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Abstract

Project Code: MRG5086211
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
manneprotein 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 er 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., 20’03). 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 ez 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 sepafate 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 is normally used for alcohol fermentation. Mannoprotein extracted from 5.
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 ef 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 proce'ssed 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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cerevisiae NUTUIAUYT=IN 14 -15 nofiFud uazihmiatszuim 81-83 lodiFus
(Freimund et al., 2003) ﬁ?@gmuiuiﬂsﬁuﬁ"lﬁmn Kluyveromyces marxianus FII 510700 iy

Usnaas Tulamsn 90 o sidud nazii Tusdu 4-6 1osidua (Lukondeh ef al., 2003)
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Thduuaziiuan g dau gum arabic Wennsastad dddtuauaz it Ina 18
(DA emulsification activity Y93y Tu TUsAUIAE gum arabic Ta1 luanAIRY (p>0.05)
uazdanenssulaud 1 Ivaigandy  lecithin  (p<0.05) ﬁ1ﬁuﬁmnn%ﬁﬂﬁﬁmmﬂaau
Usznoudiunsa lviiu 3 AmdnAe nsalewadn  (oleic aicd) N3AATHBN (linoleic acid)
wazns At ulAn (palmitic acid) (Patil and Chopade 2001) Yz naniinsaTomdn (C,.,)
gevsevziiuaung 1 insdTad Tnd 1aafum Tu Tdsdy
anuanselumsiiiAesiatunriuiuosilizneuveniniunazefuss noy
w0dNaT Iifioes (Driscoll er al, 2001) nuuTulusauilaseadiendrofy gum arabic
1NN lecithin TauTasaad1ive  gum  arabic 1sznoudiuiedumeahatanan oz
vhmaezsid ua ihmausyTumios n3angq 159in (glucuronic acid) Hazfalsznoudie
Tisausznm 2 nlefidud ahmiindermiin)  (McNamee er al., 1998) @9y lecithin
1J32neuRIY phospholipid Fefindiwesea nsa'luii 2 Tuana Iiemauozmsisznou
Tulnsiou §9f  emulsification activity Ny JuTUsAnTalianuadioniady gum

arabic ¥1NN lecithin
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AN 5 A1 Emulsification activity (%) Youu IWTUsAY gum arabic 1182 lecithin A

-

iy Ayridaniag

Oil type Mannoprotein‘ Gum arabic Lecithin

Olive oil 62.67+1.77% " 65.52 + 0.00™ 5428 +2.67"
Soybean oil 58.17 + 2.80°™ 61.38 £ 1.20% 50,52+ 2.06™
Palm oil 60.74 £ 196" 0.00 + 0.00°° 64.20 + 2.14™
Rice bran oil 5855+ 122" 58.13 +3.55% 61.42 £2.59*"
Sesame oil 5583+ 1.14% 0.00 +0.00°° 0.00 + 0.00™
Com oil 62.03+1.31™ 61.64+262" 0.00 < 0.00"
Sunflower oil 61.62 + 0.78™ 60.01 1.21% 55.524 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).

5 = L =Y =

4.2 AnYINaveIN¥nonanIINvaunulullsiy
= = L =4 = = d.
WosUnannInssuvoyy Iuldsiu Taonsnssuvoanun TuTshivszannad

1 . ) £
ARYMNI 5 (A 8) eena lsRaunfieesias 5-12 Hangiuveuuuu 1u Tusauly

UANA WA
3—%100'
)
» 807
QO
el
£
g 60 1 —= *- r’/l\f\i/!
=
5 r’{/1
g 401
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E
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pH
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=1 = 1 QF =
4.3 ANYINAVRIQUNYIABANNAIRIVE I U TAu
wasmiwuu Tu TUsiu lduanuieuiigungiae Tasmwizgangidiinig
B ] o P ] 1 ¢ﬂy I o (=Y
1¥lugamunssuomis 1wy wiawe lsd Auden uazmsainde udnhunnmiivnssu
oy TuTdsau wuh anudenlilinasensnssuveauuu TuTisau 15199 6) s
nudenuieuvowmu Tullsdumldamnsodszyad M TuTusaui 1ddugaamnssu
P 3 ] ¥ 1) & 1 d? P 1 0 o = =

9113 NRAlNIT AT ounST e us001113 19 1ag Tumhlinanssuve sunu TuTsAwde

Tl {(Gutierrez ef al. 2008)

713139 6 wavesmMuAsATNTINVBALY T1 T1)5Au

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).

4.4 Anwmavealwfounas lsnnenonssnveunIulysay
TRuunas'lsa iikadonsnssuvewun TuTusAu (Mwi 9) msT Txdvunae
154 1-3 wleSidusm Iidenssumsiadiaduvesnuu TuTsduanauinies  (p<0.05)
uuuiuiﬂsﬁuﬁaﬁ’ﬂﬁmﬂ Sachharomyces cerevisiae M0Y Kluyveromyces marxianus FII
510700 awsaiinenssu 18Ty gamgdiints uazndefianududuge

(Torabizadeh et al. 1996; Lukondeh ef al. 2003)
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Emulsification index(Ez,%)
@
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NaCl concentration (%,w/v)

o

1wa 9 wavedImAsuaae 15aasnonssuveaunu Tulysau

=

= 7] oo s =
4.5 AnmdnEuzmunaadaruvanuIullsau

L4

= a ¥ o o o A Mo @ :J Y 3) ] aw
wuu Ty Tdsaudr I duihauhastadunuiiniulusi sissnnayatuas
ar 1 o :} o y
nszateda Tded s munsemensewazaundesynnveniniu 1} naziemvuia
pymAveslaty lavazlSoumouiuadasunnnnn gum arabic Uag lecithin TAgM
ANRAUUDIVUINDYN NS AT (droplet size distribiution) MAAYY Favzii 4 A1Ae  d(10),
d(50) uag d(90) tazA1 Span AUFAIIUAITINN 7 BNaTuRNaINuLY Iu TdsAulvIe
=3 ] = s 3 o
@ann11 30 lulnsues 110 TuTasiuas uaz 224 luTasiues D9 mwau 10 Wesidud 50
T4 s d o w L. e e G ¥ A aw o e
WosIrua uay 90 1o5Fua @ wd 19D lecithin Uaamsalunsdlminasasuiil
=1 z::' s o qld =] a d' A a [
yumanfigasiatuinnuasianniigamonsanng) Span (Palazolo ef al, 2004)

4 s = g y ae o o o
iisanndlaguazlianundigalovaeynndiaduduin (McClements, 1999)

MINN 7 ANINTZNIAVDVUIADNATUIINAINUU TUTUTAY gum arabic 118 lecithin

Samples d(10) pm d(50) pm 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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) s A s & P a o w
5. matszgnalfmnduldsduirumsinignilumsiarhada
' b 1)
nmsineanumusa lumsi iinesdatulmiada Tnenis1duuu TuTUsaud
9 t = LV N o 4 9y o A .
won WannmadulTvudounudiag IdaAwesmeansmaedriiafe  gum  arabic oy
oA v d & e w1 (= o v
Jecithin ALY 0.2, 0.4 uaz 0.6 Weikua (hminaedSuag) nasninmamg il

¥ [ ¥
a1 3w wuh hadaluedazygamsnasedszivineeymadiaduganaaiudws
] 3

119.52-315.24 TuTasiwas danmd 10 Tagdediahadalugaarugu (ludmsifudiad

'S o =t s @ 1o 4 1 a i aw A

TWawes) TvineeymavewdiadulnyhgadionSsudfouduyanisnaaesfidindiad

Tdwes (p>0.05) uaziioRnisuiganmsneassidudiadvdmeinui dedrnieda
e oA 2~ T4 iy Y =

dnuuy Ty Tlsduinnududy 02, 04 uaz 0.6 ulesisud (hmindedSuins) uazyn

- a . i ¥ < o o e oW v

MINARBITIAY gum arabic NN 0.4 nag 0.6 osiua Tvumoymaddaduly

Qs ar o

3 ¥
UANANIRY ( p<0.05) UANa 5 gamsnaasstRdudvneynmadiadudnaidisdini

ot

adanaudtad IidwesAnnudududy (p>0.05)
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yinvesdad 1Wm003
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il 10 vureymABTaduvesirehadaiidusiad ideeinnudutusia 4
(C : control, G1 : gum arabic 0.2%, G2 : gum arabic 0.4%, G3 : gum arabic 0.6%, L1 :
lecithin 0.2%, 1.2 : 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

yeast 0.6%)

o

"A9nNIANANIANULANA1NAURININA IR YN NARA (p<0.05)

1) 13
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. g me & o A dy oo ' oy
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ABSTRACT

Mannoprotein from spent yeast obtained from Thai traditional liquor distillation
was extracted by autoclaving in a neutral citrate bufter 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
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), 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. Mannoprotein from spent yeast could be developed as a source of
bioemulsifier for use in the food industry.
PRACTICAL APPLICATIONS

Mannoprotein from spent yeast obtained from Thai traditional liquor distillation
is considered to have an activity similar to the commercial emulsifiers, lecithin and gum
arabic. It could be developed as a source of bioemulsifier for use in the food industry.
The production of the bioemulsifier would be economically advantageous, since the
process converts a low-value waste into a high-value product.

Keywords: mannoprotein, bioemulsifier, spent yeast, liquor distillation
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INTRODUCTION

Emulsifiers are widely used in the food industry but these are synthetic
emuisifiers 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 n'nay be potential health
hazards for humans (Lukondeh ef 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 ez 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 biclogical
oxygen demand. Saccharomyces cerevisiae is normally used for alcohol fermentation.
Mannoprotein extracted from S. cerevisige 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 {rom the wine or brewing industry. It is readily availability, biodegradable, is

not toxic, and large scale production is possible. [t can make possible the producing of
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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 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.

MATERIALS AND METHODS
Chemicals

Commercial vegetable oils (soybean oil, palm oil, corn oil, olive oil, sunflower
oil, rice bran oil and sesame oil) were purchased from a supermarket. Gum arabic was
pﬁrchased from Nacalai tesgue (Kyoto, Japan). Lecithin was obtained from Fluka
(USA). All other chemicals used were analytical grade. -

Extraction and partial purification of mannoprotein

Distillate obtained from local distiller in Songkhla Province, Thailand was
centrifuged at 8,000 rpm for 10 min at 4°C. Cells pellet were washed twice in normal
saline. Twenty percent (w/v) yeast cells were suspended in distilled water containing
0.1 M potassium citrate and 0.02 M potassium metabisulfite. The pH of the
suspension was adjusted to 7 with I M NaOH. The cell suspension was autoclaved
(121°C) for 15, 30, 60, 90 and 120 min. The resulting suspensions were centrifuged at
8,000 rpm for 10 min at 4°C. The supernatant was retained and mixed with five
volume of chilled ethanel, incubated overnight at 4°C for complete precipitation. The

suspension was centrifuged at 8,000 rpm for 10 min at 4°C. After centrifugation, the
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supernatant was discarded and the precipitate was washed twice with chilled ethanol.
The precipitate was dried by a rotary evaporator and freeze dried (Barriga et al. 1999).
Determination of type of emulsion formed

Filter paper wetting test and dilution test (Rieger 1986) were used to determine
the type of emulsion formed.
Determination of droplet size distribution

The droplet size distributions (DSD) for fresh emulsions were measured
approximately 1 h after the preparation by a laser diftraction method as described by
Hayati er al. (2007). Distilled water was used as the dispersant for the determination
of the emulsion lipid globule size distribution. The software used a reflective index of
dispersant RI 1.33 (water) to calculate the Dispersion Index (Span) by span = d(90)-
d(10)/d(50). The d(10), d(50) and d(90) values are size values corresponding to the
cumulative distribution at 10%, 50% and 90%, respectively. Thus, the d(10)
represents a size value below which 10% of the cumulative distribution is present.
Drops of emulsion were introduced into the sample presentation unit until the
concentration reached the optimum one, as indicated by the instrument.
Stability of mannoprotein

The mannoprotein (20 g/l) was prepared in distilled water. To investigate the
effects of pH, salts concentration (NaCl, CaCl; and MgCl,;) and temperature on
emulsification activity of mannoprotein, the mannoprotein solution was adjusted with
1 N HCI or NaOH to obtain the pHs of 3-12. NaCl was added to the sample to obtain
the final concentrations of 0-3% (w/v). CaCl, and MgCl, were also added to the
samples to obtain the final concentrations of 0-0.1% (w/v). For thermal stability study,
the mannoprotein solution was incubated at 63°C for 30 min, 100°C for 15 min and

121°C for 15 min and cooled to 30°C. The remaining activity was then determined.
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Commercial bioemulsifiers (lecithin and gum arabic) at the same concentrations were
also subjected to stability study.
Analytical method

The total carbohydrate was determined colorimetrically by the method of
Dubois ef al. (1956) with mannose used as the standard. Protein was estimated by the
dye-binding assay (Bradford 1976) with bovine serum albumin used as the standard.
Emulsification activity was measured according to the method of Cameron e al
(1988) with a slight modification. To 1 ml of mannoprotein suspension, 1 ml of
vegetable oil was added and vortexed at high speed for 3 min. The mixture was
allowed to stand for 1 h (%EA) and 24 h (emulsification index, E;4) prior to
measurement. Emulsification activity (%EA) is defined as the height of the emulsion
layer divided by the total height and expressed as percentage. The experiments were
done in triplicate and results were reported as the average from triplicate
determinations.
Statistical analysis

Data were subjected to analysis of variance (ANOVA). A comparison of
means was carried out by Duncan’s multiple-range test. Statistical analysis was
performed using the Statistical Package for Science (SPSS 10.0 for Windows, SPSS
Inc., Chicago, IL).
RESULTS AND DISCUSSION

The effect of the extraction time on the mannoprotein yield, emulsification
index (E»4) and critical emulsifier concentration of mannoprotein are summarized in
Table 1. It was found that the yield of mannoprotein increased with increasing the
time in the autoclave. However, every extraction time had E,4 at about 60%. Critical

emulsifier concentrations were 20 g/l and 30 g/l when autoclaved for 15-60 min and
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90-120 min, respectively. The effectiveness of the bioemulsifier is evident from 1its
low critical micelle concentration (Mohana er al. 2009). Although autoclaving for 15
min also gave the least critical emulsifier concentration and exhibited the same
emulsification activity value, it gave less stability of emulsion after being left to stand
at room temperature for many days (data not shown). Accordingly, autoclaving for 30
min was the best condition for mannoprotein extraction from spent yeast obtained
from traditional liquor distillation. In the present study extraction time was shorter
than that of Torabizadeh er al (1996) who found that the optimum time for S.
cerevisize bioemulsifier extraction was 120 min at 121°C. This might be due to the
effect of heating during the liquor distillation process. The distillers boil the palm
wine for a long time to obtain distilled spirit. Therefore, for spent yeast obtained from
the waste of traditional liquor distillation it was not necessary to spend as long a time
for extraction as with fresh yeast cells. It was found that mannoprotein obtained from
spent yeast consisted of a minor proportion of 4% proteins which was covalently
linked to the major proportion of 96% carbohydrates. The carbohydrate and protein
content in this study was consistent with the report of Lukondeh er a/. (2003) who
found that mannoprotein was composed of 90% carbohydrate (mannose) and 4-6 %
protein.

Mannoprotein, gum arabic and lecithin at the critical emulsifier concentration
(20 g/1) was checked for the specificity of vegetable oil emulsion. Mannoprotein
extracted from spent yeast emulsified all the vegetable oil tested (Table 2). The
maximum emulsifying activity was observed with olive oil, comn oil, sunflower oil
and palm oil. However, the emulsification index of crude mannoprotein towards these
vegetable oils was not significantly different (p< 0.05). All the oils tested were

comprised mainly of three fatty acids. oleic acid, linoleic acid and palmitic acid, in



175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

varying proportions. Oleic acid and linoleic acid are unsaturated fatty acids, whereas
palmitic acid and stearic acid are saturated fatty acids (Patil and Chopade 2001).
Accordingly, olive oil, corn oil and sunflower o1l display a higher degree of
unsaturation as compared with palm oil, and have the least degree of unsaturation.
Olive oil is rich in unsaturated oleic acid (C,g ), suggesting a high emulstfication
specificity with mannoprotein.

Mannoprotein exhibited emulsification activity higher than the commercial
emulsifiers gum arabic and lecithin. Gum arabic could not emulsify palm oil and
sesame oil. Lecithin could not emulsify sesame oil and corn oil. The stability of the
emulsions will be affected by the composition of the oil dispersed phase as found by
Driscoll et al. (2001). Moreover, structure of the three compounds (mannoprotein,
gum arabic and lecithin) was also considered. The structure of gum arabic is more
similar to mannoprotein than lecithin. The structure of gum arabic is composed of a
highly branched arrangement of the simple sugars galactose, arabinose, rhamnose, and
glucuronic acids. It also contains a protein component (about 2 percent, w/w)
covalently bound within its molecular arrangement (McNamee ef al. 1998). Thus,
gum arabic consisted of carbohydrate and a small amount of protein like
mannoprotein. On the other hand, lecithin contains phospholipids. It is composed of
glycerol, two fatty acid, phosphate and has a nitrogenous base. Therefore, the
emulsification activity of mannoprotein was much more similar to gum arabic than
lecithin.

Mannoprotein promoted the formation of oil-in-water emulsions. This was
because it was found that emulsions dispersed rapidly on filter paper and dispersed

cloudily in water, and remained a droplet in oil.
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The droplet mean diameters of d(10), d(50), d(90) and Span are summarized in
Table 3. It is generally important that emulsion droplets are made as small as possible.
A convenient way to evaluate the relative effectiveness of an emulsifier is to
determine droplet size distribution. The droplet size of mannoprotein was compared
with commercial emulsifiers (gum arabic and lacithin). There were 3 pieces of
information on distribution. d{10), d(50) and d(90) showed that there are about 10%,
50% and 90% of smaller droplets (um) in the distribution, respectively.

The span indicates the width of the distribution regardless of the median size
(Palazolo et al. 2004). Vegetable oil. which gives the highést emulsion with each
emulsifier, was used for the investigation. The particle size where the cumulative
distribution is 50% is known as the median droplet diameter (d, ¢ 5). All the emulsions
showed a monomodal distribution of droplets. Emulsion from mannoprotein had a
dyos with 50% of the particles under 110.836 pm, compared with emulsion from gum
arabic and lecithin which had 105.670 pm and 86.464, um respectively. It revealed
that the emulsion from lecithin had the smallest particle size. The span of lecithin
emulsion was the lowest; it indicated that emulsion from lecithin had the Jowest
polydispersity of the emulsion. It showed more stability of emulsion than others.
Particle size distribution is a key characteristic, as it contributes to the physical
stability property of the emulsion. The stability of an emulsion can be enhanced by
reducing the droplet size. As a rule, large globules tend to coalesce faster than small
ones (McClements 1999). Thus, obtaining an emulsion with a uniformly smaller
droplet size becomes essential to achieve a stable emulsion system.

The effects of various pHs (3-12) on the activity of mannoprotein are

presented in Figure 1. The emulsification activity of mannoprotein decreased clearly
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with decreasing pH below 5. However, no changes in activity were noticeable in the
pH range of pH 5-12. _

After the mannoprotein was incubated at temperatures which are usually used
in food processing such as pasteurization, cooking and food thermal processing, the
residual activity was determined (Table 4). All the temperatures tested did not show
any influence on the emulsification activity towards palm oil of mannoprotein. This
characteristic of mannoprotein may be attributed to certain chemical groups that
endow it with protection from hydrolytic degradation. This is a useful property for
many commercial applications that involve surface-activé or emulsifying agents in
formulations subjected to high temperature treatments (Gutierrez et al. 2008).

The effect of salts on the emulsification activity of mannoprotein is illustrated
in Fig. 2. NaCl and MgCl, had no effect on the emulsification activity of
mannoprotein. A slight decrease in activity of mannoprotein was observed when
CaCl; was added.

Mannoprotein extracted from spent yeast obtained from traditional liquor
distillation was stable over a wide range of physical and chemical conditions. The
results were in accordance with previous studies that found that mannoproteins from
S. cerevisiae and Kluyveromyces marxianus FII 510700 were stable in a wide rang of
pHs, temperatures and salts (Torabizadeh et al. 1996; Lukondeh et al. 2003).
CONCLUSION |

The spent yeast produced as a waste from the local liquor distillation could
provide a source of raw material for the mass production of mannoprotein emulsifier.
This could eliminate the need to grow the yeast specifically for the production of

emulsifier. it is also good for the environment waste discharge from local distillers

would be reduced. In addition, the production of the bioemulsifier would be
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economically advantageous, since the process converts a low-value waste into a high-

value product.
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FIGURE CAPTIONS

Fig. 1 EFFECT OF pH ON EMULSIFICATION ACTIVITY OF MANNOPROTEIN. BARS
REPRESENT THE STANDARD DEVIATION FROM TRIPLICATE DETERMINATIONS
Fig.2 EFFECTS OF NaCl (a), CaCl; (b) AND MgCl;, {c¢) CONCENTRATION ON
EMULSIFICATION ACTIVITY OF MANNOPROTEIN. BARS REPRESENT THE

STANDARD DEVIATION FROM TRIPLICATE DETERMINATIOI\ES
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Table 1.

EFFECT  OF EXTRACTION TIME ON MANNOPROTIEN YIELD, EMULSIFICATION

INDEX (E24) AND CRITICAL EMULSIFIER CONCENTRATION

Extraction time Bioemulsifier yield” Emulsification Critical emulsifier
{min) (g/ 50 g cell yeast) index (Ez4, %) concentration (g/1)

15 1321 =0.11° 60.71 £3.57° 20

30 13.48 = 0.22" 60.23 + 1.74° 20

60 13.56 = 0.06" 60.78 + 1.32° : 20

90 14.36 + 0.52° 60.50 = 1.15° 30

120 14.56 + 0.31° 60.27 £ 2.93* 30

" Values are given as mean = SD from triplicate determinations.

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



Table 2.

VEVETABLE OIL EMULSIFICATION BY MANNOPROTEIN, GUM ARABIC

LECITHIN
Oil type Mannoprotein Gum arabic Lecithin
Olive oil 62.67 £ 177V 65.52 + 0.00™ 5428 +2.67°°
Soybean oil 58.17 = 2.80°P* 61.38 + 1.205 59.52 + 2.06%
Palm oil 60.74 + 19635 0.00 + 0.00%° 64.20 + 2,14
Rice bran oil 58.55 + | .22BDa 58.13 + 3,55 "61.42 +2.5948
Sesame oil 55.83 + 1.14™ 0.00 = 0.00° 0.00 + 0.00"°
Com oil 62.03 + 1.312 61.64 = 2.625° 0.00 + 0.00"°
Sunflower oil 61.62 + 0,783 60.01 +1.21% 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).

AND



Table 3.

DROPLET MEAN DIAMETERS AND DISPERSITY INDEX (SPAN) OF EMULSIONS

Samples d(10) um d(50) pm d(90) pm Span
Mannoprotein 30.897 110.836 224124 1.74
Gum arabic 35.676 105.670 189.049 1.45

Lecithin 26.449 86.464 170.747 1.67




Table 4.

THE EFFECT OF TEMPERATURE ON ACTIVITY OF THE CRUDE MANNOPRTEIN

Temperature Emulsification index
(°C) (Ez24, %)
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).





