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Abstract

This study investigated the fermentation and quality characteristics of a fermented beverage, prepared by semi-anaerobic
culture, using sea tangle extract. A central composit design using alcohol(0, 0.5, 1.0, 1.5, 2.0 % [all v/v) ), sugar(0,
5, 10, 15, 20 % (all w/v) ) and 65 °Brix citrus juice(0, 1.0, 2.0, 3.0, 4.0 % (all v/v) ) was used to find the
optimal mix for fermentation. Sensory characteristics, such as color, flavor, taste, sweetness, saltiness, soumess
and overall quality, were measured using a response surface methodology computer program. The optimal conditions
that produced the highest acidity of 0.94 were 2.0 % ethanol, 10.17 % sucrose and 1.99 % citrus juice. The
optimal conditions that produced gel 20.13 mm in thickness were 1.98 % alcohol, 10.94 % sucrose and 1.62 %
citrus juice. The overall optimal conditions that satisfied all the sensory requirements for a sea tangle beverage
were 1.0 % alcobol, 10.0 % sucrose and 4.05 % citrus juice.
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Table 1. Levels of independent variables in experimental design
of the fermented beverage by sea tangle

Coded-variables level

Independent variables X

2 10 1 2

Alcohot” (% vfv) X 0 05 10 15 20
Sugar (% wiv) X 0 5 10 15 20
Citrus juice” (% vv) Xs 0 10 20 30 40

DAleohol for fermentation : 95 %,
2)Prepared citrus concentrate juice for fermentation : 65 °Brix (add sucrose)
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Fig. 1. Effect of sugar addition on pH, total acidity and pellicle thickness of the culture broth during fermentation by G. hansenii TF-2.

Symbols represent concentrations of the suctose as -~ 0%, -@-: 10%.
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Fig. 2. Effect of alcohol content on pH, total acidity and pellicle thickness of the culture broth during fermentation by G. hansenii TF-2.
Symbols represent concentrations of the sucrose as -O- 0%, -@- 0.5% and -A- 1.0%.
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Table 2. Experimental data on physicochemical properties of

acidic beverage fermentation under different conditions based on

central composite design for response surface analysis
Conditions

Sam. Alohol Sugar  Citrus

No." Conc.  Conc. juice Cone

X) X)X

Physicochemical properties

Soluble  Pellicle
pH solid thickness
(Brix)  (mm)

Total acidity
" (%, acetic acid)

ESEAY B FA5Y 2

1 05¢1) 50¢(1) 10() 0092 189 18 110
2 05D 50¢h 30(1) 00762 181 12 130
3 05(h) 150(D) 1061 01254 182 42 130
4 05D 150(1) 300D 00756 167 70 90
5 15D 506D LOCD 06960 205 12 170
6 13D 50c) 301D 05142 170 26 140
7LD 0D LoCh 0.5634 186 28 145 Fig. 3. Changes in image of fermentation bottle of after acidic
8 15D 150D 30(hH 0.6420 173 22 130 fermentation by tea fungus (sample number; 1-16)
9 10(0) 100(0) 20(0) 06708 112 06 75
10 10(0) 100(0) 20(0) 01134 164 54 6.0 M5
112002 100(0) 20(0) 08904 198 24 175 ChAjn} whg o] M=% Ayl Table 631 2t} W
2 0002 100(0) 20(0) 00318 179 44 140 L)E 9R2.17~9.17 Alo] 2 FP 7} uf-g- &gkom @4‘4-‘%
1 B 0_] S “ =
3 10(0) 2002 20(0) 0232 18 80 122 @ oA C2 green Foll ¥ 7Sl ARG} A
—rZ—?'Sl-E]: .& G- o =2 b1 ] = A
4100 002) 2000 0072 06+ 10 00 I 4 :‘ 7; :ﬂ “}E}j = ?j% ; Oi?;j;
uﬂ \:: z Al t: AT l;—'f_‘t‘ (o] 5 Ke) 2]
15 10(0) 100(0) 40(2) 0288 172 64 100 o a e Cha
(<0001).
16 1000 100(0) 00(2) 03174 218 48 110
Mhe number of experimental conditions by central composite design.
Table 3. Polynomial equations calculated by RSM program for the fermented beverage by sea tangle
Responses Polynomial equations” R Significance
Total acidi ¥1=0.262838+0.367575X,+0.04251 7X+0.027187Xs
(%, acetic a?ld) +0.069000X,°-0.001 770X, X-0.002394X;" 0.8481 0.0619
b, celic acl -0.008850X,X3+0.005715X,X;-0.022500X;”
Y,-2273125-0.843750X,+0.044125X,-0.646875X
pH +0.505000X,°-0.002500X,X,-0.001450X;° 0.6061 0.5069
-0.062500X  X;+0. 003750X,X;+0. 142500X3
Soluble solid ¥5=0.850000+2.225000X,+0.272500X:-2.212500X
CBrix) +0.400000X,°-0.350000X, X240, 015000)(2 0.7136 02762
-0.350000X,X5+0.035000X:X;-0.650000X:”
S Y3=12.506250-13.562500X, +0.666250X.-2.531250Xs
Pellicle thickness +9,000000X2-0.075000X,X-0, 006500X2 0.6090 0.5007

(mm)

-0.625000X X5-0.112500XX++0.937500X;”

DX, : Content of alcohol (%, vlv), X, : Content of sugar (%, wfv), X3

. Content of citrus juice (%, v/v).
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Fig. 4. Total acidity, pH, soluble solid and pellicle thickness of acidic beverages fermentation according to fermentation time

Table 4. Predicted level of optimum perparation conditions for the
maxmized and minimumed physicochemical properties of acidic
beverage fermentation by the ridge analysis of their response
surface

Conditions
Physicochemical Alcohol  Sugar G~
properties conc.  conc. il(l;rfce Ezsmeg Morphology
(o 99 (%, W) (g, "

Toal ity M 200 101718 0% Suddl
(, acetic acld) \po 035 521 23 gos  boint
" Max, 14 114 02 231 Sudde
Min, 099 013 233 106 point
Soble soid M 051 175 280 8@ e
(Brix) Min. 047 157 18 Qi Point
Pellice thickness Mx 198 1094 16 2013 Suddle
(mm) Min. 085 018 177 507 Point

usy 54

Ut 25800 B, 42& 9 ENES JUlsl 14
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TegdAtel AAE Al g vk A wld Fof Ao gl
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Table 5. Analysis of variables for regression model of dependent
variables in preparation conditions for concentration of acidic
beverage fermentation

F-ratio
Conditions Total acidity Solubl Pellicle
(%, acetic pH 1.5) uOBe. thickness
acid) solid (*Brix) (mm)
Alcohol conc. (%, viv) 7.39% 053 0.79 144
Sugar conc. (%, wiv) 059 0.52 281 035
Citrus juice conc. (%, v/v) 0.15 0.95 0.63 0.30

1)*:Signiﬁcant at 5% level
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Fig. 5. Changes in pH, total acidity and soluble solid of before and
after fermented beverage at 30°C for 10days.

Symbols represent the fermentation conditions as & : fluid of before fermentation,
M : acidic beverage of after fermentation
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Table 6. Hunter color values of fermented beverage according to
kind of experimental conditions

S am;% Characteristics

No. L a b
1 97.29 + 0.01° 043 £ 003° 498 + 001"
2 9530 + 0.02° -115 + 002 1098 + 0.02°
3 96,66 + 0.01° 056 + 002 6.13 + 001
4 9575 + 116 091 + 0.02° 8.14 + 001"
5 9543 + 002" 068 = 002° 7.66 = 001"
6 94.78 + 0.01° 096 + 0.00" 1114 +001°
7 96.71 + 0.02° 068 + 005 675  0.02°
8 94,05 + 0.02° -110 + 003" 1208 + 0.02°
9 9217 + 022" 017 + 005" 935 + 0.02°
10 96,67 + 001° 060 + 0.04° 6.50 + 001"
1 94.03 + 0.02° 085 £ 0.02% 1037 + 001°
12 9637 + 001° 076 + 007 752 + 002
13 95.28 + 0.01° 068 + 003" 8.83 + 001
14 93.06 + 0.01° 042 + 004 9.05 + 001"
15 9295 + 002 080 + 0.06 12.06 + 002°
16 99.17 + 0.01° 045 + 003" 224 £ 002°

F-value 114507 15745 11361

"The number of experimental conditions by central composite design.
L value; Degree of lightness (white +100 < 0 black).

a value, Degree of redness (red +100 < -80 green).

b value; Degree of yellowness (yellow +70 <> -80 blue).

Values are meanzstandard deviation of four replicates.

Fvalue are ****<.0001.
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Table 7. Sensory properties of fermented beverage according to kind of experimental conditions

See tangle characteristics Citrus characteristics Taste characteristics Acceptability
Sillz)]%le . Color Flavor Taste Overally
: Color Flavor Taste Color Flavor Taste Sweetness  Salfiness  Soumess quality qualy qualy qulity
I 3674058 367:l16  23:ll6 3006106 3002000 300:200°  267208°  200:100 L3056 3000 300200 232231 300:2200°
20 2618 2615 267:116 300:L00% 2330580 300:100" 2330580 2674116 233058% 3004100 3004000 3004100 267:058°
30026783 300000 300:200  LETLIET  L67:L16"  233+106°  267:15° 13058 200:000% 23058 26715 2B:ll6 267405%8°
4 16RO 300:073 2674153 467:058°  200:100° 36741580 4004100 1334058 267:058% 4004100 3004100 3006100 3330567
S 3BL6 43308 36718 1B 133058 167058 2006100 267:LI6 430585 2674058 200000 167058 200:000
6 33l 3308 233058 400:000°  267:05%  23:016®  2004100° 233058 400100° 4004100 267116 L6T058  267:058°
T 3005100 400:100 36713 267:088™  267:L16" 3006178 230580 13:058  400:1000 264058 23:058 200000 23340580
8 2006000 33+ 267:058  400eL00  200:10°  267:4058"  LeTLle 2331058 433058 3006000 267106 267:058  233:058°
9 300:100 33058 30000 2671167 L6705 200:000 2315 267208 430580 300:000  267:058 267058 267058
100 23058 300:000 3006100 300:L00™ 267:056°  333:058"  267:153° 133058 233:05% 3006100 300:00  367:058  333:Li6
I 300000 267:153  267:058  267:058™  233058° 26715 200:100° 30040 467058 300:000 200400 23058 200:000°
12 3006100 267:058  233:058  300:100™  167:058°  200:000 267:116° 23058 L6105 300:100 167058 23058 233058
3 23058 267116 L67:058  300:100™ 267405 300¢00°  367:058° 167058 33MOSEC 267038 2%:lI6 267:106  33Ll6°
Mo O3B0 300000 3674153 26758 33UST 23e016®  2BelI6® 30200 L6705 3004100 36T 200600 300:L00°
15 3002200 333153 233231 467058 4004106 4BLIE 4000100 2671208 33058 36LH 3B0S8 LB 367058
16 367:15  300:100  300:200  333:058™ 3004100 300:000° 400000 3004100 3305 36TLB 3BOS LS 3305
Fvhe 080 056 031 309+ 12 104+ 136* 086 04t 086 082 12 L16*
Fvalue are #<5 <], #++<001, *+%<0001.
2 o T2
FAGAALHL o] 3 v FHEA oﬂ u}z} oA a} 1. Kim, MK., Kim, MY, Youn, EK. and Kim, S.D. (2002)
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