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Sensory evaluation and texture of commercial dairy and
vegan types of Cheddar cheese
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Abstract This study compared the quality characteristics of commercial Cheddar cheese of dairy types (DT) and vegan
types (VT) using electronic sensory evaluation (nose and tongue) and texture profile analysis (TPA). The electronic nose
detected acetaldehyde, 2-methylbutanal, and n-butanol in all samples, whereas 2,3-pentanedione and pentan-2-one were
detected in DT1, VTI1, and VT3. The electronic tongue detected various intensities of six tastes in the two types, regardless
of the raw material. Principal component analysis by electronic sensory evaluation revealed the differences between the
pattern for VT. The TPA results showed that the textures of DT and VT were not classified according to the raw material.
However, the protein content affecting texture was <0.6% for VT compared with that for DT. These results are expected
to be useful for establishing quality indicators in developing vegan cheese products with characteristics similar to those of

dairy cheese.
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Al At 2ze] PR B4 Kim 5(2018)2] ¥ 2]
3to] HAAF(MHERACLES-II, Alpha MOS, Toulouse, France)E ©|
23192, MTX-5 column % flame ionization detector® -2
S AANEHT AEE 5x5xSmm’ o]&ke] A= AEEa 1.0
g< A3 vialdl €2 % headspace extractiond] EH 3RO
H, A ZE 60°CE FA3H 500 rpmo g wikElgith. ARE A
2EE FUF 55 200°CE A8 30 mL/min®] fr&5o2
T 7ME SHE WO, acquisition duratione 340% St}
Kovats index libraryS 7|¥FS. 2 3}l& AroChemBase (Alpha
MOS, Toulouse, France)2] 83,0000170¢] 3} HRE Ea) A
oA A& 7+ 937 vellE AR FEseH, 7F A

Table 1. Information of commercial Cheddar cheese provided by the manufacturer

Sample Sample  Country of

type code origin Nutrition fasts (per 20 g) Ingredients
79 Kcal, Carbohydrate 0.7 g, Total fat 6 g, Saturated fat
DTI USA 4 g, Trans fat <0.5 g, Protein 4 g, Cholesterol 21 mg, Pasteurized milk, cheese culture, salt, enzymes and
Sodium 129 mg, Vitamin D 0.1 mcg, Calcium 143 mg, annatto color
Potassium 14 mg
82 Kcal, Carbohydrate 0.7 g, Total fat 6 g, Saturated fat . .
1 > Ly g 128
DT DT2 USA 4 g, Trans fat < 0.5 g, Protein 5 g, Cholesterol 21 mg, cC(ﬁl(;[;lred pasteurized milk, salt, enzymes and annatto
Sodium 129 mg, Vitamin A 64 mcg, Calcium 143 mg
65 Kcal, Carbohydrate 0.6 g, Total fat 6 g, Saturated fat Raw milk, salt, lactobacillus culture dry matter,
DT3 Korea 3 g, Trans fat <0.5 g, Protein 4 g, Cholesterol 13 mg, enzyme, filtered water, acidity regulator and oleoresin
Sodium 195 mg, Calcium 120 mg paprika
Filtered water, coconut oil, potato/tapioca starch,
55 Kcal, Carbohydrate 4 g, Total fat 5 g vegan natural flavors, sea salt, tricalcium phosphate,
VTI Canada Saturated fat 4 g, Trans fat < 0.5 g, Protein <0.5 g, pea protein isolate, xanthan gum, lactic acid, konjac
Cholesterol <2 mg, Sodium 164 ng, Calcium 124 mg gum, fruit/vegetable color, inactive yeast, potassium
chloride, yeast extract and vegan enzyme
vT? 60 Kcal, Carbohydrate 4 g, Total fat 5 g, Saturated fat Filtered Water, coconut oil, modified potato/corn
VT2 USA 4 g, Trans fat < 0.5 g, Protein < 0.5 g, Cholesterol starches, potato starch, sea salt, natural flavor, olive
<2 mg, Sodium 180 mg extract, paprika extract and beta carotene
60 Kcal, Carbohydrate 4 g, Total fat 5 g, Saturated fat ~ Filtered water, coconut oil, food modified potato/corn
VT3 Greece 4 g, Trans fat <0.5 g, Protein < 0.5 g, Cholesterol starches, potato starch, sea salt, Cheddar flavor, olive
<2 mg, Sodium 180 mg, Vitamin B12 0.5 mcg extract, paprika extract, beta carotene vitamin B12
"DT: Dairy types

IVT: Vegan types
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ARpaLe) Al e] BA #2492 Alpha MOSOA] AlFE AL
Edo]el Alpha soft (Version 14.1, Alpha MOS, Toulouse,
France)Z 3=t 227+ =% A= Statistical Package for
Social Science (SPSS; Version 26.0, IBM Company, Chicago,
IL, USA)Z 438 6}01 Duncan’s test®] p<0.052] G4 24
& AZelon, BE A BAEERAZ Yepiglt)

EER et
Xz 2y
Al ATk = 6T AAE A Aol gRlE IgE
oA Atk X2 A7A 2nRr 7R AME-EE milky,
dairy, buttery, creamy, nutty, fruity®] 744 (Meals 5, 2020)——
712 F8 AR 558 ARsEeH, 7 A5 dE F8
7] AR &S Table 20 YERAITH F2 7] *éE <ol
] acetaldehyde= DTI1, VT3, DT2, DT3, VT1, V129 o=
e o™, VT VI2E A9t BE A5 {22 Aol
7} YERTH(p<0.05). 2-methylbutanal®} n-butanol> VT34 7}
& =7 UeRtou, YR AlEzkele 27 ¢l Relrt veRt
Z] LU THp<0.05). 2,3-pentanedione} pentan- 2-one9— VT3, DTI
02 Yelom, DT2, DT3, VI2oME S1HA] e¥dt) A
J]r TEA ATk X2 AFY BAREA A= AlFS 7kl
Z Yo tfAo] It B tH(Drake &, 2008, Drake %,
2009). ol ARE £4 54 8 /AR 5%F9] shFo] DT
el tFstAl vehb=s Aol 71Q18ks Ao s dAdEm, VT
OﬂE z‘sok7] _EL —cﬂ-ako] A]—o]O].o:] 1:1/\}_,_/\4 g“,]%. /\]J]- E/\-l xﬂ
o X2 AFZ FAFE ZoR o
DTS} VT 7] 3" zlol& ERIsl7] flste] HA| A9
AAE B4 A3, 7P =& 117] peakte] retention times: =
ARt ot FAAE EAS AT 24kl A4 vehe
PC (principal component)l-S x5S 2 3JaL PC29} PC3E yHOo=2
she 22k ZHZE Fig 19 242 EAEATE PC1# PC2 #
2ke] F-2 99.98%0]™, PC13} PC3 4k $2 99.95%= B2l
o, PC12 FAE 719%7t 90% ©)d°]EE PCIoZ HH3
o o3k JH7F FHESITE Hong 5(2012)0] WEH HAAIE
ol-gate] Thke {9 A= AFY W v AFHE FAAR

ness)] 4714 FHL 717t 03] W S B e Golo] REYSE A2E fARE F 5HE A
Table 2. Major aroma compounds of commercial Cheddar cheese detected by electronic nose
Compounds RTU Sen.sor.y Sample code
(min)  description DTI? DT2 DT3 VT1? VT2 VT3

Acetaldehyde 15.78 Fruity, Pungent 774.70+4.10*) 138.91£40.86°  50.37+1.82¢  37.93£0.21*  0.31+0.03° 232.53+5.19"
2-methylbutanal 30.35 Almond, Malty 2.52+0.00° 0.52+0.05" 0.74+0.16° 1.82+0.06° 0.49+0.04° 15.27+£3.24*
n-butanol 30.35 Cheese, Fermented — 2.52+0.00° 0.52+0.05° 0.74+0.16 1.82+0.6 0.49+0.04° 15.27+3.24*
2,3-pentanedione  35.81 Butter, Creamy 0.17+0.05¢ ND? ND 5.96+0.19* ND 1.46+1.05°
Pentan-2-one 35.81 Fruity 0.17+0.05° ND ND 5.96+0.19* ND 1.46+1.05°

Each data indicates a mean with standard deviation obtained from 2 repeated test of products.

YRT: Retention time
IDT: Dairy types

IVT: Vegan types
“Mean+standard deviation

>Means with different letters in a column represent a significant difference at p<0.05

OND: Not detected
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Fig. 1. Principal components plots for flavor profile pattern of commercial dairy and vegan type Cheddar cheese products detected by
electronic nose. DT, dairy types; VT, vegan types.
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Fig. 2. Principal components plots for flavor profile pattern of commercial dairy and vegan type Cheddar cheese products detected by

electronic tongue. DT, dairy types; VT, vegan types.
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GPS, SPS: Sensor for standard.
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Table 3. Sensor values of commercial Cheddar cheese by seven sensors on the electronic tongue and taste scores calculated based on

sensor values

Sample code

Sensors”
DT1Y DT2 DT3 VT1? VT2 VT3
SRS 2679.96+11.18% 2759.10+17.60° 2925.80+5.63" 2583.00+23.10* 2905.68+10.34* 2537.68+33.74°
GPS 1643.32+7.99¢ 1654.33+0.51°¢ 1730.39+0.40° 1667.50+6.88" 1734.2242.93" 1730.08+3.74°
STS 797.394£32.75° 798.62+32.03* 690.22+34.64° 748.45+33.82%® 764.55+37.24° 754.60+39.30%
ii?j;’sr UMS  1797.54£1326"  1744.95£9.62°  1769.47+740°  1821.66+14.97°  1803.84:8.66®  1782.68+15.55"
SPS 1899.52+4.98¢ 1867.41+4.26° 2050.63+3.67 1952.49+4.89¢ 2034.13+£2.68° 2047.70+8.25°
SWS  1214.54£100.71*  1166.28+31.42®  1242.72+92.17* 1051.72+9.09° 1140.19+21.66™  1066.84+68.73"
BRS  2030.81+9.50™ 2062.56+2.86" 2161.63+£74.02* 1966.16+20.98¢ 2071.49+34.07° 1981.99+21.06°
SRS 6.68+0.15° 5.64+0.23¢ 3.46+0.07° 7.95+0.30° 3.73+0.14° 8.54+0.44*
GPS 3.51+0.40° 4.06+0.03¢ 7.84+0.02* 4.72+0.34° 8.03+0.15° 7.83+0.19°
STS 7.61%1.38° 7.67+1.35° 3.11£1.45° 5.56+1.42% 6.23+1.56° 5.82+1.65"
szisrzes UMS 5.21+£0.97° 9.04+0.70° 7.26+0.54° 3.45+1.09¢ 4.75+0.63 6.20+1.13%
SPS 4.00+0.13¢ 3.15+0.11°¢ 7.99+0.10* 5.40+0.13¢ 7.56+0.07° 7.92+0.22%
SWS 7.49+£2.23% 6.43+0.70" 8.12+2.04* 3.89+0.20° 5.85+0.48* 422+1.52°
BRS 5.59+0.26" 6.46+0.08" 9.18+2.03* 3.81+0.58° 6.71£0.94° 4.25+0.58°
Each data indicates a mean with standard deviation obtained from 3 repeated test of products.
DSRS: Sourness, STS: Saltiness, BRS: Bitterness, SWS: Sweetness, UMS: Umami, GPS, SPS: Sensor for standard.
>DT: Dairy types
VT: Vegan types
“Meanzstandard deviation
®Means with different letters in a row represent a significant difference at p<0.05
Table 4. Texture properties of commercial dairy and vegan type Cheddar cheese products
Texture profile analysis
Sample type Sample code
Hardness (N) Adhesiveness (N s) Springiness Cohesiveness
DT1 8.92+0.67°% -39.39+5.79° 0.75+0.03¢ 0.49+0.03°
DTV DT2 13.34+1.60° -54.68+6.93¢ 0.66+0.05" 0.41+0.03¢
DT3 6.68+0.35¢ -13.38+0.90° 0.80+0.02° 0.54+0.01*
VTI 8.80+0.47¢ -12.11+4.19* 0.70+0.06° 0.22+0.01°
vT? VT2 11.45+0.56° -13.82+5.63° 0.92+0.03" 0.45+0.01¢
VT3 12.71£0.30° -9.554+2.06° 0.96+0.01* 0.51x0.01°

Each data indicates a mean with standard deviation obtained from 9 repeated test of products.
YDT: Dairy types

DVT: Vegan types

Meanzstandard deviation

“Means with different letters in a column represent a significant difference at p<0.05
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