

The antioxidant capacity of the researched samples was 
determined using modified FRAP and DPPH methods, as 
applied by Tomasina et al. [19] and Sethi et al. [20].

Table 1  The fining agents, doses, and abbreviations

The maximum quantities of fining agents were determined based on the manufacturer´s recommen-

dations 

Fining agent Doses used Abbreviations

Bentonite 500/1000 mg/L BEN 500, BEN 1000
Gelatin 150/300 mg/L GEL 150, GEL 300
PVPP 400/800 mg/L PVPP 400, PVPP 800
Activated carbon 500/1000 mg/L AC 500, AC 1000
Pea protein 250/500 mg/L PP 250, PP 500
Isinglass 30/60 mg/L IGS 30, IGS 60
Egg white 50/100 mg/L EW 50, EW 100
Silica gel/gelatin 250/150, 500/300 mg/L SIG/GEL 250/150, 

SIG/GEL 500/300
Control sample Hard apple cider without 

fining agent
CS
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FRAP method The samples were mixed with ethanol in a 
concentration of 75.74 g/L (in a 1:1 ratio) and then diluted 
with distilled water (in a 1:4 ratio). 100 µL of each sam-
ple was pipetted, along with 400 µL of distilled water, were 
pipetted into an Eppendorf tube and shaken using an orbital 
shaker (IKA MS 3). The following solutions were prepared: 
 FeCl3.6H2O (0.081 g dissolved in distilled water), TPTZ 
(2,4,6-tris(2-pyridyl)-s-triazine) with hydrochloric acid 
(0.078 g of TPTZ in a 25 ml flask with 0.08825 ml of 35% 
HCl) and a buffer (0.075 g of sodium acetate and 4 ml of 
acetic acid in a 250 ml flask). The reaction mixture was 
prepared by mixing these solutions at a ratio of 1:1:10 (in 
the order mentioned above). The Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) solution was used 
as a standard (0.0125 g/100 ml). 2000 µL of the reaction 
mixture and 25 µL of the diluted sample were pipetted into 
a cuvette. The cuvette was shaken for 10 s using the IKA 
MS 3 orbital shaker. 10 min after the start of the reaction, 
absorbance was measured in a 10 mm cuvette on a spectro-
photometer (SPECORD 50 PLUS, Analytik Jena GmbH, 
Jena, Germany) at a wavelength of 593 nm against a blank 
sample (a reaction mixture with water). The results were 
specified as mmol Trolox/L (mmol TE/L).

DPPH method The samples were mixed with ethanol in 
concentration 75.74 g/L (in a 1:1 ratio) and then diluted 
with distilled water (in a 1:4 ratio). 100 µL of each sample, 
along with 400 µL of distilled water, were pipetted into an 
Eppendorf tube and shaken using an orbital shaker (IKA 
MS 3, IKA-Werke GmbH, Staufen im Breisgau, Germany). 
A solution of DPPH in methanol with a concentration of 
0.1 mmol/L was prepared in a 250 ml volumetric flask. 
100 µL of the diluted sample and 2000 µL of the DPPH 
solution were pipetted into a 10 mm cuvette. Cuvettes with 
samples were thoroughly shaken for 20 s using an orbital 
shaker (IKA MS 3). After the cuvettes were placed in the 
dark for 30 min, absorbance was measured on a spectropho-
tometer (SPECORD 50 PLUS, Analytik Jena GmbH, Jena, 
Germany) at a wavelength of 515 nm. A blank sample was 
used containing 100 µL of pure methanol. The results were 
specified as mmol Trolox/L (mmol TE/L).

Total polyphenols

The total polyphenol content was determined using the 
Folin–Ciocalteu reagent, with modifications compared 
to the method described by Vrhovsek et al. [21]. This 
approach relies on the spectrophotometric measure-
ment of the color products resulting from the reaction 
of the hydroxyl groups in phenolic compounds using the 
Folin–Ciocalteu reagent. The procedure involved adding 
1 ml of the sample to a 50 ml volumetric flask, followed 
by the addition of approximately 20 ml of demineral-
ized water and 1 ml of the Folin–Ciocalteu reagent. After 

shaking the flask and waiting for 3 min, 5 ml of  Na2CO3 
(conc. 200 g/L) was added to the mixture, followed by 
another round of shaking and dilution with water. After 
allowing the mixture to stand for 30 min, its color was 
measured in 10 mm cuvettes at a wavelength of 700 nm, 
with the spectrophotometer (Specord 50 Plus) being used 
for this purpose. Total polyphenols were quantified using 
a calibration curve with gallic acid as the standard. The 
total polyphenol content was expressed in milligrams of 
gallic acid per liter of apple cider (mg GA/L).

Individual phenolic compounds

Individual phenolic compounds were identified through 
high-pressure liquid chromatography (HPLC). The HPLC 
analysis followed the method outlined by Picinelli Lobo et al. 
[22] with the modifications made for the selected column. 
The HPLC instrument (Agilent 1260 Infinity II, Germany) 
was equipped with pumps including an isocratic and a binary 
pump, an auto sampler, a thermostat, and diode array and 
fluorescence detectors (DAD and FLD). Data analysis was 
managed using Agilent OpenLAB CDS 2.x software. The 
separation of polyphenolic compounds occurred on a Kine-
tex 5 µm C18 100A column, 150 × 2.1 mm, at a temperature 
of 25 °C (Phenomenex). The mobile phase flow rate was 
0.4 ml/min. The elution phases consisted of a 2% aqueous 
acetic acid (mobile phase A) and 100% methanol (mobile 
phase B). The chosen elution gradient exhibited linearity, 
transitioning from 0 to 45% mobile phase B over 55 min. 
From minute 55 to minute 75, the gradient was held at 45% 
mobile phase B. At minute 75–76, it returned to 0% mobile 
phase B. A post-time of 3 min was employed. The injec-
tion volume was 5 µl. Quantification was achieved through 
external standards and validated by adding a standard to the 
sample. Detection of phenolic compounds was carried out at 
specific wavelengths: 313.4 nm for gallic acid, chlorogenic 
acid, coumaric acid, and ferulic acid; 280.4 nm for tyrosol, 
catechin, syringic acid, and epicatechin; and 255 nm for caf-
feic acid. The R2, LOD, LOQ values for individual analytes 
are provided in Table 2.

Table 2  R2, LOD, LOQ values for the monitored compounds

Compound R2 LOD (mg/L) LOQ (mg/L)

Tyrosol 0.99970 0.26372474 0.87908245
Catechin 0.99938 0.31081162 1.03603874
Chlorogenic acid 0.99898 0.0985517 0.32850567
Caffeic acid 0.99900 0.14653296 0.48844321
Epicatechin 0.99675 0.04447664 0.14825547
Coumaric acid 0.99976 0.06497428 0.21658092
Ferulic acid 0.99987 0.48022359 1.60074531
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Color parameters

To measure the spatial coordinates of the CIELAB color 
space, including lightness (L*) and color-opponent dimen-
sions (a* and b*), a colorimeter (Lovibond RT850i-X-Rite, 
Tintometer Ltd., Greenwich, London) was employed. The 
cider samples were placed in plastic cuvettes and measured 
with an optical path length of 10 mm. The Oncolour Pre-
mium software application (Tintometer Ltd., Greenwich, 
London) was utilized for evaluation [23].

Turbidity

Turbidity was determined using a turbidimeter TN-100, 
(Thermo Fisher Scientific, Waltham, Massachusetts, USA). 
This device operates based on the nephelometric principle of 
turbidity measurement and conforms to ISO 7027 and DIN 
27027 standards. Prior to measuring the first sample, the 
instrument underwent calibration using basic standards (800 
NTU, 100 NTU, 20 NTU, and 0.02 NTU). The recorded val-
ues are expressed in NTU (Nephelometric Turbidity Units).

Sensory assessment

A sensory evaluation of the apple cider samples involved 13 
assessors selected in accordance with ISO 8586. The test-
ing environment met the criteria outlined in ISO 8589. The 
preparation, labeling, and presentation of samples to the 
assessors followed ISO 6658 guidelines. The samples were 
served in transparent 50 ml sample glasses at a temperature 
of 12 ± 2 °C. Differences in the intensity of aroma and taste 
were assessed using a graphical 100-point scale (ISO 4121). 
Assessors used a 100 mm line segment, equivalent to 100 

points, to indicate the value of the tested parameter being 
tested (0 = very weak; 100 = very strong).

Statistics

All the calculations were carried out using STATISTICA 14 
(StatSoft, USA). Analysis of variance was performed using 
the ANOVA procedure, with p < 0.05 considered statistically 
significant. In addition, the Tukey HSD test was employed to 
demonstrate statistically significant differences.

Results and discussion

Antioxidant capacity

Ljevat et al. [24] focused in their study on fruit wines and 
highlighted a direct connection between the content of phe-
nolic substances and the value of antioxidant capacity. In 
the analyzed samples, there was either significant or not sig-
nificant decrease in the values of the antioxidant capacity of 
individual samples in all variants (Figs. 1 and 2).

In the FRAP method, the control sample exhibited the 
highest antioxidant capacity, with a value of 1.31 mmol 
TE/L for variant A (without barrique extract) and 1.47 mmol 
TE/L for variant B (with the addition of 250 µl/L of a bar-
rique extract). The most substantial decrease in antioxidant 
capacity in the FRAP method was observed in cider samples 
clarified with activated carbon (AC 500/AC 1000), where 
the values ranged from 0.23 to 0.80 mmol TE/L. The DPPH 
method also indicated that the control samples also had the 
highest antioxidant capacity, with values ranging from 0.75 
to 1.12 mmol/L. The findings align with the research con-
ducted by Kowalczyk et al. [25], Los et al. [26], and Budak 

Fig. 1  Antioxidant capacity 
in cider samples (variant A/B) 
with fining agents as determined 
by the FRAP method
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et al. [27]. The samples with isinglass (IGS 30, IGS 60) 
and egg white (EW 50 and EW 100) experienced a 2–8% 
decrease in the antioxidant capacity for both variants A and 
B. The low presence of antioxidants in the samples treated 
with PVPP and activated carbon was used as clarifiers which 
can be attributed to the binding of phenolic substances with 
antioxidant properties by these clarifiers. Satora et al. [28] 
delved into the changes in the phenolic content of substances 
in apple wines, noting that phenolic substances degrade dur-
ing processing, potentially leading to a reduction in anti-
oxidant capacity. However, they reported that cider had 
twice the antioxidant capacity of apple juice, likely due to 
the lower solubility of certain phenolic substances in water, 
which are better dissolved in alcohol. The results of both the 
FRAP and DPPH methods were highly correlated (R = 0.93), 
suggesting the consistency of the findings between the two 
methods. Interestingly, despite the expectation that the addi-
tion of barrique extract would enhance antioxidant capacity, 
as shown by the FRAP method in the control sample, the 
DPPH method did not reveal a significant difference. Ana-
lyzing the presented graphs allows for the interpretation of 
the varying abilities of individual fining agents to reduce the 
levels of substances that scavenge free radicals, as opposed 
to substances capable of reducing trivalent iron compounds 
to divalent forms.

Total polyphenols

Fining agents had a significant impact on the total content of 
polyphenolic compounds. The values of total polyphenols 
showed either a highly significant decrease or no significant 
change (Fig. 3). The content of total polyphenols in ciders 
ranged from 290 to 1023 mg/L. The highest concentration of 
polyphenolic compounds was found in the control samples, 

with 893 mg/L for variant A, and 1023 mg/L for variant B. 
These results indicate that the barrel extract significantly 
influences the content of phenolic substances. In samples 
containing the barrel extract, the content of phenolic sub-
stances was 15 ± 2.6% higher than in samples without it, 
translating to 130 mg more in variant B than in variant A. 
The smallest reduction in phenolic compounds was observed 
in samples clarified with bentonite (BEN 500/BEN 1000) 
and gelatin (GEL 150/GEL 300). On the other hand, sam-
ples clarified with isinglass (IGS 30/IGS 60) had the lowest 
phenolic compound content. Based on Tukey's HSD test, 
statistically significant differences were identified between 
control samples and all other samples containing fining 
agents. These findings align with Picinelli Lobo et al. [22] 
who reported polyphenols concentrations ranging from 447 
to 1180 mg/L in Austrian apple cider. In a publication by 
Alonso-Salces et al. [29], phenolic substances were meas-
ured in Basque ciders, finding values ranging from 24 to 
331 mg/L. In a study by [30], polyphenol concentrations 
in ciders from Latvian apple varieties ranged from 794 to 
3400 mg/L. Kowalczyk et al. [25] investigated the total con-
tent of phenolic substances in apple juice from Polish apple 
varieties, with concentrations ranging from 210 to 300 mg/L.

Individual phenolic compounds

In the analyzed cider samples (variants A/B), we identi-
fied six polyphenols and one phenylethanoid. Tyrosol, 
classified as a phenylethanoid, predominated in all cider 
samples, followed by chlorogenic acid, caffeic acid, cou-
maric acid, ferulic acid, epicatechin, and catechin for both 
variants (Tables 3 and 4). Tyrosol, as the principal poly-
phenol, exhibited a range of 13.84 to 25.20 mg/L. Madrera 
et al. [31] reported that tyrosol was among the predominant 

Fig. 2  Antioxidant capacity 
in cider samples (variant A/B) 
with fining agents as determined 
by the DPPH method
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constituents in Asturian natural cider, with levels ranging 
from 10.09 to 38.16 mg/L. In addition, our samples dis-
played significant concentrations of chlorogenic acid (2.20 
to 16.78 mg/L) and caffeic acid (4.12 to 8.96 mg/L).. The 
content of phenolic acids may be strongly influenced by 
the plant species, variety, and physiological stage [32]. In 
contrast, Picinelli Lobo et al. [22] documented that chloro-
genic acid was the predominant constituent in cider apple 
juice, ranging from 1.1 to 32.2 mg/L, considerably higher 
than our findings. Epicatechin and catechin, two flavanols 
within flavanol group exhibited noteworthy content, ranging 

from 0.83 to 7.58 mg/L for epicatechin and from 2.53 to 
10.82 mg/L for catechin. Epicatechin content in cider sam-
ples displayed variability. Madrera et al. [31] reported that 
epicatechin values ranged from 0.11 to 3.03 mg/L. Compara-
tively, values of epicatechin in Asturian ciders ranged from 
1.4 to 22.5 mg/L in a publication [22]. Epicatechin values 
that are comparable to our results are reported in a study by 
Riekstina-Dolge et al. [30], with epicatechin content ranging 
0.77 to 8.63 mg/L. Regarding the individual phenolic com-
pounds, differences were observed across all samples. Typi-
cally, the highest values were found in the control samples. 

Fig. 3  Total polyphenols for 
cider samples (variant A/B) 
with fining agents determined 
by the Folin–Ciocalteu method
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Table 3  The main phenolic compounds in hard apple cider samples with different fining agents (mg/L), variant A

a The letters indicate statistically significant differences between the values in each column, at a significance level of p = 0.05

Sample Tyrosol Catechin Chlorogenic acid Caffeic acid Epicatechin Coumaric acid Ferulic acid

CS 24.2 ± 0.4i 10.6 ± 0.2k 15.7 ± 0.3l 8.9 ± 0.3k 7.3 ± 0.2j 7.1 ± 0.4j 2.5 ± 0.1i

BEN 500 18.1 ± 0.7ef 9.6 ± 0.1ij 15.2 ± 0.2jk 8.5 ± 0.6j 4.3 ± 0.1c 6.8 ± 0.2i 1.6 ± 0.1cd

BEN 1000 17.2 ± 0.3d 8.4 ± 0.1 fg 15.0 ± 0.1ijk 8.2 ± 0.9i 4.1 ± 0.1c 6.2 ± 0.1ef 1.5 ± 0.1b

GEL 150 19.7 ± 0.2h 10.3 ± 0.3k 15.4 ± 1.1kl 8.2 ± 0.5i 6.5 ± 0.2i 6.7 ± 0.1i 1.9 ± 0.1gh

GEL 300 16.8 ± 0.2cd 9.8 ± 0.9j 14.4 ± 0.5fgh 7.9 ± 0.4gh 6.1 ± 0.1efg 6.5 ± 0.2gh 1.8 ± 0.2f

PVPP 400 16.7 ± 0.1bcd 6.9 ± 0.2d 13.8 ± 0.2de 7.8 ± 0.3fg 5.2 ± 0.1d 5.9 ± 0.1d 1.6 ± 0.1d

PVPP 800 16.1 ± 0.1bc 6.4 ± 0.3c 13.1 ± 0.1c 7.5 ± 0.3ef 5.1 ± 0.2d 5.5 ± 0.1c 1.5 ± 0.1bc

AC 500 15.9 ± 0.1b 3.4 ± 0.2b 8.4 ± 0.2b 7.1 ± 0.2b 2.4 ± 0.1b 2.9 ± 0.2b 0.4 ± 0.2a

AC 1000 14.0 ± 0.5a 1.5 ± 0.4a 2.2 ± 0.2a 4.1 ± 0.4a 0.8 ± 0.1a 0.6 ± 0.1a nd
PP 250 17.0 ± 0.2d 8.5 ± 0.5fg 14.5 ± 0.4fghi 8.0 ± 0.8hi 6.6 ± 0.2i 6.3 ± 0.2ef 2.0 ± 0.1gh

PP 500 16.1 ± 0.1bc 7.9 ± 0.3 14.4 ± 0.2fgh 7.2 ± 0.7bcd 6.2 ± 0.1gh 6.0 ± 0.1d 1.6 ± 0.1d

IGS 30 18.5 ± 0.1fg 8.5 ± 0.6g 14.7 ± 0.3hij 7.7 ± 0.6fg 6.2 ± 0.3fgh 6.8 ± 0.3i 1.7 ± 0.1f

IGS 60 16.8 ± 0.2cd 8.1 ± 0.8ef 14.3 ± 0.2efgh 7.4 ± 0.7de 5.9 ± 0.2ef 6.3 ± 0.2ef 1.7 ± 0.2def

EW 50 19.3 ± 0.1gh 9.3 ± 0.5hi 14.7 ± 0.5ghi 7.7 ± 0.4fg 6.2 ± 0.1fgh 6.5 ± 0.1h 1.7 ± 0.1ef

EW 100 18.5 ± 0.2fg 9.2 ± 0.2h 14.1 ± 0.2ef 7.3 ± 0.4bcde 5.9 ± 0.1e 6.5 ± 0.1gh 1.6 ± 0.1de

SIG/GEL 250/150 18.1 ± 0.3ef 9.9 ± 0.3j 14.2 ± 0.3efg 7.4 ± 0.3cde 6.4 ± 0.2hi 6.3 ± 0.2fg 2.0 ± 0.1h

SIG/GEL 500/300 17.3 ± 0.2de 9.3 ± 0.2hi 13.5 ± 0.2cd 8.0 ± 0.2 6.0 ± 0.3efg 6.2 ± 0.1e 1.9 ± 0.1g
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The presence of fining agents led to subsequent decrease, a 
significant average reduction 85% (± 5%) in individual phe-
nolic compounds (except tyrosol). This reduction influenced 
the sample color and sensory attributes, as demonstrated in 
the stage of sensory evaluation phase. In the study [33], they 
observed the impact of aging apple brandy for 15 months in 
wooden barrels (Quercus alba). They noted an increase in 
caffeic acid from 0.64 to 1.21 mg/L, and ferulic acid from 
0.30 to 0.43 mg/L. Comparing the results of this study, it can 
be seen that the addition of oak extract led to an increase in 
caffeic acid by 1 mg/L, but there was no significant change 
in the concentration of ferulic acid.

Turbidity and color parameters

The highest turbidity values were measured in the control 
samples, ranging from 25 to 32.5 NTU. For variant B, the 
turbidity values in the samples containing gelatin (GEL 150/
GEL 300) were higher than in the control samples for variant 
A. It was also generally true that samples in which a higher 
dose of a fining agent was applied had a higher NTU value 
(Fig. 4). The lowest turbidity values were determined in 
samples containing PVPP (PVPP 400/PVPP 800), activated 
carbon (AC 500/AC 1000), and bentonite (BEN 500/BEN 
1000). To improve efficiency, a combination of gelatin and 
silica gel was used in one sample. Gelatin, as a fining agent, 
carries a positive charge, and it often happens that during 
fining, it does not precipitate well in the beverage and set-
tles poorly. In winemaking practice, a combination of silica 
gel and gelatin is commonly used to enhance the clarifying 

capacity of gelatin. From the obtained results, it is evident 
that this effect was not demonstrated in the case of cider. 
Particularly in variant A, the turbidity of sample with gela-
tin was reduced more significantly than in the sample with 
combination of gelatin with silica gel. Turbidity is usually 
highest in fresh apple juice and it is reduced many times dur-
ing technological processing. Oszmiański and Wojdyło [34] 
reported turbidity values in fresh apple juice after processing 
to be 3055 NTU and, after 6 months of storage, 2877 NTU. 
They also mentioned that after the application of enzymes, 
turbidity values ranged from 2133 to 2707 NTU. Benitez and 
Lozano [13] investigated the effect of bentonite and gelatin 
on the degree of turbidity in apple juice in their study. They 
reported that at bentonite concentrations of > 3.2 g/L, the 
apple juice was practically clarified when the concentration 
of gelatin was greater than 0.2 g/L. The addition of barrique 
extract caused cloudiness in the samples, with the presumed 
reason being the presence of barrique tannins in an alco-
hol–water mixture. When introduced to low-alcohol cider, 
some tannins may precipitate. In the case of the sample with 
gelatin, cloudiness was observed, and it sedimented poorly, 
resulting in higher turbidity values for these samples.

Parameter a* and parameter b*

Parameter a* represents the green–red color scale. A posi-
tive value indicates an increased red tint in the sample, 
while a negative value suggests a greenish tint. In sum-
mary, there were no significant differences in the samples 

Table 4  The main phenolic compounds in hard apple cider samples with different fining agents (mg/L), variant B

a The letters indicate statistically significant differences between the values in each column, at a significance level of p = 0.05

Sample Tyrosol Catechin Chlorogenic acid Caffeic acid Epicatechin Coumaric acid Ferulic acid

CS 23.2 ± 0.6 k 10.8 ± 0.1i 16.8 ± 0.4l 9.9 ± 0.3g 7.1 ± 0.2l 7.2 ± 0.4j 2.2 ± 0.3j

BEN 500 20.3 ± 0.2j 9.2 ± 0.2h 15.7 ± 0.2k 9.6 ± 0.2fg 5.9 ± 0.4fg 6.6 ± 0.1i 1.9 ± 0.1i

BEN 1000 19.2 ± 0.3h 8.5 ± 0.2f 15.4 ± 0.1j 8.7 ± 0.4cdefg 5.7 ± 0.3e 6.3 ± 0.2gh 1.8 ± 0.2fgh

GEL 150 19.8 ± 0.2i 9.2 ± 0.2h 15.1 ± 0.3hi 8.4 ± 0.3cdef 6.9 ± 0.2k 6.5 ± 0.2i 1.9 ± 0.1hi

GEL 300 18.4 ± 0.1f 8.9 ± 0.3g 14.8 ± 0.4g 7.9 ± 0.5abcd 6.7 ± 0.4j 6.2 ± 0.2ef 1.8 ± 0.1ef

PVPP 400 16.8 ± 0.1d 7.5 ± 0.1d 13.8 ± 0.2d 7.7 ± 0.4abc 4.7 ± 0.3d 6.1 ± 0.3ef 1.6 ± 0.1d

PVPP 800 15.8 ± 0.4b 5.8 ± 0.1b 12.8 ± 0.3c 7.4 ± 0.3abc 4.0 ± 0.2c 5.3 ± 0.2c 1.5 ± 0.1c

AC 500 15.6 ± 0.4b 6.4 ± 0.1c 11.9 ± 0.1b 7.0 ± 0.6ab 3.8 ± 0.3b 4.8 ± 0.1b 0.8 ± 0.1b

AC 1000 13.8 ± 0.5a 2.5 ± 0.1a 2.3 ± 0.2a 6.7 ± 0.5a 1.6 ± 0.2a 0.6 ± 0.1a 0.1 ± 0.1a

PP 250 16.8 ± 0.2d 8.5 ± 0.2f 14.2 ± 0.3e 8.1 ± 0.3bcd 6.1 ± 0.1h 6.1 ± 0.2ef 1.7 ± 0.2e

PP 500 16.1 ± 0.3c 8.3 ± 0.2e 13.8 ± 0.4d 7.8 ± 0.6abcd 5.9 ± 0.3f 5.8 ± 0.2d 1.6 ± 0.1d

IGS 30 17.5 ± 0.2e 8.9 ± 0.3g 15.4 ± 0.8j 8.8 ± 0.3cdefg 5.9 ± 0.1fg 6.4 ± 0.4h 1.8 ± 0.2fgh

IGS 60 16.6 ± 0.3d 8.6 ± 0.4f 14.5 ± 0.7f 8.4 ± 0.4cdef 5.6 ± 0.2e 6.2 ± 0.3fg 1.8 ± 0.1ef

EW 50 19.3 ± 0.5h 8.9 ± 0.2g 15.1 ± 0.5hi 9.5 ± 0.2efg 6.8 ± 0.1jk 6.6 ± 0.3i 1.8 ± 0.2fgh

EW 100 18.9 ± 0.6g 8.8 ± 0.3g 15.0 ± 0.4h 9.1 ± 0.5defg 6.1 ± 0.2gh 6.1 ± 0.3ef 1.8 ± 0.2ef

SIG/GEL 250/150 17.6 ± 0.2e 9.2 ± 0.1h 15.2 ± 0.2i 8.2 ± 0.3bcde 6.8 ± 0.1j 6.4 ± 0.1h 1.8 ± 0.1ghi

SIG/GEL 500/300 16.3 ± 0.3c 8.9 ± 0.2g 14.5 ± 0.3f 8.1 ± 0.4bcde 6.4 ± 0.1i 6.1 ± 0.2e 1.8 ± 0.2efg
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regarding parameter a* values. Parameter b* represents a 
yellow–blue color scale. As the positive value increases, 
the proportion of the yellow tint grows. All cider samples 
with fining agents (for both variants, i.e., A and B) dis-
played lower values of the yellow tint as shown in Table 5 
compared to the control sample, which had the highest 
value of yellow tint value. In the samples with PVPP and 

activated carbon, the value of the yellow tint value was 
so low that this change was noticeable to the naked eye. 
Oszmiański and Wojdyło [34] observed a wider range of 
color parameter b* in apple juice made from the 'Idared' 
variety and treated with bentonite, gelatin, and silica gel. 
The value of parameter a* ranged from − 1.66 to −0.29, 
while parameter b* ranged from 9.74 to 23.66.

Fig. 4  Turbidity values for cider 
samples with fining agents, vari-
ants A and B
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Table 5  The color parameters 
(a*, b*) changes in cider 
samples with fining agents, 
variant A/B

a The letters indicate statistically significant differences between the values in each column, at a significance 
level of p = 0.05

Sample Variant A Variant B

a* b* a* b*

CS − 1.24 ± 0.08bcde 8.66 ± 0.11j − 1.66 ± 0.09a 8.78 ± 0.14j

BEN 500 − 1.46 ± 0.07ab 8.28 ± 0.10ij − 1.36 ± 0.11bcd 7.60 ± 0.14ghi

BEN 1000 − 1.34 ± 0.05abc 8.16 ± 0.06i − 1.34 ± 0.08bcd 7.19 ± 0.24efg

GEL 150 − 1.22 ± 0.09bcde 7.29 ± 0.19gh − 1.51 ± 0.08abc 7.83 ± 0.17i

GEL 300 − 1.17 ± 0.06cde 7.04 ± 0.21fgh − 1.45 ± 0.07abcd 7.58 ± 0.11ghi

PVPP 400 − 0.74 ± 0.07hi 3.65 ± 0.10c − 0.92 ± 0.07e 4.63 ± 0.12d

PVPP 800 − 0.67 ± 0.07ij 3.50 ± 0.07bc − 0.78 ± 0.08ef 4.16 ± 0.13c

AC 500 − 0.47 ± 0.13jk 3.26 ± 0.06b − 0.6 ± 0.08f 3.36 ± 0.19b

AC 1000 − 0.29 ± 0.09 k 2.11 ± 0.26a − 0.29 ± 0.09 g 1.66 ± 0.19a

PP 250 − 0.84 ± 0.13fghi 7.25 ± 0.11gh − 1.31 ± 0.05 cd 7.35 ± 0.11fgh

PP 500 − 0.81 ± 0.08ghi 7.42 ± 0.05 h − 1.22 ± 0.15d 6.76 ± 0.07e

IGS 30 − 1.50 ± 0.07a 7.34 ± 0.12 h − 1.60 ± 0.07ab 7.74 ± 0.11hi

IGS 60 − 1.38 ± 0.10abc 6.32 ± 0.05d − 1.44 ± 0.12abcd 7.33 ± 0.06fgh

EW 50 − 1.06 ± 0.10efg 6.95 ± 0.13efg − 1.37 ± 0.09bcd 7.19 ± 0.26efg

EW 100 − 1.14 ± 0.07cde 6.63 ± 0.11de − 1.24 ± 0.08 cd 7.22 ± 0.12 fg

SIG/GEL 250/150 − 1.09 ± 0.08def 6.71 ± 0.08ef − 1.41 ± 0.08abcd 7.52 ± 0.13ghi

SIG/GEL 500/300 − 0.98 ± 0.10efgh 6.58 ± 0.10de − 1.21 ± 0.13d 7.00 ± 0.15ef
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Sensory assessment

Figures 5 and 6 illustrate changes in the taste and aroma 
intensity resulting from the addition of the fining agents. 
Variant B exhibited a fuller taste and positive aroma due 
to the inclusion of a barrique extract in the samples. Vari-
ant B experienced a smaller loss of sensorially significant 
components compared to variant A. A decrease in the 
sensorially significant substances occurred in all samples, 
which is reflected in the evaluation of fullness of taste and 
positive aroma. For both variants, samples containing pea 
protein and activated carbon were identified to feature the 
most significant negative changes in the fullness of taste. 
Samples with activated carbon, completely lost their taste 

character; for aroma, ethanol was predominant as the con-
tent of other aromatic components was rapidly reduced due 
to the effect of fining agents. Samples containing bentonite 
and isinglass received the most positive rating. Although 
it was lower than for the control sample, the assessors 
still considered the samples to be above average from the 
sensory aspect. The Tukey's HSD test showed statistically 
significant differences between control samples and other 
samples containing fining agents. Significant differences 
between individual variants were also noted; for example, 
in samples containing bentonite, there was a statistically 
significant difference in taste fullness between variant 
A and variant B in the BEN 1000 sample.

Fig. 5  The intensity of taste for 
hard apple cider samples with 
fining agents, variant A/B
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Fig. 6  The intensity of aroma 
for hard apple cider samples 
with fining agents, variant A/B
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Conclusion

Ciders can be produced with a cloudy appearance, 
although some consumers prefer clear alcoholic bever-
ages, particularly in regions where wine is more prevalent. 
Clarifying agents are primarily employed in winemaking 
technology, which is why this study investigates the uti-
lization of clarifiers designed for grape wines and their 
suitability in cider production. The antioxidant capacity, 
total polyphenols, chemical composition, and the intensity 
of smell and taste in ciders are significantly affected by the 
presence of added fining agents. In sensory evaluation, 
there was a loss of aromatic and flavor compounds that 
enhance the sensory perception of smell and taste in cider. 
In certain samples, a notable decrease in color intensity 
was observed, which sensory assessors also identified as 
a negative impact. From a chemical perspective, a reduc-
tion in antioxidant substances was confirmed through both 
FRAP and DPPH methods. The most substantial decrease 
was evident in samples treated with activated carbon, 
characterized by its extensive adsorbent surface, thereby 
confirming initial assumptions. A greater reduction in 
antioxidant capacity was also noted for PVPP, known for 
its ability to bind to phenolics. Conversely, fining agents 
such as bentonite, pea protein, and isinglass contributed 
to the reduction in antioxidant capacity. The content of 
polyphenolic compounds decreased in all examined sam-
ples treated with fining agents. In the samples treated with 
activated carbon, there was a 75% decrease (± 4%) in anti-
oxidant capacity and an 80% decrease (± 5%) in phenolic 
compounds, resulting in a shift in color from dark yellow 
to nearly transparent. The results’ findings suggest that the 
most suitable fining agents for cider clarification are ben-
tonite and egg white, which had the least adverse impact 
on the tested cider samples.
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