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A B S T R A C T

This study aimed to evaluate the effect of different cheese-honey combinations on antioxidant activity before and
after in vitro gastrointestinal digestion, using the 2,2′-azino-bis-3-ethylbenzothiazoline- 6-sulfonic acid (ABTS),
and ferric-reducing antioxidant power (FRAP) assays. Honey addition significantly enhanced the antioxidant
activity of cheese samples (P < 0.05). The antioxidant activity of in vitro digested samples was significantly
lower than the undigested ones. However, digested cheese-honey combination showed a percentage decrease of
antioxidant activity lower than plain cheese. The cheese and honey types affected the percentage decrease of
antioxidant activity in the digested samples, this is mainly due to the bioaccessibility of the honey polyphenols
after digestion. Sensory analysis showed that all cheese-honey combinations were well accepted by the con-
sumers, the health information on higher antioxidant capacity of dark honeys has not influenced the degree of
acceptability of consumers, who preferred the cheese - clear honey combinations.

1. Introduction

Food combinations have always been used in gastronomy to en-
hance the sensory characteristics of food products. Among these the
honey addition in dairy products is now widely used in order to im-
prove the sensory properties and at the same time the nutraceutical
characteristics of these foods (Perna, Simonetti, & Gambacorta, 2019);
just think that today the cheese-honey combination, used since ancient
times, represents an important Italian culinary tradition. Moreover,
cheese and honey are both considered functional foods (Luchese,
Ribeiro Prudêncio, & Fioravante Guerra, 2017; Summer et al., 2017).
The cheese is a rich source of proteins, vitamins, minerals (in particular
calcium in a highly bioavailable form), and fatty acids important in a
healthy diet; in addition, during cheese ripening the caseins are hy-
drolyzed by different enzymatic systems into a large variety of peptides
that influence several biological functions (Donkor, Henriksson, Singh,
Vasiljevic, & Shah, 2007; Perna, Simonetti, Intaglietta, & Gambacorta,
2015); finally is know that during gastrointestinal digestion several
bioactive peptides are released from milk casein mostly by gastric and
pancreatic enzymes (Kanwar et al., 2009). However, the biological
capacity of cheese depends on the used milk type, cheese-making pro-
cess, and cheese ripening (Lucas et al., 2006). Honey's functional im-
portance due to its antioxidant, anti-inflammatory, and antitumoral
properties is amply demonstrated (Orsolic, Terzic, Sver, & Basic, 2005).

The biological activity of honey depends on the floral and geographical
origin (Perna, Simonetti, Intaglietta, Sofo, & Gambacorta, 2012) which
markedly influence its functional composition, and thus the quality and
the quantity of important components such as flavonoids, phenols,
enzymes, ascorbic acid, Maillard reaction products, organic acids,
amino acids, and proteins (Al-Mamary, Al-Meeri, & Al-Habori, 2002;
Aljadi & Kamaruddin, 2004). In light of the above, the study from the
nutraceutical point of view of cheese-honey combination can provide
new information to consumers increasingly oriented towards foods that
exert a positive effect in the body. However, to evaluate the beneficial
effects of peptides and polyphenols it is necessary to consider their
bioavailability and metabolic fate. In fact, it is know that the com-
pounds bioavailability depends on its: bio-accessibility (understood as
release from food matrix); digestive stability; and transepithelial pas-
sage efficiency (Manach, Williamson, Morand, Scalbert, & Rémésy,
2005). Thus, the aim of this study was to evaluate the effect of different
cheese-honey combinations on antioxidant activity before and after in
vitro gastrointestinal digestion using ABTS and FRAP assays.

2. Materials and methods

2.1. Samples

A total of 38 cheeses and 9 honeys, randomly selected according to
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consumers’ preferences, were purchased from Italian stores in April
2019. The cheeses were all Italian Protected Designation of Origin
(PDO) cheese, consequently their production geographical area, live-
stock system (breed, diet, and farming conditions), and manufacturing
technologies are reported in public guidelines which are approved and
regulated by the European Union and local authorities. Cheese varieties
included 2 long-aged pressed cheeses: Parmigiano Reggiano cheese
(PaRe; also known as Parmesan cheese, 24 months of ripening), and
Pecorino Romano cheese (PeRo; 8 months of ripening) made from cow
and sheep milk, respectively; and 2 long-aged stretched-curd cheese:
Caciocavallo Silano cheese (CS; 6 months of ripening) and Provolone
Valpadana cheese (PV; 2 months of ripening) both made from cow milk.
All cheese samples were stored at 4 °C in the dark until analyzed.
Honeys collected for this study were: sulla, chestnut and eucalyptus. For
cheese-honey (C–H) combinations, on each cheese sample
(1.5 × 2.0 cm side and 7 cm in length) was added 10% (w/w) of each
honey before analysis.

2.2. In vitro gastrointestinal digestions

The in vitro gastrointestinal digestion of honey, cheese, and C–H
samples was simulated using pepsin and pancreatin according to the
method reported by Simonetti, Gambacorta, and Perna (2016), with
some modifications. Fifteen grams of each sample were mixed with
40 mL of bidistilled water and homogenized in a Stomacher (Steward
Stomacher 400 Lab Blender, London, UK) for 1 min for simulate the
human chewing. Then HCl (3 mol/L; Sigma-Aldrich, Milan, Italy) was
used to bring the pH of the solution to 2 (model PHM 92, Radiometer,
Copenhagen, Denmark), and stomach phase was simulated by adding
pepsin (Sigma-Aldrich P6887, Milan, Italy) at a 1:200 (en-
zyme:substrate) ratio. After 2 h of digestion at 37 °C, the pepsin was
inactivated by adjusting the pH to 7.2 with 1 mol/L NaHCO3 and the
pancreatin (Sigma-Aldrich P3292, Milan, Italy) was added at a 1:25
(enzyme:substrate) ratio to simulated intestinal phase. After 4 h of di-
gestion at 37 °C, pancreatin activity in the solution was terminated by
heating for 10 min at 95 °C. Samples were collected before adding the
enzymes (undigested sample), and after in vitro digestion (digested
sample). Each sample was centrifuged at 5,000×g for 20 min at 4 °C to
remove large particles, the supernatant was filtered through a 0.2 μm
cellulose acetate membrane filter (Sigma-Aldrich), and it was frozen
and kept a −55 °C until analysis.

2.3. Antioxidant activity

The ABTS radical cation and FRAP assays were carried out ac-
cording to the methodology described by Perna, Intaglietta, Simonetti,
and Gambacorta (2014). Results were expressed as milligrams of Trolox
equivalents (TE) per gram of sample.

2.4. Consumer acceptability

An sensory method to evaluate consumer acceptability of different
C–H combinations was used. The test consisted of 270 untrained con-
sumers who had been selected based on their regular consumption of
ripened cheese (at least once per week) as well as their sex (132 females
and 138 males) and age (25 ÷ 65 years of age), attempting to represent
the distribution of the population as closely as possible. The test was
conducted on 45 d with one session per day carried out between 9:30
and 12:30. Each consumer participated in three sessions and tasted four
C–H samples. C–H samples (1.5 × 2.0 cm side and 7 cm in length) were
presented to consumer at room temperature in glass tumblers covered
with clock glasses, coded with 3 digit numbers and order of tasting was
balanced to account for first order and carry over effects. Consumers
were asked to evaluate the C–H samples, visually (appearance, and
color) and then organoleptically (taste and odor), finally expressing a
judgment on overall acceptability. Each consumer was isolated in

individual booths and was asked to express their acceptability on a nine
point hedonic scale, between 1 (dislike extremely) and 9 (like ex-
tremely) (Peryam & Pilgrim, 1957). Consumers were provided with
oligomineral water and asked to thoroughly rinse the oral cavity after
each sample. To examine the influence of potential health message, the
same consumers in the fourth session (test with the information) re-
ceived four C–H combinations: PaRe-chestnut honey, and CS-chestnut
honey (cheese with dark honey), PaRe-sulla honey, and CS-sulla honey
(cheese with clear honey). Before starting the analysis, to consumers
was provided the following health information: “dark honeys are rich in
antioxidant components”. The sensory test was conducted as the pre-
vious one: briefly, to informed consumers was asked to evaluate the
samples for appearance, color, taste, odor, and overall acceptability,
and to express their acceptability on a nine point hedonic scale. All
assessments were carried out in a sensory laboratory equipped ac-
cording to UNI–ISO 8589 recommendations (International Organiza-
tion.for International Organization for Standardization, 1988)

2.5. Statistical analysis

Data were analyzed according to the following linear model (SAS
Institute, 1996):

yijk = μ +αi + βj + (αβ)ij + εijk

where yijk is the kth observation at the ith level of factor α and the jth
level of factor β; μ is the overall mean; αi is the fixed effect of the ith
cheese type (i = 1, 2, 3, 4); βj is the fixed effect of the jth honey type
(j = 1, 2, 3); (αβ)ij is the interaction of cheese type x honey; and εijk is
the random error. Student's t-test was used for all variable comparisons
and differences between means at the 95% (P < 0.05) confidence level
were considered statistically significant.

3. Results and discussion

3.1. Antioxidant activity of undigested samples

The antioxidant activity of the honey samples, evaluated by ABTS
and FRAP assays, is reported in Table 1. Overall, the average anti-
oxidant activity of the honeys was 27.7 and 10.72 mg TE/g honey for
ABTS and FRAP assay, respectively. In particular, the antioxidant ac-
tivity varied in a wide range: eucalyptus honey showed the lowest ABTS
and FRAP values (23.38 and 8.29 mg TE/g honey, respectively) than
other tested honeys (P < 0.05); on the contrary, chestnut honey
showed the highest values (34.09 and 13.35 mg TE/g honey for ABTS
and FRAP assay, respectively; P < 0.05), confirming what was re-
ported in our previous study (Perna et al., 2012). The differences found

Table 1
Antioxidant activity1 (mg of Trolox equivalents/g of honey) of both honey
samples from different botanical origin and different cheese samples, before in
vitro gastrointestinal digestion.

Honey ABTS FRAP

Mean SD Mean SD

Chestnut 34.09c 0.18 13.35c 0.04
Eucalyptus 23.38a 0.06 8.29a 0.03
Sulla 25.58b 0.81 10.53b 0.04
Cheese
Parmigiano Reggiano 20.43d 0.10 3.79b 0.19
Pecorino Romano 17.99c 0.07 3.13a 0.11
Caciocavallo Silano 17.15b 0.13 3.87b 0.18
Provolone Valpadana 16.26a 0.07 3.75b 0.03

a–d For each food, means within a column with different superscripts differ
(P < 0.05).
1ABTS = 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical cation.
assay; FRAP = ferric-reducing antioxidant power assay.
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among the studied honeys highlighted that the antioxidant activity of
honey, closely related to quality and quantity of polyphenols, varies
considerably depending on the floral origin (Gomez-Caravaca, Segura-
Carretero, & Fernandez-Gutierrez, 2006; Perna, Intaglietta, Simonetti,
& Gambacorta, 2013). In line with this results, in our previous study
(Perna et al., 2013) we found a higher phenolic and flavonoid content
in chestnut honey than eucalyptus and sulla ones. In particular, in the
study mentioned above, we found that chestnut honey is characterized
by a higher content of both phenolic acids (such as caffeic acid, p-
coumaric acid, ferulic acid, benzoic acid), and flavonoids (such as ca-
techin, epicatechin, gallocatechin, rutin, myricetin, quercetin) com-
pared to eucalyptus and sulla honeys. Cheese contains numerous
bioactive components with a strong protective activity against oxida-
tive damage (Alberti-Fidanza, Burini, & Perriello, 2002). The ABTS and
FRAP values of studied cheeses are reported in Table 1. The PaRe
cheese showed the highest ABTS value (P < 0.05) probably linked to
the greater ripening time of this cheese compared to other analyzed
ones. Several authors (Elias et al., 2006; Phelan, Aherne-Bruce,
O'Sullivan, Fitzgerald, & O'Brien, 2009) reported that the antioxidant
activity of cheese is largely due to the concentration of macro and
micronutrients, to enzymatic systems, to hydrolyzed proteins, and to
free amino acids; however, the ripening time markedly influences the
antioxidant activity of cheese (Gupta, Mann, Kumar, & Sangwan, 2009;
Perna et al., 2015) since many bioactive peptides, such as antioxidant
ones, are released from precursor protein, where they are encrypted, by
the proteolytic system during ripening (Donkor et al., 2007). The PeRo
cheese instead showed the lowest FRAP value (P < 0.05). It is known
that the manufacturing technology influences the presence of bioactive
components in the cheese: Gagnaire et al. (2011) reported that the
stretching at 70–80 °C in Ragusano stretched-curd cheese favored the
plasmin action with consequent casein degradation; however, the heat
treatment exposes reactive thiol groups which can form disulfide links
with consequent decrease of antioxidant activity (Perna et al., 2015).
Overall, all studied C–H combinations showed a significant increase in
antioxidant activity compared to the plain cheese (P < 0.01; Table 2);
this is due to honey polyphenols, the main compounds responsible of
the biological activities of honey (Al-Mamary et al., 2002; Aljadi &
Kamaruddin, 2004). Alonso, Guillèn, Barroso, Puertas, and Garcìa
(2002) reported a positive correlation between antioxidant activity and

phenols content in food. A support, Lucera et al. (2018) in spreadable
cheese enriched with different by-products flours such as red and white
grape pomace, tomato peel, broccoli, corn bran, and artichokes, de-
tected a significant increase of phenols and flavonoids content, and
antioxidant activity compared to the control cheese. The different an-
tioxidant activity detected among the studied C–H combinations could
be due to both antioxidant activity of cheese and honey type and in-
teractions between the constituents of dairy products and the poly-
phenols of honey which interact with milk proteins by both hydrophilic
and hydrophobic interactions (Lamothe, Azimy, Bazinet, Couillard, &
Britten, 2014). Considering the antioxidant activity of the C–H combi-
nations, for each studied cheese, the findings showed that the increase
or decrease in antioxidant capacity is strongly correlated to the type of
added honey (Table 2). In particular, for the PaRe cheese the addition
of different honey varieties did not result in significant differences in
terms of ABTS assay, whose average value was 33.16 mg TE/g. For the
PeRo cheese instead the combination with sulla honey showed the
highest ABTS value (P < 0.05), whereas the one with chestnut honey
was the worst one (P < 0.05). On the contrary, for the CS cheese the
combination with chestnut honey showed the highest ABTS value
(P < 0.05), whereas the one with sulla honey the lowest (P < 0.05).
Finally, the addition of sulla honey on PV cheese showed the lowest
ABTS value, whereas PV-eucalyptus honey combination showed the
highest value (P < 0.05). The FRAP assay did not confirm what was
observed with the ABTS assay, and for all C–H combinations the find-
ings showed a high variability (Table 2). However, the cheese

Table 2
Antioxidant activity1 (mg of Trolox equivalents/g of sample) of the cheese-
honey combinations before in vitro gastrointestinal digestion.

Cheese Honey

+ Chestnut + Eucalyptus + Sulla

ABTS

Mean SD Mean SD Mean SD

Parmigiano Reggiano 32.99a,D 0.80 33.09a,D 1.16 33.40a,D 0.68
Pecorino Romano 19.07a,A 0.86 22.66b,A 0.18 31.22c,C 0.43
Caciocavallo Silano 28.60c,C 0.55 25.60b,B 0.12 25.09a,B 0.01
Provolone Valpadana 24.88b,B 0.12 27.37c,C 0.48 16.74a,A 0.25

FRAP

Mean SD Mean SD Mean SD

Parmigiano Reggiano 7.24b,C 0.06 5.41a,B 0.35 4.87aA 0.12
Pecorino Romano 5.23b,A 0.01 4.45a,A 0.06 5.13a,b,A 0.48
Caciocavallo Silano 5.43b,B 0.12 4.91a,b,A 0.91 4.61a,A 0.15
Provolone Valpadana 5.35b,B 0.08 5.40b,B 0.16 4.66a,A 0.32

a–cMeans within a row with different superscripts differ (P < 0.05).
A–D For each antioxidant assay, means within a column with different super-
scripts differ (P < 0.05).
1ABTS = 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical scaven-
ging assay; FRAP = ferric-reducing antioxidant power assay.

Table 3
Antioxidant activity1 (mg of Trolox equivalents/g of honey) of both honey
samples from different botanical origin and different cheese samples, before
(undigested), and after (digested) in vitro gastrointestinal digestion.

Honey Undigested Digested Loss (%)2

Mean SD Mean SD

ABTS

Chestnut 34.09b,C 0.18 24.60a,C 0.54 27.84
Eucalyptus 23.38b,A 0.16 18.25a,A 0.34 21.94
Sulla 25.58b,B 0.81 18.12a,A 0.21 29.16
Overall 27.68 4.82 20.32 3.74 26.59

FRAP

Chestnut 13.35b,C 0.14 9.43a,C 0.12 29.36
Eucalyptus 8.29b,A 0.13 6.35a,A 0.09 23.40
Sulla 10.53b,B 0.11 7.54a,B 0.07 28.39
Overall 10.72 2.41 7.77 1.37 27.51

Cheese ABTS

Parmigiano Reggiano 20.43b,D 0.10 15.84a,D 0.36 22.47
Pecorino Romano 17.99b,C 0.07 14.27a,C 0.20 20.68
Caciocavallo Silano 17.15b,B 0.13 13.72a,B 0.22 20.00
Provolone Valpadana 16.26b,A 0.09 12.60a,A 0.27 22.51
Overall 17.96 1.61 14.11 1.37 21.44

FRAP

Parmigiano Reggiano 3.79b,B 0.19 2.90a,B 0.03 23.48
Pecorino Romano 3.13b,A 0.11 2.51a,A 0.08 19.81
Caciocavallo Silano 3.87b,B 0.18 2.61a,A 0.01 32.56
Provolone Valpadana 3.75b,B 0.03 2.50a,A 0.05 33.33
Overall 3.64 0.35 2.63 0.23 27.65

a–c Means within a row with different superscripts differ (P < 0.05).
A–D For each antioxidant assay, means within a column with different super-
scripts differ (P < 0.05).
1ABTS = 2,2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical scaven-
ging assay; FRAP = ferric-reducing antioxidant power assay.
2Calculated as percentage ratio: 100 x (antioxidant value of undigested sample -
antioxidant value of digested sample)/antioxidant value of undigested sample).
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combination with chestnut honey showed the highest values
(P < 0.05). Among studied cheeses, PaRe cheese with chestnut and
eucalyptus honeys showed the highest antioxidant values, while PeRo
cheese with these honeys showed the lowest values, for both ABTS and
FRAP assays. Moreover, the PaRe cheese with sulla honey showed the
highest ABTS value, whereas PV-sulla honey combination the lowest
value (P < 0.05). Considering the FRAP assay, no significant differ-
ence was found among studied cheeses and sulla honey addition. This
wide variability of results could be due to the formation of different
protein-polyphenol complexes that could influence the polyphenols
bioavailability, and consequently the antioxidant activity of dairy

products (Arts et al., 2002; Perna, Simonetti, Grassi, & Gambacorta,
2018). Authors (Hasni et al., 2011; Kanakis, Hasni, Bourassa, Tarantilis,
Polissiou, & Tajmir-Riahi, 2011) detected that the formation of protein-
polyphenol complexes decreases the electron donation capacity of ca-
techins by reducing the number of hydroxyl groups available in the
solution.

3.2. Effect of in vitro gastrointestinal digestion on antioxidant activity

In vitro digestion model provides an indication of bioaccessibility of
antioxidants in a biological system. In this study, all samples were

Fig. 1. Percentage decrease1 (Δ%) of antioxidant activity after in vitro gastrointestinal digestion in cheese and cheese-honey combination measured by ABTS (a) and
FRAP (b) assays, separately for studied cheese and independently of the used honey.
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subjected to in vitro gastrointestinal digestion, and on each hydrolyzed
sample was determined the antioxidant activity by ABTS and FRAP
assays. Overall, antioxidant activity of all studied samples (honey,
cheese, and C–H combinations) decreased after in vitro gastrointestinal
hydrolysis: in honey, it reached values of 19.98 and 7.77 mg TE/g for
ABTS and FRAP assay, respectively, with a decrease compared to the
undigested, of about 26.5 and 27.5%, respectively (Table 3). These
findings are in agreement with O'Sullivan, O'Callaghan, O'Connor, and
O'Brien (2013) who reported that hydrolytic enzymes and pH changes
during digestion can lead to the degradation of some antioxidant
compounds in honey, thus reducing their bioavailability. Neilson,
Bomser, and Ferruzzi (2007) reported that the catechins showed gastric

stability because they are stable at pH values below 6, while they were
largely decomposed at neutral or slightly alkaline pH similar to that
found in the small intestine. A support of this, in vivo studies in humans
showed that, in spite high concentration of polyphenols in the diet,
their plasma concentration ranged from 0 to 4 μmol/L, and they had a
small effect on the total antioxidant capacity of blood plasma (Henning
et al., 2004; Lotito & Frei, 2006). Moreover, it is known that many
polyphenols remain in the gastrointestinal tract where they may exert
their biological activity (Cheynier, 2012). In the cheese samples, the
digestion has led to a decrease in antioxidant capacity of about 21.44
and 27.65% for ABTS and FRAP assays, respectively (Table 3). This
could be due to the fact that the studied cheeses are long-aged cheeses,

Fig. 2. Percentage decrease1 (Δ%) of antioxidant activity in cheese-honey combination after in vitro gastrointestinal digestion, measured by ABTS (a) and FRAP (b)
assays.
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so they have already undergone a high hydrolysis during ripening,
consequently many ingested peptides might be hydrolyzed by digestive
enzymes during digestion, reducing their bioavailability and thus their
antioxidant capacity. Bottesini et al. (2013), in Parmigiano Reggiano
cheese, hypothesized that the decrease in antioxidant activity after in
vitro digestion could be due to degradation of antioxidant amino acids,
as well as tryptophan, in gastric environment. Antioxidant activity of
different C–H combinations after in vitro gastrointestinal digestion were
also evaluated, and in Fig. 1 is reported the percentage decrease (Δ%) of
antioxidant activity of both plain cheese and C–H combination, sepa-
rately for considered cheese and independently of the used honey. After
in vitro digestion, antioxidant activity of the C–H combinations showed
a lower decrease compared to the plain cheese. This could be due to the
protein-polyphenol complex that physically trapping the polyphenols
exerted a protective effect protecting them from the attack of pepsin
during gastric digestion (Helal & Tagliazucchi, 2018), and increase
their stability during this digestion phase (Hasni et al., 2011); there-
after, during in vitro gastro-pancreatic digestion, the proteins and pep-
tides were hydrolyzed and the polyphenols are released with a con-
sequent increase of their bioaccessibility (Helal & Tagliazucchi, 2018).
Considering the percentage decrease of individual C–H combinations
(Fig. 2), the combination of sulla honey with PeRO, CS, and PV cheeses
showed the lower decrease of ABTS value after in vitro gastrointestinal
digestion; whereas, the PaRe-sulla honey combination showed the
higher decrease. FRAP assay instead showed a high individuality;
however, the combination of all the studied cheeses with eucalyptus
honey showed a high decrease. Moreover, among studied cheeses, PV-
honey combinations showed the higher decrease of FRAP value.

3.3. Sensory analysis

The aim of this sensory analysis was twofold: to investigate the
degree of acceptance of the different C–H combinations, and to examine
the influence of health-related message on the sensory acceptability of
C–H combinations. Today the consumers are more health conscious and
to perceive a food as healthy can increase the intake and acceptability

of that food, therefore several health claims which state, suggest or
imply that a relationship exists between food and health are used by
food companies. (Schouteten et al., 2015). Overall, it was observed that
the addition of honey to cheese showed a good acceptability score for
all assessed descriptors (Table 4TtTtttt), this underlines the fact that the
Italian consumers are used to eating C–H combinations. However, the
addition of honey from different botanical origin to different cheese
types showed a significant effect on all sensory properties (P < 0.05),
except for odor, where no difference among C–H combinations was
detected. In particular, the cheese-chestnut honey combinations
showed the lowest appearance and color scores (P < 0.05). These
descriptors are very important because could be affect the consumer
acceptance, changing their flavor perception with negatively impacting
on marketing (Spence, 2015). The lowest appearance and color score
for cheese-chestnut honey combinations can be explained by the fact
that consumers are used to eating honey with a colour slightly straw
yellow, while chestnut honey, due to the high content of polyphenols, is
a dark honey. The PeRo-sulla honey combination showed the highest
taste and overall acceptability scores (P < 0.05) compared to the other
C–H combinations. Considering the studied cheeses, PaRe cheese
showed higher taste and overall acceptability scores when eucalyptus
honey was added, while for CS and PV cheeses higher taste and overall
acceptability scores were detected when chestnut honey was added.
Since the findings showed that the cheese-chestnut honey combinations
were less accepted by consumers for color and appearance scores, an-
other sensory test with the same consumers, but with a health-related
information was conducted. The health-related massage was: “dark
honeys are rich in antioxidant components”, the samples evaluated
were four: two cheeses with sulla honey (straw yellow honey), and two
cheeses with chestnut honey (dark honey; Table 4). Our findings
showed that the health-related information did not have an effect on
the sensory acceptability, in contrast to what has been reported by
Schouteten et al. (2015) who showed that health claim may affect
cheese flavor perception and overlap the sensory characteristics.

Table 4
Sensory acceptability1 of the studied cheese-honey combinations.

Descriptor

Cheese2 Honey Appearance Color Odor Taste Overall

acceptability

Mean SD Mean SD Mean SD Mean SD Mean SD

Without the health-related information

PaRe +Chestnut 6.84a 0.15 6.69a 0.21 7.21a 0.47 6.85a 0.31 6.91a 0.25
+Eucalyptus 7.27b 0.25 7.58c 0.15 7.35a 0.36 7.43c,d 0.22 7.37c,d 0.20
+Sulla 7.32b 0.12 7.29b 0.15 7.24a 0.29 7.16b 0.17 7.18a,b 0.25

PeRo +Chestnut 6.80a 0.15 6.76a 0.18 6.95a 0.26 6.85a 0.16 7.02a,b 0.15
+Eucalyptus 7.31b 0.08 7.45b,c 0.12 7.15a 0.37 7.35b,c,d 0.19 7.23b,c,d 0.21
+Sulla 7.46b 0.10 7.71c 0.25 7.55a 0.28 7.79e 0.22 7.82e 0.15

CS +Chestnut 6.78a 0.17 6.79a 0.23 7.62a 0.35 7.45d 0.29 7.51d 0.36
+Eucalyptus 7.30b 0.13 7.59c 0.26 7.38a 0.29 7.12a,b 0.14 7.01a,b 0.29
+Sulla 7.32b 0.20 7.43b,c 0.27 7.20a 0.25 7.10a,b 0.18 7.22b,c 0.10

PV +Chestnut 6.95a 0.12 6.74a 0.33 6.99a 0.29 7.40c,d 0.19 7.46c 0.17
+Eucalyptus 7.35b 0.14 7.38b,c 0.12 7.43a 0.34 7.17b,c 0.18 7.28b,c,d 0.15
+Sulla 7.43b 0.15 7.51b,c 0.20 7.41a 0.34 7.15b 0.24 7.17a,b,c 0.23

With the health-related information3

PaRe +Chestnut 6.95a 0.17 6.73a 0.18 7.33a 0.26 6.91a 0.11 6.95a 0.24
+Sulla 7.24b 0.11 7.38b,c 0.13 7.54a 0.38 7.13a,b 0.21 7.17a,b 0.14

CS +Chestnut 6.59a 0.21 6.72a 0.28 7.47a 0.29 7.51d 0.19 7.62d 0.13
+Sulla 7.37b 0.18 7.39b,c 0.17 7.18a 0.35 7.16b 0.17 7.18a,b 0.21

1Each attribute was evaluated on a hedonic scale from 1 (dislike extremely) to 9 (like extremely).
2PaRe = Parmigiano Reggiano, PeRo = Pecorino Romano, CS=Caciocavallo Silano, PV=Provola Valdostana
3 Health-related information was: “dark honeys are rich in antioxidant components”.
a-eMeans within a column with different superscripts differ (P < 0.05).
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4. Conclusions

This study highlighted the complex dynamic actions that occur
when foods with different biochemical characteristics interact. Honey
addition significantly enhanced the antioxidant activity of cheese
samples. The lower antioxidant activity of digested samples than the
undigested ones was probably due to the further hydrolytic degradation
of the samples during in vitro digestion. However, after in vitro diges-
tion, C–H combinations showed a percentage decrease of antioxidant
activity lower than plain cheese; this could be due to the polyphenol-
protein complexes that improve the stability of polyphenols in a gas-
trointestinal environment, with an additional advantage for consumer
health. The polyphenols, in fact, can reduce oxidative damage in the
gastrointestinal tract and are also involved in many complex mechan-
isms such as modulation of cell survival signalling pathways and
modification of gut microbiota composition. The cheese and honey type
affected the percentage decrease of antioxidant activity in digested
samples, this is mainly due to the bioaccessibility of the honey poly-
phenols after digestion. The PeRo-sulla honey combination showed a
higher consumer acceptability, indicating advantages not only on an-
tioxidant capacity but also in sensory properties compared to the other
C–H combinations. The health information on higher antioxidant ca-
pacity of dark honeys has not influenced the degree of acceptability of
consumers, who preferred the cheese - clear honey combinations.
Certainly more in-depth knowledge is needed to identify the best
cheese-honey combinations, in terms of the availability of bioactive
components useful for consumer health. Moreover, further in vivo stu-
dies evaluating both the action of digestive enzymes and the action of
microbiota metabolism should be performed.

CRediT authorship contribution statement

Amalia Simonetti: Conceptualization, Data curation, Formal ana-
lysis, Investigation, Methodology, Project administration, Resources,
Software, Validation, Visualization, Writing - original draft, Writing -
review & editing. Annamaria Perna: Conceptualization, Data curation,
Formal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Writing - original draft, Writing - review &
editing. Giulia Grassi: Formal analysis, Investigation, Methodology.
Emilio Gambacorta: Conceptualization, Data curation, Formal ana-
lysis, Funding acquisition, Project administration, Resources, Software,
Supervision, Validation, Visualization.

Declaration of competing interest

The authors declare that they have no known competing financia-
linterestsor personal relationships that could have appeared to influ-
ence the work reported in this paper.

References

Al-Mamary, M., Al-Meeri, A., & Al-Habori, M. (2002). Antioxidant activities and total
phenolics of different types of honey. Nutrition Research, 22, 1041–1047.

Alberti-Fidanza, A., Burini, G., & Perriello, G. (2002). Total antioxidant capacity of co-
lostrum, and transitional and mature human milk. Journal of Maternal-Fetal and
Neonatal Medicine, 11, 275–279.

Aljadi, A. M., & Kamaruddin, M. Y. (2004). Evaluation of the phenolic contents and an-
tioxidant capacities of two Malaysian floral honeys. Food Chemistry, 85, 513–518.

Alonso, A. M., Guillèn, D. A., Barroso, C. G., Puertas, B., & Garcìa, A. (2002).
Determination of antioxidant activity of wine by products and its correlation with
polyphenolic content. Journal of Agricultural and Food Chemistry, 50, 5832–5836.

Arts, M. J., Haenen, G. R., Wilms, L. C., Beetstra, S. A., Heijnen, C. G., Voss, H. P., et al.
(2002). Interactions between flavonoids and proteins: Effect on the total antioxidant
capacity. Journal of Agricultural and Food Chemistry, 50, 1184–1187.

Bottesini, C., Paolella, S., Lambertini, F., Galaverna, G., Tedeschi, T., Dossena, A., et al.
(2013). Antioxidant capacity of water soluble extracts from Parmigiano-Reggiano
cheese. International Journal of Food Sciences & Nutrition, 64(8), 953–958.

Cheynier, V. (2012). Phenolic compounds: From plants to foods. Phytochemistry Reviews,
11, 153–177.

Donkor, O. N., Henriksson, A., Singh, T. K., Vasiljevic, T., & Shah, N. P. (2007). ACE-

inhibitory activity of probiotic yogurt. International Dairy Journal, 17, 1321–1331.
Elias, R. J., Bridgewater, J. D., Vachet, R. W., Waraho, T., Mcclements, D. J., & Decker, E.

A. (2006). Antioxidant mechanisms of enzymatic hydrolysates of β-Lg in food lipid
dispersion. Journal of Agricultural and Food Chemistry, 54, 9565–9572.

Gagnaire, V., Carpino, S., Pediliggieri, C., Jardin, J., Lortal, S., & Licitra, G. (2011).
Uncommonly thorough hydrolysis of peptides during ripening of Ragusano cheese
revealed by tandem mass spectrometry. Journal of Agricultural and Food Chemistry, 59,
12443–12452.

Gomez-Caravaca, A. M., Segura-Carretero, A., & Fernandez-Gutierrez, A. (2006).
Problems of quantitative and qualitative estimation of polyphenols in honey by ca-
pillary electrophoresis with UV-Vis detection. Agro Food Industry Hi-Tech, 17, 68–70.

Gupta, A., Mann, B., Kumar, R., & Sangwan, R. (2009). Antioxidant activity of Cheddar
cheeses at different stages of ripening. Int. J.Dairy Technol. 62 339–34.

Hasni, I., Bourassa, P., Hamdani, S., Samson, G., Carpentier, R., & Tajmir-Riahi, H.
(2011). Interaction of milk α- and β-caseins with tea polyphenols. Food Chemistry,
126, 630–639.

Helal, A., & Tagliazucchi, D. (2018). Impact of in vitro gastro-pancreatic digestion on
polyphenols and cinnamaldehyde bioaccessibility and antioxidant activity in stirred
cinnamon-fortified yogurt. International Journal of Food Science and Technology, 89,
164–170.

Henning, S. M., Niu, Y., Lee, N. H., Thames, G. D., Minutti, R. R., Wang, H., et al. (2004).
Bioavailability and antioxidant activity of tea flavanols after consumption of green
tea, black tea, or a green tea extract supplement. American Journal of Clinical
Nutrition, 80, 1558–1564.

International Organization for Standardization. (1988). Sensory analysis general gui-
dance for the design of test rooms. ISO 8589 http://www.iso.org/iso/catalogue_
detail.htm?csnumber=15879, Accessed date: 12 April 2019.

Kanakis, C. D., Hasni, I., Bourassa, P., Tarantilis, P. A., Polissiou, M. G., & Tajmir-Riahi, H.
A. (2011). Milk β-lactoglobulin complexes with tea polyphenols. Food Chemistry, 127,
1046–1055.

Kanwar, J. R., Kanwar, R. K., Sun, X., Punj, V., Matta, H., Morley, S. M., et al. (2009).
Molecular and biotechnological advances in milk proteins in relation to human
health. Current Protein & Peptide Science, 10(4), 308–338.

Lamothe, S., Azimy, N., Bazinet, L., Couillard, C., & Britten, M. (2014). Interaction of
green tea polyphenols with dairy matrices in a simulated gastrointestinal environ-
ment. Food Function, 5, 2621–2631.

Lotito, S. B., & Frei, B. (2006). Consumption of flavonoid-rich foods and increased plasma
antioxidant capacity in humans: Cause, consequence, or epiphenomenon? Free
Radical Biology & Medicine, 41, 1727–1746.

Lucas, A., Rock, E., Chamba, J.-F., Verdier-Metz, I., Brachet, P., & Coulon, J.-B. (2006).
Respective effects of milk composition and the cheese-making process on cheese
compositional variability in components of nutritional interest. Le Lait, 86, 21–41.

Lucera, A., Costa, C., Marinelli, V., Saccotelli, M. A., Del Nobile, M. A., & Conte, A. (2018).
Fruit and vegetable by-products to fortify spreadable cheese. Antioxidants, 7, 61.

Luchese, R. H., Ribeiro Prudêncio, E., & Fioravante Guerra, A. (2017). Honey as a func-
tional food. Honey analysis (pp. 287–307). . https://doi.org/10.5772/67020.

Manach, C., Williamson, G., Morand, C., Scalbert, A., & Rémésy, C. (2005). Bioavailability
and bioefficacy of polyphenols in humans. I. Review of 97 bioavailability studies.
American Journal of Clinical Nutrition, 81, 230S–242S.

Neilson, A. P., Bomser, J. A., & Ferruzzi, M. G. (2007). Catechin degradation with con-
current formation of homo- and heterocatechin dimers during in vitro digestion.
Journal of Agricultural and Food Chemistry, 55, 8941–8949.

Orsolic, N., Terzic, S., Sver, L., & Basic, I. (2005). Honey-bee products in prevention and/
or therapy of murine transplantable tumours. Journal of Agricultural and Food
Chemistry, 85, 363–370.

O'Sullivan, A. M., O'Callaghan, Y. C., O'Connor, T. P., & O'Brien, N. M. (2013).
Comparison of the antioxidant activity of commercial honeys, before and after in vitro
digestion. Polish Journal of Food and Nutrition Sciences, 63(3), 167–171.

Perna, A., Intaglietta, I., Simonetti, A., & Gambacorta, E. (2013). A comparative study on
phenolic profile, vitamin C content and antioxidant activity of Italian honeys of
different botanical origin. International Journal of Food Science and Technology, 48,
1899–1908.

Perna, A., Intaglietta, I., Simonetti, A., & Gambacorta, E. (2014). Antioxidant activity of
yogurt made from milk characterized by different casein haplotypes and fortified
with chestnut and sulla honeys. Journal of Dairy Science, 97, 6662–6670.

Perna, A., Simonetti, A., & Gambacorta, E. (2019). Phenolic content and antioxidant
activity of donkey milk kefir fortified with sulla honey and rosemary essential oil
during refrigerated storage. Int. J.Dairy Technol. 72(1), 74–81.

Perna, A., Simonetti, A., Grassi, G., & Gambacorta, E. (2018). Effect of αS1-casein geno-
type on phenolic compounds and antioxidant activity in goat milk yogurt fortified
with Rhus coriaria leaf powder. Journal of Dairy Science, 101(9), 7691–7701.

Perna, A., Simonetti, A., Intaglietta, I., & Gambacorta, E. (2015). Short communication:
Effect of genetic type on antioxidant activity of Caciocavallo cheese during ripening.
Journal of Dairy Science, 98, 3690–3694.

Perna, A., Simonetti, A., Intaglietta, I., Sofo, A., & Gambacorta, E. (2012). Metal content
of southern Italy honey of different botanical origins and its correlation with poly-
phenol content and antioxidant activity. International Journal of Food Science and
Technology, 47, 1909–1917.

Peryam, D. R., & Pilgrim, P. J. (1957). Hedonic scale method for measuring food pre-
ferences. Food Technology, 11, 9–14.

Phelan, M., Aherne-Bruce, S. A., O'Sullivan, D., Fitzgerald, R. J., & O'Brien, N. M. (2009).
Potenzial bioactive effects of casein hydrolysates on human cultured cells.
International Dairy Journal, 19, 279–285.

SAS Institute. (1996). SAS user's guide: Statistics (Version 7th ed.). Cary, NC: SAS Institute
Inc.

Schouteten, J. J., De Steur, H., De Pelsmaeker, S., Lagast, S., De Bourdeaudhuij, I., &

A. Simonetti, et al. LWT - Food Science and Technology 131 (2020) 109725

7

http://refhub.elsevier.com/S0023-6438(20)30714-3/sref1
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref1
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref2
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref2
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref2
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref3
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref3
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref4
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref4
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref4
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref5
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref5
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref5
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref6
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref6
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref6
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref7
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref7
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref8
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref8
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref9
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref9
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref9
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref10
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref10
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref10
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref10
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref11
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref11
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref11
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref12
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref12
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref13
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref13
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref13
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref14
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref14
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref14
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref14
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref15
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref15
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref15
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref15
http://www.iso.org/iso/catalogue_detail.htm?csnumber=15879
http://www.iso.org/iso/catalogue_detail.htm?csnumber=15879
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref17
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref17
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref17
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref18
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref18
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref18
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref19
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref19
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref19
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref20
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref20
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref20
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref21
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref21
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref21
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref22
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref22
https://doi.org/10.5772/67020
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref24
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref24
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref24
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref25
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref25
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref25
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref26
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref26
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref26
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref27
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref27
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref27
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref28
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref28
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref28
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref28
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref29
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref29
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref29
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref30
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref30
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref30
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref31
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref31
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref31
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref32
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref32
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref32
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref33
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref33
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref33
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref33
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref34
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref34
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref35
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref35
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref35
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref36
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref36
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref37


Xavier, G. (2015). Impact of health labels on flavor perception and emotional pro-
filing: A consumer study on cheese. Nutrients, 7, 10251–10268.

Simonetti, A., Gambacorta, E., & Perna, A. (2016). Antioxidative and antihypertensive
activities of pig meat before and after cooking and in vitro gastrointestinal digestion:
Comparison between Italian autochthonous pig Suino Nero Lucano and a modern

crossbred pig. Food Chemistry, 212, 590–595.
Spence, C. (2015). On the psychological impact of food colour. Flavour, 4, 21.
Summer, A., Formaggioni, P., Franceschi, P., Di Frangia, F., Righi, F., & Malacarne, M.

(2017). Cheese as functional food: The example of Parmigiano Reggiano and grana
padano. Food Technology and Biotechnology, 55(3), 277–289.

A. Simonetti, et al. LWT - Food Science and Technology 131 (2020) 109725

8

http://refhub.elsevier.com/S0023-6438(20)30714-3/sref37
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref37
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref38
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref38
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref38
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref38
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref39
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref40
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref40
http://refhub.elsevier.com/S0023-6438(20)30714-3/sref40

	Antioxidant activity of different cheese-honey combinations before and after in vitro gastrointestinal digestion
	Introduction
	Materials and methods
	Samples
	In vitro gastrointestinal digestions
	Antioxidant activity
	Consumer acceptability
	Statistical analysis

	Results and discussion
	Antioxidant activity of undigested samples
	Effect of in vitro gastrointestinal digestion on antioxidant activity
	Sensory analysis

	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	References




