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Physicochemical and sensory properties of
non-alcoholic red wine produced using vacuum distillation
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Abstract In this study, the vacuum distillation process for producing non-alcoholic red wine was optimized via response
surface methodology. As a result of optimizing the responses (alcohol content, yield) for independent variables (operating
time, boiling point, and temperature difference), 1% alcohol content and 81.15% yield were obtained at an operating time
of 24.5 min, boiling point of 65°C, and temperature difference of 8°C. To investigate the physicochemical and sensory
properties, non-alcoholic wines with different boiling points (bp 25°C, bp 45°C, and bp 65°C) and a blended wine (4.2%
of control wine added) were prepared. As the boiling point increased, the alcohol content decreased, and CI (color
intensity) and Hue increased. Blended wine exhibited the highest value and bp 65°C showed the lowest value in terms of
sensory properties. In conclusion, distillation at a low boiling point and blending control wine could be used to prepare

non-alcoholic wine with a high preference.
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(CVC 3000, Vacuubrand, Wertheim, Germany)S A3} TH A¥
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w
Yield (%)=Wf x 100

HISEOIEAY A
Azd oole) PRE FHE A3 TH FFL 2 5 Y
=g 3

EIERERES ,°C, e
Bedel AohE ARST HEEARLAS Slste] vl
AL AgSRom, S Wt dndY A3E =
b=

AIZHX ) 15-45%, BEHA X)L 25-65°C, SE=ZH(X)E 8-
16°CE A7gsted Table 13} 72o] 3 F2(-1, 0, No= FEs}sh
H 18 248e E38| Table 29} 7o) HFLS At
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Table 1. Independent variables and their coded and actual values used for optimization of dealcoholization condition of red wine

Coded levels
Independent variables Units Symbol
-1 0 1
Operating time min . 15 30 45
Boiling point of water °C ) 25 45 65
Temperature difference °C 8 12 16
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Table 2. Box-Behnken design for the independent variables and
corresponding response values

Coded levels of variable

Runs Alcohool content Yield (%)
1 X, X, (%)
1 -1 -1 0 1.99 81.76
2 -1 0 -1 2.40 86.63
3 -1 1 0 1.30 81.45
4 -1 0 1 0.97 72.40
5 1 -1 0 0.06 47.57
6 1 -1 0.16 63.93
7 1 1 0.00 24.63
8 1 1 0 0.00 48.87
9 0 0 1 0.01 46.21
10 0 -1 -1 1.27 77.58
11 0 -1 1 0.15 49.80
12 0 1 -1 0.58 77.10
13 0 1 1 0.05 50.95
14 0 0 0 0.19 60.98
15 0 0 0 0.19 59.68
16 0 0 0 0.17 58.67
17 0 0 0 0.18 60.07

X,, operating time; X,, boiling point of water; X;, temperature
difference

eole| 2= £H

25 2 BEAES, 45, 6503 LEAd, 8, 12, 16, 20°C)°]
w2 AA Rl 258 IRIs] 8, TR/ AIHE 30ReE
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=ME AE M=

o|gleld Wl Iz B4 EAMdE SF A U(control), Al
79 BAM@Z@E=F 25°C (restored), =7 45°C (restored), 32
=3 65°C (restored)) B H3} ©}<2l(blended wine)S ARE-3FATE.
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g g e BMog 133t pHE pH meter (Orion Star
A211, Thermo Fisher Scientific, Waltham, MA, USA)E ©]-&3}]
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ARg3le] Brix® WERNAT F57 991 M #2412 CI (color
intensity)$} HueE ©]-8&-3st A3t 7 A AEE 100
343l UV/VIS B384 (V-650, Jasco, Tokyo, Japan)= 420,
520 B 620 nmollA S FEE 3hE ok Aol WSt
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2135171 2131 Design-Expert 125 ©]-&3td T3] -4 (multiple
regression analysis)®} 424 (analysis of variance, ANOVA)S-
AAIBIAAL, p<0.05 FFIA 22F T3] mYe] AFAEE AF
stk o3ty g #5A 54 EA dgete RE Ade
33] o] WHEsle] 9 Aol W ¥ ZFAUAE YRS
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Table 3¢] 3|HAEA AFAE B3l EFE FELE FE(Y) 2 F
Yyl T 24 BRAe olzel 2
Y =0.1864-0.8032X,-0.1922X,-0.4003X,+0.1573X,X,
+0.3157X,X;+0.1456X,X,+0.5085X, +0.1384X,+0.1918X,>

Y,=59.7871-17.1563X,+0.2051X,~13.496 7X,+0.4030X, X,
—6.2667X,X;+0.4090X,X+1.6133X *+3.5747X,1+0.4323X
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Table 3. Regression coefficients and analysis of variance for alcohol content and yield

Source Alcohol content (%) Yield (%)
Intercept 0.1864 59.7871
Linear X, -0.8032%**1 -17.1563%**

X, -0.1922%** 0.2051
X -0.4003*** -13.4967***
Quadratic X2 0.5085%# 1.6133%**
X, 0.1384%** 3.5747***
X2 0.1918%** 0.4323
Interactions XX, 0.1573%*x* 0.4030
XX, 0.3157*** -6.2667***
X, X, 0.1456%** 0.4090
R’ 0.9997 0.9989
F-value (model) 2642.12 681.15
p-value (model) <0.0001 <0.0001
p-value (lack of fit) 5.37 0.572

YLevel of significance *p<0.05; **p<0.01; ***p<0.001

X,, operating time (min); X,, boiling point of water (°C); X;, temperature difference (°C)

L Lol p<0.001 FellM frel4

o2 FFE FAUTK(Table 3). ? dAME M X X, XX, X7
go] e A= Uehthp<0.05). €3& =9
Fig. 16 YERHSITE Fig. lae 2%

HX)e FFEE 022 1AL o AZHX)H B o
sh= ek ﬁ_o— , %—;t@ﬂr AlZkol F7Yg
q& h:l‘:_r— :r—xqoﬂ H]

&
o
(e}
219
0 /%"
=3
[0°]
&
ke
e
8
e r
ol
rlo
rlu
— ooﬁ?,1
i o
&
e ‘Q‘ m“
= rlo g
g 1o 52 1'N
B X2y F_u
2 2
Y

[}
£
ok
o)
tlo
=
L
o
:44
' o
o
;7
_‘a
i
o M
K
il
o

e STV E
K. @% Ao e WslFie. 19
Hlgsle] o] ST Fig lee A]
Feda 2rAdl ne 42
Ao, #edw % zw 1S ¢

&9 Wsh(Fig.

,,
A
> fo

=

PH i
ek
i o
Lo
N
fooy
B
O

2ol

¢

)

off 1o,

o g
(B el
ot o

il TD
k9 o
© il
to & Rl

i
= H?
il

E
il
o X
N
3> B
2
= o
R

)
ol
9
+r
o
o
o
P>
¥ o
B
f—r‘
mIH

:
nzi
o rlo
U
R
W
N
N
O

v 35
o 0

2

A‘?

o}m 5

o

HJ

ffo

fo

0 o

N

N

ol o,

o2l

o mﬁ of

s2

. o
4 % I

i

my,

<

o|\
r,\i N e glo AN du A

A]ﬂ 24. sf, %%%@ 65°C, 2=2; 8Ce] ZZ0A
Aol BAEe] e FEEEF 559 7T 197 &
FEE WEFEHA &2 Y 8LISWH AT F UeS
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Atk olo wel BEH 25°C, B 45°C, BEH 65°CY] €=
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Fig 1. Contour plots showing the effects of vacuum distillation variables on alcohol content (a-c) and yield (d-f)
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olm 9l TR} X FFo| me}t A stk (Park 5, 2017).
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At 1.0 o] 7+ 7HIth(Ribereau-Gayon 5, 2006). &

AFeA B 257 St 43e o] HeldFE
9} Hue #ol BF S7FEJATH(Table 5). CI¢F Huedk2 BE=F
65°C A 71 E=kon, Ydolx] 7HF gttt o] 9}
ole] ¢=TE ghafo] Yold=2 (CI9} Hue %ol ZAdHTY By
gk Liguori 5(2013)2] A3} U35ttt Hopfer 5(2013)l wh
29, 9l A 257} Eold,E A4S Y at 32
2z, FAL el bt e /8ty Busiivh
Czibulya 5(2015) 14.85°CollA] 34.85°CE %7} Z7}3ho) wh
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£ B, €3s ] At ol =9 I 9kl A
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ol wlal 0.8 o]’de] =& Hue $ha 7H4 9f91e] Ao] 24 7}
7HIR7] W L® BRIt Table 5). & 713w Wi o<, #
=4 25°C Hldlo] fARsler, Fe=d 65°C Helele] 71

o %2
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Table 4. Wine distillation conditions for analysis of physicochemical and sensory properties and comparison of predicted and observed
values

Independent variables Alcohol content (%) Yield (%)
Operating time Boiling point of Temperature . .
(min) water (°C) difference (°C) Predicted Observed Predicted Observed
30 25 12.5 0.42 0.45+0.03 61.43 61.26+0.50
30 45 11.5 0.24 0.26+0.02 61.48 60.81+0.88
30 65 12.5 0.10 0.12+0.02 61.94 60.40+0.96

Table 5. Physicochemical properties of control, blended wine and restored non-alcoholic wine (bp 25°C, bp 45°C, bp 65°C)

Alcohol content Total acidity ~ Total soluble solid CI
(%) pH (%) (*Brix) (color intensity) Hue
Control 5.64 3.50+0.01° 0.43+0.00* 4.0+£0.0* 0.517+0.001°¢ 0.697+0.001¢
Blended wine" 0.49 3.42+0.02° 0.42+0.00° 2.1£0.0° 0.533+0.001¢ 0.709+0.001°
bp 25°C (restored)” 0.28 3.57+0.01° 0.410.01° 2.0+0.0° 0.535+0.003¢ 0.710+0.001°
bp 45°C (restored) 0.16 3.64+0.01° 0.41+0.01° 1.9+0.1¢ 0.593+0.001° 0.758+0.001°
bp 65°C (restored) 0.07 3.48+0.01¢ 0.41£0.01° 1.9+0.0¢ 0.634+0.002° 0.816+0.002°
bp, boiling point
4.2% of control and 95.8% of bp 25°C (restored) were blended
JRestored to initial weight (before vacuum distillation) with distilled water
Values in the same column with different small letters are significantly different (p<0.05)
Table 6. Sensory properties of blended wine and restored non-alcoholic wine (bp 25°C, bp 45°C, bp 65°C)
Blended wine" bp 25°C (restored)” bp 45°C (restored) bp 65°C (restored)
Color 7.37+1.07° 7.26£1.05* 6.68+1.00™ 6.47+0.96"
Odor 6.74+1.15* 6.53+1.12% 5.84+0.90° 5.89+1.10°
Overall acceptability 7.32+1.00° 7.05+£1.22% 6.63£1.01™ 6.53+0.90
Sweetness 3.53+1.02* 3.37+1.12° 3.63+1.07* 3.79+1.03*
Acidity 6.32+1.06" 6.05+0.85" 5.84+0.96* 5.74+1.05°
Astringency 4.00+0.82* 4.05+1.13° 3.84+1.01* 3.63+1.12*

bp, boiling point

4.2% of control and 95.8% of bp 25°C (restored) were blended

JRestored to initial weight (before vacuum distillation) with distilled water

Values in the same column with different small letters are significantly different (p<0.05)
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