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Abstract

Project Code: MRG5080211
Project Title: Characterization of mannoprotein from spent yeast obtained
from traditional liquor distillation and its application in food
Investigator: Asst. Prof. Dr. Suppasil Maneerat
Department of Industrial Biotechnology
Faculty of Agro-Industry
Prince of Songkla University
E-mail Address: suppasil.m@psu.ac.th

Project Period: 2 years

Mannoprotein from spent yeast obtained from Thai traditional liquor
distillation was extracted by autoclaving in a neutral citrate buffer for 30 min. The yield of
mannoprotein was 0.27 g/g wet cells. The mannoprotein obtained was evaluated for chemical
and physical stability to establish its potential use as a natural emulsifier in processed foods.
The extracted mannoprotein exhibited emulsion of 60.23% towards palm oil as oil-in-water
and had a critical emulsifier concentration of 20 g/l. The apparent molecular weight of
mannoprotein when compared with pullulan standard was 120 kDa. The composition of the
mannoprotein was 96% carbohydrate and 4% protein. The emulsion activity of the
mannoprotein was similar to those of commercial emulsifiers (lecithin and gum arabic). The
emulsion activity of mannoprotein towards palm oil was stable over a broad range of pH (3-
12), temperature (63°C, 100°C, 121°C), NaCl concentrations of 0-3% (w/v), CaCl, and MgCl,
concentrations of 0-0.1% (w/v). Temperature did not affect the emulsion activity of
mannoprotein. Salad dressing containing emulsifiers exhibited emulsion smaller than salad
dressing without emulsifier (p<0.05). Salad dressing added with 0.2% and 0.6%

mannoprotein exhibited emulsification activity 38.77% and 38.58%, respectively. Preliminary



trials showed that the obtained mannoprotein had potential for use in salad dressing

production.

Keywords: mannoprotein, spent yeast, emulsifier, emulsion, salad dressing



EXECUTIVE SUMMARY

Emulsifiers are widely used in the food industry but these are synthetic emulsifiers
such as glycerol monosterate (GMS) and carboxymethylcellulose (CMC). Although they are
very effective in their intended functions, these compounds are gradually losing favor. This is
because of increasing pressure from consumers to reduce the use of “artificial” or chemically
synthesized additives in food (Shepherd et al., 1995). Thus, consumers have become
interested in natural and healthy food ingredients. Natural emulsifiers are becoming
increasingly important in the food industry rather than synthetic emulsifying agents, which
may be potential health hazards for humans (Lukondeh et al., 2003). Besides, some natural
plant-derived food emulsifiers such as lecithin and gum arabic are already on the market.
However, these suffer from limited functionality in many food products (Shepherd et al.,
1995).

Currently the Thai government promotes “One Tumbol-One Product, OTOP”.
Accordingly, one of the OTOP products is a traditional distilled spirit. Generally, producers
directly distill palm sugar wine directly without using separate yeast cells to obtain spirit.
After distillation a huge amount of waste containing yeast cells is discharged. This causes
environmental problems because it has a high biological oxygen demand. Saccharomyces
cerevisiae 1s normally used for alcohol fermentation. Mannoprotein extracted from S.
cerevisiae has been shown to be an effective bioemulsifier (Cameron et al., 1988). The
presence of hydrophilic mannose polymers covalently attached to the protein backbone
provides the mannoprotein with the amphiphilic structure common to surface active agents
and effective emulsifiers (Cooper and Goldenberg, 1987). Mannoprotein is an emulsifier
obtained as a by-product from the wine or brewing industry. It is readily availability,
biodegradable, is not toxic, and large scale production is possible. It can make possible the
producing of value-added by-products (Torabisadeh et al., 1996). Since S. cerevisiae is edible

and used in the manufacture of food and beverage products, it is assumed that a mannoprotein
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bioemulsifier would be non-toxic and generally recognized as safe (GRAS) (Cameron et al.,
1988).

The objectives of this study were to extract and characterize mannoprotein from spent
yeasts obtained from Thai traditional liquor distillation. The emulsifier property of
mannoprotein was also compared with those of commercial bioemulsifiers, lecithin and gum
arabic.

Mannoprotein from spent yeast obtained from Thai traditional liquor distillation was
extracted by autoclaving in a neutral citrate buffer for 30 min. The yield of mannoprotein was
0.27 g/g wet cells. The mannoprotein obtained was evaluated for chemical and physical
stability to establish its potential use as a natural emulsifier in processed foods. The extracted
mannoprotein exhibited emulsion of 60.23% towards palm oil as oil-in-water and had a
critical emulsifier concentration of 20 g/l. The apparent molecular weight of mannoprotein
when compared with pullulan standard was 120 kDa. The composition of the mannoprotein
was 96% carbohydrate and 4% protein. The emulsion activity of the mannoprotein was similar
to those of commercial emulsifiers (lecithin and gum arabic). The emulsion activity of
mannoprotein towards palm oil was stable over a broad range of pH (3-12), temperature
(63°C, 100°C, 121°C), NaCl concentrations of 0-3% (w/v), CaCl, and MgCl, concentrations of
0-0.1% (w/v). Temperature did not affect the emulsion activity of mannoprotein. Salad
dressing containing emulsifiers exhibited emulsion smaller than salad dressing without
emulsifier (p<0.05). Salad dressing added with 0.2% and 0.6% mannoprotein exhibited
emulsification activity 38.77% and 38.58%, respectively. Preliminary trials showed that the

obtained mannoprotein had potential for use in salad dressing production.
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asnaeuANNUTgnitazymaiviin TuanavewnuTullsdulaely SDS-PAGE

a ) a 4 4 H
tazanams B U (Torabizadeh ef al, 1996) Haz AT 1zHo9nlsenovveduyu TuTsaunnIu

a =4 9y o

& = ti' o a
m3huTand laodwwuTuldsAuiiusgns lduniimsimszd
a a = A I~
- SaszilSunaldsau: 1995 Bradford Taeld bovine serum albumin (BSA) tilu
213810331 (Bradford et al., 1974 9197a8 Cameron et al., 1988)
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Aa ¢ (a @ A ) . s
- Apszvdsaes lulewmsa: 1933 phenol-sulfuric acid Tael¥ D-mannose (U
7130193314 (Gerhardt et al., 1981 *31%1@]8 Barriga et al., 1999)
a J 1a A I~
- AnszndTunaeasa: Tael$35 Ames 19 sodium phosphate 1Huasuiasgv
(Ames et al., 1966 919198 Barriga ef al., 1999)
=S wAa = d' o a\ Ad Y
4. Anugaaniavesnulullsiuniisgnsla
= o =S \ Z v A a v
4.1 ﬂﬂ‘H1ﬂ'J”IN‘%"I!‘W1$ell@\1!!Nuiuillﬁﬂuﬂﬂun»lu‘waﬂaﬂuﬂﬂ"lx‘lﬂ
o = ci' 1 o a QOJ o Yy 9 Y g} o a Aaa
‘L!TLL?JUTL!ITJ?@]UT]WTL!ﬂTi1’]TU5'(,TVI‘ﬁll'W]11ﬁllﬁﬂllﬂ3ﬂ$ﬂ181uu1ﬂau 4 Yaaang
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a 1 A Aaa Y 1 : % 9 g} % 3‘ % 9 3} Y ql./ A 3} (% 4
FUAN N 4 Yaaan g llﬂllﬂ ‘Ll']ll‘LlGUTJTWﬂ HIUUI HTUUUENIT UITUUDIAU D u’]llu‘l]’]ﬁll
S o S o < o O v oo ¥ v Y Y o ¥ .
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WU 3 W Fana 1A 30 v 193709 1.5 %19 1ag 3 1109 uaIf 1 uIaa1nIy
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ANueu1sa luMsnadiasumNITMINATIZHYD 1 Hazdidlrog1aninadiasunaly 24
%2139 1&21113111191 Emulsification index #30 E,, (Cooper and Goldenberg, 1987) T

Emulsification index (E,,) = ANgIv0IdatUN 24 92103 x 100

ANV IR UNEY

Y v P
wonldiniunlviar  Emulsification index gagalumanagonlumsnaaoiu
1 I~ ~ v Aav A 4 4
o'l uazilseuReunudiad lvdeesn1amsAIAe gum arabic 1A lecithin
=X = ' a I
4.2 AnpNavestiternenanssuveauauIullsau
A A o a = 3} o Yy 9y A Y
azaeuuu TuTUsduirumshuTgns luhnaumuanududuinm 1dan
critical emulsifier concentration #3215 UMY VeIA106191% A3 4 5 6 7 8 9 10 11
9 a A = Jg 9 Ao
uag 12 aaensa lalasnansnnie Iaden laasen loa wamageuanuamisalumsoua
A
a d o o ax
¥ ldrhduanIsde 5.1
=X al U I
4.3 fAnwavesgurininenNundIveIUIulilsAY
A A o a = g} o Yy o A Y
azameunu TuTdsaunrmumshusgns lhaduamuanududuim 1dan

a =

Y] 1 { I
critical emulsifier concentration ué’wmmamqﬁqmmn 63 pafuaed 1111981 30 U

U
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a d?l L] g’ c? o A 3} o 3}
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(Rieger, 1986)
A o q',z YA . . . . Y
- WvuIaveRiadu Iaems 1975 droplet size distribution (DSD) lagld laser
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diffraction method (Hayati et al., 2007) stazifSeuieunudiad IndeesniamsAine gum
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ﬂ’J'IZJL“UZJGU1!11!f]EJ'VI’C]:W’U’E]QﬁTi’EJ1|ﬁG]fuh/\lﬂL@@iﬂﬂTiﬁ!ﬂﬂ@MaﬂquU'ﬂ ﬂ']iﬁﬂﬂiﬂfﬂ"]fﬂ’ﬂll

a =

~ I~ o = [ a ~ v A
%’@um’qmwgm 125 93U e !‘]Jl.!L'JﬁW 3 GH’JIlNlJﬂW 20 NTN/ANT 1umm$ﬂﬂ1§ﬁﬂﬂﬂlﬁﬁ1

v
U

4 118z 5 % TUAUMNUAD 30 NTU/AAT (13197 4)

~ Y] = oI P A M dy 9
msnd 1 msanauuu TuldsAunnmnagnouradgaanmasnmanaugs i
A1e75M3 lFANuTeuTWAUANUAY (autoclave, 121 ®IFAITIA) NIAT

A19e)

o a [ o o 4
szazna lumsana (1) suaasanavienuuuu Tu1asau (nSu/50 nSU wraailon)

15 13.21+£0.11b
30 13.48 £0.22b
60 13.56 £ 0.06b
90 14.36 £0.52a
120 14.56 £0.31a

4 o w aa

1 A AAo A [ v A @ 2 1 ' A o
HVgLYe - ?’ﬂmaEJ‘VIll@]’J@ﬂHimllﬂuﬂuiuﬂﬂﬁllumﬂﬁﬂuﬂz]lllllﬂ’J”IZJLL@]ﬂG]N’EJEJNiJuEJE‘TTﬂﬂmNﬁ’ﬂ
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(p<0.05)

d' 1 z:' Auv A 4 c’d’ o A Aav o [Y]
M50 2 manududuilesigavesasonad Iawesnih lninaoatuvesaisana
venuuyu TuTUsaun ldnnmana laedsms lsanusousmsuanuau

(autoclave, 121 IAFAITIE) NTLHLIIAINE)

Yy 9 Aa av o
ANUUNUY NTNADNATU (%)

(nFu/ans) srazalumsdania (1)
15 30 60 90 120
70 6406+ 126ab  6333+£000a  6438+126a  64.69+072a  64.69+0.72a
60 6517+170a  6333+£000a  65.11+072a  6340+£076a  62.65+180ab
50 6291+0.773ab  222+192ab 646940722  6340+0.76a  61.46=1.30b
40 6249+£0.73ab  61.80=£1.68ab  63.84+0.76a  61.73£2.14a 6221 +130ab
30 61.16+0.78bc  61.38+120ab  62.17+2.60a  60.50+1.15a  60.27 +2.93bc
20 60.71+3.57bc  60.23+1.74b  60.78+132a  5252£527b  58.03%2.14c
10 5928+2.58  5333+£000c  5370+642b  47.62+545b  0.00+0.00d
wineie - Aundsiisasnysmidensuluneduiietus: liflauuandseduioddyneaia

(p<0.05)
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3 12.63 £0.41a
4 12.73+0.41a
5 13.14 £ 0.45a
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wansmlauiuluneduiiaediusz idanuuanasednaiisdvamneana
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1 td' td'd
HNAHE: AURINY

(p<0.05)

a % (%

~ 1 Yy 9 9 ~ Aov A 4 P o Y Aa v
ATNN 4 ﬂ']ﬂ’J'IZJL"UZJ°U1!11!'E']El‘l’]’C]"ﬂ"ll’f]\‘lﬁ'1§@iJﬁ‘;]5”11/\'ﬂL’f]f)i’l’]ﬂ'ﬂﬂ!ﬂﬂ’ﬂua%um@ﬂﬁ'ﬁﬁﬂ
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ANUTUTU MsnANaTY (%)
(NSU/an9) svaznalumsana (#1u9)

3 4 5
70 58.03 +2.14a 54.42 +0.99a 56.61 = 0.91a
60 57.32+0.32a 53.85 + 0.00ab 57.50 + 1.86a
50 56.09 + 0.91ab 54.32 +2.14ab 55.56 % 0.00a
40 56.09 +£0.91ab 56.66 + 2.88ab 56.75+2.73a
30 53.09 + 2.14bc 51.19 + 4.37b 54.99 + 0.99a
20 51.23 +2.97¢ 0.00 = 0.00c 0.00 = 0.00b
10 0.00 £ 0.00d 0.00 £ 0.00c 0.00 + 0.00b

1 ti' ti'd v
HWALHE - AURINUAT

v A

@ v J o 1 1 '
@ﬂ]eli!WNQUﬂuﬁlUﬂﬂaﬁJULaﬂjﬂUﬂgllllflﬂ'ﬂllllﬂﬂﬂ’mﬂﬂ’m

A o

Uledngnea

(p<0.05)
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[ 9 v
IWNAY ( Torabizadeh ef al., 1996; Lukondeh ef al., 2003) DauTNMIANAAIBANUTOUN

Al
Ya Aav o 1

a1 3 ¥ T I nudududrgani liinediadumiig uadieinsanig

d < 4 a av o 1 o A Y ' o Y
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Y
) Y

iin Tuana fle 201,223 A1aAU 27,498 A1AAU 2,686 ATAAU LAz 613 A1aAY Weia1s
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Aanaznonla 11U laes lagail molecular weight cut-off 8,500 A1adu WeMdna15ni

v Y
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1 1 ~ :l @ 1 Y] dgl [ v J ~ s
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14 (Kononova et al., 1993; Mormeneo et al., 1994; Nakajima and Ichishima, 1994,
Y ]
Torabizadeh ef al., 1996; Alexandre et al., 2000) WonvniiloidIegiegluglassla
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Tainiununaes 61.53 wedidua uazierhwtldusgniarensld gel filtration
1 2 < ' ' I A a
chromatography WuMewsauen Tsaveemilu 2 539 eg1e lsamuilionsivisuna
g} = 09/) 1 0911 ' @ 1 = [ 1 09/) A g)
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~ YN~ 1T W ] ] q’: 1 ~ A = =
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Tsauianauialumsdlusiad vdeessuny (Garti, 1999) drudive1e 11lsaulugian
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9 [ 4

% 1 = 1 o < 1 1 1 = d'

aesdauariaenai 24-77 litihamaluesdseneuuaaadn lilsuuu TuTds@u (awh 7)
4 o % L { d {
dorhdledraunuTuldsduinusiusulannarasan 13-23 luasreaeuaie

a M 1A A J ) a o a a
GPC 9nATanianuNiied 1 dmiinTuanadseuna 120 Alaaiadu uaziilishu 353
A Aa o J @ J. 3} A Aa o d <3 P 1 a
Haansu (3.8 Wosidua) uaziimia 886.7 Jaaniu (96.2 1losiaua) Fedadiuvestlsua
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v Y
cerevisige N1115AUTZaNY 14 -15 wefidud uavihealszana 81-83 wlesidud
(Freimund et al., 2003) w3ouuu TuTUsaun 1dan Kluyveromyces marxianus FII 510700 1

YSuaas 1u'lamsn 90 wosidud uaztilusau 4-6 o3 iFud (Lukondeh ef al., 2003)
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J év % ' . ' Av A 0)31 % 3} &%
hauuaziiduald 8 gum arabic lanunsoddad lWdiduavaziihiudinala
1182 A1 emulsification activity Yo T TUsAULAY gum arabic Ha1 liuanA19AY (p>0.05)

Y [l
nazdianonssulaeamlvggeandl  lecithin  (p<0.05) WuNIFHaNhu AT
Usznoudlensaluiiu 3 @vidnae nsalemdn  (oleic aicd) N5AATUABA (linoleic acid)

v
waznsnl AN (palmitic acid) (Patil and Chopade 2001) W1iuNzABALNTA loLadN (C,y,)
3 = auv A A o =
gatvomaziluaungliimsoias v laanuuuu Tullsau
o Yya av ) zg [ 4 g} o 4

anuannsalumsi nineodasuariunvesnlsenevveniiuuasesnlseney
voaoua% IWdees (Driscoll er al, 2001) unuTuTUsAuiInsaadandreny gum arabic
AN lecithin TaalAT9831909  gum  arabic Yszneudlrensmuvestimanian lng
3' a g; Aa . . Y] 9
Wimaezsd Tuda shaausyluauay  nsangglsin (glucuronic acid) tazdlsznouale

~ d < 4 3} v 3} Y] ' g .
Tdsaualszuna 2 nlesisua (ihmdnaeiividn)  (McNamee et al., 1998) @31 lecithin
Usgnou@1e phospholipid Felindresea nsalutiu 2 Tuana Ieavauazasdsznou

[ 09/} . . .. A R A 9 =R o
luTasu Ay emulsification activity vouuuIuldsaudalianuadiendeany gum

arabic 411N lecithin
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@15°190 5 A1 Emulsification activity (%) Yoduuu IuIUsAU gum arabic 1@ lecithin A0

Y
U

WU HAA1

Oil type

*
Mannoprotein

Gum arabic

Lecithin

Olive oil
Soybean oil

Palm oil

Rice bran oil

Sesame oil

Corn oil

Sunflower oil

62.67+1.77""
58.17+2.80

ABCb

60.74 £ 1.96
58.55 + 1.22°™
5583 +1.14™
62.03 = 1.31™

61.62 +0.78"™

65.52 = 0.00™
61.38 + 1.20™
0.00 + 0.00°
58.13 3.55™
0.00 £ 0.00"
61.64 +2.62™

60.01 +1.21™

5428 +2.67"
59.52 +2.06™
64.20 =2.14™
61.42 +2.59™
0.00 = 0.00™
0.00 = 0.00™

55.52+ 1.64°

" Values are given as mean + SD from triplicate determinations.
" Different capital letters in the same column indicate significant differences (p<0.05).

" Different letters in the same row indicate significant differences (p<0.05).
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(% o = ] 9 d‘ a ol ad‘d
waennhuwu TuTsau l)muanudoungungiiaie Tasmwizguugining
9 ' s Y A A9 " a
T¥lugaenssuoing wu widae lsd Auiden tazm sy 1dNhumanINT I
yoaunu Tullsau wun anudouliiinadensnssuvewwu Tullsdu (15197 6) Fans
nugeanuTouveauu TuTUsAui lfamnsodszgnd lfuuuTuldsdun lddugnavnssu
Ay IS Y Y A ' g 1% 1o ya 2 2
psfidosdinis Iianudounioandonins Id lae i ldnenssuvewumu TulysAude

1) (Gutierrez et al. 2008)

~ a1 a =
M13199 6 HavoIgUrnNaon NI TNV LY TuTsau

Temperature Emulsification index (E,,, %)
°C)

63 60.98 + 1.86"

100 59.50 + 1.94"

121 60.26 +2.22"

Values are given as mean + SD from triplicate determinations.

" Different letter in the same column indicate significant differences (p<0.05).

d a
4.4 fAnvwaveslwfaunas lsnnenanisuvaaunIullsiu
4 1 =Y H
Twasunas 15 lulinanenanssuveamu TuTsau (mMwh 9) M3l lx@eunas

s g2 Jo ya A Aav o ~ 3 v
156 1-3 WeoTikuair lyinanssumanedasuveauuIullsAvanasanios  (p<0.05)
spuTuTdsAunanalann Sachharomyces cerevisiae W& Kluyveromyces marxianus FII

AAa Y 1 ~ A 9 A A Y 9

510700 @nsalnanssula lugeiies gurginnie tazmasianududuga

(Torabizadeh et al. 1996; Lukondeh et al. 2003)
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4.5 AnwianyaemManadNaruvaIuNulullsau
9
4

= o Y o o a Ao G'J gl [ :, d‘ Aa o cz'/
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U 1 < 09} @ 4
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'
a v v

auMAvoIdNaY lnsaznlssumeunudNa¥uUNAADIN gum arabic 1Az lecithin TAgH
1 A Ao o . . PO A a dg} = = 1A
AUNAYVOIVUIADUNINBUAYY (droplet size distribiution) NINAVU FILU 4 A1 ABD  d(10),
d(50) 1az d(90) tagA1 Span Adtaaslums1en 7 avasuntnavInuun Tuldsaulvua
<3 1 A o A~ 4

@nn1 30 TuTaswas 110 lulaswas uaz 224 lulaswas 91194 10 WestFud 50

s o A4 o w LA 0o QYA Aav o A
L“]JEJ'J”LGB‘L!G] iag 90 L‘]J’E]'il,“b"u@ AU lecithin ummﬁmﬁﬂ‘lumiwﬂmﬂmumﬁum

v
Av o A

< ! % { i A 1
Yinaanigadiaduiinnuaidaniigaiona1su1aInal Span (Palazolo ef al., 2004)

v
% =

4 a o o 4 Ay o A d
Lﬁ’t]\‘iﬁ]1ﬂ’f]11@Glfuﬁ]giJﬂ’JﬁJﬂ\W]’Jq\nﬁ@"UuWQGHﬂTﬂGNa%HUQ!aﬂ (McClements, 1999)

A5 197 7 AIMINTZAVIUUIANaFUNNAINUNY THTUSAYN gum arabic L@ lecithin

Samples d(10) um d(50) um d(90) um Span
Mannoprotein 30.897 110.836 224.124 1.74
Gum arabic 35.676 105.670 189.049 1.45
Lecithin 26.449 86.464 170.747 1.67
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A v 2
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awes) TvwrmeumavesdiadsulvaigadionSoudiounugamsnaaosandias
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lecithin 0.2%, L2 : lecithin 0.4%, L3 : lecithin 0.6%, M1 : Mannoprotein from spent
yeast 0.2%, M2 : Mannoprotein from spent yeast 0.4%, M3 : Mannoprotein from spent
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