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CHAPTER |
INTRODUCTION

Tangerine (Citrus reticulata) is a citrus fruit widely grown in Thailand.
Several popular cultivars of the tangerine such as Si Thong, Bang Mod, Shogun
and Sai Nam Phueng are generally consumed in Thailand. Tangerine gives an
unique sweet and sour taste of grange. Tangerine juice could be used as a raw
material for wine"makingrsince it contains sugars, proteins, lipids, organic acids,
vitamins and minerals® that d?uld provide sufficient nutrients for yeast
fermentation. 4" additign, its. Colé_)Lr._is unigue which could produce as orange
color wine. Therefore, makirrg WIT‘nef. from tangerine juice could be a good

. ' B s
alternative for value added to.tangerine juice product.
' . '3
ald -’J.'..'
For wine making, several factors such as must composition, fermentation

condition including yeast _stfains are«ﬁbp_rtant in wine fermentation. Wine quality

il

and value ar'e‘-_ determined by wine flavor and ‘aréma which generated during

fermentation'-'gi/‘ species and strains of yeasts. Séétharomyces cerevisiae and
other species;.in particular Saccharomyces bayanus have been studied and
introduced_to_the yeast starter market-allowing the wine maker to select a proper
yeast strains:' for' théir wine~production. Yeast species and strains should be
selected based on their fermentative properties to give a.linique wine flavor.
Using of multistarter cualture; which are now widely beingistudied, could be an
alternative to improve the wine fermentation. These specific art and technology
have been generally used to improve wine quality. There are many researches
reported that fermentation profile of different yeast strains and culture types in
each fruit juice were significantly different. These profiles influenced on wine
flavor and quality (Romano et al., 2003; Clemente-Jimenez et al., 2004; Ciani et

al., 2006).



Since a few systematic researches on tangerine wine making
development have been reported, the fundamental information of the tangerine
wine making process should be investigated. Therefore, it is necessary to know,
(i) proper yeasts used for tangerine juice fermentation, (i) color stability and
formation of chemical substances generated during tangerine juice fermentation.

and (iii) appropriate tangerine > formulation Thus, to add new knowledge in

the field, this study aim aluates asproper yeast species and culture type
for tangerine wine rmentati bévine wine making condition and

AULINENINYINT
AN TUNM NN Y



CHAPTER I

LITERATURE REVIEW

1. Tangerine (Citrus reticulata)

Tangerine is a type . M ;e belonging to the species Citrus

eties of orange belong to genus
—i’

Citrus. It has small to meﬂ"—’ h

as fresh fruit. Tangeri

reticulata. Tangerine is |n ‘tje

is easily peeled rind and eaten
ther types of citrus fruit and its
flavor is very unique it (Kimball, 1999). The color
of tangerine represe t responded by carotenoid

pigment, locating in the

1.1.Cultivation

—__puaj,.“,u‘ .fj ; ]
FAO Esoductmn yearboogt:tangerlne is produced and
consumed if ropica on whei oplies approximately half of the

world product@w. he angerﬁe can be distinguished into 3

areas which are' subtropical betw_een 30° and 40° latitude), semitropical

o] W S BNNS WY 'm@.n 25 of tho ocuon

accordlﬂ'!g to the regional climate (Samson 1986).

In Thailand, the tangerine cultivation can be done in both of highland
and lowland areas where has no inundation. The cultivated period is around 8-
10 months before harvesting. After harvesting, the tangerine is generally
subjected to cleaned, graded, sized and packed before launched to the

market. The postharvest technology is applied in order to prolong their shelflife.



Tangerine is treated by cold room storage, dark room storage and wax coating

(Department of Agricultural, 2007).
1.2. Nutrition value of tangerine juice

Tangerine fruit is mair ed for dessert. Its flavor is also used in

beverage, confectionery, ' c ’ debakery. The peel and juice of tangerine
is commercially impeortant. juice is the main tangerine product
, , >

since it ca:? 0cessec ‘-K« shelflife. The nutrition of
commercial \}\K 1. The juice is an important

source of vit B,, vitamin B, vitamin B,

vitamin B, (fo [ A, potas nd magnesium. It also contains
carbohydrate, pl M s color naturally comes from
carotenoid pigme h s glele antioxidant substance. Moreover, the

flavonoid in tangering i Heo 4 be ial antioxidant to health (Samson, 1986

&

E
ﬂUEl’J'VIEWI?WEI']ﬂ‘i
ammmm UNIINYAY



Table 2.1 The nutrition value of Tipco UHT tangerine (Citrus reticulata) juice

Nutrition value Value per 100 grams Units
Proximates
Protein <0.5 g
Total lipid (fat) 0 g
Carbohydrate g
g
5 g

Minerals

Calcium, mg
Iron, Fe © mg
Sodium, 15 mg
Lipids Jas
[ dns, -

Total saturated fatt '?"'% 0 g

- ﬂi-" -‘"
Cholesterol TR 0 mg

(7 Y]

Vitamins F
Vitamin Ciotal ascorbic acid 48 mg

@ﬁﬁﬁ%ﬂﬂﬁﬂﬂﬂﬁﬁ b
aﬁ Tadnsal N Ininay

Source: Tipco Nutrition Box Label.




1.3 Commercially processed tangerine juice

Several processing techniques used for tangerine juice production are

generally applied in the industry. There are pasteurization, evaporation, freezing

technique, sterilization and also ultra high temperature (UHT) processes. These

variety of processes differently affect tangerine juice quality, such as color, flavor

and in particular nutritional value.

a)

-t
Pasteurization..in.tangerine juice production is generally performed

by using plate pasteur.lization system to provide heat to juice at 95 °C
i
for 30 seeond then rapidly cool down to 4°C before transferring to

packaging process. éasteurized juice product is stored under

refrigerated temberaturé (4°C) throughout storage time. The product
has minimal loss"of nutrmoh and flavor profile compared to fresh juice

(Nispeross= Carnedo and Sﬁavv 1990; Gil-Izquierdo et al., 2003).
7 _.ll

def A

Evaporatior; in thé industrial E équippeq with the double effect plate

C'Qf;;centrators, two evaporators and __-,'a"__‘-thermocompressor pump.
Fresb_ crushed juice is pasteurizéd before loaded into the
evaporatien process. Thesevaporation process consists of two steps.
The first step is ievaporation of the juice at 78 °C to reach 20 °Brix.
The second step is allowing the.juice to reach 60, Brix at 64 °C and
cooling to 4. °C. The praduct is kept under refrigerated temperature

(4°C) throughout storage time (Gil-lzquierdo et al., 2003).

Freezing is the technique used in industry when tangerine exceeds
market demand. This system is equipped with the tunnel,
compressor, evaporator and evaporative condenser. The juice is

pasteurized before transferring to freezing tunnel which process at



-40 °C £ 5 °C for 24 — 48 hours depended upon the load of product.
The frozen juice is thawed by performing the second pasteurization

before packing in aseptic packaging (Gil-lzquierdo et al., 2003).

d) Sterilization in

is generally processed under high

. This condition is used to minimize

or 3 min in retort equipment.
~at room temperature for

e condition in the thermal

.Fhe packaging is treated with
hydro%en peroxide (H, O) prior to .f|II under aseptic zone. The

ﬂ uﬂ ’a w 8 wlﬁow ﬁﬂaﬂe‘gr approximately 1 year.

The loss of vitamin and fIavg of juice is Ialer than the juice

o T G0 Bl 160 Yo dnd koo

Beside these processed tangerine juice products, there are several
products made from tangerine which is found in the market such as jelly,

pudding, cooler and wine. Since this research aimed to study wine made from



processed tangerine juice, wine science and relevant researches are therefore

reviewed in the next section.

2. Wine

Wine is an alcoholic beverage pr ed through the partial or total fermentation of

grapes juice. Wine is generall pes since it contains all important

W

ingredients for wine, includi that possess the acids, sugars,

tannin, minerals, and vita he other fruits such as apples,
cherries, elder-berries e normally called fruit wine.
Classification of wine Icohol content, presence of

carbon dioxide, the vari ' ing Vi ractice and the region where

2000).

and pink @reee whi
the color, the %eetness of winﬁjxlso uses to distinguish the type of wine.

@%E}Q °rq E}%'ﬁ wﬁ ’Qeﬂﬁ into 3 types which are

dry <1% sugar), semlg.weet (1-3% sugar ) and sweet wine (>3% sugar)

A AR T UANAINYAY

b) Sparkling wine contains alcohol content ranged between 9% to 14% by

r'ent@‘oduction method. Other than

volume and carbon dioxide content approximately 3.9g L. Sparkling wine
is also divided into 3 types which are dry, semi-sweet and sweet wine as

described above.



c) Fortified wine is table wines that elevate the alcohol content with by adding
brandy or the other spirits. The wine contains alcohol content ranged
between 17% to 22% by volume. This wine can be classified into 2 types

which are wine added flavor and wine without added flavor.

stalk in order to prevent the

g
and pulp of gr. :
to grape must ajmne beginning stage o macerati@. In the maceration step, the

grape skin, seed J]d;pulp are soaked or macerated under specific condition,

ceperadLebdiive ubt| £ V1T WEIIT1

Y

AR TUNMIINGAY
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Harvest

|

Stemming

fraes—— Crushing ==y

(White Wine) (Red and Rosé Wines)

Fermentation and maceration

é Praslsing
(ros€s —— early)

—~— {late —= reds)

l

Maceration.

I

@ 12.1 The flow diagram of wine making (Jackson, 2000).

Figur

AU AN INENT e
o WE Rkt ST alph V-3 T

pigment, tannin and flavonoids from the grape skins. For red wine making, the
skins are left in the tank for approximately 5 days to 3 weeks. For rose wine, the
grape skins were left in the fermentor for a short time before separated out (< 24

hours). The fermentations are normally performed under warm temperature (24°C

-27°C) for red wine making and under 10°C -15°C for white wine making (Jackson,
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2000). Furthermore, the red wine making requires malolactic fermentation (MLF)

and aging in barrel to improve flavor.

Clarification is done by removal of suspended material and
minimization of substances associated to wine defect. The addition of bentonite is
generally used in the clarification process to settle the sediment before racking
(Jackson, 2000). After racking, the juigé is subjected to filtration process. The
filtration is normally processed through the several filter media which are
diatomaceous earth; cellulose sheets, synthetic polymer membrane and inorganic
and organic membranes (RibéreaLuAGayon et al.,; 2006). For bottling, KMS is
added after the wine' is ‘bottled,l. to limit the oxidation and spoilage of

microorganism. v 4

i
\ -

In the jollowing section, fbe details of important wine making process

are described.

211 Must preparation

Afterri fﬂg destemming, grdshihg and :Ipressing processes, the
concentration of important nutrients and pH of must are adjusted. Commonly,
sugar content in tefmuof total soluble s@lid in juice is measured with hydrometer as
degree Brix (°Brix). The sugar contentrranged in 15% to 25% (w/v) is suitable for
the wine making since it is sufficient for yeast.growth and fermentation (Ribéreau-
Gayon et al.,;-2006). Ammonium salt is generally used as nitrogen source for wine
fermentation. The recommended nitrogen concentration in must is approximately
500mg L. The pH of juice or must is necessarily adjusted before the fermentation.
High pH must is adjusted by direct acidification. Tartaric acid is typically used for
the must acidification. Deacidification of must is required for adjusting low pH

must that is done by blending with low acid juice (Jackson, 2000).
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2.1.2 Fermentation

The wine fermentation is divided to alcoholic and malolactic
fermentations (primary and secondary fermentations) that are responded by

different microorganisms as shown in figure 2.2.

COOH + Ciher compounds Lactic disease

sacteria ——= C _ =60, FCH, - CHOH - COooH  Malolactic
o - Lactic acid

Figure 2.2 The micr ‘ g primary and secondary fermentation

)
; ; ocessed by yeast to convert

' stem to be ethyl alcohol a ‘j‘ carbon dioxide. Malolactic

sugar in the
fermen ﬁ 31% ed in red wine making.
MLF |sa;u/‘ ?ﬂﬂw ‘Hﬁj/ﬁ(ﬁrhc acid (a dicarboxylic

ctic_a ocarboxy ain fermentation
’é ﬁ ‘ﬁﬂ ilo%’lii.l ije’i ﬁl unds are also
generated which could enrich the aromatic quality in wine (Henick-Kling, 1995;

Moreno-Arribas and Polo, 2005; Pozo-Bayon et al., 2005).
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2.1.2.1 Alcoholic fermentation

Alcoholic fermentation is biochemical process which sugar in
particular glucose is converted to ethanol and carbon dioxide by yeast
under anaerobic condition. The chemical process of fermentation is
n below:

2

!_d

\\

Figure 2.3.The . of¢ .'.. .._-_, u.-,

shown as the chemical

,— CH,OH + 2CO,

. Icohol formation (Delfini and

Formica, 2001)

, ; '9 \ .
1, there is one glucose molecule is converted to

two ethanol oI"’fén?f W bon dioxide molecules including ATP,

via metabohs &) " alled olysis as shown in figure 2.4. This

met -&D]II ;::':;:;;;;::.--Annlvllnnl'}'_vlllvtﬂ- HP rObIC Condltlon by yeaSt
Y. A
i

which Utili a swubstrate to produce ethanol in

j
wine.

3 w*ja"'\m“sm mjf; ﬁmﬁ T

fermentation (figure 2.5). The products are glycerol, pyruvic acid and

acetaldehyde. Pyruvic acid from this pathway also oxidized to acetyl-Co-
A before further enters to TCA cycle. Pyruvate is also decarboxylated to
acetaldehyde, which is finally reduced to ethanol (Delfini and Formica,

2001).



Glucose
ATP

ADP
Glucose 6-phosphate

ATP ADP Y
A Fructose 6-phosphate
/

— ATP
F HERSE 1. 0-D isphmhm

Fructose

F P
/ A0

Glyceraldehyde 3-phosphate

NAD Inorganic

WAD :1— Phosphate
" bisphosphoglyceric acid
—— ADP

"—- ATP

)  3-phosphoglyceric acid

Y
s=phosphoglyceric acid

4

-
L)

]

| ¥
(2) Phosphoenolpyruvic acid

wﬂmwmn'ﬁ iad
amm mmm MUY

Acetaldehyde
L— NADH
NAD'
(2) Ethanol

Figure 2.4 Glycolytic pathway utilized by yeast metabolism (Jackson, 2000).

14
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(

20 H.0 20 20
CiH \ Cl:OH glycolyses C::'OH
! \ e Fermentation
CHOH —»CHOH~ -~ £=0--3
" CH'_}O'@ CH20‘® CH‘ by pFOdUCtS
2 | glyceraldehyde- 3-phosphoglycerate  pyruvate
E 3-phosphate NAp NADH,
- _ v
1 0
| CHOH :—-":' O HiPO,
=D |
ok, \a \s\ CH,0H
dihydroxygg - , 4. asphi alycerol
| phospha '.i \ y
Figure 25 The C ’\ e t| (Delfini and Formica, 2001).
At the ea ‘ | € ’l‘ \'« entation, the yeast needs the
metabolic intermedic "j};!ﬁ-‘-’! . gro survival that is synthesized from TCA
cycle with the presenc "q?f’?‘\‘g e 2.6). Then the yeast shifts to the
glycolysis whieh‘the ethanol'is produced when the oxygen is exhausted.
= r;
The TCEcycIe produces several aC|ds intermediates in wine such

07131 1201119 T
0 ol R Th b i)

C|tramal|c acid) by yeast during alcoholic fermentation (Ribéreau-Gayon et al.,

2006).
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Glucnse
!

[Polysacherides] +—————— Gusose & rosphate ———— 6 Pesphoghccee

!

.. | Phanalic tamity
of aming ackds
Etharel
Meonase  ——v- | Siroids |
[ Pusines |
r
4

ﬁﬁﬁﬁ%ﬂﬁ%wﬁﬁﬁ‘mmm
a.mﬁf‘“ﬁiﬁ ATETL) QR [ TRT- 1 T

pyrophosphate (TPP) presence in the system as shown in figure 2.7.
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Pyruvaie &? TPP-C, — - Acclolictale
« "1

CH,

¥ l'r.'HDH
t.:HGII

CH,

Figure i ".‘ \ ediol formation by yeast in

anaerobiosis (Ri ol ’u\“

Yeast is n '- ( \\ orm diacetyl, acetoin and 2, 3-

butanediol under th ¢ co . e condensation of pyruvate and

acetaldehyde bound wit e.cx—acetolactic acid formation. Then the

o e A

oxidative decarb m diacetyl. For acetoin

formation, 40'5 .f olactic acid and diacetyl.

Acetoin is alsogduce 0 2, 3- butanedio Ribér@u-Gayon et al., 2006).

must as the supplement which promoteAs growth andﬂrmentatlon speed

’54 Wil pbedoba ltlieh U b ey b e 20

gher alcohols are noted as the aromatic compounds in wine and also play an

important role to wine quality in term of wine flavor (Fleet, 2003).
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+2H,0
(OOH -2H COOH
e i® ! v
HC-NH —#=  C=NH — -
2 | f‘,r"— “‘-\‘
R R -NH,
Cl)OOH €0,
OH
C/ = R-CHO
~N
| ~OH NADH,
R
NAD
Y
R-CH,OH
Figure 2.8 u'ring Ehrlich pathway (Delfini
and Formica,
From the .8, high ‘alco 10ls are formed by generic carbon

\

radical which represents/as'R. The n in must is an considerable nitrogen

S

source that support yeast-grow .\f lermentation. Amino acids can be utilized

directly by *m:mmﬂzay‘ ecarboxylated to ammonia

and the higher ‘ 0 i-and Formica, 2001).

U

¢

ﬂﬂﬂﬂ qcﬂﬁﬁ??wegrwt?ol is the considerable

primary moduc in the process.

a [ ‘r [ =,- i q'\,o,a acids,
YW IANTLANHT LT T e

process and contribute in wine characteristic. In red wine making process, the

ther secondary products are also formed by

wine characteristic improvement was generally further conducted by the other
processes that are the malolactic fermentation and aging in order to develop

their flavor and reduce the acid taste in wine (Jackson, 2000).
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2.1.2.2 Malolactic fermentation (MLF)

Malolactic fermentation is biochemical reaction of enzyme in wine
performed by lactic acid bacteria. MLF is responded by lactic acid bacteria
such as Leuconostoc oenos, Leuconostoc eoni, Lactobacillus and

f this fermentation process is to reduce the
w malolactic enzyme. This enzyme

converts malic aci IOXIde as shown in figure 2.9.

Pediococcus. The main pur,
\

acidity strength by

|-u|1 ill
L C—H + C0O,
| '
H H

L-lactic acid

Figure 2.9 Lactate ion , ialolactic fermentation (Delfini and Formica,
2001).

The benefi paCt of the is decreasing of hydrogen ion
concentrations which B’W@W O icantly decrease of acid taste. MLF is

(acetic acid, Iactlc ac:ld acetoin and dlacetyl) Therefore MLF is a considerate

ol 1) WE VPTHBAPY oo v omes
Q! mmgmmn NYIRE

After fermentation, acidity, sweetness and color of wine is generally
adjusted prior to clarification. The acidity level significantly associated to the
taste of wine. The total acidity is commonly determined as the titratable acidity

(Ribéreau-Gayon et al., 2006). An acceptable acidity in wine is ranged between
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55-85 g L". For pH adjustment, white wine is adjusted in range 3.1 to 3.4
whereas the pH range 3.3 to 3.6 is adjusted for red wine. Deacidification of wine
is required if the pH of the wine is low, the wine is generally treated with calcium
carbonate. This deacidification method is the precipitation of hydrogen ions of
tartaric acid and malic acid forming with the cations of calcium carbonate.
Sweetness in wine is related to the sugar content. Commonly, sugar content is
served as reducing sugar remaining in wine. The wine is typically dry after the
fermentation. Thus, the base wine is-usually sweetened before bottling. The
sweetness adjustment .eould be done by termed “sweet reserve”, such as
adding sugar in‘formeof syrup, an&f adding of partially fermented grape juice and
unfermented juiCe. Botir' of fwine }aml.d sweet reserve materials are necessarily

decontaminated® by ffiltration “or pasteurization ‘before bottling under aseptic
condition (Jacksan, 2000). J,

‘ '.‘:Jp._

Wine color isfnopmatly improy.edﬁby blending and clarifying processes.

Blending wine is the wine made from mixing of variety wine from many regions.
) ,'al'_"'-_‘_;—_

This process C.puld also improve the flavor of wine! Clarifying is applied to wine

in order to ?n‘r;b‘rove the physical property of Wi_;;e'. This method is typically
stabilize wine -against haziness including elimination of off-odor, excessive
bitterness and astringent phenolics:“In addition, clarifying is used to remove

suspended particle and improve the flavoridevelopment:

Forclarification; wine'isttreated by several technigues such as of adding
fining agent (albumin, bentonite, casein, gelatin, kieselsol, isinglass and
polyvinylpolypyrrolidone  (PVPP)), racking, centrifugation and filtration

(membrane filters and depth filters) (Jackson, 2000).
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2.2 Factor associated to wine fermentation
Factors associated to wine fermentation include must condition, yeast

strain as starter culture and fermentation condition (Jackson, 2000).

2.2.1 Must condition (Jackson, 2000)

e U&/uroe for yeast fermentation is glucose

‘iug ration in must ranged between 20

fficient nitrogen in must can
n kinetic md complete the fermentation.
Thé minimum level ofisufficient nitrogen source is approximately

Pl U8 VLRI BN e 5000

mg L. Nitrogen is required,as the signifieant growth factor of
VT QR W] B b on vees
fermentation to generate aroma compound impacting on wine

flavor.

Beside the sugar and nitrogen sources, vitamin is
considered as the co-factor for the yeast metabolisms. Yeast

supplement includes vitamin B,, vitamin B,, biotin, folic acid and
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niacin. Vitamin B, and biotin are the supplement associating to the
decarboxylate reaction whereas vitamin B, and niacin are the
supplement associating to dehydrogenation reaction. For folic
acid, it is important in transamination and ergosterol synthesis of
the yeast. The addition of vitamin in must is occasionally

We stuck fermentation.

ioa\‘.lla to mineral inform of ion is the

recommende

metabolism requirement such
zinc, iron and sodium. These
~efficiency by providing the

enting cell death in alcoholic

7 fwi“—f «\ process of different yeast
generagd spc es. W
which naturally present in vineyards and on the grape berry, and isolated

%au&rg}meﬂ W@l{w.ﬂaéﬂfﬁﬁerent strains of yeasts

is'a major contributor to the diversi%(.)f wine even among the same grape
ARHARIUANTING TR Y

2.2.2.1 Natural fermentation

eristics@e made from ambient yeasts,

The large variety of bacteria, molds and yeasts were
found on grape skin and involve in alcoholic fermentation.

Common genus of wild yeasts originated from grapes which are
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Candida,  Hanseniaspora, Metschnikowia,  Pichia  and
Kluyveromyces that found as the predominant in winemaking.
Wild yeasts produce unique flavor in wine. These species are
indigenous, non- Saccharomyces species, which play important
role in wine fermentation and wine characteristics. However,

Ce ethanol approximately 6% alcohol and

these microfl

then di Icohol Consequently, the microbial

as,‘be icantly decreased. Then, the

and complete the alcoholic

“approximately 12-14% (Fleet

of the wild microflora (Candida,
}'-\-nf

Hansen/a?ﬁef?i—

—__,. ./,.'L‘.»J -.r.-’

:loerform low éfhafohohc fermentation and the

predictable. Therefore, the

Pichia and Kluyveromyces)

starter C mtro@:ed to the wine industry. The

fermentation of the starter culture offers an advantage on rapid,

A UBFRERGNE G oo

The common starter cultured yeasts ﬁed in wine making

QR RAATRH AR AV o o
strains of this yeast species are used for wine fermentation to

generate the flavor characteristics of wine. Therefore, the
Saccharomyces strains are developed and widely used as

starter cultures in commercial winemaking (Fleet et al., 2002;

Romano et al., 2003; Prakitchaiwattana et al., 2004).
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Furthermore, the starter culture technology is improved
by several techniques. The technique includes using of single,
mixed and hybrid of culture for wine fermentation (Fleet et al.,

2002; Fleet, 2003; Serra et al., 2005; Ciani et al., 2006).

cerevisiae is the main yeast

. This species is widely used

Apart from Saccharomyces cerevisiae.

AU LI E HITEC SA—

in the‘ commerC|aI wine product|on This yeast s
QRIAIN FHURAIN B R e
minimal fermentation temperature is approximately 5°C -
15°C. Saccharomyces bayanus produces more glycerol
and less acetic acid relative to Saccharomyces cerevisiae.
This yeast is reported as the specific strain for some fruit
wine fermentation, for instance longan wine (Chomsri et

al., 2003; Serra et al., 2005).
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2.2.2.2.2 Mixed culture

Originally, wine is the product of the complex
interaction between fungi, yeast and bacteria. Thus, the

mixed culture is an alternative starter culture in wine

wth of some species that also
st-yeast interaction impacts
onduction of the alcoholic

the flavor ~ component

alsomoonduotion of  malolactic
@ s, fermentation. dThe interaction of different species and

ﬂ u 8 ’J %v&m%])@dﬂd&l;ﬂeﬂc% effect on wine quality

Y since different multistarter influence on the flavor profiles
QAT 294D AR e con o
9 20076).7 The controlled mixéd culture of Saccharomyces
cerevisiae and non- Saccharomyces were studied and

reported that they can improve the analytical and

aromatic profile of wine due to the positive metabolic

interactions as shown in table 2.2.



Table 2.2 Utilization of controlled mixed culture in wine making processes

26

mixed cultures aim process
Saccharomyces cerevisiae reduction of acetic acid | Sequential cultures
Torulaspora delbrueckii production

Saccharomyces cerevisiae

|

'f/)ld degradation

Schizosaccharomyces ,oom

Sequential cultures

Immobilized cells

(batch process)

Immobilized cells
(continuous

process)

. L N,
Saccharomyces cerevisiae o" jlycerol

Candida stellata

Immobilized cells
(pre-treatment or

Sequential cultures)

Hanseniaspora uvard

aroma) w

Mixed or Sequential

cultures

e YN
AN TSI

 Sequential cultures

aY

Source: Ciani et al. (2002)
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2.2.3 Fermentation condition

In the wine making process, the composition of must is important
for fermentation efficiency. Several factors such as the oxygen dissolved,

carbon dioxide presence, pH and temperature are significantly influence

é@'e wine fermentation kinetic is

_(approximately 10mg O, L.

on yeast fermentation.

cess (approximately 40mg O,
ation. The oxygen dissolved

east cell division that might

N _ large amount of carbon
dioxideE gener r due @glucose utilization of yeast.
Some researeh indicated thatsthe carbon dioxide might affect loss of
ﬂriu &Jm’% v%q[ig mt@%sgfa]s aeﬁe ester, monoterpenes
awd higher alcohols (Jackson, 2000
ARIANN I u‘mwma d
pH in must normally play, a insignificant role in the fermentation
rate and aromatic compound production of yeast. The yeast could grow
in pH ranged 3-4. This low pH condition can inhibit competitive
organisms in the fermentation system. The pH also affects to the by-

product presence in wine such as leading to hydrolysis of ethyl and

acetate ester.
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Temperature is an another key factor playing role in the
fermentation. It is directly associated to yeast metabolism and
fermentation speed. The fermentation temperature approximately 10 °C-
15 °C is recommended for wine flavor improvement whereas the warm
fermentation conducted under higher 20°C is performed in order to

speed up the fermentation rate (Jackson, 2000).
2.3 Fruit wine and development

Wine can be_made from thie other type of fruits that is usually called “fruit
wine”. The fruit” win€s maki._ng prpcess is relatively similar to grape wine.
However, the specific art or techneiogy used to improve quality of each type of
the fruit wine is still at the mltlal st’age of the development. Although not many
systematic researches abdut' Truit Wi"n'? fermentation are reported, there are some

studies about palm wme mango Wine KIWI wine and orange wine fermentation

and their properties publlshed in scuen:tn‘lc journals and proceeding books. These

,.—-u

studies are reviewed in th|s part (Soufleros et a/.‘, 2001; Selli et al., 2003;

Ezeronye, 2004 Reddy and Reddy, 2005).

2.3.1 Strain.selection for fruit.wine

There are many.reports demonstrated that the interaction of yeast
straing ‘and species specific/invalve in'the-characieristic and flavor of
wine. Many studies investigated the strain development related to their
influences on the aromatic profile for use in winemaking process
(Romano et al., 2003). Ezeronye (2004) studied fermentation profiles of
11 Saccharomyces cerevisiae strains in tropical fruits which were pinop,
mogo, cashew, and papaw. The results demonstrated that the

fermentation profiles of different yeast strains in each fruit juice were
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significantly different and volatile compounds generated were not
identical. Thammarat (1978) reported that during palm wine fermentation,
Kloeckera apiculata was the main predominant in the early stage of
fermentation then Saccharomyces chevalieri dominated throughout the

fermentation

Chomsn

% 2003) compared the fermentation
ces"bay g, Saccharomyces cerevisiae in

at Saccharomyces bayanus

rate of Sac

east S. cerevisiae.

a (2005), they used yeast

paste to make

et

acceptance of sefﬁgry est n. the pure culture of S. bayanus in

man Biteen wine.

2.3.2 B—;it wine
ﬂ (u”&l %Nw E%Q\ @ w &Ia’}ﬂfgﬁnentatuon is not enough

prowde the deS|BabIe charactenshc of wine. For red wine, the

Q W ’]a odotle fefrmeneian HW@ t%&]:’}raaﬁ taste while the

formulation by blending methodology can be applied to fruit wine

production. Soufleros et al., (2001) tried to develop new kiwi wine
making process by selecting the yeast efficient to ferment kiwi juice. The
basic wines obtained were fortified with sugars, CO, and alcohol to find

an acceptable kiwi wine formulation for the consumer. The accepted kiwi
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wine from this study contained 10% alcohol, 4.5% sugar and less than

1% acidity.
2.3.3 Orange/tangerine wine

lli et al. (2003) reported about orange wine
j r and total acidity contents in orange

wine were [ imilar t vine. Total acidity of orange wine
T ——

For orange wi
{

composition th

eas grape wine expressed as
ibuted to orange wine could
be ter. Is. %\ nols, acids, aldehyde, and

umastrakul (1993) provided

10.5% thol, 10% 1 ) sugar, 0.1@9 citric acid 100ml" of total
acidity, an@d 8:8mg 100ml" of aldehyde.

AUEINENINEING

The reports aliout orange wine properties ofgprevious studies are

A Wekpethadl I NE T8 E

Although there are some reports of orange wine characteristics
could be referred the influence of yeast strain on orange wine
fermentation, color and the formulation of orange wine has not been

reported.



Table 2.3 The properties and chemical compoaosition of orange wine
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components in

volatile acidity

higher alcoho |

carbonyl compoung

)

7)2%-1 A7%)

active compounds references
orange wine
Jutajumpol and
citric acid Panumastrakul, 1993;
total acidity
(range . Selli et al., 2003 and

Selli, 2007

iC $:id m—
4 | ——

Selli et al., 2003 and
Selli, 2007

-JEE:;"G'OJEiSi;: g

Jutajumpol and
Panumastrakul, 1993

and Selli et al., 2003

Selli et al., 2003 and
Selli, 2007

ffatty acid

Selli et al., 2003

rSeIIi, 2007

Selli et al., 2003 and
Selli, 2007
¥ ~d

selli et al., 2003 and
Selli, 2007

a [ ]
mm% and

Selli, 2007

lactone

¥ -Butyrolactone

Selli et al., 2003 and
Selli, 2007

isoprenoid

norisoprenoid

Selli et al., 2003
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2.4 Wine flavor and color

The flavor of wine plays an important role on indicating the wine
quality. Flavors are highly complex formation of organic molecules such as esters
and terpenes that contain in grape juice and wine. Wine aroma comes from the
interaction of the grape components ;and is also produced during winemaking
processes, which are fermentation and.aging. The phenolic compounds are the
most important components of wines.ihey are directly related to its color,
astringency, bitterness and oxidative level, and also act as the antioxidants in
wine (Jackson, 2000)..The Compotmds associate in wine flavor and their flavor

notes as shown.intable 2.4.

=t

i
|II -

Duringgstorage and agin@, red wine color changes from bright red to

reddish-brown due o the attrlbutlon ‘of the more stable polymeric pigments
?
formation. The pigments are proceeded from anthocyanins and other phenolic

compounds reactions (ﬂavanSol menomers and polymers). The reactions

"

respond for the format|on of these Changes mcludlng acetaldehyde-mediated

condensat|on,.oo—plgmentatlon and self—assoolatlon,' The most important key
factor affecting to these compound contents in wine are their concentration in
grape, the winemaking technology used, and their transformation during wine
aging processt (Jacksan, 2000). Clarificatian| techniguesralso affect to the wine
quality. Fining process can eliminate some. phenolic compounds of colloidal,
implicated |the' oxidation: and. the ' excess astringency of wing. | Clarifying also
contribute the organoleptic on the characteristics improvement into wine. Fining
agents such as PVPP, gelatin, egg albumin and casein can also reduce phenolic
levels and alter the color in wines (Jackson, 2000; Maury et al., 2001). To drink
wine, serving wine at room temperature can increases the vaporization of aroma

compounds, making the wine more aromatic.



Table 2.4 Chemical compounds associate to wine flavor

Chemical compounds | Sources Flavor notes
Aldehydes and isoamyl
Grapes Grassy
acetate
Benzaldehyde ) Bitter almonds
= d
Ethyl esters, e ‘-H
acetate and st§ Fruity
acetaldehy o 40
e
2-phenylethanalan A,
1Y ' Floral
isoamyl alcohol E -
j#4
Acetates i ists Sweet
. e
e 7
Octanoic Mousy
lonene ose-like
j
Acetoin ’ H. uvarum Buttery
‘a
1] _ . cerevisiae an Eouquet and
27,3-bu anediol d - 'Y,
ARIANNIUATIINY TA &)
f
C. stellata and
Ethyl acetate Sour, off-odor
S. ludwigii

Source: Romano et al. (2003)
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However, some phenolic can provide an undesirable flavor in wine
such as banana flavor note derived from isoamyl acetate which are the product of

yeast metabolism representing the spoilage aroma in wine (Romano et al., 2003).

2.5 Wine regulation

Thai industri rovide a definition for fruit wine. The

fruit wine is the fer without distillation process. The

T——
than 15%. f color, clarity and flavor are
and bubble from the second

acceptable wit .o . Q\\\\\

alcohol content i

—
[0
ered

fermentation. The ) n. of o )ntaminants is shown in table
2.5.
Table 2.5
Conta i-‘-'- .
B TS
[ 1 . ol
q - Copper =
¢ = L%
AROAIATUHRNINEIRE—
q Lead <02
Arsenic <0.1
Ferrocyanide 0

Source: Thai Industrial Standard Institute. (2003)



CHAPTER 1l

MATERIALS AND METHODS

3.1 Experimental materials and equipments

3.1.1 Materials
a) 100% UHT T Thailand)

b) Citric ﬁChemmal Industrial Co. Ltd.,

d) .=_,-,\| JSA)
&) Miciow I

Incu tor (Memmert, Germany) m

ﬁiilﬁfiﬁmifwﬁhm

i Hot-air oven (Bindér, Germany)
q RN AN AR N Y

k) 2-Decimal place balance (Satorious BP 3100S, Germany)

[) Magnetic stirrer (Framo ®, Germany)

m) Muffle furnance (Furnance Carbolote, S336RB Parsons Lane,
England)

n) Kjeldahl distillation unit (Kjeldahl and Vapodest, K424 Blichi,
Switzerland)



3.1.3
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0) Chromameter (CR-300 series, Minolta, Japan)
p) Refractometer (Atago, Japan)

q) Vinometer (Alla, France)

Chemicals

a) Sodium hydroxide, a

ical grade (Merck, Germany)
b) @ Finechem, USA)

radedetBaker, USA)
——

k) Potaﬂu 2 gﬁe (Merck, Germany)

) CoppegII sulphate pentah@rate analytical grade (Merck, Germany)

ﬂ %%‘J’J w &I W§ ‘Hﬁﬂtﬂ §|ynca| grade (Merck,

Germany

o o akdibas pAURAINYIAY

3.1.4 Microorganism cultural media

a) Potato dextrose agar (PDA) (Difco, France)
b) Peptone from casein (Merck, Germany)

c) de Man, Rogosa and Sharpe agar (MRS) (Difco, France)
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3.1.5 Yeast culture
a) Saccharomyces cerevisiae, baker’s yeast (Angel®, China)

b) Saccharomyces bayanus EC1118, wine yeast (Lavin®, Australia)

3.2 Experimental procedures

3.2.1  Determination cal ' | properties of tangerine juice.

3.2.1.1

ermined in CIELAB system by
\ 0 and also investigated by

X A |s experiment was conducted

ﬂd;au

3212 Chemlic p%ﬁg—,ngs
..u.‘z“-“ e
The ical-c S of tangerine juice was investigated as

nt was conducted in 2 replication.

as determined by following

\
(Ap end|x A).

“reducing sugar content of tangﬂne juice was investigated by

ﬂﬁ?&iﬁﬁﬂﬁ?&ﬂw 1] e
RS IAITIRY e

muffle furnance oven at 550 °C (A.O.A.C., 1995) (Appendix A).

® Total soluble solid and pH value were measured by refractometer

and pH meter, respectively.
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3.2.2 Determination of fermentation profiles of tangerine juice fermentation
The tangerine wine was made by following the process as shown in flow

chartin figure 3.1.

Must preparation

® add KMS at final concentration 200 ppm

leave at room temperature for 24 hrs

e 10°cfu ml” of starter culture

\ iInder anaerobic condition at
AN

leave troom temperature for 24 hrs

nperature for 7 days

MS at final concentration 200 ppm

/-0 Dentonite and leave at 4°C

® filtrate thr@gh the diatomaceous earth

ncentration 200 ppm

fl k) ‘VI?:JVI N0 Wl

andhstorage at the refrigerator

ARIANTUYNITTE

wine

Figure 3.1 Tangerine wine making process

Each process shown in the flow chart was conducted as the following

sections.
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3.2.2.1 Must preparation and must condition

The 100% tangerine juice was diluted with water 30%, 50%, and
100% (v/v) concentrations. Carbon and Nitrogen sources in each
concentration were adjusted to 25% (w/v) and 0.05% (w/v) by using sucrose

and diammonium phosphate, respectively. pH of the juice was adjusted to
3.5 using 0.1N citric _aei U“\ juice was decontaminated by adding
potassium metabi > % nal concentration 200 ppm and used
as a must for@
3.222 Sta/ ' "h’d\\_\ﬁﬁre type used for fermentation

used for tangerine juice

Starter culture was prepared

q._ bt :
ml”. The expenmemt—yﬁﬁco

e i ~
table 3.1, Y N £

Table 3.1 The taQerine wine fermentation Conditior@

e 1813 ) TR R

concentra%n
single“culture i mixed clilture (1:1 ratio)
ARSI RN/
L
30% juice S. cerevisiae | S. bayanus S. cerevisiae + S. bayanus
50% juice S. cerevisiae | S. bayanus S. cerevisiae + S. bayanus
100% juice S. cerevisiae | S. bayanus S. cerevisiae + S. bayanus
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3.2.2.3 Fermentation profile determination

Tangerine must was fermented using single and mixed starter
culture as the conditions shown in table 3.1. The starter culture was inoculated

into the must at initial population 10° cfu.ml” and fermented under anaerobic

W t reached 12%. The fermentation profiles
of 9 batches (table 3.1) ere m ;}%v ryday; by determination for alcohol
and sugar cont@

condition at 30 °C until alco

op@tion—ml"e acidity and color, using these

following meth d in 2 replication.

L4 ngerine juice was investigated by
D.A.C., 1995) (Appendix A).
L4 by spreading fermented

\bated at 30 °C for 2-3 days
and en counted the Colony (Yeast & Mold count, A.O.A.C., 1995)

AEEINENINYINT

@, The color of fermented tangenne juice was determined in CIELAB
0 W’]ﬁﬂﬂ?ﬁﬁ ”mﬁ"ﬁ 1}iM ﬁfﬂ
investigated unsell’'s book system ( endix A).

3.2.2.4 Wine clarification and bottling
The fermented juices containing 12% alcohol were added with
potassium metabisulfite (final concentration 200 ppm) for decontamination.

Then, 0.1% (w/v) of bentonite was added as the fining agent and let the
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particle to settle down under the refrigerated temperature for 7 days. The
clear liquid was racked into a new container. The racked fermented juices
were further filtrated through diatomaceous earth by the vacuum pump. The
350 ml of clarified fermented juice was filled into the amber glass bottle
(400ml) under aseptic area. Potassium metabisulphite (KMS) was added into
the clarified fermented juice to a final concentration of 200 ppm, and then
the bottle was closed with easy-0penscap. The bottled wine was storaged in
the refrigerator for afew day before subjecting to the preliminary sensory

test. All experimentsswere conducted.in 2 replication.

|

4

3.2.3 Basic wine selection ;

=t
i a'

The finished wine of' 9 bato':heé after bottling were preliminary evaluated
for off-flavor. Non-off flaver fermen_téd juices were then subjected to methanol

; L4
content determination usiig GC "r_rﬁéth,od (A.O.A.C., 2005), conducted by
National Food Institute, a cammercial facility. The experiment was conducted in

' by
4wl

2 replication.\The basic tahgerine wine making (Condition and quality were

selected based on the criteria of; a proper fermenté_t_ion profile performing of the
batch, residualru_sugar content, acceptable ﬂavgr and the methanol content
limitation (S420mg L"). The selected basic wine was subjected to the

formulation in‘the further study.
3.2:4 Evaluation of an_ acceptability/for the formulated tangerine wine

To determine the most accepted formula of tangerine wine based on
levels of sweetness and sourness, the basic wine selected from previous part
(section 3.2.3) was formulated by adjusting reducing sugar content and acidity.
The reducing sugar was adjusted into 3 levels; 2%, 4% and 6% (w/v) by

sucrose syrup (Appendix D). this range represents as semi-sweet wine (1-3%
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reducing sugar) and sweet wine (>3% reducing sugar) (Lea and Piggott, 1995).
Total titratable acidity of wine was adjusted into 3 levels; 0.50%, 0.70%, and
0.90% (w/v) by adding citric acid (Appendix D). Jackson, 2000 reported that
the accepted range of acidity in wine was 0.55% to 0.85% (w/v). The 350 ml of
tangerine wine was filled into the amber glass bottle (400ml) under aseptic
area. Potassium metabisulphite (KMS) was added into the clarified fermented
juice to a final concentration of 200 ppm, and then the bottle was closed with
easy-open cap. The bottled wine was storaged under the refrigerator for a few
day before subjecting.lo'the acceptance. test.

Therefore, thef9 formulas hff formulated tangerine wine were prepared as
a 3x3 factorial’experiment /The écqeptance test' was conducted in a Balanced
Incomplete Block design»by‘108.|‘“a?sessors (54 females and 54 males), age
over 20 years ald. Each aésessor?gvéluated only 4 out of 9 samples (Appendix
D). Thus, each sample Wésfevalué—.‘fé'éi by 24 assessors.

The acceptability-pﬁ_ﬁe 9 for:rdrr:fglgtpd wine samples were evaluated using

a 9-points hedonic scgle_f@r the “o@é{l_liking”, the “liking of color”, the “liking

of clarity”, the_ “liking of aroma” and the “likingrofiflavor” (Appendix E). The 5-

point Just At;é)pt Right scale was used to determ_i-;qe the perceived sweetness,
sourness, astringency, bitterness and degree-of alcohol (Appendix E). The
evaluation was cafried out in Department of Food _Technology, Chulalongkorn
University rand..“Néw [Story” restaurant, [Rattanakarn; Bangkok. All 9 wine
samples were kept in the frefrigerator (42C). For each &erving, 30 ml, was
served chilll instransparent;i celorless glass containers covered with wrapping
film and codified with a 3 digit random number.

The data was collected and analyzed. Analysis of Variance (ANOVA) was
used to determine effect of factors and interaction (Appendix F). Comparison of
means was conducted using Duncan’s New Multiple range test at 95%

confident level.
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3.2.5 Evaluation of shelflife of formulated tangerine wine

The shelflife of selected tangerine wine formula from section 3.2.4 was
investigated. The 50ml of tangerine wine was kept in the amber glass bottle

under aseptic area. Potassium metabisulphite (KMS) was added into the

clarified fermented juice to a final concentration of 200 ppm, and then the bottle
was closed with easy-0f WZysical, chemical and microbiological
' ry week for 2 months as these

following meth Xperi o , Wd in 2 replication.

,__c emica wine was investigated as

the foIIowieretho' m
“ LRI NN IR T e i

Lane Eynon methad (A.O.A.C., 295 Appendm@

Q T <) 6 b Ehdabl Fhrdea e had S fidetea by tiratea

with 0.1N NaOH (A.0.A.C., 1995) (Appendix A).

L Total soluble solid and pH value were measured by Refractometer
and pH meter, respectively.

L The alcohol content of tangerine wine was observed by vinometer
(Appendix A).

3.2.5.3 Microbiological properties determination
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The microorganism contamination of tangerine wine was

investigated as the following methods.

® The vyeast population was investigated by spreading 0.1 ml of

tangerine wine onto PDA plate and incubated at 30 °C for 2-3 days

AULINENINYINT
ARIAATAUNNIING A Y



CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Investigation of tangerine juices properties and formulation of must

The physical and chemical properties of 100% UHT Sai Num Phueng tangerine
juices are displayed in table 4.1. L*, @ and b* values of juice color determined by
Chromameter were 30.60, +8.95 and +49.32y respectively. Color of the juice was also
observed by using Munsell’s sysiem. HJe was /.5 and Yellow-Red shade was at 7/16.
The tangerine juice contained 48.93% reducing sugar which total soluble solid was 14
degree Brix. The titratable acidity calculéted as citric acid which was the main acid in
tangerine juice, was 0.51%. pH/of the ju.icaé was 3.41, Nitrogen and ash content were

0.02% and 0.27%, respectively.

Table 4.1 The physical'and chemical bréper‘[ies of tangerine juices
o

YA

physical and chemical-properties ___"Jf' experimental result

"~ uL*=30.60+0.05,
color ’
- a*=8195+0.05,
(CIELAB system)
b*= 49.32+0.09

color

Hue 7.5, YR at 7/16
(Munsell'stsystem)

nitragen(%ew/y.) 0.02+0.00
reducing sugar(%w/v) 13.93+0.18
titratable acidity(%w/v) 0.51+0.00
ash(%w/v) 0.27+0.03

pH value 3.41+0.01

TSS (°Brix) 14.00£0.00
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As the result of the juice composition, the content of nitrogen and
carbon source would be adjusted in order to use as a must for yeast
fermentation. After justification, the must contained 0.05% nitrogen and 25%
reducing sugar. The pH value of the juice was also adjusted to 3.5 to follow the

basic condition of must for wine fermentation referred from Jackson (2000).

4.2 Investigation of fermentation profile and selection of the basic wine

Based on physical ana" chemical properties of tangerine juice as
investigated in_seetion” 41, O baiches of tangerine musts (table 3.1) were
prepared and adjusted the cart;bn and nitrogen source contents including the
pH value. Adjusted fnusts ‘of théf'é patches contained 0.05% nitrogen, 25%

reducing sugar and pH ofthe mu%t was 3.5.

dad

The influences of, must é@fn,ogentration and yeast species on the
fermentation profile of ’Eéngerine juééé-’i?vere investigated. The experiment was
conducted in a 3x3 factorial desiéﬁ:f"éé‘shown in_table 3.1. The fermentation
profiles werei?ﬁﬂem{efed—evewday—by—e\e%eﬁ%aﬁén‘jof alcohol production rate,
sugar con;&-mption rate, yeast population ni;T-wber and titratable acidity
changes, and ‘-o-olor of fermented juice. The results are shown and discussed in

the follewing section.
42 A5The fermentation profileldetermination

The alcoholic fermentation of tangerine juice in this study was conducted
using two Saccharomyces species. The fermentation profiles of these yeasts in
tangerine juice under different conditions are shown and discussed in the

following figures 4.1 to 4.6.
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4.2.1.1 Influence of must concentration on yeast fermentation profile

The influence of must concentration on the fermentation profiles of
Saccharomyces cerevisiae and Saccharomyces bayanus and the mixed
culture were investigated in term of alcohol production rate, sugar consumption

rate and the changes of yeast population number. The results are shown in

figure 4.1, 4.2 and 4.3.

14 4
0,
1z 1.63% day a
- 10
2 & | 1.10% day”'
he)
[n]
=
T
10 12 1<
—_—100%
= b
1}
2z
) . -1
245 o 74, 1.48% day
[} iy L
=)
B
=10
14
C
a] 2 a & 8 10 12 14
Dray
— T S0 1 D0

Figure 4.1 The changes of alcohol (a), sugar contents (b) and yeast population

number (c) during fermentation of 30%, 50%, and 100% musts by S. cerevisiae
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Figure 4.1a, 4.1b and 4.1c show the changes of alcohol, sugar contents
and yeast population number during the fermentation of S. cerevisiae in 30%,
50%, and 100% musts. The sugar content in 100% must was constantly
decreased at rate 2.66% day’1 during alcoholic fermentation of this yeast.
Alcohol production was also constantly increased at rate 1.91% day'1 allowing
alcohol to reach 12% within 7 days. The sugar consumption rate of the yeast S.
cerevisiae in 50% must was 2.30% day’1 and the alcohol production rate was
1.63% day'w. Therefore,alcohalyreached 12% within 8 days. Whereas in 30%
must, the yeast®consumed sugar 1.48% day‘1 and produced alcohol at rate

1.10% day'1 resulting’indately reeiched 12% alcohol for 12 days.

i

The number of yeast populations during the fermentation of 30% and 50%
must increased from approximafe;ly 6 log cfu ml” to 7.3 and 7.5 log cfu mi”’

within 1 day then graduélly decré;:é',:se"d throughout the fermentation. Whereas
iid T/
the yeast population number in 100%;51}ust increased from initial around 6 log

cfu ml” to 7 log cfu m_l’1 within 2 days then slightly decreased to 6 log cfu ml”’

g =i

through the last day of fermentation.

The increase of yeast population numberin 100% must concentration
during the fermentation was slower‘than the other must concentrations while it
could!perfetrm.moré rapid.alcohol production rate. 'Sirice at the early stage of
fermentation, in 100% must} yeast could shift to anaerobi¢.pathway faster than
the' ather batches. [t might be@xplained that in the_100% must,/large amount of
nutrients were dissolved, which obstructed to the dissolving of oxygen.
Therefore, the lack of oxygen would retard the growth and division of yeast cell
and drive the cell to early perform alcoholic fermentation (Ribéreau-Gayon et
al., 2006). Consequently, the alcohol production rate of the yeast in this
condition was higher than others. During the fermentation process, yeast

population number would be generally dropped due to nutrient limitation and
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toxicity of alcohol produced as present in these tangerine juice fermentation

(Fleet, 1999).

The fermentation profiles of S. bayanus shown in figure 4.2 were similar
to the fermentation profile of S. cerevisiae in the previous study. The alcohol
production (fig. 4.2a) and sumption rates (fig. 4.2b) of S. bayanus in
100% must concentr were ' an others. The sugar consumption
rate was 3.70% day of ﬁ rate was 2.61% day'1 allowing

alcohol to reac o vf " S, “alcohol production and sugar

were lower than 100% must,
which the su@ar ' St me 3, 5 day’ and the alcohol was
higher than 30% must, which
the sugar con was o day and alcohol production rate was
in the batches of 50% and 30%

reached 12% withi S 2 espectively.

14 2.07% day” 1.80% day”
-
12 “
10 a
Ta
[
e
4
2 1 q ’-]
7 B
z5 b
=
= z0o |
o
el
= 15 |
()
=
£ 10
== -1 -1 -
[ST— 3.70% day 3.12% day 2.64% day
O T T T T T 1
o 1 2> 3 4 5 5 7 8
Dayw
20% 50% 100%




50

7.6 -
7.4 C
7.2
7.0
5.8

Log,,cfu ml!

5.6
G4
G.2

The f|gure 4. 3 shows the fermentatlon profiles of mixed culture in 30%,

m,ﬁaiﬂom Wﬁwﬂ wgmleﬂﬁm production (fig. 4.3a)

and sugar consumption flg 4.3b) rates of mixed culture in 50% must were

THIRY ﬂ‘“ﬁﬂ”ﬁ'm C@;?J"f -
ust was 3.24% day and alcohol produo lon rate was 2 day leading the

alcohol to reach 12% within 6 days. The sugar consumption rate in 100% must
was 2.81% day'1 and the alcohol production rate was 1.90% day'1 resulting in
reached 12% alcohol within 7 days. While in 30% must, the sugar consumption
rate was 2.38% day'1 and the alcohol production rate was just 1.67% day'1.

Therefore, the alcohol in this batch reached 12% within 8 days.
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14
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2.07% day”' 1.90% day’' a

1.67% day’

% Alcohol

L= N 5 R = I -]

% Reducing sugar
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50% —100%
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Figure 4.3 The changes of alcohol (a), sugar contents (b) and yeast population

number (c) during fermentation of 30%, 50%, and 100% musts by mixed culture
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From figure 4.3c, the change of yeast population of mixed cultures
batches was also similar to both single cultures. The increasing of yeast
population during the initial stage of the fermentation was still depended upon

the concentration of the must.

As the result of fermentation of yeasts in different must concentrations, it
indicated that the must concentration influenced yeast fermentation profiles.
Although all concentrations cantained  similar concentration of carbon and
nitrogen sources, the~giowth factor and co-factor such as amino acids,
vitamins, and"mingrals; availablLe in each must were different. These factors
significantly associatesto'the fermentation mechanism of the yeasts (Jackson,
2000). Tangegife juice co»nlta'ms tpe ressential amino acids such as tryptophan,
lysine, methionine, glutamic acid,?glyrcine, histidine, and others which important
to the yeast fermentati"on:'. Thes:_'éj:.éésential amino acids also significantly
contribute the aroma_,.cé'r_r“ipositi()'r?.ﬁpj-“wine (Hernandes-Orte et al., 2005).
Regarding to minerals_inn _tangerine ﬁem particular calcium, magnesium, and

—

zinc, they are necessary for yeast metabolism/isince the availability of the

magnesium (_M_gz+) ion can make membrane stab‘ijl'rty and permeability of yeast
cell to resist the heat shock and ethanol toxicity (Delfini and Formica, 2001).
Beside the significance of amino acids and minerals described above, several
vitamins intangerine juice.such lasithiamin.(vitamin! By), riboflavin (vitamin B,),
and niacin can also promoté an efficiencyzof yeast fermentation (USDA, 2008).
Thereforeyusing| of 100% 4angerine juiceras must, therco-factor and growth
factor were not diluted and still sufficiently existed in the juice to promote the
fermentation mechanism of yeast as described above. Furthermore, metabolize
vitamins could also fulfill the biosynthesis of isoleucin and valine. Consequently,
it can reinitiate the stuck of fermentation and increase the volatile acidity in wine
(Eglington et al., 1993). Adequate thiamins also reduce the carbonyl

compounds synthesis which affect fermentation limits in the production of
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pyruvate, acetaldehyde and acetic acid (Jackson, 2000). Therefore the
availability of these nutrients as the growth factor and co-factor in the 100%

tangerine juice could support the yeast to perform an efficient fermentation.

As the result of this study, it indicated that the different must

y of the yeast fermentation. The basic
/1 carbon source contents, and pH
' w for use as the main criteria for

the must prep ' ation ¢ ice used as the must should

concentration influenced

condition of the mus

langerine juice fermentation was

studied. The 3 ty 1 = profile in 30%, 50% and 100%

Y

14 -t .

67% day 1.10% day a
12 ry
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in 30% must
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From figure 44a and 4.4b, the alcohol productlon rate of three
TR mw T o o
qjecrease(ﬂt rate 2. 3’/0 day and the alcohol content rapidly increased at rate
1.80% day' .Consequently, the fermentation of this batch completed 12%
alcohol within 7 days which was faster than the batches of S. cerevisiae and
mixed culture. The sugar were decreased by mixed culture and S. cerevisiae at

rate 2.38% day’1 and 1.48% day'1, respectively and the alcohol were produced
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at the rate 1.67% day'1 and 1.10% day'1 allowing alcohol to reach 12% within 8

days and 12 days, respectively.

From figure 4.4c, the pattern of yeast population changes of three culture

types in 30% must were similar. The number of yeast population of all batches

Figure 4.5ay4.5b.and 4. c shi entation profiles of three types

50% 1 .' SU( a 2d by S. bayanus and mixed
f a ’

of culture in

NN

2% day ', respectively, whereas alcohol
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culture at ra

A A0 -1
content was ra e 2.07% day .
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Figure 4.5 The chan@ (a), sugar tents (b) and yeast population
number (c) during of'S. cerevisiae, S. bayanus and mixed culture in
50% must
Since th batches were similar, alcohol
reached 12% wi hile the sugar in S. cerevisiae
batch was decreased jat rate 2.3C 3y and alcohol was produced at rate
1.63% day'1. The alcohol e ched: vithin 8 days which was much slower

than the ., [

The inﬂasing of S. cerevisiae populatiﬂ number in 50% must during

the initi q‘mt i %#Wr S and mixed culture (fig.
4.50).@332] after }j:%a e'f rﬂzjﬁﬁ decreasing of yeast
population number of mixeﬁ culture was=more rapid thahboth single culture
%ﬁ;] aeqﬁlglmru%a grﬂi&lvasaril than the other
:I:ulture types throughout the fermentation time whereas this yeast could
produce alcohol at the slowest rate since it could better utilize the sugar to
support its growth (Delfini and Formica, 2001). Consequently, S. cerevisiae

could begin the slower alcoholic fermentation slower than other culture types

resulting in performing the lowest alcohol production rate.
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From result shown in figure 4.6a and 4.6b, in 100% must, S. bayanus
performed the fastest fermentation rate. It consumed 3.70% sugar and rapidly
generated alcohol at rate 2.61% day'1. Consequently, the fermentation
completed to 12% alcohol within just 5 days. Whereas the alcohol production
rate of mixed culture and S. cerevisiae batches were much slower (1.90% day'1)

at rate 2.81% day' and 2.66% day

respectively. Both batehe 2 &alcohol 12% within 7 days.
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Figure 4.6 The changes of Qtents (b) and yeast population

S. bayanus and mixed culture

nber of S. bayanus in 100%

4
by

in 100% must

must at the ini nas significantly larger than S.

cerevisiae and dre, it still'p ed the highest alcohol production
rate (fig. 4.6a and RIS W ; onsistent with the previous investigation.

However, it could be explaif bayanus might prefer some vitamins and
e
citric acid mainl

hi¢h could support the yeast to

grow along-wit 7 “! the other hand, citric acid
which is maicid available in - many types oﬂuit including tangerine juice,

COUIdﬁfo retard Sacerevisiae durifig the fermentation. Therefore, it is possible
that thi uﬂgdnﬂniﬂﬂpalﬂg 100% tangerine juice
U

fermentation since it could perform an effisient fermentationawhich indicated by

Ao bt bd b bor o

From these results studies, the data obtained were also summarized and
shown in table 4.2 to illustrate the fermentation efficiency of each fermentation

condition.
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Data as shown in table 4.2 indicated that yeast species and culture types
performed different fermentation profiles in different must concentrations. S.
bayanus performed the fastest fermentation rate in every must. In 100% must S.
bayanus showed the highest alcohol production rate and sugar consumption
rate which were 2.61£0.00 % day and 3.70+0.13 % day', respectively.

Therefore, the proper conditi d on the fermentation rate for tangerine

juice fermentation co he arof using 100% tangerine juice as must

to grape win - ' »e wine fermentation 1.70 g of
sugar was u
indicated tha ring fermentation to mainly

metabolite such as volatile

generated aad « 7 neincluding flavor acceptability

by consumerould be further investigated.

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂﬂﬂ‘ﬁ
Q‘W?Mﬂ‘im UAIINYAY



Table 4.2 Summerized data of yeast fermentation profiles of each condition
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alcohol production rate (%alcohol day'1)

Sugar consumption rate (%sugar day'1)

. NS 1
%sugar conversion  (%sugar %alcohol )

must \
] |
concentration
A B o) A : 4B o} A B C
f d e e ‘ :‘ c’ d
30% 1.10+0.04 | 1.80°+0.00 | 1.67°+0.00 1 48°40.06 2.64°+0.04 2.38%40.08 1.46+0.08 1.50+0.01 1.44+0.07
£l
50% 1.63°+0.06 | 2.07°+0.06 | 2.07°+0.06 2.30°%0°16 3.12°40.08 3.24°+0.04 1.41+0.07 1.48 +0.00 1.49+0.02
100% 1.91°40.00 | 2.61°40.00 | 1.90°+0.007| 2.66°0.00 | 3./0°20.13 | 2.87 .06 1.42+0.04 1.52+0.05 1.510.07
a,b,c

" value with non significantly difference in eagh rate are indicated (p>0.05)

" value with significantly difference in each rate are indicated by different |&ttérs (p<0.05)

A, B and C: culture types; S. cerevisiae,S. bayafilis.and mixed Cultuie] respéactively

09
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4.2.2 The significant character of fermented juice influenced from fermentation

condition

4.2.2.1 The change of titratable acidity

The changes of titratable acidity in fermented tangerine juice were

determined. The titratable acidity calculated as citric acid, which was main

/»}s and fermented juices was shown in
_-._/-il'_

acid in tangerine juice, i

figure 4.7.
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respectively.

In figure 4.7, the titratable acidity in fermented juices from all conditions
were significantly increased. The titratable acidity of the lowest must
concentration (30% juice) was increased approximately 169%, 192% and

223% when fermented by S. cerevisiae, S. bayanus and mixed culture,
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respectively. Whereas the increasing of titratable acidity of higher must
concentration batches were totally lower. In 50% must fermented by S.
bayanus, mixed culture and S. cerevisiae, the titratable acidity were increased
approximately 73%, 85% and 118% and in 100% must fermented by these
yeasts were increased approximately 54%, 54% and 65%, respectively. This
showed that the citric acid would be decreasingly generated if the fermentation
rate increased. These results alse .indicated that citric acid would be
excessively generatedif the fermentation was processed under improper
condition, suchras'in [owermust concentration'which was co-factor and growth
factor was not'suffigienfor suppiorting yeast to perform rapid fermentation. This
was consistentto the repoit of Ribereau-Gayon etal. (2006) demonstrating that
citric acid was'a general »secondllarx'metabolite of the yeast generated during
alcoholic fermentation. /f fhe Conéj,tic;n was not suitable for alcohol production
the yeast would generaté ejxcess gé:.cc‘)"ndary metabolite instead. Therefore, the
fermentation batches usmg TOOC'V;:..-?rtht as substrate could be a proper

condition for yeast fermentation.in tﬁ of acid generation.

g =i

Howév‘é‘r, citric acid was not only main orzg";énic acid generated during
fermentation. Other acids such as phosphoric acid and organic acids included
malic acid, succiniesacid, acetic acid/fumaric acid, glutamic acid, tartaric acid,
and carboxylic_acid could belsignificantly form during alcoholic fermentation
(Ribéreau-Gayon et al., 2006). In additien, it has been geported that during
orange wine fermentation, dive, acids were generated, which were hexanoic,
octanoic, dodecanoic, 9-octadecenoic, and hexadecanoic acids. Hexanoic
acid and 4-hexanoic acid were found as the volatile fatty acids in blood orange
wine making (Selli et al., 2003 and Selli, 2007). Therefore, to investigate the
significant acid generated in fermented tangerine juice, the advance analytical
method such as high performance liquid chromatography (HPLC) should be

used to characterize the acid profile of the fermented tangerine juice.
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4.2.2.2 Color of fermented juice

The color of must and fermented tangerine juice shown in table 4.3. The
a* and b* value of all fermented juices were significantly different from the must
color. L* value of all batches were significantly increased whereas a* value and
b* value were significantly decreased. This might be the breakdown of
carotenoid pigment during fermentation reaction. Consequently, leading to the
loss of the pigment absorption whichsallowed L* value to increase. The
carotenoids could" be degrad_;d py-~the“enzymatic cleavage called CCD
(carotenoid cleavage .dioxygenase) to form  volatile compounds named
norisoprenoids™as .ihe aromati? compound in wine (Oliviera et al., 2006;

Ferreira et al;#2008). s &

In additien, another pa%hwaly of carotenoid breakdown in tangerine juice,

\ #

which was notdan jeffect of thel:tfe'rmentation, could be also caused from
carotenoid oxidation. This ‘could decompese beta-carotene in tangerine juice
i af ']

akd 3
due to an oxidation feaction stimulated by metal ion and in particular sulfite ion
derived from potassium metabisulﬁé- (KMS) which was generally added for

decontamination of the--muét (Fennema, 1996).

Fermented juices of all batches in this study were then subjected to
clarification to be finish wine followihg the method described in section 3.2.2.4.
The characteristics @f tangerine wine arelisted in table4.4.

From the table 4.4, the characteristic of all 12% aleohol finish tangerine
wine contained | different .sugar /content, acidity and, color. These were
influenced from the fermentation conditions. The sugar content and total acidity
of all fermented tangerine juices were range in 3.40%-5.80% and 0.19%-0.32%,

respectively.



Table 4.3 The color of must and fermented tangerine juices

L* value 2 a*value b* value
fermentation
fermented
condition must fermented juice must ~ must fermented juice
\ juice
1
30% must _ L 4
- S. cerevisiae 69.56" +0.11 70.66° +0115 2.92° £0:08 1.,64°+0.06 37.43° +0.05 30.10°+0.07
4 L
* S. bayanus 66.49" +0.05 68.92° £0,05 331 %002 1.89° 0.01 37.64° +0.04 29.37°+0.06
« Mixed culture 68.13° +0.17 70.05° £0.08 131374002 4 2.18°+0.10 37.29° +0.14 32.19°+0.06
50% must s ‘f" |
(i ol
- S. cerevisiae 57.62° +0.10 60.44° +0.06 580°+0.06 | 204" +0.05 46.62° +0.04 44.75°+0.10
- S. bayanus 57.45° +0.13 65.44%083 | 5.80°%0.03 2.80; 017 46.61° +0.12 43.10°+0.07
- Mixed culture 58.36° +0.77 68.145 #0.47 6.16" £0.08 2.88"° %0/02 46.86° +0.09 40.65"+0.28
100% must !
- S. cerevisiae 31.55° +0.05 36.62° +0%20 7.19° +0.09 3.57°+0.16 48.34° +0.06 46.12°+0.10
- S. bayanus 33.51° +0.04 38.797 +0.23 7.467+0.28 3.75% 40l18 49.66° +0.06 48.64°+0.45
- Mixed culture 31.19°+0.18 35.34% +0.25 7.60° +0.21 3.60" +0.06 50.25% +0.02 48.30°+0.09

*® value with significantly differenge inieachifermentation conditions (Comparing between must ahd fermented juice) are

indicated by different letters. (p<0.05)
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Table 4.4 The characteristics of finish tangerine wine

erine wine characteristic
fermentation condition
Color
juice alcohol L* value a* value b* value
culture types
concentration

S. cerevisiae 82.62+0.13° -3.57+0.10° 36.12+0.06°

30% must S. bayanus 12% 82.79+0.05" -3.75+0.02° 38.64+0.09°
Mixed culture 82.34+0.11° -3.60+0.17° 38.30+0.12°
S. cerevisiae 67.44+0.24° 0.04+0.02° 48.75+0.05%

50% must S. bayanus 12% 67.44+0.06" 0.80+0.02° 48.10+0.19"
Mixed culture 167.1410.17b 0.88+0.06° 48.65J_r0.18b
S. cerevisiae — 230.6620.19° | 8.64+0.06° | 49.10+0.04°

100% must S. bayanus 12% [T} 3.560.15° 05 30.92¢0.46" | 8.89£0.12° | 49.37:0.16
Mixed culture ‘3 47+0.22° o 32+0.00 30.05+0.11° 9.13+0.08"° 49.19+0.17°

=0\ alue with significantly difference 'ﬁﬂcﬂ‘ﬂ Qﬂrﬁ}ﬂ‘ij !Waﬁ "}tﬂ ‘@'SO 05)

" value with non significantly difference inleach rate are mdu:%ted (p>0. 05
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4.2.3 Selection of the basic wine making condition

Although the fermentation efficiency was an important factor for wine
making, to select a proper fermentation condition, flavor and odor generated were
also considered as one of the key criteria for making a basic wine in further study.
Therefore, flavor and odor of all tangerine wine batches were preliminarily tested by
five wine researchers. The main criteria for.basic wine selection are listed in table

4.5.

Table 4.5 Main criteria_ censidered for basic wine selection

i
fermentation condition fefmentation efficiency preliminary sensory evaluation
juice ¥ L
culture Sugar | fermentation flavor methanol
concentra- 3 o9k 4 color
types gonyersion ) time (day) test test
tion id
S. cerevisiag 1.46i¢).08 ', 12 accept | reject N/A
ald vl
30% must | S. bayanus 1/40£0:071 =31, accept | accept | <50mgL’
Mixed culture 14426707 == -8 accept | reject N/A
S. cerevisiae 1.41+0.07 8 ag‘lce\pt reject N/A
LY v ] -1
50% must | S. bayanus 1.48+0.00 6 aceept | accept <50mg L
Mixed culture 1.49+0.02 6 accept | accept <50mg |_'1
-1
S: cerevisiae 1.42+0.04 7 accept.| accept | <50mgL
100% must || S. bayanus 1.52+0.05 5 accept | accept <50mg L
Mixed culture | 1.51£0:07 7 accept | reject N/A

° Value with rion significantly difference in gachrate are indicated (p>0.05)

N/A: Not applicable

From table 4.5, five wines from nine fermented conditions were accepted
from 5 researchers based on their color and flavor. These five wines were then
determined the methanol content. The methanol content in all 5 wines was less than

50 mg L which standardized by the regulation of alcoholic beverage (Thai
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Industrial Standards Institute, 2003). According to table 4.5, based on the
fermentation profile, S. bayanus in 100% must concentration performed the highest
fermentation rate (2.61% day'1) and could convert 1.52 g sugar to 1% alcohol,
therefore it could produce alcohol 12% within 5 days. Citric acid was not
excessively generated during fermentation in relative to the other batches (figure
4.10). The acceptation of color and flaver were also positive. Methanol content was
also less than 50 mg L which was below a'lower limit of wine regulation.
v

Therefore, the®00%juice fermented by S. bayanus was selected as the
condition for basic'winesmaking in th? further study, based on criteria of performing
efficient fermentation. In additio_n, the \a\(ine obtained was also accepted in term of
flavor and color and methanol gleneratlédai'n wine also lower than 50 mg L.

J

However, the %sSugar éohversio-_r:ij:of"this condition was relatively high when
o 1
compared to the %sugar copversion in grape wine (1.7%) as mentioned in section

4.2.1.2. Therefore, too Iarge _amount o@lglar (3.55%, table 4.4) remained in this

e

finish tangerine Wine when compared to the grape Aine. Normally, the residual

sugar in grape Wiﬁe was extremely dry (<1%). This Iarée'amount of sugar remaining
could be an obstacle to tangerine wine formulation in‘the further study. Hence, the
evaluation of the initial Sugar for basic wine making was investigated in the following

section to produtelbasi€ wine containing smalllamount of stgar.

4.2}4 Evaluation of,the initial 'sugar.in must for basic/ wine making by S. bayanus

This part aimed to evaluate a proper initial sugar content in 100% must used
for making wine to obtain the finish wine containing small amount of residual sugar.
The experiment in this part was conducted by varying the initial sugar in must for
four levels (16%, 19%, 22%, and 25% sugar) which were the optimum sugar

concentration recommend for wine making (Ribéreau-Gayon et al., 2006). The
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fermentation profiles of all four fermentation conditions were monitored everyday.
The fermentation profile of four conditions were investigated by determination of
alcohol production and sugar consumption rate, the yeast population number.
Titratable acidity, and the color of fermented juice, %residual sugar, alcohol content,
acidity and flavor acceptation were also investigated. The results are shown in table

4.6.

Table 4.6, reported the fouf fermentation” conditions of S. bayanus that
conducted different fermeniation efficiency. The S. bayanus in each fermentation
condition could geperate differentlIJ_.aICohoI content which was an influence of
osmolality level of must depending uéo'h the sugar content added. The fermentation
of 16% initial sugar srapidly oo&ple?fd;the fermentation process within 3 days
whereas the other Conditions_.cc_)mpletéjq‘tb'e fermentation process within 5 days. In
16% initial sugar batch; thvei_lyeast ﬁg;ﬁ.ormed 1.77% of sugar conversion and
maximally generated 8% aIéOhQI, allowi@éﬂgar remained in finish wine 1.16%. The

flavor of this wine was. net accepted. Although the other batches complete the

fermentation Wi-thjh a—similar_time (5 _daysy —the—alcéhol produced and sugar

remained in win-é'jwere different. In 19%, 22% and éé% initial sugar batches, the
yeast converted sfigar 1.64,1.75 and 1.57 g to 1% alcohol in 1 L and maximally
generated - 10%, [1d% andi12% alcohel; allowing sugar; to-remained in finish wine
1.41%, 1.93% and 3.86%, respectively. The flavor of 19% initial sugar batch was not
aceepted whereasnthe, otherstwonbatchesywerenaccepted. AAcidity in wine of all
batches were not significantly different (p>0.05). The 22% and 25% initial sugar
batches were similarly generated 0.38% acidity, while the 16% and 19% initial sugar

that batches similarly generated 0.32% acidity, respectively.



Table 4.6 Fermentation efficiency and wine characteris

Ot C& ‘tair%intinitial sugar concentrations fermented by S. bayanus

69

Fermentation eff|C|enc ///
Y%initial fermentation \ ] % titratab| g accepted
. oreducing sugar o titratable acidity
sugar sugar time flavor
conversion (day)
16% 1.77+0.03" 3 1.16+0.03° 0.32+0.05° Reject
F
19% 1.64£0.06 " 5 g'{?g‘ 1£0.05° 0.32£0.13° Reject
22% 1.75+0.07° 5 ﬂmo 00° I 93+0.11° 0.38+0.07° Accept
o o/
25% 1.5740.05° 5 ﬂ u%lb_fgow EJ ‘n ﬁ(m E}’] ﬂ(%w : 0.38+0.11° Accept

ab.c,....

value with significantly difference in each rate are indicated by different,letters ( (p=0. 05) s
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The fermentation profile of different initial sugar batches were not similar
since the sugar concentrations could influence sugar utilization of yeast cell
during the fermentation. Normally, yeast could process the fermentation in must
containing 15-25% sugar concentrations. However, for the wine fermentation,

the most suitable sugar concentration was in range 20-22% (Jackson, 2000).

, . tration, the yeast could not
complete th i i st ‘ \ entration lower than 20%.
Consequentl g _"' , irable metabolites giving off-
199/ of initi

flavor in wine inthe #6% an

of performing the efﬂqﬁ' ientation.and the flavor of wine was accepted.
e ( v» "
Importantlw)n amount of sugar | e e wine was also in the range

which could-be : %) and sweet wine (>3%).
The basic tangerine wine characteristic after clarification was the wine

conta ﬁ@ar 11% alcoHel, and 0.38% titratable acidity as shown in

Vo (LT T
qwnmn‘mium"ﬁmné’ ]
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4.3 Evaluation of an acceptability of formulated tangerine wine

The means of overall liking scores of the 9 formulated wines were shown in table
4.7. The result of all assessors showed that the formulas containing higher reducing
sugar content were more accepted than the formulas with lower level. The mean scores

of the 6% reducing sugar formulas

respectively. The statistical ar /sis here were significant effects of the
sugar and the sugar and aei : ' on the “overall liking” score, and

the effect of acidity wa er, the acceptance of female

and male was signifi ale assessors accepted the
tangerine wine more , the data were analyzed

separately by gender.

were significant effects (pS0.0§ e re ng sugar, the acidity and the interaction.

1%

the most. The formulas’| Wil 0.7% or 0.9% acidity were

liked the least.

AUEINENINYINS
AR TUNMIINGAY
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Table 4.7 The means of overall liking scores of the 9 formulas

sample
female male all assessors
formulated | %reducing Yacidity (54 assessors) (54 assessors) | (108 assessors)
wine No. sugar
1 0.50% 5.13+1.78% 4.13+1.85° 4.63+1.86°
2 2% 0.70% 4.634 11507 5.00+1.82"° 4.81+1.66°
3 0.90% 456311.748 5.00+1.41%° 4.81+1.58°
4 0:50% 6/13+1.26™° 5.13+1.85" 5.63+1.65"
5 4% 0.40% 5.'?311 95~ 4.63+1.66 5.13+1.86™
6 * odbod JIf, oips85" 5:26+1.73" 5.69+1.82"
7 *""".0.50% L R8s 5.00+1.50™ 6.06+1.77
8 6% 0.40%F | & 6.655_1.103*’ 5.13+1.45™ 5.88+1.48°
9 0.90% 6.3é;j£;iséb 5.75+1.73° 6.06+1.63"

ab,c

" value with significantly différem_fc:eli'm each cof{atfﬂ-iy:are indicated by different letters. (p<0.05)

7
d e

-t L

For males, tﬁ% acidity was only one factor thatiéi'gnificantly effected on the

- -

“overall liking” scoré‘(’bS0.0S). For each level of % reduc}r{g sugar, the formulas with
0.9% acidity had the highest liking score. The formula with"2% reducing sugar and 0.5%
acidity had the.lewest liking. score .and, the formula, with. 6% reducing sugar and 0.9%
acidity had the highest-liking score: However, nonhe of ‘the! 9%formulas had the liking
score over than 6. This meant all formulas of tangéfine wine were hot well accepted by
males.

Table 4.8 shows the mean scores of “liking of color”, “liking of clarity”, “liking of
aroma” and “liking of flavor” of the 9 formulas evaluated by female assessors. From
ANOVA, there were interaction between reducing sugar and acidity (p=0.05) effected

the liking scores of these 4 properties. The means of “liking of color” and “liking of
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clarity” were higher than 6 (like slightly) for all 9 formulas. These showed that the female

assessors accepted the appearance of the tangerine wine.

Table 4.8 The means of liking scores of the 9 formulas from the female assessors

mean liking scores
sample
(9-points hedonic scale)
formulated | %reducing I 4
o N Y%acidity Color ‘clarity aroma Flavor
wine NO. sugar F
1 0950% 713+ 115 +725#m80° | 550+1.32° | 4.75+1.73°
2 2% 0.40% 466641267 | 6.7584.39" | 6.13+1.26™ | 5.00+1.41%
3 /oéo.% 6.50¢1.j‘i0°d 6.63+1.21% | 6.25£1.07° | 4.50+1.50°
4 B0 A o38i81"" | 618881 455" | 575+1.29° | 5.50+1.41°
f — vl
5 4% 0f70% 6:'63i1.4ﬁ°d‘ 6758129 | 6.00£1.41°° | 5.54+1.89°
" 3 3 J‘.J
6 090%F [,7,83£1.067 4l 7.13:1.23" | 6.13:1.15™ | 6.25+1.65"
7 M r i
7 0.50% | 712641.07°447.00£4.32"° | 6.63£1.31° | 7.00+1.56"
¥ " r g g )
T I ':-_'ljl
8 6% 0.70% “[-6:63:1.21° 1 6:75+1.39" | 6.25¢1.48" | 6.38+1.41°
9 | 0.90% 1663t121° | 6.63+1.31° 5636121 | 6.25¢1.29"
3 d

ab.c,..

" value with signifiéér_fuly difference in each column are indicated py different letters. (p<0.05)

For aroma, the result showed different trends depending on the reducing sugar
containing in wine. Far the formulas containing 2% and 4% reducing sugar, the samples
with higher %acidity had higher liking scores, but the formulas with 6% reducing sugar

gave thelconfrast resuit.

The liking score of flavor had a similar trend to the “overall liking”. From ANOVA,
there was the significant effect of reducing sugar (p<<0.05). The higher levels of
%reducing sugar represent the higher liking scores for flavor. The formula no. 7 (6%
reducing sugar and 0.5% acidity) had the highest score for “liking of flavor”. Because of

the interaction between reducing sugar and acidity, the trends of liking scores for flavor
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at each level of reducing sugar were difference depending on %acidity. The flavor was

a key attribute driving the acceptability of the tangerine wine.

100 -
K
80 - .
70 -
£ G0 A a
5 —1 4 Too high
E 50
: . = ® Slightly too high
= 5 !
(=] v
& o § - M Justright
20 - ;\; : i Slightly too low
10 - N # Too low
N A E NN
Figure 4.8 The percentage of Ggﬁs’é‘ﬁer ategories of the sweetness
evaluated by Just «y e samples (24 females)

From figure 4.8, II’among 3 levels of reducmg sugar, the formulas containing 6%

reducing sugaﬁauﬂg@ WE wéﬁfWaEl q ﬁafﬁsaected the “just about

right” for sweetfiess. The sample no 7 had 62. 5% of female assessors accepted the
sweetra Wﬁﬁ)ﬁwﬂ ﬁom ﬁ%%tﬂ ﬂtf'rtﬂeﬁjmple no. 9 also
had 62.8% of female assessors accepted the sweetness, but 37.5% thought the
sweetness was too low. This showed that %acidity also effected the perception of

sweetness.

For the 3 formulas containing 2% reducing sugar, most of assessors thought
that the sweetness was too low. These showed that the sweetness played the key role on

the perceived sweetness and may be a key drive of the acceptance in flavor of wine.
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Figure 4.9 The percentage of cons! r.fg: St ']‘ -1\‘ categories of the sourness
evaluated by Just About Rig JA -,__'*" tar;~ ine wine samples (24 females).
From figure 4.9, am Jh,lwl garethe formulas containing 6%
reducing sugar had! ’;:-;:::-’:: """"""""""""" ng- the “just about right” in

sourness. The samplﬂno. anc 5 of female assessors accepted the

sourness, with 12.5% thoyg&thls formula Wi’too sour. The sample no. 9 also had 50%

of female asseﬂ § dobepled the|sBrfidss: BLtEDE Frobhi (g sourness was too high.

For the 3 formmas containing Z%Jeducmg su%r most of assessors thought that

o AR BT B A AT B B oo e

on the s@urness, while increasing in %acidity did not effect on the perceived sourness

that much.
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Figure 4.10 The percent ge fofs qcﬁsy

o selected each categories of the
Nl '

) scale of all tangerine wine samples (24

of “just about right”, more

than 60% of female asgssors encyﬁ@ept the sample no. 3 which

had 50% for “just about r.gg While the 3 fc&pulas with 6% reducing sugar (wine no. 7,

6 a9 haﬂ S84 VLB W B lgq;}f ecucing suger, e

percentages of “too high” categog,/ got hlgher

The 3 formulas with 0.9% acidity (wine no. 3, 6 and 9) had 12.5% selected in
“slightly too low”. These showed that the sweetness of tangerine wine samples play more
important role on the perception of astringency. From the result, the % reducing sugar

could play the important role on the astringency.
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Figure 4.11 The percentage  of: éfﬁé‘ ; ‘ Iected each categories of the
bitterness evaluated by Just b? E sé" > of all tangerine wine samples (24
females). s
'.Iy;-‘-;:-‘;:::: ————————— \ﬂ reducing sugar had high

percentage in “just abﬂt g

For the formulas Contain'g‘-\%low level of re(&J;ing sugar, especially in sample no. 1-5,

showed the gﬂatu%]céaagq & Ja86e5sord/n oo fichJand “siighty too high”

categories for bﬂlerness. These show,ed that sweetness and sourness had effect on the

R RARIATUEN1INY1A Y

87. %)J]}xcept the wine sample no.8.
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Figure 4.12 The percentage/of cor 78 :
g, VA

o - . .

it (JAR) scale of all tangerine wine samples (24

h categories of the degree
of alcohol evaluated by Just About R‘i"‘

females).

no.3-9), tended to have just about right” for degree of

alcohol than the sa no.1 and 2) which more

assessors perceived "6 degree of alcohol as “too hig’ or “slightly too high”. These

ts::gv:a;: etr:tn ;@nﬁﬁswﬁwngwﬁﬁﬁfﬁe degree of alcohol in
o A DILANAANEIAL. .. s

and degree of alcohol using Just About Right, showed that the level of reducing sugar
had higher influenced than acidity. However, both factors played role in acceptability of
tangerine wine. The sweeter wine (formulas with 6% reducing sugar) was well accepted

by female assessors.
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Table 4.9 shows the mean scores of “liking of color”, “liking of clarity”, “liking of
aroma” and “liking of flavor” of the 9 formulas evaluated by male assessors. The means
of liking scores for these 4 properties were rarely higher than 6 (like slightly) for all 9
formulas. These showed that the male assessors were not accepted the tangerine wine

that well, and supported the “overall liking” scores.

Table 4.9 The means of liking scores of the'9 fbrfnulas from the male assessors

J mean liking scores

sample
(9-points hedonic scale)

formulated | %reducing |« " \
%aeidity colori clarity aroma flavor
wine No. sugar ’
“?7 v . 40 abc bc c
1 /3’.50% 6.00¥159 | 5.88+1.70 5.00+1.89 4.25+1.73
2 2% 0#70% 5".5Qi1.5b_. 16.2541.29° | 4.63:2.20° | 5.13%1.85"
3 0.90% 4 504212 | 4.88+1.85° | 5.25+1.80™° | 5.13+1.36"
” ek ‘ *-' C a c
4 0.50% | 56315845563+ 1 66| 5.88+1.78 5.00+1.89"
5 4% 0.70% | *5:43+1.36 | 538+150°° | 4.75+1.65° | 4.88+1.85™
6 W 000% | 588£1.36 | 5.76£129% |5.75:1.29° | 5.63:1.66™
7 L[ 050% | 5.88+1.54 | 6.13£1.26% [ 5.00+1.67™ | 5.00+1.82"
8 6% | 10.70% | 5.7541.65 | 5.75+1.65°% | 5.63+1.21% | 52541.57"
9 0.96% | 5.38+1.66 §.5.13+1.92° | 5.75%1.29° 6.25+1.29°

a,b,c

" value with significantly differencein each column are indicated by different letters. (p<0.05)

NS value with non significantly difference in;gach column are.indicated (p>0.05)

From ANOVA, %reducing sugar, acidity and their interaction did not
significantly effect the “liking of color” (p>0.05). The interaction between reducing sugar
and acidity were significantly effect on the “liking of clarity” (p<<0.05). However, the
mean scores of “liking of color” and clarity of the 9 formulas were around 5 to 6, which
were “neither like nor dislike” or “like slightly”. These meant the appearance of the

tangerine wine was not quite appealing to males.
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For the “liking of aroma”, the reducing sugar containing in wine had significantly
impact the acceptability. The formulas with 6% reducing sugar had slightly higher in the

liking scores.

The scores for “liking of flavor” showed the similar trend to the “overall liking”
scores. From ANOVA, there was the significant effect of acidity (p<0.05). The higher
levels of %acidity had the higher scores for“liking of flavor”. The formula no. 9 (6%
reducing sugar and 0.7% acidity) had the highest score which is the only one that was
greater than 6. Therefore; %acidity.played more important role on “liking of flavor” which
was a drive the acceptabilityof winé: & |

!

The figure 4.13"to 4.17 showed “,t‘ne results from Just About Right scale for
sweetness, sourness, astringency,.bitterna’;ﬁs‘s ’and degree of alcohol. The formulas no.9
(6% reducing sugar with 0.9% adi'ditl'y), whi:c';ﬁ:.v\‘/"ere most acceptable by male assessors,
had the highest percentage inJf»‘lju*s'j[daboutl;griyr’pategory for sweetness, sourness and
astringency (75%, 62.5% ar_w_d- _8?.5%, rt?lg?@__é?_ti_vely). However, 75% of assessors

percepted that the b'it'tgrness, and 62.5% percepted the de;@fee of alcohol of this formula

as “slightly too Iow”'-'é‘nd “‘too low”. Apart from productiimage, a lady wine product,
tangerine wine was not‘accepted by male assessors might be cause by another error.
Since the “overall liking” attribute of tangerine’ wine_was_evaluated, its score could tend

to influence the othefattribute scores.due ttothe'halo.effecti(Meilgaard et al., 2007).

Thus; frann the! Just About: Right result ((sweethess, sourness, astringency,
bitterness and degree of alcohol), showed that the level of acidity had more influence on
the acceptability of tangerine wine. Comparing to females, males like wine with more

intense in flavor, which must had higher degree of alcohol and bitterness.
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Figure 4.14 The percentage of consumers who selected each categories of the sourness

evaluated by Just About Right (JAR) scale of all tangerine wine samples (24 males).
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Figure 4.16 The percentage of consumers who selected each categories of the
bitterness evaluated by Just About Right (JAR) scale of all tangerine wine samples (24

males).
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Figure 4.17 The perceniage of ngt%ﬁg’f “who selected each categories of the degree
of alcohol evaluated by Just A oﬁt , fr'f_' scale
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Table 4.10 and 4.11 showed the influence of the experience in fruit wine
drinking on the “overall liking” score of the 9 formulas by female and male assessors,
respectively. The “overall liking” score of formulated tangerine wine were ranged in 4.44
— 7.33. For each formula, the result showed that the “overall liking” scores between the
experience and no experience groups were not significantly different (p=0.05) for both
female and male assessors. It could canclude, that the experience in fruit wine drinking
was not influence on the “overall liking” score in [emale assessors.

”

Table 4.10 The effect of the experience, in fruit wine drinking to the mean score in female.

sample Iéxperience group no experience group
%reducing 1 —=N
no. %acidity f=—mean+SD N meantSD N
sugar A &
P |
1 0'50%; .\ { 5001473 7 | sass18s | 17
S ad
2 2% 0.70?/9: 4.71'_;.!:___’1,1@8 7 4.59+1.58 17
3 | 000% | BATEIAT L 6| 4441182 18
4 A 0.50% 6.33:0.52 | 6| 6.06:1.43 | 18
5 4% | 0.70% 5.86+1.86 | 7 5.53+2.03 17
6 0:90% 6.67£0.52 6 5.94+2.10 18
7 0.50% 7831721 6 70641139 18
8 6% 0.70% 6.75+0.96 4 6.60+1.14 20
9 0.90% 6.29+1.38 7 6.41+£1.58 17

No significantly different between the 2 groups in each formula
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Table 4.11 The effect of the experience in fruit wine drinking to the mean score in male.

sample experience group no experience group
Y%reducing
no. %acidity mean+SD N mean+SD N
sugar
1 0.50% 4.00+1.85 8 4.19+1.91 16
2 2% 0.70% 48841489 8 5.06+1.84 16
3 0.90% 4.88+153 8 5.06+1.57 16
4 0:60% 5.00£1.77 8 5.19+1.94 16
5 4% 0.4#0% 4.%'Oi1.51 8 4.69+1.78 16
6 0190% 5.13+1.46 8 5.31+1.89 16
| 4
7 050%:, 4881r136 8 5.06+1.61 16
8 6% 04 0% = 5.00;1‘.,'_0‘7,, 8 5.19+1.64 16
9 0.90% |- 563£1.60+ 8 5.81+1.83 16

No significantly diffeaén%behveea%he—}greups in-each-formula

According to this study, the result showed that the acceptability of 2 formulated

tangerine wines.were|tangerine:wine with14% @alcohol,Contained 6% of reducing sugar

with 0.5% and 0:19% of acidity, respectively, by all assessors. For females, the result

reportedy, thatr 5+ aecepted-tangerine winesy werestangerine swine, with 11% alcohol,

contained 4% of reducing sugar with 0.5% and 0.9% of acidity"and 6% of reducing

sugar with 0.5%, 0.7% and 0.9% of acidity, respectively. In contrast in males, although

the highest overall liking score of formulated tangerine wine was tangerine wine with

11% alcohol contained 6% of reducing sugar with 0.9% of acidity, this formulated wine

was not accepted. From the result in this study compared to the study of wine making

from kiwi fruit, the characteristics of the accepted tangerine wine was nearly similar to
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kiwi wine, contained 10% alcohol, 4.5% of sugar and less than 1% of acidity, in term of

alcohol content, sugar content and acidity (Soufleros et al., 2001).
4.3.3 Shelf life of formulated tangerine wine

From sensory evaluation study, the tangerine wine formula no.7 was accepted
with the highest score. This formula was selecied.for shelflife evaluation. The shelflife of
tangerine wine was evaluated by deter_n}ination of'physical, chemical, microbiological
and off-odor properties-@during_stotage under refrigerator temperature (4°C) and room
temperature (30°C) for2 menths. Thesegl properties were monitored every week. The

results are shown in table 4 42 and table 4_.1,3, respectively.

- =t
i

\ A

Data in table 4.12 reported' properfies of tangerine wine during storaged under
4°C. The color of wine was deterfnihed usi"h&gj CIELAB and Munsell’s system. The color
determined by Munsell’s system vvas not changed during storage whereas the color in

CIELAB was not significantly changed (p>O_T From the result in CIELAB, L* value was

not significantly (p>O 05) mcreased whereas a* value and b* value were not significantly

(p>0.05) decreased. The increasing of L* value might be the breakdown of carotenoid
pigment during storage,/lead to the lost of pigment absorption which allowed L* value to
increase (Oliviera et al., 20086; Ferreira et al.f2008). Beside the color, the precipitation is
normally observed .«in (tangerine’ wine! The white precipitatien is also reported as
significant detect normally found inf'wine duringsstorage, whichgs caused by ferric
formation from the lspoilage yeast.and yeast autolysis (Jackson, 2000). However, under
storage condition at temperature 4°C, the precipitation of tangerine wine was not found

throughout 2 months.



Table4.12 Properties of tangerine wine storaged under refrigerator temperature (4°C)
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physical properties microbiological
chemical properties
storage color properties
. ) off-
time precip yeast mold
NS Munsell’'s Y%reducing NS LAB count odor
(weeks) | CIELAB -itation w | % acidity count _1
system sugar . (cfuml )
(cfuml )
L*=67.96
0 a*=-1.54 | 2.5YR8/14 0.51£0.00 <100 <100 ND
b*=51.53
L*=68.18
1 a*=-1.56 <100 <100 ND
b*=51.33
L*=68.22
2 a*=-1.56 <100 <100 ND
b*=51.08
L*=68.52
3 a*=-1.57 | 2.5YR8/14 <100 <100 ND
b*=50.96 ‘
L*=68.61
4 a*=-1.57 | 2.5YR8/1 <100 <100 ND
b*=50.96
L*=68.67 )
5 a=-158 | 2% ¢ <100 <100 ND
b*=50.93 m
L*=68.78 ~
6 a*=-1.59 2.5YR§A& ND 5.90+0123" <100 <100 ND
| ] . B i 5 |
~ @ U ANENINENNT
L L] - L -
L*= 68‘]
7 *=-159 | 25YR8/14 ND | 5.97+0.04 +0.05 <100 i <100 ND
F = | s .
09 6 ' l . | '
H L*=69.14
8 a*=-1.61 | 2.5YR8/14 ND 6.00£0.08 | 0.51+0.00 <100 <100 ND
b*=50.89

"® value with non significantly difference in each column are indicated (p>0.05)

LAB: Lactic acid bacteria

ND: Not detectable
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During wine storage, the sugar content and acidity should be observed since
decreasing of sugar and increasing of acidity might be occurred due to yeast
contamination. They utilize sugar and acid for their growth (Ribéreau-Gayon et al.,
2006). Furthermore the utilization of sugar and generation of acid are also originated by
the lactic acid bacteria (LAB) that produced mousy odor (Jackson, 2000). Therefore, the
changes of sugar and acidity were manitored and it was found that sugar and acidity
were not changed. Jackson (2000) repoiteds that spoilage yeast and bacteria
approximately 10° cfu ml”" could cause off odor and lead to wine spoilage. From the
microbiological property™determination, yeast and lactic acid bacteria were not
observed throughout storage time:in thi”ﬁ study. In addition, the off-odor was not also
detected. Under this eondition; the ghange,'s of physical, ehemical, and microbiological
properties were not presence and ’oﬁ—flil'avE?r was not also observed. It could be
concluded that, based on these prdperties‘?the' shelflife of tangerine wine storaged under

refrigerator temperature (42C) Was lo"nger tharg 2 months.

ald o 1

== ,.‘,J

Data shown in table 4.1_3;reporteqﬁi(el_properties of tangerine wine during

storage under room te;_mperature (approximately 30°C) for 2, months. The results were

relatively similar to thé""fesult of tangerine wine during stor:agje under 4°C which was all
properties were not changed during storage. Thereforg; it could conclude that the
shelflife of tangerine wine stéraged under rodm temperature (30°C) was also longer than

2 months.

In conclusian based ongthe chemical, physieal, microbial propeérties and off-odor,
tangerine wine formula no.7 could be storage under both refrigerator and room

temperature longer than 2 months.
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physical properties
chemical properties biological properties
storage color
) ) Off-
time precip yeast mold
NS Munsell's Y%reducing NS LAB count | odor
(weeks) |  CIELAB -itation w | % acidity count B
system sugar . (cfuml™)
(cfuml ™)
L*=67.96
0 a*=-1.54 2.5YR 8/14 0.54+0.05 <100 <100 ND
b*=51.53
L*=68.36
1 a*=-1.54 <100 <100 ND
b*=51.17
L*=68.54
2 a*=-1.57 <100 <100 ND
b*=50.98
L*=68.58
3 a*=-1.59 <100 <100 ND
b*=50.72
L*=68.76
4 a*=-1.59 <100 <100 ND
b*=50.70 T
TR S e
L*=68.89 B
5 a*=-1.59 ND | 5.98+0 <100 <100 ND
b*=50.69
L*=68.91
6 a*=-1.61 2.5‘1‘@” ND 5.92£0.19 | 0.51x0.00 <100 <100 ND
~E I ANYNTNEINS
P I VIV W
L] L] L L L] L -
L*= 6@6
7 *=-1.61 | 25YR8/14 : 6.06+0.1 .54+0,05 <10 <100 ND
= ‘
q W 6l Y18
I L=69.24
8 a*=-1.63 2.5YR 8/14 ND 5.98+0.28 | 0.51+0.00 <100 <100 ND
b*=50.64

"® value with non significantly difference in each rate are indicated (p>0.05)

LAB: Lactic acid bacteria

ND: Not detectable



CHAPTER V
CONCLUSION

1. The proper basic tangerine wine making condition was using 100% juice
concentration contained approximately 22% reducing sugar as must, and fermented by
single culture of yeast Saccharomyces bayaats under 30°C. The fermentation profile of
this condition demonstrated that the yeast-Could convert 1.75 g of sugar to 1 g of
alcohol. The sugar consumption-rate wa_sj 3.71% day'1 and generated the alcohol at rate
2.57% day’1 allowing algehol 6 reach j1% within 5 -days. The basic tangerine wine
characteristic after clagification containlgd 1.983% sugar, 11% alcohol, and 0.38%

4

titratable acidity.

2. The acceptance of formulated _tapgerinéfwiq?s in both of female and male assessors
was different. From the sensory eyaﬂluatioh".'-'gaff_,formulated tangerine wines, it was found
that the sweetness, sourness and their intefgic:tf?)n significantly (p§0.05) influenced on
the product acceptability in-female 'assessor:éi"\"/\'}h‘e'r’eas the sweetness was the key factor
that played role the Ilksﬁg—seefes—m—feﬁﬂa%e—assessefs—&out of 9 formulated wine were
significantly (pS0.0é)‘ accepted. The most accepted forhw-t-JIa was the wine contained
6%sugar and O.5%aciaity (7.13+£1.33). Although the sodmess was the key factor that
played role thealiking 'scofes in male “assessors, alll formulated tangerine wines were

significantly (p<<0.05) unaccepted.

3. Based on the physical, chemical, microbiological and flavor properties. The accepted
tangerine wine formula could be storaged under refrigerator and room temperature

longer than 2 months.

RECOMMENDATION

This study could be an alternative model for development of other fruit wine

making, in order to value adding fruit juice products.
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APPENDIX A

Determine the physical and chemical properties

A1: Determination of juice color

Instruments
1.
2.

Methods

1. Switch on

2
3. Set channel-00 wij
4

node and record data

3\

Place sample G

Instruments
1. Distillation|UniE(KjedaRTaT iohi] Switzerland)
2. Kjeldahl flasﬂ ’ | 1l

3. Conical flask ‘

4BurﬁuEI’JVlEJVI§WEﬂﬂ§
@R QINTU NN INY1A Y

1% Sulfuric acid (concentrated)

2. 0.1 N sulfuric acid

3. 50% (w/v) sodium hydroxide

4. 4% (w/v) boric acid

5. Selenium reagent mixture

6. Methyl red-methylene blue indicator
7. 0.1 N hydrochloric acid
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Methods

1. Accurately weigh out 0.7-2.2 g of sample on a low ash paper and transfer to a
digestion flask.

2. Add 5 g of selenium reagent mixture.

3. Add 30 mL of concentrated H,SO,

V

' . Set the thermostat to 400°C and
t umtil t%ﬂbeoome clear.

block and place on the stand

4. Place the rack and tubes i

igestion apparatus. Connect the exhaust
manifold onto the tubes and
turn on and leave for 45 mi

5. After the 45
to cool. Leave the w ed. Then, remove the manifold
when the tubes are ¢

6. Place the t d add 80 ml of distilled water

7. Place a conical/fla ' 50 m 4% w/v boric acid and 4 drops of

8. Run the distillation proce

9. Remove thel fla: ) i atd the ammonia in the flask to

the original purplish W »

7 0
Ca'°”'at:;emﬂugjr ANURITNEADS o010

Nltr?ﬁen content (%) = %Protein content /6:25

NN TN NYIa Y
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A3: Ash determination (A.O.A.C., 1995)

Instruments
1. Muffle furnace (Furnace Carbolote, S336RB Parsons Lane, Hope England)
2. Hot plate
3. Crucible

4. Fume hood

5. Desiccator

Methods
1. Weigh a cr! a muffle furnace at 500 °C

and cooled in a desic

grayish-white.

6. After incineratic

7and reweigh.

r . ‘
i | .ll

Ash (%) = ((A-B) £1@0.)/C

s B WD ‘MJ PINYIAT

B = weight of crucible (g

RGN SN



A4: Titratable acidity (TA) determination (A.O.A.C., 1995)

Instruments
1. Burette
2. Pipette

3. Conical flask

Chemicals

1. 0.1 M sodium hydroxide
2. 0.1% phenolphthale

Methods
1. Fill 100ml of sa :
2. Pipette 10 ml of i
3. Dilute to 80 il wiifl
4. Add 3 drops of phenolphtf ,‘-w
5. Titrate with 0.1M"sodium "“" <ide gelutio 1 until obtain pink end point

l’t{ ‘.—:J #

— - — ‘I -

Calculation - 2 A
%Citric acid = -:i 19 '}j
I

i

Where TA is titratable amguty

S ATC Rl R
ARSI M Ny

Instrume

TA=10xT

1. Burette
2. Volumetric flask

3.  Glass wool

100
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Chemicals
1. Fehling’s solution A and B
1.1. Dissolve 69.28 g of copper Il sulphate pentahydrate (CuSO,.5H,0) and 1ml of
1M sulphuric acid in 1 litre of distilled water
1.2. Dissolve 346 g potassium sodium tartrate tetrahydrate (KNaC,H,0,.4H,0) and

illed water then make volume up to 1 litre.

_\ Ar s v
1.3. Mix Fehling's solution A and. equal volumes into dry glass

container, gentl( : rk place.

2. 1% Methylene blue '

Methods
1. [ _7 "—- eaker and add 100ml of water
2 250ml volumetric flask, then make

, then leave cool

Make vmme to 250ml in volumetric flask m

AU neans

Add 4 drops of Methylene blue andoil

%mmngmmmm a

Calculation

%Total sugars = factorx250x2.5/ TxWx10
Where T is sugar solution (ml)

W is weight of used sample (Q)

Invert sugar factor = 5.09 mg
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AB: Alcohol content determination

Instruments

1. Vinometer

Methods
1. Add 1 ml o til sample reach the end of
vinometer \
2. Upside down ctrd¥ait alil Sample is siill (C)

3. Observe the alcoho

N ‘ ¢ F=% o .'u
ARIANNIUARIINE IR Y



APPENDIX B

Determination of the microbiology properties

B1. Yeast and Mold count (A.O.A.C., 1995)

Instruments

—

Incubator (Memm
Petri dish
1000 pl micropi

2
3
4. Colony count
5. Vortex mixer
6

. Spreader

Chemicals
1. Ethyl alcohol
2. 0.1% peptone
3. Potato dextl "‘f'
Methods :l
Take 1 ml of samplesinto 9 ml 0.1% peptone solution

: R UEINENTNENT

Spread% 1 ml of the samplerdilution onto RDA plate

4'ammcnﬁmmfmmaﬂ

5. Count the colony



B2. Lactic acid bacteria (LAB) count (A.O.A.C., 1995)

Instruments

—_

Incubator (Memmert, Germany)

2. Petridish
3. 1000 pl micropipette
4. Colony counter
5. Vortex mixer
6. Spreader
Chemicals
1. Ethyl alcohol
2. 0.1% peptone
3. de Man, Rogosa
Methods
1. Take 1 ml -.-: sam|
2. Make seria‘ V
3. Spread 0.1 L‘ the sample dilution onto MRS pk
4. Incub ﬁﬁ
el Ww $wen3

’QW’]ﬂﬁﬂ‘imﬁJiﬂﬂﬂﬁl’]ﬁB
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APPENDIX C

The standard curve of yeast population

absorbance at 530 nm

0.8

0.6

0.4

0.2

0.2

Figure Ci¥the relationship of yeast poptiatic

absorbance --!=~

‘-' (log10 cfu/ml) and their

i¥

%ﬁiﬁjﬂﬁmw%ﬁumm

thJa sorban e/at630 nm

Where

S REN G FY

S



APPENDIX D

D1: Must preparation

Table D1 The carbon and nitrogen sources adjustment for 1L of must

diammonium phosphate
must concentration
added (g)
30% juice 0.44
50% juice ///éx \\ 0.40
100% juice // gﬁ ,\\\\ 0.30
m“" /
&. f - N \
D2: Formulated tangerine‘wine preparation’
Methods
1. 60 mlof syrup by mix sugar, cittcs and water together for each
formula m
2. Add syrup’ 0 950 ml of basic Wine mix well

Table D2 The pm)aratlon o’fg w %r]uxlrj ;mognlu;]enangerme wine

sugar added (g) 1.66 21.66 41.66

citric acid added (g) | 1.39 | 3.39 | 5.39 | 1.39 | 3.39 | 5.39 | 1.39 | 3.39 | 5.39




D3: The sample arrangement of sensory evaluation

107

Table D3 Balance Incomplete Block table for sensory evaluation using 54 females and

—

males
assessor sample No.
1 1 4 6 7
2 2 6 8 9
3 1 9
4 1 4
5 1 2 < 8
6 4 AT AN o
7 2 7
8 2 %Y .8
9 3 — | 9
10 1 "< v 7
11 2 BAG L 6
12 3 alsA ol 7 9
13 1 PEE 9
14 1 “ﬁ? 9
15 /8
16 ﬂ‘ 8
17 3 4 5 8
18 L2 e T s 9
RN SRS —
20 T, 6 » 8 0 ol
ik,
A
8
9
7
8
9
7

22 4 1 2 3
23 1 5 7
24 4 5 6
25 2 3 6
26 2 4 5
27 3 5 7
28 1 2 5
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TableD3 Balance Incomplete Block table for sensory evaluation using 54 females and

males (continue)

W RN

—

assessor sample No.

29 2 3 5 6

30 3 4 7 9

31 1 2 4 9

32 1 9

33 1 8

34 4 = 9 8

35 3 7/ “' 8

36 2 9

37 1. o LT

38 2 - 9

39 1 A 9

40 1 RAG() 4

41 1 e 7 8

42 4 PEEL 9

43 2 "-':’T ? 7

44 : e

45 N 9

46 1 2 5 7

47 .2 T s o5 6

« PRIV IWETITTY |

49 Ty 2 . 4 0 ol
L.
.
8
8
9

51 4 1 3 6
52 4 6 7
53 3 4 5
54 2 7 8
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APPENDIX E

Sensory evaluation questionaire
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Table F1 The statistic analysis of alcohol production rate

APPENDIX F

The statistic analysis

Type Il Sum

Source of Squares ar Mean Square F Sig.
Corrected Model 2.670(a) 8 .334 256.719 .000
Intercept 62847 1 02.347 | 47959.402 .000
must 1.180 2 590 453.850 .000
culture 1444 2 572 440.017 .000
must * culture .346 4 .086 66.504 .000
Error 012 e 001
Total 65.029 | ol 18
Corrected Total 2,682 L7
Table F2 The statistic-anatlysis-of-sugai-consumpition rate

Type Il Sum

Source of Squares df Mean Square F Sig.
CorrectedModel 51076(@) 8 635 56.016 .000
Intercept 75195 1 75.195"% 6638.078 .000
must 2175 2 1.087 96.002 .000
culture 2572 2 1.286 113.521 .000
must * culture .329 4 .082 7.270 .007
Error 102 9 .01
Total 80.373 18
Corrected Total 5178 17




Table F3 The statistic analysis of sugar conversion

116

Type Il Sum of
Source Squares df Mean Square F Sig.
Corrected Model .027° 8 .003 1.214 .387
Intercept 38.837 1 38.837| 13981.472 .000}
must .002 2 .001 .344 718
culture 017 2 .009 3.104 .094
must * culture .008 4 .002 .704 .609]
Error 40 2 & .003
Total 38.889 18
Corrected Total .062 A7
Table F4 The statistic analysis of overall liking.of 108 assessors

Type-Hi-Sum

Source of Squares df Mean Square F Sig.
Corrected Model 792.479(a) 115 6.891 3.861 .000
Intercept 12642524 1 12642621+ 7083.398 .000
panel 667.563 107 6.289 3.496 .000
acidity .343 2 A71 .096 .909
sugar 67.898 2 33:949 19:021 .000
acidity * sugar 30.009 4 7.502 4.203 .002
Error 564.000 316 1.785
Total 13999.000 432
Corrected Total 1356.479 431




Table F5 The statistic analysis of overall liking of females

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 473.653(a) 61 7.765 6.218 .000
Intercept 7315.042 1 7315.042 5857.950 .000
panel 324.319 53 6.119 4.900 .000
acidity 15.130 2 7.565 6.058 .003
sugar 100.074 2 50.037 40.070 .000
acidity * sugar 18.741 4 4.685 3.752 .006
Error 192¢306 154 1.249
Total 7981.000 216
Corrected Total 665.953 215

Table F6 The statistic analysis likingof color of females

Type Il Sum
Source of Squares af Mean Square F Sig.
Corrected Model 273.875(a) 61 4.490 8.032 .000
Intercept 10045.042 1 10045.042" 17970.220 .000
panel 249.792 o3 4713 8.431 .000
acidity .796 g .398 712 492
sugar 196 4 .398 712 492
acidity * sugar 15.074 4 3.769 6.742 .000
Erroh 86083 154 559
Total 10405.000 216
Corrected Total 359.958 215
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Table F7 The statistic analysis liking of clarity of females

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 332.278(a) 61 5.447 18.414 .000
Intercept 10168.167 1 10168.167 | 34373.363 .000
panel 322.944 53 6.093 20.598 .000
acidity 1.167 2 .583 1.972 143
sugar 2.074 2 1.037 3.506 .032
acidity * sugar 6.704 4 1.676 5.665 .000
Error 450656 154 .296
Total 10546.000 216
Corrected Total 37 383 20

Table F8 The statistie analysis:liking of aroma of females

Type [lIFSum
Source of Squares af Mean Square F Sig.
Corrected Model 248.278(a) 61 4.070 5.332 .000
Intercept Z848.167 - 7848167+ 10281.247 .000
panel 224.444 58 4.235 5.548 .000
acidity 1.056 2 528 .691 .502
sugar 4.667 2 2.333 3.057 .050
acidity * sugar 13.222 4 3.806 4.330 .002
Error 117.556 154 763
Total 82147000 216
Corrected Total 365.833 215
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Table F9 The statistic analysis liking of flavor of females

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 475.426(a) 61 7.794 7.637 .000
Intercept 6981.407 1 6981.407 | 6840.743 .000
panel 339.917 b3 6.414 6.284 .000
acidity 4.570 2 2.285 2.239 110
sugar 81.422 2 40.711 39.891 .000
acidity * sugar 29842 4 7.335 7.188 .000
Error 187187 154 1.021
Total 76i4.000 216
Corrected Total 632.583 215

Table F10 The statistic ahalysis of overallliking of males

Type- Il Sum
Source of Squares ar Mean Square F Sig.
Corrected Model 314.056(a) 61 5448 2.609 .000
Intercept 5400.000 1 5400.000 | 2736.026 .000
panel 276.556 53 5.218 2.644 .000
acidity 12.056 2 6.028 3.054 .050
sugar 2.722 2 1.361 .690 .503
acidity *;,sugar 17.278 4 41319 2.189 .073
Error 303.944 154 1.974
Total 6018.000 216
Corrected Total 618.000 215
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Table F11 The statistic analysis liking of color of males

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 404.611(a) 61 6.633 6.624 .000
Intercept 6711.185 1 6711.185 | 6702.320 .000
acidity 4.965 2 2.483 2.479 .087
sugar 1.385 2 .692 .691 .502
acidity * sugar 6.947 4 1.737 1.734 .145
panel 382:380 53 7.215 7.205 .000
Error 15490204 154 1.001
Total 72i70.000 216
Corrected Total 568.815 215

Table F12 The statistic analysis liking of clarity of males

Type [l Sum
Source of Squares df Mean Square F Sig.
Corrected Model 436.778(a) 61 7160 8.961 .000
Intercept 6868.167 1 6868.167 | 8595.286 .000
acidity 10.019 2 5.:009 6.269 .002
sugar .889 2 444 .556 575
acidity * sugar 16.037 4 4.009 5.017 .001
panel 398.194 53 7.513 9.402 .000
Error 123:056 154 799
Total 7428.000 216
Corrected Total 559.833 215
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Table F13 The statistic analysis liking of aroma of males

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 462.264(a) 61 7.578 7.369 .000
Intercept 6048.375 1 6048.375 5881.809 .000
acidity 2.074 2 1.037 1.008 .367
sugar 14.389 2 7.194 6.996 .001
acidity * sugar 8.926 4 2.231 2.170 .075
panel 419.514 53 7.915 7.697 .000
Error 1581361 154 1.028
Total 6669.000 216
Corrected Total 620.625 215

Table F14 The statistic analysis liking of flavor of males

Type Il Sum
Source of Squares df Mean Square F Sig.
Corrected Model 364.111(a) 61 5.969 3.308 .000
Intercept 5766.000 1 5766.000 3195.392 .000
acidity 27.630 2 13.815 7.656 .001
sugar 5.167 2 2.583 1.432 242
acidity * sugar 5.815 4 1.454 .806 523
parel 307414 %o 51796 3211 .000
Errot 277.889 154 1:804
Total 6408.000 216
Corrected Total 642.000 215
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