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Abstract

The prevalence of disease in older adults is increasing, thus there is a need
to develop functional foods for this cohort that can promote healthy aging.
This study analyzed cheese combined with fruit to identify if certain cheese-
fruit combinations improved the bioactive properties of the cheese. Feta,
Reduced-Fat Red Cheddar (RFRC), and Goat’s cheese were combined
with different fruit (goji berries, red pepper, or blackberries) and digested
with a simulated gastrointestinal in vitro digestion model representative
of older adults. Antioxidant potential was investigated using DPPH radical
scavenging, Ferric reducing antioxidant power (FRAP) and Total phenolic
content (TPC) assays. The ability of samples to inhibit digestive enzymes
was determined using the a-glucosidase inhibition assay. Antimicrobial activity
against Listeria monocytogenes, Group B Streptococcus and Escherichia coli
was investigated by the disc diffusion method. Immunomodulatory potential
of the digestates was evaluated by their ability to modulate TNF-a levels in
stimulated Jurkat T cells. Results demonstrated that combining RFRC with all
fruit significantly (p<0.05) increased both the antioxidant and a-glucosidase
inhibitory potential of the cheese (290.6% DPPH inhibition, 2980.5 FRAP
pmol Fe?/kg.fw, and 258.1% a-glucosidase inhibition). Reducing potential
of all cheese significantly (p<0.05) increased when combined with fruit
(2977.0 FRAP pmol Fe®'/kg., ). Group B Streptococcus was inhibited by
cheese-fruit combinations containing feta and goat’s cheese. Combining fruit
with feta altered the immunomodulatory potential of the cheese by significantly
(p<0.05) decreasing TNF-a secretion by 241%, compared to the control. Novel
cheese-fruit combinations that promote synergistic bioactive properties could
help design functional foods for older adults that promote healthy aging.
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Introduction

As people are living longer, " the prevalence of chronic
conditions, including diabetes mellitus, cancer and
cardiovascular disease is increasing.? As we age, our
immune system alters and older adults, particularly
those who are immunocompromised, are more
susceptible to infection.® Evidence suggests that
good nutrition plays a key role in promoting healthy
aging.* It has been suggested that incorporating the
right foods and nutrients in the diet can help reduce
the incidence of age-related diseases,® and the need
for pharmaceutical interventions.®” Furthermore,
incorporation of whole foods may be more beneficial
than food supplements, as often isolated compounds
lose bioactivity.?

Fruit and dairy are essential dietary components.®°
Fruits provide vitamins and minerals, and are
also a rich source of phytochemicals that act as
antioxidants," which can help prevent chronic
ilinesses and reduce disease-related mortality.'?
Dairy products (milk, yogurt and cheese) are a
good source of calcium,’™ which helps prevent
bone loss in the elderly,™ and are also a source of
bioactive compounds that have many associated
health benefits.'®'® Individually, cheese and fruit
consumption have been associated with a reduced
risk of type 2 diabetes.”'® The antimicrobial potential
of cheese has also been well documented'-2 and
few studies have reported on the antimicrobial
properties of fruit including berries, blackcurrants,
grapes and peppers.?*2¢ Despite the potential
health benefits, the Irish Longitudinal Study on Aging
reported that 75% of older adults do not consume the
recommended dietary allowance (RDA) of fruit and
vegetables, and 70% of the older adult population
consume less than the recommend daily serving
of dairy.?”

Combining fruit and dairy products has the potential
to promote synergistic health benefits.?® Food
synergy relates to combined food ingredients or
food matrices that demonstrate improved health
benefits beyond their basic nutritional composition,
compared to the individual foods or ingredients.?®
Combining foods or food ingredients can also have
antagonistic effects,* whereby the sum of the effects
is less than that from the individual components.?!
Previous studies have demonstrated that fortifying
dairy products with herbs and fruit, has the potential
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to improve the antioxidant, antidiabetic and
antimicrobial properties of the dairy food. Al-Otaibi
et al.,*? reported improved antioxidant properties
for mold-ripened cheese following fortification with
date palm fruit, while Apostolidis et al.,* reported
the ability of cranberry enriched cheese to inhibit
key enzymes relevant to carbohydrate metabolism.
In addition, Khalifa and Wahdan.,** demonstrated
that the addition of cranberry fruit extract to soft
white Domiati cheese significantly improved the
antimicrobial properties of the cheese and reduced
microbial growth during storage.

Studies have highlighted the potential health benefits
of combining dairy and fruit, however; to the best of
our knowledge, the bioactive potential of cheese-fruit
combinations following in vitro digestion has not
been reported. Rashidinejad et al.,* investigated
the effects of combining a full-fat hard cheese matrix
with green tea catechins on the bioactive properties
of cheese, following in vitro digestion, and confirmed
that the addition of the green tea extracts increased
the antioxidant properties of the cheese.

Novel cheese-fruit products could help address
the low dietary intake of dairy and fruit in the older
adult population.?” In this study, selected cheese
matrices were combined with different fruit and
then digested using a simulated gastrointestinal
in vitro digestion (SGID) model representative of
older adults. The digestates were then assessed
to determine if the combinations altered the
potential antioxidant, a-glucosidase inhibitory
and immunomodulatory properties of the cheese.
The antimicrobial properties of the cheese-fruit
combination were also investigated. Cheese-fruit
combinations with demonstrated synergistic effects
could be considered as functional foods for older
adults with potential to promote healthy aging.

Materials and Methods

All chemicals were purchased from Merck
(Sigma-Aldrich, Ireland), unless otherwise stated.
The Jurkat cell line was purchased from the
European Collection of Authenticated Cell Cultures
(ECACC, UK). Bacterial cultures included
Escherichia coli (#DSM3008; DSMZ, Germany),
Listeria monocytogenes®*® and Group B Streptococcus
(GBS).%” Antimicrobial agents included Gentamicin
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(10 pg) and Penicillin G (10U) (Oxoid, Thermofisher
scientific, Ireland). Ringers tablets, brain heart
infusion (BHI) broth and BHI agar were purchased
from LAB M, UK.

Sample Selection and Preparation

Cheese and fruit products were purchased from
local supermarkets (within one season) and included
reduced fat red cheddar (RFRC), feta, goat’s cheese,
goji berries, red peppers, and blackberries. Cheese
products were selected to represent cheese with
different textures and fat content, as it has previously
been reported that cheese varying in texture and
fat content have different digestibility rates.®®
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The red cheddar was a reduced fat, hard cheese
made from cows’ milk; the feta was a full-fat soft
cheese made from sheep and goat’s milk, and the
goat’s cheese was a medium-fat soft cheese made
from goat’s milk. Three types of fruit including goji
berries, red pepper and blackberries were selected
as they are all known to be good sources of
antioxidant compounds and are associated with a
range of bioactive properties.***? Food combinations
were prepared by mixing 18 g of cheese with 2 g of
fruit in 20 mL of distilled deionized H,O for 2 min.
The composition of each cheese, as identified by the
manufacturer, is summarized in Table 1.

Table 1: Composition of cheese products purchased from local supermarkets

Cheese type per 100g Energy (Kcal) Fat (g) Saturates (g) Protein (g) Salt (g)
Reduced fat red cheddar 302.0 22.0 14.0 28.0 2.0
Feta 279.0 23.0 17.1 16.9 1.9
Goat'’s cheese 158.0 12.0 8.0 9.5 1.3

In vitro Digestion Procedure

To investigate and compare the potential bioactive
properties of the cheese-fruit combinations, each
combination (10 % w/w) was subjected to simulated
gastrointestinal in vitro digestion (SGID) using
a method described by Plante et al.,** modified
from the SGID model described by Minekus
et al.,* to reflect some of the physiological changes
associated with an older adult. Briefly, 5 g of sample
was homogenized with 3.5 mL of simulated salivary
fluid, 25 pL CaCl, (0.3M) and water to a final volume
of 10 mL, and then incubated at 37°C in a shaking
incubator for 2 min. Following this, the gastric phase
was simulated by mixing 10 mL of oral digestate
with 7.5 mL simulated gastric fluid (pH 3), 750 U
mL" porcine pepsin, 5 uL CaCl, (0.3M), 0.2 mL HCL
(1M) and water to achieve a final volume of 20 mL,
and incubated at 37°C in a shaking incubator for
2 hr. The final phase of digestion, the intestinal
phase, was simulated by mixing 20 mL of gastric
digestate with 11 mL of simulated intestinal fluid
(pH 6.5), 5.0 mL of pancreatin solution (800 U mL™),
2.0 mL (10mM) bile, 40 L of CaCl, (0.3M), 0.15 mL
NaOH (1M) and water to achieve a final volume of
40 mL, and incubated at 37°C in a shaking incubator
for 2 hr.

Antioxidant Activity

Chemical-based in vitro antioxidant assays are
useful screening tools as they are low cost, allow
for high-throughput, and yield an index value
that helps to compare the potential antioxidant
properties of different compounds and products.*
The principles of the assays can vary and, therefore,
itis recommended that more than one assay is used
to assess antioxidant activities.*®

DPPH (2,2-di-phenyl-1-picryl hydrazyl) Radical
Scavenging Activity

Cheese digestates were investigated for their ability
to scavenge the DPPH free radical using a previously
described method,*® with modifications*3;1mL of
sample was mixed with 3 mL of 60 uM DPPH/
methanol solution. Color blanks were prepared
with 1 mL of digestate and 3 mL of methanol, and
controls consisted of 1 mL of methanol to 3 mL of
60 uM DPPH/methanol solution. % DPPH inhibition
was calculated against the control and compared to
a Trolox standard curve (0.04 - 0.4 uM).

[Abs Control - (Abs Extract - Abs Colour Blank)]
Abs Control

% DPPH Inhibition: x100%
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Ferric Reducing Antioxidant Power

Reducing power of cheese digestates was
assessed according to Benzie and Strain.,*” with
modifications*®; Samples (1 mL) were combined
with 2 mL of FRAP reagent and, color blanks were
prepared with H,O in place of FRAP reagent. A mix
of FRAP reagent (2 mL) and distilled deionized H,0
(1 mL) was used as a blank. Results were expressed
as micromole of ferrous per kg, of cheese sample
(umol Fe/kg ).

Total Phenolic content

TPC of cheese digestates was measured by Folin-
Ciocalteu method,* with modifications.*®> Samples
(50 pL) were added to Folin-Ciocalteau solution
(250 pL) and incubated for 4 min. Then, 500 pL of
2 % (w/v) Na,CO, and 4.2 mL of H,O were added.
Color blanks consisted of 50 yL of sample, 4.45 mL
of H,0 and 500 pL of 2 % (w/v) Na,CO,. After 120
min at 20°C, absorbance was measured at 765 nm
versus a water blank. TPC was determined against
a standard curve of gallic acid (0 — 50 mg/mL) and
expressed as mg gallic acid equivalents (GAE) per
100 g of fresh sample (mg GAE/100g.fw).

a-glucosidase Inhibition

The ability of digestates to inhibit a-glucosidase, an
enzyme responsible for the digestion of complex
carbohydrates in vivo,*® was investigated using a
previously described method.*® Sample (50 pL)
was mixed with 0.1 M phosphate buffer (100 L, pH
6.9) containing a-glucosidase solution (1.0 U/mL)in
a 96-well plate at 25°C for 10 min. Then, 50 uL of
substrate (5 mM p-nitrophenyl-a-D-glucopyranoside
solution in 0.1 M phosphate buffer, pH 6.9) was
added to each well. Color blanks consisted of
50 pL of 0.1 M phosphate buffer (pH 6.9) in place
of enzyme, and the blank was a mixture of buffer
and substrate. Reactions were incubated at 25°C
for 5 min. Absorbance was recorded at 405 nm by
a microplate reader (Varioskan Flash microplate
reader, Thermo Scientific). Results were compared
to the control which had 50 pL of buffer solution in
place of the extract. The a-glucosidase inhibitory
potential was expressed as % inhibition and
calculated as follows:

[Abs Control - (Abs Extract - Abs Colour Blank)]
Abs Control

% Inhibition: x100%

Immunomodulatory Activity
Cytotoxicity was investigated using the MTT
assay previously described by Gabrani et al.,>°
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with modifications. Digestates were analyzed at
concentrations of 0-5 % (v/v). Controls consisted of
no digestate and media only used as a blank. Cell
viability was calculated as follows.

(Abs Sample - Abs Blank!)
Abs Control

% Cell viability: x100%
Non-toxic concentration of 0.5 % (v/v) was selected
to analyze the immunomodulatory properties, with
>80 % average cell viability. Immunomodulatory
potential was investigated using a previously
described method with modifications.5' Digestates
were examined for their potential to modulate
TNF-a levels in stimulated Jurkat T cells that
were grown in T25 culture flasks (2 x 10° cells per
mL) with reduced serum media (RPMI/FBS 5 %).
Cells were treated with concanavalin A (conA, 50 pg/
mL), and incubated in a 96 well plate (100 yL per
well) with 0.5 % (v/v) sample at 37°C ina 5 % CO,
atmosphere for 24 h. Controls included; (i) Media
(5 % RPMI/FBS), (ii) Cells and media (5 % RPMI/
FBS), and (iii) Cells treated with conA and media
(5 % RPMI/FBS). Plates were then centrifuged
(106 g x 10 min), and supernatants collected and
stored at -80°C until analyzed. TNF-alpha was
measured by ELISA (Human TNF-alpha, R & D
systems), and absorbance was read at 450 nm on
a microplate reader (Varioskan Flash microplate
reader, Thermo Scientific). TNF-alpha production
was determined using online analysis software
(elisaanalysis.com) and expressed as pg/mL.

Antimicrobial Activity

Antimicrobial activity of digestates was screened
using a disk diffusion assay according to a method
described by Meira et al.®? Bacterial cultures of
Escherichia coli, Listeria monocytogenes and Group
B Streptococcus were diluted in Ringers buffer to
prepare suspensions at 108 cfu/mL. Cultures were
inoculated onto BHI agar plates using a sterile swab.
Sterile discs were placed aseptically onto the surface
of the plates, 15 pL of digestate was added to the
discs and incubated at 37°C for 24 h to identify
zones of inhibition. Antibiotic discs used as positive
controls included Penicillin G (10 U) (for GBS and
L. monocytogenes cultures) and Gentamicin (10 ug)
(for E. coli cultures). Negative controls consisted of
sterile H,O. Interpretation of growth inhibition was
based on measurement (mm) of zones of clearing.
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Statistical Analysis

All data was summarized with a mean + standard
deviation of at least three independent experiments.
Statistical analysis was carried out using the IBM
Statistical Package for Social Sciences (SPSS v.26).
All the data satisfied the conditions of normality
and homogeneity of variance, hence a one-way
analysis of variance (ANOVA) was used to compare
differences in the bioactivity between samples
obtained following in vitro digestion. Controlling
for multiple comparisons, the Dunnett’'s post-hoc
test was used to evaluate mean changes between
each combination group and the control group.
All statistical test results were interpreted using a
5% level of significance.

Results

Antioxidant Activity

Antioxidant potential of individual fruits (goji
berries, red pepper, blackberries), plain cheese
(feta, goats, RFRC) and, cheese-fruit combinations
were investigated by measuring radical scavenging
properties and reducing potential of the digested
food products. Radical scavenging properties
of individual fruits and plain soft cheese
(feta or goats) were high (283% DPPH inhibition,
Figure 1a), and this was not further enhanced when the
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cheese and fruit were combined (p > 0.05, Figure 1a,
Table 2). However, the radical scavenging properties
of hard cheese (RFRC) significantly increased, when
combined with all three fruits (p < 0.05, Figure 1a,
Table 2).

Reducing power of individual fruits significantly
differed (p < 0.05) from each other with goji berries
demonstrating greatest FRAP (762.4 + 15.2
pumol Fe®'/kg, , Figure 1b). Goat’s cheese had
significantly higher (p < 0.05) reducing potential
(718.0 £ 13.7 umol Fe**/kg ) compared to the feta
and RFRC (278.9 + 4.9, 345.8 + 2.7 ymol Fe?/
kg, respectively, Figure 1b). However, FRAP
of all cheese significantly increased (p < 0.05)
when combined with the fruits, compared to the
plain cheese, and also compared to the fruit alone
(Figure 1b, Table 2). TPC of individual fruits was
significantly different (p < 0.05), with goji berries
demonstrating greatest levels (710.6 mg GAE/
100g,, Figure 1c). Regarding plain cheese, RFRC
had significantly higher TPC levels (p < 0.05, 656.4
mg GAE/100g.fw) compared to feta and goat’s
cheese (379.5, 312.4 mg GAE/100g , , respectively,
Figure 1c). The majority of cheese samples (89%)
had significantly (p < 0.05) lower TPC levels following
the addition of fruit (Figure 1c).
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TPC (mg GAE/100g..,)
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Fig.1: Antioxidant activity of fruit, plain cheese and cheese-fruit combinations following
in vitro digestion. a. DPPH Inhibition (%), b. Ferric reducing antioxidant power (FRAP), and c.
Total phenolic content (TPC). Data represents the mean * standard deviation of at least three
independent experiments. Statistical analysis by ANOVA followed by Dunnett’s test. “Denotes a
statistically significantly difference to the unfortified cheese sample (p < 0.05)

a-glucosidase Inhibition

All three fruit digestates (goji berries, red pepper,
and blackberries) demonstrated high a-glucosidase
inhibition (= 99 % inhibition; Figure 2). Plain soft
cheese (Feta and goats) had significantly greater
(p < 0.05) a-glucosidase inhibitory properties
(96.7 £ 0.9, 98.5 = 1.3 %inhibition, respectively)
compared to the RFRC hard cheese product
(17.2 £ 1.1 %inhibition, Figure 2). The a-glucosidase
inhibitory potential of feta cheese significantly

a-glucosidase inhibition (%)

decreased (p < 0.05), when combined with all three
fruits, although the cheese-fruit combinations still
retained a high level of inhibition (83 + 2.5 to 93
+ 0.3 %inhibition; Figure 2, Table 2). Plain goat’s
cheese and its combinations were comparable in
enzyme inhibitory activity (= 98 % inhibition) with no
significant difference observed (p > 0.05, Table 2).
RFRC had low inhibitory potential which significantly
increased, when combined with all three fruits
(p < 0.05, Figure 2, Table 2).

Digestate

Fig.2: a-glucosidase inhibitory potential of fruit, plain cheese and cheese-fruit combinations
following in vitro digestion. Data represents the mean * standard deviation of at least three
independent experiments. Statistical analysis by ANOVA followed by Dunnett’s test. *Denotes a
statistically significantly difference to the unfortified cheese sample (p < 0.05)

Immunomodulatory Properties
The immunomodulatory potential of the digestates
was investigated by examining their ability to

alter cytokine levels in Jurkat T lymphocytes.
Concanavalin-A (conA) was used as a positive
control as itis commonly used as a stimulant of T-cell
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activation in vitro and has been shown to stimulate
cytokine production in leukocytes.5! All digested fruit
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resulted in a significant increase in TNF-a levels,
compared to the positive control (p < 0.05, Figure 3).
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Digestate

Fig.3: Effect of Digested Cheese-Fruit Combinations (0.5% v/v) on
Cytokine Production in Concanavalin-A Stimulated Jurkat T Cells

Feta cheese was the only plain cheese that
significantly increased TNF-a production compared
to the positive control (p < 0.05, Figure 3). However,
when comparing TNF-a secretion of the fortified
cheese relative to the plain cheese, TNF-a secretion
significantly reduced for feta cheese, when combined
with all three fruits (Goji berries, red peppers and
blackberries) (p < 0.05, Table 2), and there was no
significant difference in TNF-a secretion observed
when goat’s cheese or RFRC cheese was combined
with the fruit (p > 0.05, Table 2).

Antimicrobial Properties

None of the digestates examined in this study
(individual cheese or fruit, cheese-fruit combinations)
displayed antimicrobial properties against E. coli or
L. monocytogenes (data not shown). However, some
digestates did inhibit the growth of GBS. Penicillin
G remains the first-line treatment for invasive
GBS disease in adults® and thus, was used as a
positive control in this study. Penicillin G inhibited
the growth of GBS with a strong zone of inhibition
(37.0 £ 1.5 mm). Regarding individual fruits, both
red pepper and blackberries inhibited the growth of
the GBS strain, with comparable zones of inhibition
(7.7 £ 0.5, 7.0 £ 1.0 mm, respectively), however
no inhibition was observed for the digested goji
berries. Goat's cheese was the only plain cheese
that demonstrated antimicrobial activity against GBS
(8.6 £ 1.5 mm), and this was not further enhanced
when the cheese and fruit were combined, with no
significant difference observed (p > 0.05, Table 2).
Plain feta cheese did not display antimicrobial activity
against GBS, but when combined with red pepper
and blackberries, the cheese-fruit combination

exerted antimicrobial properties (p < 0.05, Table 2).
Plain RFRC and its combinations did not display
antimicrobial properties against GBS.

Discussion

Across Europe, the intake of dairy products among
older adults is lower than recommended®* and less
than a quarter of older adults eat the recommended
servings of fruit and vegetables per day.®®* One
potential strategy to address this issue, is the use
of food combinations to generate novel products;
however, it is of interest to first identify the most
effective combinations to ensure synergistic, rather
than antagonistic effects.*®

In this study, different cheese matrices were
combined with fruit and the bioactive properties of
the combinations were evaluated following in vitro
digestion. In vitro antioxidant assays are frequently
used to investigate the antioxidant potential of
foods,%” and as screening tools are less expensive,
complex and labour intensive.*® The reducing
antioxidant properties of all cheese analyzed
significantly improved when combined with the
fruit (p < 0.05). Combining reduced fat red cheddar
(RFRC) with the fruit also significantly improved
the radical scavenging properties of the cheese
(p <0.05). Lee et al.,*® also reported that the radical
scavenging properties of cheddar cheese can be
improved when combined with plant extracts. TPC
levels were significantly lower for the majority of
the cheese matrices when combined with fruit
(p < 0.05), suggesting that phenols may not be
solely responsible for the antioxidant properties
observed. McDougall et al.,*® observed a similar



472

PLANTE et al., Curr. Res. Nutr Food Sci Jour., Vol. 9(2) 465-478 (2021)

polyphenol interactions. While some interactions can

effect when a dairy matrix (ice-cream) was combined
with raspberries.*® A decrease in TPC levels may be

prevent phenolic compounds from being degraded,
others may hinder their release from a food matrix.5°

due to reduced enzyme secretion in an older adult

digestive system and the impact this has on protein-

‘salagyoe|g :gg Jaddad pay :dy ‘seuiaq 109 g9 {(8s98yd ule|d) |043U0) 1D 4eppayd pal Je) paonpay :OH 4y
‘selpadoud |ejqotolwiiue ou sayouaq -, ‘AjoAnoadsal ‘Oy4y pue 8saayd s1eos) ‘e}a- 10} s)nsal (WAONY) @OUBLEA JO SISAjeuy ¢ pue ; “,

‘(3s8) JouuNQ) 1043U0D WO BdUBIBYIP By} JO sanjen-d ‘sjuswiadxa Juspuadapul 981y} }JSES| JE JO UOIIBIASD PJEPUE)S F ueaw juasaldal sanjep

- - - 0060 (Lzvv) 90 0L%08 000> (901 ‘e'5) 08 0Z*08 ad
- - - 660 (LLre)ee 0ZF€9 2000 (92'€2)0g 0LF0G dd - e
- - - €eLo0 (L0vo) oz 0LF09 0001 (9z'9z) 00 00%00 49 [5G10=d‘gezz=(8¢)dl.
- G1L%98 00¥00 O [L00°0 >d ‘00¥ € = (8'€)d] .
Iyut Jo duoZ)
lelqosolwuy

€290 (L2'66)G 1 L0F/.'S 9820 (6'0'g¢e) €L 60F0G G100 (L'L-'v'67) €G- 60%8G ad
1050 (rzzo) 8- 0LF¥S €00 (Lo‘zy) oz L'LFZY G000 (F'z-‘201-) 99 Z0F9Y dd [8ve0=d ‘2z =(8'¢)dlc
£96°0 (6% °L¢)90 €eF6'L /SL0 (90'8¢) 9L~ 80F9Yv €100 (€'1-'9'67) §°G- GLFLSG @9 [oz1'0=d /852 =(8¢)dl.
0LFEL 60F€9 0eFZLL O [£000=d ‘228 =(8¢)d].
(qwy/6d) A10ye|npowounwiwy

100°0> (1'69°6'95) 0'L9  9C*F28L ¥.€0 (LZ2'80)60 90F+66 0€00 (€0-'89)9¢- €0F0¢c6 ad
100°0> (osv'89e)60r  L1LFL'8G 9EL0 (zZevo)el L1'0¥6'66 €000 (€2-'88)SG-  2¢0FL16 dd [1L000>d'858'%9. = (8¢)dl ¢
100°0> (565 ‘v'1S) ¥'SS  60FLCL 6¥70 (9260080 €0F€66 L000> (€0L-'89L-)9€L- GCZFL'EY dD [ovz'0=d 989"} = (8¢)dl .
LVLFTLL €1 %586 60%F.96 O [L000>d zzees = (8'¢)dl .
(uomqiyuyj 9,) asepisooan|b-o
1000> (€£60L-‘8°06L-) L'0GL- G ZF€90S L000> (G08 ‘L'6ZL-)8¥0L- 9V F9202 1L000> (S1€-'92L)G¥s- TS*6+vee dd [1000>d'geseel =(8'e)dl e
1000> (8°0L2Z- ‘¥'262-) 9'LG2- 00L F8¥0F L000> (8G8- ‘€+EL-) L'OLL- 0CLF€20Z 1000> (L'+9-‘20LL-) T8~ 8V FET6C dY [L000>d Le9zs =(8'¢)dl .
1000> (8202 ‘€'68¢-) G'8¥Z- 6°CL 6 L0¥ 1L000> (T2y-'2067) ¥'99- LLL¥6'GvC 8870  (6'2L‘0°€€-) 0°0L- L'GLFG 69 9D [L000>d zee715=(8'¢)d] .
9'6Z T ¥'959 0'LLF¥ZIE 00LFS6/8 O (“B001/avo Bw) odL
1000>  (6°029 '6'209) ¥'6€9 6Vl F€G86 L000> (#'2LE ‘8'822)9°0/C v0LF9886 1L000> (L'¥E€L‘0299) 0869 +9L%02.6 dd [L000>d L6l 2121 =(8'¢)dle
1000>  (1'999 '2°€09) 9¥€9 +'EL G086 L00'0> (2GLE'QLET) ¥'ELC L'TZF¥ 166 L000> (€2r. ‘20,9290, L'LZLF1'G86 dY  [L000>d'88L'9/1L =(8'¢)dl-
1000>  (#'8/9'G'GL9)6'9Y9 +'LL F8266 L000> (L¥LEL'LET)6CLC LLZF6°066 LO0OO> (91¥.'9699)9G0. 98LFS+86 99 [L00°0>d '¥G085) =(8'e)dl.
L'TFYSYE L'ELF08LL 67¥682 O ("Bi/.z24 jowr) dvy 4
100°0> (G702 L'l 9GF€26 12e0 (zG'e8l)G9- 8LFZE8 1820 (LeL'se)os 1'2¥6'L6 gd [L000>d 962 7€ = (8'¢)dl ¢
100°0> (8'6€‘0'6L) ¥62 €CTF906 €€€0 (€618l ¥9-  €0F¥€8 9160 (66'€L)€L 0L¥288 di [1ve0=d ‘vz L =(8'¢)dl .
100°0> (8'6€°1'6L)S6C 8LFL06 260 (66'9€L) 8L~  9LF628 1190 (G'1L'86)8Z €v¥.68 €9 [6Ly'0=d 2501 =(8'¢)d].
09%219 1’67868 €6¥698 O (uomqiyur %) Hdda
juepixonuy

(19 %S6) 1013u02 (19 %S6) 10u0d asa9yd (19 %S6) 103u0d

d ay} wouy asualayiq 244y d  ayj wouy aduaiaylqg s,Jeoo d ayj) wouy asualaylq ejo4 fianoeolg

SUOI}BUIqUWIOD }INIJ-9S33YD Y}M (Josjuod) asaayd uiejd Buedwod ‘suoljeuiquiod }iniy-asaayd jo sanuadoad annoeolq ayj jo uosuedwo) g ajqel



PLANTE et al., Curr. Res. Nutr Food Sci Jour., Vol. 9(2) 465-478 (2021)

The incidence of type Il diabetes increases with
age.%" One antidiabetic strategy is to inhibit key
enzymes relevant to glucose metabolism.®? In this
study, the a-glucosidase inhibitory potential of
cheese-fruit combinations were investigated, and all
digestates displayed high inhibitory potential (=58%
inhibition). Similar to Apostolidis et al.,*® this study
demonstrated that cheese enriched with berries
inhibited a-glucosidase, however, results from this
study also demonstrated that this property was
retained following in vitro digestion. Berries have
been shown to be effective a-glucosidase inhibitors,
largely due to their tannin content.®®* RFRC combined
with all fruit significantly improved the enzyme
inhibitory properties of the cheese (p < 0.05).
However, the a-glucosidase inhibitory potential of
feta cheese significantly decreased when combined
with the fruit, suggesting potential antagonistic effects
(p < 0.05). The antagonistic effects observed may
be due to specific protein-polyphenol interactions
in the feta-fruit combinations.%* Ni et al.,®® observed
similar effects when combining a soft dairy matrix
(yogurt) with berries, which reduced the antidiabetic
properties of the yogurt.

Aged-related changes in the immune system include
cytokine dysregulation.®® Tumor necrosis factor-a
(TNF-a) is an important immune regulator®” that
has both anti-inflammatory®® and pro-inflammatory
properties.®® Abnormal levels of TNF-a are associated
with conditions such as rheumatoid arthritis, Crohn’s
disease, atherosclerosis, psoriasis, sepsis, diabetes,
and obesity.®® Aging is associated with elevated
levels of TNF-a,% thus food-based strategies that
regulate levels of this important immunomodulatory
agent could help modulate the immune response
in older adults. The immunomodulatory properties
of feta cheese were significantly altered following
enrichment with fruit, with a reduction in TNF-a
secretion observed (p < 0.05). This may be due to a
combination of bioactive compounds in the cheese-
fruit mixture, including anti-inflammatory compounds
that can be found in fruit**-*? and conjugated linoleic
acids (CLA) in cheese. Cheese made from sheep’s
milk is naturally rich in CLA and has been associated
with anti-inflammatory properties.”® Lopez-Garcia
et al.,;”" investigated the anti-inflammatory effects
of a sterol enriched milk-based fruit beverage and
found that the beverage demonstrated moderate
anti-inflammatory effects and suggested that a
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combination of bioactive compounds may be
responsible for the effect observed.

Aging is also associated with an increased
susceptibility to infection.® Group B Streptococci
(GBS) infections are increasing in older adult
populations,®727% with serotype V being the most
prevalent serogroup associated with invasive
disease in adults.” The gastrointestinal tract is a
reservoir for GBS™ and colonization of the gut is
considered a first crucial step in the progression
of infections.”® Antimicrobial peptides have been
previously identified in cheese?*?'and fruit.””"®
Interestingly, feta cheese was not active against
GBS, until combined with fruit suggesting potential
synergistic effects.’®8 Digested hard cheese
(cheddar) displayed no bactericidal effect, even
when combined with the fruit. Fang et al.,*® confirmed
that soft cheese matrices are easily disrupted during
gastric digestion, with a fast release of peptides
compared to harder cheese matrices, which may
be linked to the lack of antimicrobial activity of the
RFRC product. Further studies are required to
confirm the antimicrobial properties of the cheese-
fruit combinations against other GBS strains and
serotypes, but these preliminary studies suggest that
a diet-based strategy to reduce GBS colonization
in vivo and limit GBS infections in older adults
warrants further investigation.5®

It is important to acknowledge that this study was
based on in vitro investigations and further studies
would be necessary to confirm in vivo effects.
In addition, future work could identify the compounds
responsible for the activities observed. The current
study adds to existing research that supports
combining cheese with other food matrices, such as
fruit, to enhance the bioactive properties of cheese.
Understanding the potential synergistic and/or
antagonistic effects that can occur when dairy and
fruit matrices are combined could help aid the design
of novel functional foods for older adults.

Conclusion

To date, studies reporting on the synergistic effects
observed when cheese and fruit are combined
are limited, and no studies to date have examined
these effects following in vitro digestion with an
older adult gut model. Certain cheese products
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combined with fruit significantly improved the
antioxidant, a-glucosidase inhibitory, antimicrobial,
and immunomodulatory properties of the cheese.
In particular, the antioxidant and a-glucosidase
inhibitory potential of reduced fat red cheddar
significantly improved when combined with fruit.
Cheddar cheese is a product that is well received
by older adults, who also have a preference towards
reduced fat products and low-calorie intake. Novel
RFRC-fruit combinations could be an attractive
functional food option for this cohort.
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