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Abstract

The objective of this study was to determine the physicochemical and sensory properties of Appenzeller cheese supplemented with
different concentrations (0, 1, 2, 3, and 4%, w/w) of powdered microcapsules of tomato extracts (PMT) during ripening at 14°C for 6
mon. The particle sizes of PMT ranged from 1 to 10 m diameter with an average particle size of approximately 2 m. Butyric acid (C,)
concentrations of PMT-added Appenzeller cheese were significantly higher than that of the control. Lactic acid bacteria counts in the
cheese were not significantly influenced by ripening time from 0 to 6 mon or the concentrations (0-4%, w/w) of PMT. In terms of texture,
the hardness of PMT-added Appenzeller cheese was significantly increased compared to the control. The gumminess and chewiness of
PMT-added Appenzeller cheese were similar to those of the control. However, both cohesiveness and springiness of PMT-added Appen-
zeller cheese were slightly decreased. In sensory analysis, bitterness and sourness of Appenzeller cheese were not significantly changed
after supplementation of PMT, but sweetness of the cheese was significantly increased after increasing the ripening time from 0 to 6 mon
and increasing the concentration from 1 to 4% (w/w). Based on these results, the addition of the concentrations (1-4%, w/w) of PMT to

Appenzeller cheese can be used to develop functional Appenzeller cheese.

Keywords: Appenzeller cheese, tomato extracts, powdered microcapsule

Received January 21, 2016; Revised February 27, 2016; Accepted February 28, 2016

Introduction

Tomatoes are known to contain various bioactive com-
pounds with a number of beneficial health functions, such
as antibiotic, anti-inflammatory, anti-oxidative, cardiovas-
cular, and immunomodulatory functions (Freidman, 2013).
The health benefits of tomatoes are mainly due to their
bioactive carotenoid pigments, including lycopene, [3-car-
otene, and -tomatine (Chanforan et al., 2012). The major
functional component presented in tomato is lycopene. It
has been reported that tomato contains about 80% of die-
tary lycopene found in nature (Nguyen and Schwartz, 1999).
Besides, as an anticarcinogenic agent, lycopene has many
other health benefits (Zhang et al., 2014). Therefore, con-
siderable research works have been undertaken to utilize
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lycopene in food products (Sesso et al., 2003). Thus, incor-
porating lycopene into cheeses could be a novel strategy
to better utilize the benefits of lycopene for human health.
However, lycopene is too sensitive to heat, moisture, pH,
and other environmental conditions. Accordingly, an effec-
tive technique, such as microencapsulation of lycopene, is
needed to ensure its proper delivery and activity.
Microencapsulation is a process of packaging active
functional ingredients within a structure to protect the ing-
redients against adverse environmental conditions and del-
iver it to appropriate site of the human body after inges-
tion (Onwulata, 2013). Microencapsulation can reduce off-
flavors produced by certain vitamins and minerals, permit
time release of nutrients, enhance stability to extreme tem-
perature and moisture, and reduce the reactivity of nutri-
ent with other ingredients (Dziezak, 1988; Pszczola, 1998).
Effective utilization of microencapsulated functional ing-
redients into vehicle largely depends on the choice of
coating material (Devos et al., 2010; Parada and Aguil-
era, 2007). Omega-3 oils have been microencapsulated to
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minimize oxidative deterioration and allow their use in a
stable and easy-to handle form by complex coacervation
and spray-dried emulsion (Kaushik et al., 2014). Bifido-
bacterium longum has also been microencapsulated to
ensure its survival in Cheddar cheese during long time
storage (Amine et al., 2014). Lipase has been encapsulated
with K-carrageenan to accelerate the ripening of Kashar
cheese (Akin et al., 2012). As a functional ingredient,
peanut sprout has been microencapsulated with medium-
chain triglyceride and whey protein concentrate as pri-
mary and secondary coating materials, respectively. After
spray-dry, these microcapsules have been added into yog-
urt (Lee et al., 2013).

Appenzeller is a semi-hard cheese produced in the nor-
theastern region of Switzerland. The specialty of this
cheese is that the use of herbal brine made of alpine herbs
macerated in alcohol can give it a spicy taste (Kessier et
al., 1990). Apart from the special flavor content of Appen-
zeller cheese, adding functional ingredients can be of spe-
cial interest to improve its health benefits to consemers.
However, there is little information about lycopene-
enriched tomato concentrates as functional Appenzeller
cheese. Therefore, the main objectives of this study were:
(1) to develop Appenzeller cheese supplemented with
powdered microcapsules of tomato extracts (PMT), and
(2) to determine the physicochemical and sensory proper-
ties of such products.

Materials and Methods

Materials

Tomato extracts containing 6% lycopene (Lyco-O-Mato)
was supplied by Lycored Ltd (Israel). Medium-chain trig-
lyceride (MCT) was purchased from Wellga Co., Ltd.
(Korea). As coating material, maltodextrin (DE 18, Sam-
yang Genex, Korea) was used. As an emulsifier, Tween
60 (HLB 14.9) was purchased from Il-Sin Co., Ltd. (Ko-
rea). Kazu 300 as a mesophilic aromatic culture of freeze-
dried lactic culture was used for direct vat set starter cul-
ture (Flora Danica, Chr. Hansen’s Lab., Denmark). Natu-
ren Calf Rennet (Double strength 290622104) was pur-
chased from Chr. Hansen’s Lab. (Denmark) to make Ap-
penzeller cheese. All chemicals were of reagent grade un-
less otherwise specified.

Preparation for powdered microcapsules of tomato

extracts (PMT)

To produce a core material, the ratio of 1:9 (w/w) of
tomato extract to MCT was combined in distilled water,

stirred at 500 rpm for 3 h, and filtered through a filter
paper (Whatman No. 4). To prepare coating material, 30%
(w/v) maltodextrin was dissolved in distilled water. The
coating material and emulsifier 0.92% Tween 60 were
mixed for 30 min with a magnetic stirrer at 400 rpm. The
core material was gradually added to the coating mate-
rial-mixed solution to make a 1:8 (v/v) ratio of core to
coating materials with a high speed homogenizer (SSC
1811EA, Matsushida Electronic Industrial Co., Ltd., Jap-
an) at 10,000 rpm for 3 min.

To produce PMT, the emulsion was spray-dried using a
pneumatic spray (biphasic) nozzle atomizer (Eyela SD-
1000, drying capacity 1,500 mL/h; Tokyo Rikakikai Co.,
Ltd., Japan) with controlled inlet- and outlet-temperatures,
feed rate, and inlet air volume. In this dryer, the emulsion
was fed by a peristaltic pump and sprayed into the drying
chamber at a 100 kPa atomization pressure. Inlet- and
outlet-air temperatures of the spray dryer were fixed at
190 and 90°C, respectively. Cyclone was used to separate
the PMT prepared with the emulsion from the air-powder
mix. PMT was prepared in duplicates.

Scanning electron microscopy (SEM)

PMT was mounted onto a brass stub (10 mm in diame-
ter) using two-sided adhesive tape. The stub surface was
gently with a hand-held blower to remove unattached
powders. Electrically conductive specimens were then
made by coating under an argon atmosphere with a thin
layer (approximately 30 nm in thickness) of platinum-pal-
ladium (8:2). These specimens were examined with a SEM
(Hitachi S-4700, Japan) operated at an accelerating volt-
age of 15 kV.

Particle size distribution

Particles size distribution of PMT was determined by a
particle size analyzer (Mastersizer 2000, Malvern Instru-
ments Ltd., UK) which employed laser diffraction for size
measurement. Briefly, the sample was combined with 10
mL of deionized water at a ratio of 1:400 (w/v) and
mixed with a magnetic stirrer at 25°C. The suspension
was poured into a cuvette and its particle size was meas-
ured at room temperature with fixed scattering angle of
165°. All samples were measured in triplicates. The mean
particle size and distribution span were calculated based
on a volume median diameter.

Manufacture of Appenzeller cheese
Appenzeller cheese was prepared using the method des-
cribed by Kessier et al. (1990) and Heo et al. (2006). Bri-
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efly, raw milk (150 kg) was diluted with 10% tap water
and pasteurized at 63°C for 30 min. It was then cooled to
32°C and mixed with starter culture containing Lactococ-
cus lactis subsp. cremoris, Lactococcus lactis subsp.
diacetylactis and Leuconostoc mesenteroides subsp. cre-
moris (0.75% Kazu, 0.75% Flora Danica) with the addi-
tion of 0.02% CaCl, to milk. After 40 min, 0.02% (19
mL) of rennet was added to the milk and stood for 25 min.
After coagulating, curds were cut to 5 mm, and stirred at
32°C for 20 min. Whey (10% of the volume of the milk)
was partially removed and replaced by an equal volume
of 10% hot water (72°C) and cooked at 38°C for 30 min.
The curd-whey mixture was stirred for 60 min at the
cooking temperature. After draining, different concentra-
tions (0, 1, 2, 3 and 4%, w/w) of PMT were evenly added
to curds and poured into round-shaped molds for press-
ing. Curds were pressed at 5 times of the curd weight
overnight at 26°C. After pressing, fresh cheeses were bri-
ned in 20% brine solution for 4 h. After draining-off the
brine and drying the cheeses during 2 d, they were ripened
at 14°C for 6 mon with a relative humidity of 90-94%.
Samples for analysis were periodically taken at 0, 1, 2, 3,
4, 5 and 6 mon of ripening. Both the control and Appen-
zeller cheese supplemented with different concentrations
(0, 1, 2, 3, and 4%, w/w) were made in duplicates.

Chemical Composition

Cheese samples were analyzed for moisture, fat (Gerber
method), and protein (Kjeldahl method) contents using the
methods of the Association of Official Analytical Chem-
ists (2000). All samples were measured in triplicates.

Short-chain free fatty acid

Well ground PMT-added Appenzeller cheese sample (1
g) was removed periodically after 0, 1, 2, 3, 4, 5 and 6
mon of ripening, extracted with extraction buffer (5 mL
of diethyl ether, 2.5 g of sodium sulfate and 0.1 mL of 4
N H,SO,) for 2 h, eluted through a 10 mm i.d. glass col-
umn containing 1 g of deactivated alumina (alumina oxide
neutral), and deactivated with 0.24% distilled water as
described by Kwak et al. (1990). Gas chromatograph (DS
6200, Donam Instruments Inc., Korea) equipped with a
flame ionization detector was used for short chain free
fatty acid analysis. The separation of short-chain free fatty
acid was achieved using a 30 m X 0.25 m inner diameter
Nuckol™ J&W D13-Wax column (Supelco., USA). Gas
chromatograph was operated with nitrogen carrier gas at
30 mL/min, hydrogen gas at 60 mL/min, and air at 360
mL/min. The column oven was programmed to have an

initial holding for 1 min at 50°C, heating to 225°C at
25°C/min for 10 min, and holding for 20 min. Tempera-
tures for the injector and the detector were 240 and 260°C,
respectively. All quantitative analyses were performed by
relating each peak area of tridecanoic acid as an interval
standard. Each short-chain free fatty acid was identified
by comparing its retention time to that of a standard. All
experiments were performed in triplicates.

Lactic acid bacteria count

Agar powder was combined with MRS broth (Difco
Laboratores, USA) and 0.004% bromophenol blue to det-
ermine lactic acid bacteria counts. One gram of cheese
sample was dispersed in 9 mL of 2% sodium citrate and
homogenized at 1,500 rpm for 1 min. One milliliter of pre-
pared sample was diluted with 9 mL of sterile 0.8% NaCl.
Subsequent dilutions of each sample were plated in tripli-
cates and incubated at 37°C for 48 h.

Texture profile analysis

Texture profiles of cheese samples were measured using
a TMS-Pro Texture Analyzer (Food Technology Co., Ster-
ling, USA) with a crosshead speed of 5 cm/min and a chart
record speed of 10 cm/min. Cube-shaped samples (1.5
cm?®) were prepared. From these curves, the basic charac-
teristics of texture profiles, such as hardness, cohesiveness,
gumminess, springiness and chewiness, were obtained ac-
cording to the method of Kanawjia et al. (1995). The point
of the greatest force during the first compression was the
hardness. The extent to which the sample returned to its
shape between the first and second compressions was the
elasticity. The ratio of the area under the second compres-
sion curve was the cohesiveness. Gumminess and chewi-
ness were calculated as hardness X cohesiveness and gum-
miness X elasicity, respectively. All samples were mea-
sured in triplicate.

Color measurement

Color analysis was conducted based on the method des-
cribed in Perkins-Veazie et al. (2001). Color values were
compared between the control and PMT-added Appen-
zeller cheese using Minolta (Colourimeter CT-310, Japan)
after calibrating its original value with a standard plate.
Measured L*, a* and b* values were used as indicators of
lightness, redness and yellowness, respectively. All sam-
ples were measured ten times.

Sensory analysis
Sensory characteristics of each cheese were studied using
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quantitative descriptive analysis by a panel of ten selected
and trained assessors. Panel was composed of experien-
ced ten panelists from the academic staff working in the
Food Technology Department, Sejong University. Panel-
ists were trained using the Spectrum method (Sensory
Spectrum, USA). Panel evaluated cheese in terms of app-
earance, flavor, texture, and taste properties during ripen-
ing. The panel was trained 1 h before each evaluation ses-
sion. Sensory terms for flavor-aroma and texture of
cheese were introduced to panelists. Samples were served
with a glass of water and an unsalted cracker to the pan-
elists after samples were left at the room temperature for
10 min. Samples were presented to panelists in 3 digit-co-
ded glass plates at the same time in each session. Sensory
evaluation of samples in each analysis period was carried
out twice. The scale of appearance, flavor, taste and tex-
ture was as follows: 1 = very week, 4 = moderate, 7 =
very strong.

Statistical analysis

All statistical analyses were performed using SAS ver-
sion 9.0 (SAS Institute, USA). Analysis of variance (AN-
OVA) was performed using general linear model proce-
dure to determine significant differences among samples.
Means were compared using Duncan’s multiple range test
(p<0.05).

Results and Discussion

Morphology of microcapsule

SEM morphology of PMT is shown in Fig. 1. These
images revealed that the spray-dried microcapsule formed
aggregation with smooth surface and regular spherical
shape. The particle sizes of PMT ranged from 1 to 10 m
in diameter, with an average particle size of about 2 m
(Fig. 2). Ersus and Yurdagel (2007) reported that mor-
phology of the microcapsules coated with MD showed
smooth surfaces and spherical shapes. Fang and Bhandari
(2010) reported that the typical form of encapsulated par-
ticles by spray drying was an average size of 10-100 pm.
Therefore, this study determined that sufficient small size
of powdered microcapsulations was made from MD.

Chemical composition

Chemical compositions (fat, protein, and moisture) of
various concentrations (1, 2, 3, and 4%, w/w) of PMT-
added Appenzeller cheese at 0 mon of ripening (the initial
values) are summarized in Table 1. The control cheese had
33.92% fat, 25.84% protein, and 36.56% moisture. Fat,

15.0kV 11.6mm x2.00k

Fig. 1. Scanning electron microscope image for powdered mi-
crocapsules of tomato extracts.
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Fig. 2. Particle size analysis of powdered microcapsules of to-
mato extracts.

Table 1. Mean chemical composition for powdered microcap-
sules of tomato extracts-added Appenzeller cheeses

Concentration"”

(% wiw) Fat Protein Moisture

Control? 33.92+0.06  25.84+0.07  36.56+0.07
1 33.59+0.07  25.59+0.05  36.67+0.07
2 33.29+0.05  25.64+0.04  36.88+0.05
3 33.39+0.10  25.65+0.09  36.64+0.07
4 33.43+0.04  25.61+0.03  36.79+0.08

All values are meantstandard deviation (n=3).

YPowdered microencapsules of tomato extracts-added Appenzeller
cheese.

2Control, Appenzeller cheese.

protein, and moisture contents of the control were not sig-
nificantly different from those of Appenzeller cheese sup-
plemented with PMT (p<0.05), indicating that the addi-
tion (1-4%) of PMT did not considerably influence the
chemical compositions of Appenzeller cheese.



248 Korean J. Food Sci. An., Vol. 36, No. 2 (2016)

Short-chain free fatty acid

It is well known that the production of short-chain free
fatty acids (C, through C,,) is important for cheese ripen-
ing (Lin and Jeon, 1987). Short-chain free fatty acids con-
tribute directly to cheese flavor, and provide desirable
piquant flavor and aroma in many cheeses (Kwak et al.,
1990). In the present study, the production of short-chain
free fatty acids in Appenzeller cheese supplemented with
PMT during ripening at 14°C for 6 mon is shown in Table
2. The release of C, and C,, were mainly contributed to
the increase in total level of all cheese samples. The pro-

duction of all short-chain free fatty acids in the cheese
increased significantly and gradually during the ripening
of 6 mon (p<0.05). According to Juan et al. (2015), the
amount of short-chain free fatty acids gradually in most
cheese during storage due to lipolysis. In this study, it was
found that there were significant differences between the
control and 4% (w/w) PMT-added Appenzeller cheese in
total amounts and individual amounts of short-chain free
fatty acids after ripening of 6 mon (p<0.05). These results
indicated that the supplementation of 4% (w/w) PMT into
Appenzeller cheese could remarkably influence the pro-

Table 2. Production of short-chain free fatty acid in powdered microcapsules of tomato extracts-added Appenzeller cheeses dur-

ing ripening at 14°C for 6 mon

Ripening Concnetration” Short-chain free fatty acid concentration (ppm)
. Total
period (mon) (% w/w) C, Cs (ON Cio
Control? 4.374+0.68%) 2.91+0.88201 2.80£1.10°F 3.97+1.95% 14.05
1 4.7141.44%K 2.84+1.08%H1 2.89+1.13%F 3.98+0.307" 14.42
0 2 4.64+0.894% 2.89+0.73°H 2.76+0.87°¢ 3.90+0.43%F 14.19
3 4.68+0.86"F 2.90+0.53%CH 2.90+0.20°" 3.48+0.70°F 13.96
4 4.72+1.06°% 2.67+0.52° 2.72+0.23% 3.64+0.78%F 13.75
Control 4.92+0.90°CTR 3 02+0.26°°CT 2.92+0.60F 4.07+0.31%F 14.93
1 4.98+0.43CHIK 2 85+ 406 2.90+0.11°E 4.03+0.68"F 14.76
1 2 4.704+0.25K 2.93+0.63%H 2.89+0.58%F 4.02+0.60*" 14.54
3 4.82+1.094MK 2 .95+0,65%H 2.92+0.19°¢ 4.09+0.14%F 14.78
4 4.86+0.67"K 2944037501 2.86+0.57° 4.08+0.59%" 14.74
Control 5.11£0.15%MK 3 03+0.21°CT 3.24+0.17F 4.25+0.22°F 15.63
1 5.15£0.1286HK 3 090,726 3.28+1.03% 4.26£0.21%F 15.78
2 2 5.24+0.14%CHK 3 16+0.28°CH 3.3240.11° 4.22+0.08" 15.94
3 5.35+0.47°GHUK 3 1940401 3.36+0.24 4.40+0.56" 16.30
4 5.60+£0.15%CHIK 3 3040, 74¢EFGH 3.50+£0.28 4.74+0.38" 17.14
Control 6.54+0.57°CMK 3 15401990 4.70+£0.54P 9.50+0.54%F 23.89
1 6.95£0.41°CHY 3 26+0.20bcdF o 4.7420.24P 9.62+0.70¢ 24.57
3 2 7.23£0.44°CH 3 51+0.52bcd!PEFOH 4.98+0.51°P 10.52+0.39%°F 26.24
3 7.30:£0.32b6H 3.64+0.194CPEFG 5.10+£0.50P 11.18+1.37%PE 27.22
4 7.47+2.02%¢ 3.71+0.11¢CPEFG 5.20+0.44°0 12.24+0.73%° 28.62
Control 14.34+2.85%F 4.13+0.65PBCDEF 4.99+£0.91°P 15.65+2.25%C 39.11
1 14.58+1.58EF 4.21+0.68°5CPE 4.82+0.70°° 15.71£2.23% 39.32
4 2 16.03+3.40°°%  4.30+1.13°%CP 5.17+0.61%P 16.10+1.89%C 41.60
3 16.64£1.01%PEF 4.54+0.20°B¢ 5.23+0.61°%° 16.42+3.60%¢ 42.83
4 16.92+0.68*PF  4.55+0.58°5C 5.30:£0.41%P 17.1120.70%C 43.88
Control 16.63+1.85°PFE 4 14+0.86°BCPEF 5.12+0.510 20.18+1.43% 46.07
1 16.91+5.04*PE 4.35+0.46°5CP 5.17+0.79%P 20.86+2.03%8 47.29
5 2 19.04+3.37*4BC  4.47+0.18°"C 5.24+0.68°P 21.25+1.09%° 50.00
3 19.10£1.52%48¢  4.78+0.18"8 5.36£0.54%P 21.59+2.87¢ 50.83
4 19.74+0.49%AB 4.80+0.74°8 5.41+0.73°P 21.86+1.47°" 51.86
Control 18.26+0.46"%P  5.79+0.18" 6.34+0.51°8¢ 26.29+1.21%4 56.68
1 20.59+1.90PA8 5.99+0.28 <A 6.80+£0.73AB 26.98+2.86* 60.36
6 2 20.70+1.02P1B 6.09+£0.59 A 7.27+0.32°48 27.36+1.18% 61.42
3 21.14+0.85% 6.17£0.06% 7.35+£0.24¢A8 27.70+£0.39% 62.36
4 21.33+1.06"* 6.42+0.68 A 7.45+0.52°4 27.96+0.97* 63.16

All values are meantstandard deviation (n=3).
YPowdered microencapsules of tomato extracts-added Appenzeller cheese.

PControl, Appenzeller cheese.

9Means with different superscripts in a column (A-K) and row (a-c) are significantly different (p<0.05).
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Table 3. Lactic acid bacteria count in powdered microcapsules for powdered microcapsules of tomato extracts-added Appenzeller
cheeses during ripening at 14°C for 6 mon

Concentration” Ripening period (mon)
(%, w/w) 0 1 2 3 4 5 6
Control? 2.8040.59x10%"3) 3.97+1.71x10%* 3.66+0.14x10%* 3.35+0.29x10%* 3.15£1.31x10™* 2.65+0.45x107** 2.75+0.45%x10%*
1 2.3140.17x10%* 3.42+1.83x10°* 3.2640.59x10%* 3.50£0.79x10%* 3.27+0.57x107* 2.60£1.54x10™* 2.22+0.91x10%*
2 2.5140.97x10%* 3.3240.64x10°* 3.4440.73x10%* 2.98+1.05x10%" 2.80+0.85x107 2.28+1.15x10™* 2.23+0.57x10%*
3 2.8140.39x10%* 3.30£1.15x10%* 2.9440.16x10%* 2.82+1.01x10%" 2.244+0.44x107* 2.23+0.59x10™* 2.15+0.60x10%*
4 2.8740.55x10%* 3.18£1.05x10%** 2.78+0.78x10%* 2.75+1.37x10%" 2.52+0.81x107* 2.28+0.69x10™* 2.144+0.45x10%*

All values are meantstandard deviation (n=3).

DPowdered microencapsules of tomato extracts- added Appenzeller cheese.

PControl, Appenzeller cheese.

9Means with different superscripts in a column (A) and row (a) are significantly different (p<0.05).

Table 4. Texture properties for powdered microcapsules of tomato extracts-added Appenzeller cheeses during ripening at 14°C

for 6 mon
. . . Texture description
Ripening period Cong/netr/atlon ) Hardness Cohesiveness Gumminess Springiness Chewiness
(pmon) (o wiw) ~?) @) ) (mx10°) (X107
Control? 10.99+0.45™ 0.69+0.01BCPEF 7.57£0.32F 0.74£0.11% 5.64+0.73™
1 11.64+1.14Y 0.72+0.024BCP 8.48+0.75" 0.82+0.13* 7.0243.311
0 2 12.16£1.15" 0.73+0.034BP 9.36+0.57" 0.83+0.12% 7.76£1.44"
3 12.28+1.05" 0.75+0.044B 9.06+0.69" 0.85+0.134 7.26+1.44"1
4 12.46+1.76" 0.76+0.04* 9.27+1.23" 0.83+0.144 7.73+1.65"
Control 12.19£1.56" 0.74=0.02"FC 8.96=1.13" 0.83+0.15" 7.42+1.73"
1 13.39+0.97" 0.70+0.034BCPEF 9.38+0.79" 0.84+0.114 7.20+1.424
1 2 13.16+0.91" 0.72+0.014BP 9.54+0.69" 0.83+0.15" 7.91+1.124
3 13.60+0.71" 0.73+0.024BP 9.93+0.64" 0.83+0.14% 8.27+1.311
4 13.88+0.88" 0.75+0.03"P 10.45+0.93%F 0.82+0.144 8.66+0.88FCH
Control 14.08+1.64" 0.69+0.025CPEF 9.76+1.35F 0.71£0.02% 8.58+3.52F0H
1 14.27+2.32" 0.67+0.02PFFC 9.98+1.18F 0.78+0.10* 7.61£2.34"
2 2 14.40+0.38" 0.68+0.01°PEFS 10.02+0.43" 0.82+0.01* 8.11+1.36"
3 14.44+0.33" 0.71£0.024BPE  10.18+0.22" 0.76+0.10* 8.37+0.726H
4 14.66x1.46' 0.68+0.04PEFS 10.61+1.265F 0.78+0.114 8.70:£0.88EF6H
Control 22.56+2.64™ 0.68+0.03PEFG  14.83+1.17°F 0.77£0.13% 12.42+1.63PFC
1 24.70+1.859H 0.68+0.02CPEFG 15.74+1.61°P 0.77+0.02* 12.53+1.03PEF
3 2 25.36£1.057"  0.64+0.027CM 16.82+1.934BCP 0.81+0.13* 13.2+4.085¢P
3 26.46+1.835C  0.64+0.02"CH! 17.1540.38ABCP 0.75+0.09* 13.15+0.598¢P
4 27.49+1.985C  0.64+0.05"CH! 17.21+0.944BCP 0.76+0.10* 13.01+1.88<P
Control 24.84+3.09% 0.67+0.02PEFC 16.56+0.825%P 0.76£0.01% 12.82+2.11°PF
1 26.38+2.905F¢  0.64+0.047CM 17.15£1,17ABCP 0.77+0.08* 13.66+2.265¢P
4 2 26.91£2.235F¢  0.67+0.02PEFG 17.36:£1.0948¢P 0.73+0.17% 13.20£1.395¢P
3 28.79+2.17°%F  0.65+0.035FCH 18.02+0.774BCP 0.74+0.08* 13.23+1.238¢P
4 29.07+2.96°¢ 0.64+0.037CH 18.09+1.814BCP 0.75+0.144 13.27+1.978¢P
Control 2731£227%C  0.59+£0.01™ 17.98+4.627BCD 0.75+0.15* 15.62+1.037BCP
1 29.72+2.03PF 0.62+0.059" 18.28+1.52AB¢P 0.76+0.024 16.95+1.104B¢
5 2 31.52+4.32¢P 0.59+0.051 18.72:+1.34ABCD 0.71£0.17% 18.88+4.54*
3 33.41+3.08"5¢  0.58+0.09" 19.11+1.89ABCD 0.73+0.18* 18.85+6.00"
4 34.98+3.8248C  0.51+0.03%" 20.26+0.53"8 0.75+0.14* 18.81+0.63*
Control 33.79+3.43%C  0.59+0.05™ 18.17+1.777BCD 0.74+1.29% 17.17£2.5778
1 35.08+4.138C  0.54+0.05'% 19.36+6.25ABC 0.74+0.13* 18.91+4 36"
6 2 36.42+2.6148 0.46+0.02% 19.73+3.3248C 0.70+0.214 19.03+£2.39*
3 37.14+1.754 0.48+0.05%t 20.34+£2.014B 0.72+0.16* 19.37+3.39*
4 37.32+0.68" 0.48+0.09%" 21.08+12.24* 0.74+0.33* 19.63+5.83"

All values are meantstandard deviation (n=3).
DPowdered microencapsules of tomato extracts- added Appenzeller cheese.

IControl, Appenzeller cheese.

9Means with different superscripts in a column (A-L) are significantly different (p<0.05).
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duction of short-chain free fatty acid during ripening.

Lactic acid bacteria count

Lactic acid bacteria counts of Appenzeller cheese sup-
plemented with PMT ripened at 14°C for 6 mon are shown
in Table 3. Lactic acid bacteria counts of the cheese were
not significantly influenced by the ripening time from 0
to 6 mon or the concentrations (0-4%, w/w) of PMT (p<
0.05). Based on these results, adding PMT (0-4%, w/w) to
the cheese did not considerably affect the growth of lactic
acid bacteria during ripening.

Textural properties

Textural properties of different concentrations (1, 2, 3,
and 4%, w/w) of PMT-added Appenzella cheese samples
ripened at 14°C during 6 mon are presented in Table 4.
Hardness values of all cheese samples proportionally were
elevated during the 6 mon of ripening. After 6 mon of
ripening, the hardness values of Appenzella cheese sup-
plemented with 4% PMT were significantly higher than
that of the control (p<0.05), indicating that more PMT
might have absorbed less moisture from cheeses and make
it harder. The gumminess and chewiness values also
showed the same increasing trends as hardness values.
However, in the cohesiveness scores, PMT-added Appen-
zella cheese samples showed decreasing trends when the
concentrations of PMT were increased. The springiness
values of the control and PMT-added Appenzella cheese
samples were not significantly changed during the ripen-
ing time or increasing level of PMT (p<0.05). Therefore,
we suggested that the supplementation of PMT could
affect the textural properties of Appenzella cheese.

Color measurement

Table 5 presents changes in color values of Appenzella
cheese supplemented with different concentrations (1, 2,
3, and 4%, w/w) of PMT ripened at 14°C for 6 mon. The
L* values were significantly decreased when ripening time
was increased from 0 to 6 mon. However, the L* values
were not significantly influenced by the concentrations of
PMT (p<0.05). The a* values were significantly increased
with an increasing ripening period, and increasing the con-
centrations from 0 to 4% (w/w) in cheese significantly
reduced the a* values (p<0.05). The b* values of Appen-
zella cheese supplemented with PMT (1-4%, w/w) at the
final day of ripening were significantly higher than those
of the control cheese. However, they were not significantly
influenced by the concentrations of PMT (p<0.05). PMT
is normally light yellow. This study revealed that the b*

Table 5. Changes in color for powdered microcapsules of
tomato extracts-added Appenzeller cheeses during
ripening at 14°C for 6 mon

Concentration"

Colour value

(%, wiw) L 2 b
(lightness) (redness) (yellowness)

0 mon

Control®  79.05+1.48"8)  3.49+0.13* 11.11£0.58%
1 76.97+0.82CPEFCH 3 2440,188PE  12,16+0.33'%
2 77.15£0.49PFFG 2 284+:0.21BPE 12,18+0.69'F
3 77.42+0.87°PFF 2 37+0.27" 12.21+0.81°%
4 79.37£0.75%  1.74£0.24% 12.30+1.08’

1 mon

Control 78.65£1.56"5C  3.67+0.114 12.43+0.23"
1 76.95£0.48PFFH 2 2620.478PE 12,18+0.94'F
2 76.86:0.46"CH 2 2840 44BCPE 13 77+£0.54PFFC
3 76.42+0,52PE6GH 2 3740 228 14.48+0.32CPEF
4 75.70+0.53F6HY 1. 77+0.15PF 14.50+0.65PEF

2 mon

Control 78.16x1.134BP 3.73+0.10* 12.57+0.181"
1 74.99+0.87"%"  2.29+0.52%P  12.97+0.765H"
2 74.86+1.03"KE 2.34+0.365C 14.510.22CPEF
3 75.77+0.925F6HY 3 50+0.248 14.59+0.71PEF
4 74.55£0.57'%  1.80+0.34PE  14.64+0.79°PEF

3 mon

Control 77.88+0.90"PP 3.69+0.14* 12.62+0.27910
1 75.35+0.75"  2.57+0.318 13.48+0.68"6H!
2 75.83+0.865FH! 2 43+0.418 14.79+1.19B¢PE
3 75.29+1.19"K 2 48+0.34" 14.84+0.2548¢P
4 75.31£1.26"™  2.07£0.13%PF  15.90+0.83B

4 mon

Control 77.50£0.945CPE 3.70+0.324 12.26+0.33°%
1 73.53+1.08%L  2.55+0.358 13.63+0.815FCH
2 74.35£1.04"%"  2.44+0.27° 15.05+0.68B¢
3 73.43£1.07%  2.49+0.48" 15.10+0.474B¢
4 74.30+£0.93'KF 2.25+0.418PE 15,910,328

5 mon

Control 75.75+0.985F6M 3 77140 314 12.8240.336HY
1 75.80+1.51FFGHI 2 5940 358 14.98+0.8148¢
2 74.35£1.04"%"  2.47+0.35" 15.10+0.554B¢
3 73.43£1.06  2.50+0.24° 15.210.54A8¢
4 73.50£1.29%  2.33+0.845¢ 15.97+1.13*

6 mon

Control 74.26£1.66'"  3.78+0.24* 12.88+0.455H0
1 74.45+1.87%"  2.60+0.19" 15.21+0.854B¢
2 74.24+1.46'%  2.57+0.258 15.3140.5848¢
3 74.5241.63°%L 2.53+0.258 15.36%1.3248€
4 74.89+0.99'%"  2.37+0.41" 16.00+1.38%

All values are meantstandard deviation (n=10).
DPowdered microencapsules of tomato extracts-added Appenzeller

cheese.

DControl, Appenzeller cheese.
9Means with different superscripts in a column (A-L) are signifi-
cantly different (p<0.05).
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values could be increased when PMT was supplemented
to produce the cheese.

Sensory analysis

The sensory attributes of the different concentrations (1,
2, 3, and 4%, w/w) of PMT-added Appenzeller cheese ri-
pened at 14°C for 6 mon are shown in Table 6. The yel-
lowness values were increased significantly after the sup-
plementation of PMT (1-4%, w/w) due to the yellow color
of PMT (p<0.05). In addition, the yellowness values were
increased after increasing the ripening time due to the de-
creases in moisture contents of the cheese samples. In fla-
vor aspects, butyric off-flavor and musty flavor of the con-

trol were not significantly different from those of PMT-
added Appenzeller cheese after 6 mon ripening period (p
<0.05). Tomato flavor increased significantly and propor-
tionally with the concentrations of PMT added and with
the ripening periods due to decreases in moisture (p<0.05).
The flavors of all samples and control were improved with
ripening time. Metabolic processes are responsible for the
basic flavor and texture changes during ripening (Kanaw-
jia et al., 1995). For the taste of these cheese samples, bit-
terness and sourness were not significantly changed after
the supplementation of PMT (p<0.05). Bitterness is usu-
ally produced by peptides degraded during ripening (Ka-
nawjia et al., 1995). However, sweetness of these cheese

Table 6. Sensory evaluation of powdered microcapsules of tomato extracts-added Appenzeller cheeses during ripening at 14°C

for 6 mon
Concen- Appearance Flavor Taste Texture
ol
(gztl\z?“:) Yellowish Butyric Musty E(;T;t;; Bitterness Sourness Sweetness Hardness
0 mon?
Control® 1.00+0.00' 1.00+0.00° 1.00+0.00" 1.00+0.00% 1.00+0.00M 1.00+0.00’ 1.00+0.00¢ 4.00+0.00¢
1 1.72£0.48™  1.424+0.54" 1.28+0.48" 1.00+0.00% 1.14£0.37"™  1.85+0.69"™  1.71+0.757¢  4.14+0.37%
2 1.724£0.43" 1.710.48°™ 1.42+0.54" 1.16+0.41PF 1.43+0.54%™  1,14+0.37" 1.43+0.54"¢  4.42+0.95"
3 2.00+0.82"  1.43+0.54" 1.42+0.54" 1.28+0.48PF 1.14£0.37"™M  1.71£0.755""  1.43+0.54"6  4.43+1.13%¢
4 2.28+0.48"  1.57+0.53" 1.7241.144 1.33+0.52°*¢ 1.57+0.78"8IM 1 43+0.54C1  1.86+0.89"C  4.57+0.97V%
1 mon
Control  1.14+0.37" 1.85£0.37™F  1,00+0.00 1.00+0.00" 2.00+0.00""™ 1.00+0.00’ 1.00+0.00° 4.14£0.37'%
1 1.86£0.37""  2.28+1.11MNOPQ 1 57+0.78" 1.43+0.54PF  2.142£0.69"™M 1.86+0.69H"  2.00+£1.157¢  4.42+0.97"K
2 2.00£0.57"  2.724+0.95KMNO 1 710,71 1.57£0.54%  2.14+0.69"™M 1.16+0.38" 1.57£0.53"9  4.43+1.13"¢
3 2.14£0.89""  3,0041.20MKMNO 1 9810 48" 1.57£0.545CPF 2 8541, 77" 1.7240.759M  2.14+£0.83"9  4.57+0.78"
4 2.43£0.97"  3.574+0,78"HUKIM 1 4340 78" 1.72£0.115PE 271125 1.4320.54M  2.14£1.67"¢  4.63+1.26"
2 mon
Control  2.00+0.00"™"  2.86+0.37"K-MNO 1,00+0.00" 1.00+0.00% 3.00+£0.00°"  2,57+0,78PFFGH 1 28+0.757¢  4.14+0.37°F
1 2.14+0.69""  2.43+0.54"MNOPQ | 7540 75! 1.07+0.37% 2.28+1.11"™M 2.00+0.00"  1.57+0.78"C  4.43+0.3"%
2 2.28+1.11M  2.57+0.978MNOPQ 1 8540 691 1.21+0.56"F 2.57£1.71%E 2.14+0.697"  2.14+0.69"C  4.43+0.37"¢
3 2.43+0.97"  328+0,75CHIKIMNO 1 861+0,69M 1.35+0.94PF 2.57£1.71%E 1.28+1.11M 2.00+£0.00"¢  4.60+0.51"M%
4 2.57+0.78" 3.43+0.54CHUKLMN 5 000,926 1.64+1,705PE 28542 111K 1.57+1,13CHY  2.57+0.78F 4.7120.9511%
3 mon
Control  4.00+0.00¢ 3.57+0.78FCHIKIM 3 8540 374BCD  1,00£0.00" 4.0040.007H! 2 86+0.375CPEIG 4 00+0.00" 4.28+0.75'%
1 4.43+0.78FF9  3.86£1.57°FGHIKIM 5 2841 11FFGHI 1 57+0.785CPE  4.85+0.69PFF 2.00+0.00°H"  4.14+1.21°%  4.43+1.27"%
2 4,57+£0.545F9  4,28+0,75PFFGHY 9 4240, 78PEFGHI 2 00+£0.814BPE 4,42+0.535F¢ 2.28+1.117HY 4.35+£0.85PF  4.57+0.78"
3 4.86+0.69P1C¢ 4,431 27PFFGH 9 5741 13CPEFGHI 9 1440,894BCPE 4.43+0,535FC 2,571,135 4.43+0.78PF  4,7241.38CHHK
4 5.00£0.57°5F9 47241 38CPEFG 2 714 11BPEFGHN 2 9841 [14BCPE 4.71+1.49P5F  2,.85+2, 11PCPEFG 4 5740,78BCPF 4,85+1.219HIK
4 mon
Control  4.14+£0.37"%  4.00+0,00°FFGHUKL 4 00+0,00"C 1.00+0.00% 4.28+0.755FH 3 85+0.374BPE 4,00+0.00% 5.00+0.00HHK
1 4.86+1.22PFFC 4,1441,06PFFCHIK 3 7040,75BCPFFGHT 5 9811 11ABCPE 4.57+0.78%F  2.28+1.117MY  4.42+0.53PF  5,1440,89FFCHIK
2 5.14+1.48PFFC 428+ 25PFFCHI 2 5741 [3CPEFGHL 9 28+1.49ABCPE 4 7040,75PFF  2.42+0.785FCMY 4.42+0.78PF  528+048PFFCHIK
3 5.28+0.75PFFC 4,57+0.97PFFCH 2 43+1.62PFFCHN 2 7141,6045CPF 4.57+1.27%F  2.57+1.13PFFOH! 4 86+0.89"BCPE 54210 53PHCHI
4 5.43+1.275PEF 4.8541.008CPEG 2 1441,06"M  2.8541.774BP  5.28+0.958PEF 2.7141.11PEFGH 5,004£1.154BCPE 55740,785COHGH!

All values are meantstandard deviation (n=2).
YPowdered microcapsules of tomato extracts-added Appenzeller cheese.
?Control, Appenzeller cheese.
Means with different superscripts in a column (A-Q) are significantly different (p<0.05).
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Table 6. Sensory evaluation of powdered microcapsules of tomato extracts-added Appenzeller cheeses during ripening at 14°C

for 6 mon (continued)

Concen- Appearance Flavor Taste Texture
tration" . i T :
N Yellowish Butyric Musty omato Bitterness Sourness Sweetness Hardness
(%, w/w) flavour
5 mon
Control 5.14+1.48PFFC 4.57+0.78PFFSH 4 28+0.78* 1.00+0.00% 4.42+1.13%F6  4.72+1.38* 4.14+0.37°F 55740 53RCPHGH!

1 5.28+0.75PFFG 5.14+1.46"PCPFF 3 71£1.384PCPF 2 5741 27ABCPE 42841 38FFGM 4.43+1.274
2 5.72+1.11ABCPE 52841 49ABCDE 3 1441 DpABCDEFGH 9 7741 7QABCDE 5 1410.378CPEF 4 28412548

4.720.758CPF 586+0,G9NBPIGH
5.141.214BCPE 6,000, 57ABDEIG

3 6.00£0.824BCP 54341 13ABCPE 3 4341 SIABCDEFG 9 8541 34ABCD 59840 758CPEF 3 86+1.57ABCPE 5.43+0.97ABD 6.43+0.53ABCP

4 6.14+0.897BCP 5.57+1,064BCP

3.57+0.97ABCPEF 3 1441.95ABC

5.57+1.13ABCPE 3 5740 78ABCDEF 58510 8948 6.57+0.5348¢

6 mon

Control  6.14£0.3748¢P 6.28+1.8845¢ 4.57+0.97* 1.000.00% 6.14+0.3748P 5.00+0.814 4.28+0.75PF  6,00£0,00"%PEG
1 6.57£1.1348¢  6.4241.5148 4.14£0.3748 2.86£1.7748P  6.28+0.4845C 4.86+1.06" 5.0020.814BPE 6,28+1.11ABCPEF
2 6.72+0.738  6.71£0.75* 4.28+0.75* 3.14£1.95%8¢  6.28+0.48%5¢ 4.42+1.27* 5.28+1.114BCPE 6 404:1,13ABCPE
3 6.85+0.374 6.71£0.75* 4.42+1.91* 3.28+1.25°%  6.57£0.53*®  4.14+£0.8945C  5.57x1.1345¢  6.85+0.37"P
4 7.000.00* 6.710.00* 4.43x1.62% 3.72+1.794 6.86+0.37%  4.00£0.00*"®  6.140.374 7.00+0.00*

All values are meantstandard deviation (n=2).

DPowdered microcapsules of tomato extracts-added Appenzeller cheese.

PControl, Appenzeller cheese.

9Means with different superscripts in a column (A-Q) are significantly different (p<0.05).

samples was significantly increased with increasing rip-
ening time and concentration from 1 to 4% (w/w) (p<0.05).
Regarding the texture property, the hardness of cheese
was increased with the elevation in ripening time and the
concentrations of PMT due to decreases in moisture and
chemical reaction during ripening. Giroux et al. (2013) re-
ported that hardness of Cheddar cheese increased by add-
ing green tea extracts. Based on the results of this study,
it is applicable to develop PMT-added functional Appen-
zeller cheese with 1-4% (w/w) PMT.

Conclusion

The present study was performed to elucidate the phys-
icochemical, microbial, and sensory properties of Appen-
zella cheese supplemented with PMT during ripening of 6
mon. The increase in the concentrations of PMT addition
influenced the amounts of short-chain fatty acid, texture
and sensory properties of Appenzella cheese. The total
amounts of short-chain fatty acids were gradually increa-
sed during the ripening periods, irrespective of treatments.
Texture and sensory properties of Appenzella cheese sup-
plemented with the concentrations (1-4%, w/w) of PMT
were quite acceptable. Therefore, PMT could be success-
fully used in the production of functional Appenzella
cheese without altering its physicochemical or sensory
properties during the ripening periods of 6 mon. More-
over, PMT could improve the value of Appenzella cheese
with functional properties. Thus, it could be used to pro-

duce functional cheese products with health beneficial
activities. This will also give ways to produce many func-
tional cheeses in different dairy sectors.
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