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Production of yeast extract from Hansenula anomala for flavoring
agent

Miss Kluymai  Kacwjamsat

Miss Thongpan Leangapichart

Miss Suchada Siritunyong

Applied Biology

Industrial Microbiology

2005

Assoc, Prof. Dr. Nuanphan Naranong

Special Project Co-advisor Asst.Prof. Linchong Suklampoo

Yeast extract production by Hansenula anomale TISTR 5082 was studied in aerobic
fermentation at 30 * C using modified Y-M broth containing coconut water as substrate. From the
results, it was found that the highest cell dry weight was 20.31g/L at 36 hrs of cultivation. The
maximum production of protein and ribonucleotide were obtained when 36-hr yeast cells were
incubated with papain at concentration of 0.2% (weight/cell wet weight) at pH 5.4, 55 " C for 36
hrs. The yields of protein and ribonucleotide from the autolysis were 13.30 and 7.75 g/L,
respectively, The yield of ycast extract was 0.38 g/g (weight/cell wet weight). Various

concentrations of yeast extract were added for chinese bread production. The result showed that

ABSTRACT

the good taste of the bread was accepted when 0.5% yeast extract was used.
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AY BY ¥ p*  YEY YEY va' val

Lysine 9.4 8.1 8.2 7.4 * * 6.92 6.51
Mecthionie * 1.4 25 1.7 4.5 1.4 1.49 1.15
Trypttophan 1.2 * 1.2 * 1.7 0.6 * *
Valine 7.4 5.5 5.5 4.7 6.0 5.6 6.93 6.00
Threonine 58 4.1 48 5.4 0.5 7.1 4.92 6.00
Leucine 9.0 6.6 7.9 7.7 7.0 6.2 9.16 7.66
Isoleucine 5.8 6.0 5.5 44 47 4.9 5.82 5.15
Histidine 35 2.8 4.0 22 23 1.8 1.89 1.39
Cysteine 1.8 . 1.6 1.3 iewn weown vswwn toswn
Alanine 9.1 5.1 * 7.6 7.2 6.5 5.84 6.64
Glutamie acid 21.0  20.1 * 154 11.5 19.5 5.21 6.26
Aspartic acid * 9.6 * 104 102 14.0 5.37 4.73
Proline 5.5 53 * 9.4 5.0 3.5 2.54 13.75
Serine 5.6 44 * 5.4 4.5 4.6 8.35 7.12
Phenylalanine * 4.1 4.5 1.7 3.8 4.5 3.96 3.71
Aarginine * 8.3 5.0 4.7 1.74 3.8 4.64 1.57
Ttyrosine 54 3.7 5.0 3.7 3.0 2.5 2.58 3.04
Glyeine 5.8 4.9 * 5.4 5.5 4.4 3.21 3.31
H8LHE) A : 8 cerevisiae, Univ.Food Assay , B: 8. cerevisiae, Kockova-kratochvilova

C : S cerevisiae, D : Candida rugosa

YE, : Yeast extract(Brewer's yeast), YE, : Yeast extract(Baker’s yeast)

YA, : Yeast autolysate(S. cerevisiae RCM-Y-2465)
YA, : Ycast autolysate(S. cerevisiae RCM-Y-2656), * L].lifl{l”f)ial}ﬁﬁ 18974

A1 1/Reed and Nagodawithana {1991), 2 /Kimct al. {2002), 3/Kelly (1983)
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Tneud 0 120 3

TsTuwanu 2) 40 11.9
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widondud 6) 28 23

AsauUnU Tntin 70 30

Tuledu 1.3 0.25

nin 1Wan 13.0 3.1

Fiiud 12 0.001 *

oy * lufidoyasieau

1 : Reed and Nagodawithana {1991)
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Amino acid Property

Glyeine caramel

Alanine caramel

Valine chocolate
Leucine Baked cheese
Isoleucine Baked cheese
Proline cakes and pastries
Hydroxyproline crackers
Methionine cooked pototatoes

Phenylalanine
Tyrosine
Asparaginic acid
Glutamice acid
Histidine

Lysine

Arginine

violets
caramel
caramel
Toffec
Com bread
Fresh bread

Burmnt sugar

= .
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AN :Reed and Nagodawithana (1991)
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MmN 2.4 uamslstadaialueimis

HART M DTN USinams 14 (fovas Tanhmiino1mas)
Dried soup 0.30-1.00
Concentrate soup 0.50-1.30
Bouillon soup 0.50-1.60
Sauce and gravy 0.50-1.00
Meat 0.70-1.30
Canned meat 0.70-1.60
Frozen meat 0.70-1.60
Stew 0.50-1.30
Poutry product 0.30-1.00
Seafood 0.20-0.60
Vegetable 0.10-0.50
Snacktood 0.20-0.80
Breading and batter 1.00-2.50

147 : Albrelht and Deindocfer (1966)
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wulyiindea  Sutesdats RNA uaz DNA HuTndindlelnd uaviindle’lad

(Reed and Nagodawithana, 1991)
.‘: Dllgnpepudas Amario acids

i
i wall Prolaln
f Y¥all Enzymes

! Wall Mannan Soluble Proteins
Cyloplasmic Enzymes

tniact Openad Protalns
Yeast ———=Yaast —=— Organalles —-@— Organellar Enzymes
Ccalls \ Cella .

Solub Glucgns Carbohydrates 1. Prolease attack 2. Glucenasa atiack

3. Release of cell contents
4, Lysis of organalles
5. Glucan hydrolysis
ﬁ {1-3) Oligosaccharides 6..7..8. Product proteclysls

Glucose

i = oy i o 1 (Y o
11 2.2 FdvenlFAsenfinerdosmsdesanisdnesueded

A1 : Huter and Asenjo (1987)



C¥

@ PR Wy M

®

f«.,
.."Iu
Y !
i H C
15 P ;;
1*_" E

™

jUA 23 uwunmmisesaamadtiad lasiimigosaniodnoa (autolysis)

17 Reed and Nagodawithana (1991)

]
=14

ﬂ; 'd 1 =4 o
M319n 2.5 wulmiRdosaaretias

Source Optimum pH  Optimum Temp.( 'C) Mw(x10Y References
Qerskokia xanthineolytica/. Scott and Scheckman
_Anhrobagter luteus ’ (1980}
(Zymolyase / Lyticase)
Glucanase 6.5 45 58 Kitamura{1982)
Protease (alkaline) 10.0 35 29
Whole yeast cell activity 7.5 35
Arthrobacter GIM-1 Vrasnska® et al.{1977)
Glucanese 5.0 30-40 20
Glucanase on walls 50
Protease(alkaling) 9.0 11
Whole ceil yeast activity 7.5 3n-35
Glucanase 35-40 12
Whole cell yeast activity 9.0 35-40
Rhbizociinja sp. Kobayashi et al.(1982)
Glucanase 535 55-60
Protease 6.5 40
Whole cell yeast activity 6.0 40 26
Cuviophaga NCIB 9497 . 8.5 55 Andrew and Asenjo (1946)
—Whole cell yeast activity 5.0 45 - 50

Al Asenjo and Andrews (1991)
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T i seulsdeniy weuwledonygdunid eulsinnfsfieglunguaalwasalysfion
o i r'd 1 ¥ ] -y F=Y
Tuadga ouladmailldun 1hah A5y Tusliau
= 9/ i o a4 W - o Yy o ‘A
NNATUR 2.6 N3 WU Isdesaarsoaans Mazlilse Tsrinated ety uail
v o . PE 2 sy o & .
Tutuiasarflsdudorglseulsimaniufe ouloifdesaarsdaadtiueou lani 157
(7] 1] 0 o1 ’ o o n’a:l'.ﬂl o1 =3 ks
a Juagdwazandlulinadendniuaindnms ausoueneu lmidesamelianeansin
A w o ) = ' 3 d = des o
HAAN N0 uazAueIeveueu ledliganefzeosaain 1A Tauimadied L

1 o" = & 1 o 1 o o .
Yamlassiou Iyl Tisdeadegnelumadoonudooniniuat 187 (Asenjo and Andrews,

1990)

o o 3 ¢ A o
Ms1an 2.6 sz Tosivesns eu laidoneaeteas

Utilization References
mation of protop;asts ycell fusion and transformation

of yeast Kitamura (1982)
Production of intracellular enzymes Zomer et al.{1987)
Pretreatment to increase yeast digestibility Kobayashi et al.(1982)
Preparation of soluble glucan polysaccharide Jamas et al.(1986)
Alkaline extraction of yeast protein Kobayashi et al.(1982)
Pretreamment for Dyno-mill mechanical breakage of cells Kobayashi et al,(1982)
Extraction of specialized lipids from yeast Hammon et al.(1981)
Preduction of yeast extracts Kobayashi et al.(1982)
Extraction of pigments from red yeast Okagbue and Lewis(1983)

Release of recombinant proteins(e.g.,human scrum albumin)  Asenjo et al.(1988)

Lysis of carries~inducing microorganisms Johnson (1977)

i - Asenjo and Andrews (1990)
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Taomwiz Sun “Primary grown yeast” ﬂ‘lJ?Jﬁﬁ‘ﬁ"lﬁmﬂ'l'iwmmﬂiﬁﬂﬂﬂ “Sccondary grown
B A A a A W = o on Yt

yeast” ( Keeman 1185 Snick, 1994) GmuﬂixmummamsmuTﬂun1'§m'§uuwaa0ﬂﬂ°lﬁumm
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Y = r.'q‘alul o [¥) = &
2.7 AMANHIMZVBIHAANIT IUNISHAATIIANAVINUTR
= ar =1 o o
Tunswiamsananndadamunsoldbaduuuile (baker's  yeast) wistadn ldain
s o ' = kg 4 =] U ) =
RIMMNTSDYT (brewer's yeast) udazfionlddadvusilannnidudhduyulunsniaey
1= o = o Y = ' 1 i o - [
gaumtadyuuilaziigalsglesimedmldsfueggand uaziingsudsluniswaa lugasn
(| e 2 - o FYI - 1 o 9 o @ =t o
whteafmasnnmsldlugaamnisudol  sewuiadilFlumandamsadanntead
1 o )
AR Candida utilis, Kluyveromyces marxianus W30 Saccharomyces cerevisiae WuAu d
o o 4 4 W - Ao o sy ¥ 4
FWRUTNUBUNAGARD UNUT Saccharomyces cerevisiae INTIZTAAMONUEH IHNAUTA
b ] é‘l

= ¥ d s A .
L‘ﬂ‘w13@1’)1’19]ﬂ'J'ILﬂJE]ﬂl‘]I!ﬂ‘HfT’ISL‘Wl]ﬂﬁu‘i’dsluﬁgﬂﬁ"lﬂﬂiﬁﬂﬂ'lﬂﬁ (Reed and Nagodawithana,

1991)

2.8 o laidulu

2.8.1 quauiamamiivazmynnuaeanly
a " T A = )]
Tnludadluewlmilungudadleadalisfiod  (sulfhydryl protease) wio Suni
\ . & a 4 J ras 1 \ = -
cystein proteinase A47INITNVBUBU IlozWuUBYT UMY INaBA (thiol group) YDITaIADY
¥
‘IJ‘ILﬂu‘JJ‘I:lTH‘LTﬂIMmf]ﬂ 23,406 3| isoclectrie point (p) MU 8.8 (Kimmel 4a% Smith, 1953)
= ot { o o ' 1 ' aaa o
Yuufinnunsdadn #ey 5 &1 fey findr 3 wiegend 11 musalfntolelasladee
<4 o o o J 1 o o o c:’ :r, Y ¥
anae  Meshrinzaudumahinuvenhnluivegiusiiavesasfilumsadedn A
| = = a A ’ o = =Y o
unudennufeulddnnllsdeaaiadn 4 wu molingungil 70 esadoe wu
PR T w e 1 sa v =L 3
30 WA et danenssumsanezneuluuy woniifenssuaans lilieedouas 20 (Reed,
1975)
Kang 4taz Wamner (1974) fintiwavesiiowuazguvgiiniidennunaiveal uy
a 1 ; =] = oy = =
InTuthnly uasihdhowlUAwes wuduedu13ngumgil 70 ssmuwades uw 30 Wi
,{3 =Y = a e S =] 3 A o = =)
ulyne 3 wila Imaaldsulasdifenssufoadndesh Wey 5 nsgapduinssy
4 a \oMw g w o
qavuR Aoy 7 uasgandsivnssuedaihivd i ifey 9
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muimlfAsesznhalulusuasasdu veifinis luanavetutlua il
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3/

fnuuzidudos FailnyFadlanda (-SH group) vesmabu ﬁwumwylfrgﬂﬂaﬂ?ﬁ‘lﬂﬁﬂﬂ
TanzniinuSomsWIN oxidizing agent Aauiuss ladalndtu AonsTuvesnuozanas
migaillanaluTumgaven)iugnesndladdie dufunistlossu bilddudasueinea
Tavzmiinfifinanondlad 14ur nowwas danzd Usen 5w uazlaveny Tuwanaveathul
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nilogluumauan  duiu  msdudaduuauaniinaldiluluiifenssuvouou ladaans 1
{Ortiz et al., 1980)

e

i o w1 v = o aa
msiduausalgiser venluh 18un lrelud Faadn Saadngarnlou uas

¥
¥

dalia  lasmsmaridinhnsassiuse ladalialuTuagahnluldogluginy leooa
= - o dz o 5
DATE (free — thiol group) MI¥MIHeaETY  Tumshauesanlniueylslas ladidd
4 'd = BTN ) o
nd wlud wazwamesveinsaoziilulasuansgueauiidsawgiselelasladuuy broad
o 3 1=
specificity Aoau1sa lalas ladensasau ldvwatvyiia
A o & o Zar o dd w dgoaw 0
msnansadusamsmisuveosidy  sauilletsiinerdoshni lvnisiauees
¥ ]
uanas 1aun Jediug arrwanlelalslelasuua (isothiocynate) astudanyiiliing

=Y s a = = 1 Pt
URERIDIE 137552 mﬁgﬂmamiﬂuqaumu LLﬁ%ﬂ"I'iUE]EIﬁﬁ?U‘UENIﬂ'iﬂN (Ortiz et al., 1980)

2.8.2 A1IATIADUNINT TNUDIT MU
= o = o [ o=V
mansavanufnssuvouon Ll lastnatlsuianinainaunsalunissalfasen
I -~ A d& = = o | 3 = 1
viodszanSnmvanoulmiFuaaddugUionssy Aenssuveueulal uisuensaienn

a a

1 o ny w 3 ] 3 =
nwvo U Tyl (enzyme units) udaslugihiminvesansdsduiganldoulufiunindwuai

1
=

9

c!'. 3 - = = o Fa = 3 - o 3/
Tunafifivue  vieuanathalSinandadusnfatulunaidsmuauaznieldaniieh

' PP o = . . 4 o
naasy wiaoveuou ladAiloyldiulasainafo LU. (Intemational Unit) Fafmualay The
= 1 1 E4
Commission of the International Union of Biochemistry Tasin1in “1 niuoveuou o
] r ¥
winedalfuonoulwiilfsnlgito lumsndeumsddunioilditeandadusd 1 lulns
Twa Ywnat 1 1f neldeaneidivua
a & . 1 =

Tunsaidiudaili hydrolytic enzyme 1 widoeulyd (1 1U) vuteds YTuna

. 3 ]
Pwluiilalnsladensdunda1d 1 lulasTualnlsBudeuniiiguugd 37 esmuwadua
pH 6.0 (Ortiz nazane, 1980) nanssvvasilmlumniougailuniisveamininssumawie

. . A . & 4 a ' deio q
(specific activity) A8 LU./mg protein mwmvmmmu‘ﬁuauxau"lcuumuagiuiﬂsmu 1
Hadndu {(Lmole tyrosine/min/mg. protein)
= =, &
Cayle (1965) laasasufnisuvenulaedt casein digestion assay 43
[ df = B d o W - 3 o A Yo ey

nanmaugude lalas ladmaunwlaannefiinmanszquenleiiie Tdinnl §so1gege
[} L) o o oy ey a
Mlavldarsazaredosas 0.7 luveelaivies fiow 6.0 Valfnsuuasazaieaunluly
ar e ~ = o @ a =
e ALl 0.01 M Faundu 1oz 0.01 M EDTA i{Tuian 1 52 1uah 40 89rniaud uagvya

aan oo = ¢ 1a £ 1
Uffsudemisazawnia lnsnaelsezdan fevaz 22 nsedlTualulanussazawey

Tunsalnsnan TsozaanldA 1078 Kjeldahl n301asn13 30 absorbance 1 280 11 THiNAS
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dudiznavvastimenin

Total solids% 54
Reducing sugars % 0.2
Minerals % 0.5

Protein % 0.1

Fat % 0.1
Acidity mg % 60.0
pH 5.2
Potassium mg% 247.0
Sodium mg% 48.0
Calcium mg% 40.0
Magnesium mg % 15.0

Phosphorous mg¥% 6.3
Iron mg% 79.0
Copper mg¥ 26.0

AT : www.lartc.rmutl.ac.th

Y = d - =" Dy
ﬂﬁNﬁ 2.8 ’;a,ﬂﬂzHmuﬂﬁzﬂﬂwm:}mnuu“luumxw%’n

dmsznotvesimiuiiluhuzni (LLg/ml)
Nicotinic acid 0.64
Pantothenic acid 0.52
Biotin 0.02
Riboflavin <0.01
Folic acid 0.003
Thiamine Trace
Pyridoxine Trace

U1 www.larte.rmutl.ac.th
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ﬂ'l'i'lﬂ‘ﬁ 2.9 ']Lﬂ'i'I$°ri?f'?lu1.|'izﬂﬂll‘l.lﬂﬂﬂﬁﬂﬂﬁfil1H1HHWM$W%JTJ

dausznonvesnsaosdl T luiwewin Gosazvaslsiuimun)
Alanine 241
Arginine 10.75
Aspartie acid 3.60
Cystine 0.97-1.17
Glutamic acid 9.76-14.5
Histidine 1.95-2.05
Leucine 1.95-4.18
Lysine 1.95-4.57
Proline 1.21-4.12
Phenylalanine 1.23
Serine 0.59-0.91
Tyrosine 2.83-3.00

ﬁm : www lartc.rmutl.ac.th
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Yeast - Malt extract agar slant (YM-agar slant) Tagoziinistiodionns 2 1heu tiefiez
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3.2 IngAunazmsini
- g @aawiasd wamanseia agamwa)
- 11 Tau (Himedia, Laboratories Prt Limited, India)

uaaﬁ ang {Himedia, Laboratories Prt Limited, India)

won TuHunsama {Himedia, Laboratories Prt Limited, India)

- ﬁﬁﬁﬁﬁﬂ (Himedia, Laboratories Prt Limited, India)

- Tmi@B1n13 DoIUA (Anibioticos s.p.A)

- 'I“Blaﬂnvlﬁﬂiﬁlﬂul"m{ (Anibioticos s.p.A)

- ﬂ@ﬂlﬂﬂi{“ﬁ'mﬂﬂ (CuSo,.5H,0) (Scharlau Chemie S.A., Spain)

- ®150¢0WWHBA (Scharlau Chemie S.A., Spain)

- ﬂﬁﬂ“ﬁ)ﬁﬂ?m%ﬂﬁf‘l‘! {Scharlau Chemie S.A., Spain)

- Ymden TUAmBeam15nse (Fluka bioChemika, Swizerland)

- Folin-ciocaltcau phenol reagent (E.Merck, D-6100 Darmstadt, F.R., Germany)
- citric acid (E. Merck, D-6100 Darmstadt, F.R., Germany)

- citric acid (E. Merck, D-6100 Darmstadt, F.R., Germany)

- dibasic sodium phosphate (E. Merck, D-6100 Darmstadt, F.R., Germany)
- Bovine Serum Albumin (Sigma Chemical Co.)
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1A 7DU81 (Orbital Shaker OSI-501)

INTDARLTY (Heto LyoLab 3000)

130959 AIDY (Eutech Instruments pH 510)

ﬁﬂaﬂ@t%ﬂ (Model ABS 1200 HAAN R Astee microflow)

adnIns s Tnilwes (DR/4000 V Spectrophotometer)

1399 3R1T NS AUEATIY (Eppendort Biophotometer)
- 1n5 09 M8 (Falcon 6/300)
- INTBITIET 4 AWMU (Sartorius Analytic)

o
e (Memmert)
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auaudal (WTB Binder)
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- ganinluwaniu VA 10 BAT (B. Braum Biotech International 'g'u Biostat ®C)
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1. Yeast Malt Extract Broth ( YM broth } { Ronald, 2000 )
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thagznavmadn ldenisnseaneulugeugungil 105 °c (Fuan 24 $2Tus 9amin

] £y o o M o M 4 M © ' s 1 A @ Qi
vuduadinmesitlunm 4 - 6 $1Tug tlUFadmnsoawe 4 dumue a1 lidinaudu
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2. s izrifinannusu Taeiseuludevlvdh (Horwitz, 2000)

= -

2.1 111 Aluminium can 91 Tug I Agaunail 105 seruwadiva Huna 3 $2lus

3 a 9/ T g 1 g 3 @ -
udnhoenningould 1 uToganud daseiis 13 vunszvisgungivoaniasuzanag
3 ¥ ¥ ]
a = o o CY o Y =t

pifuguunlivewdmaimin vwhminasi

o- o)

g 1 3/ ¥ @ . y :, ar
2.2 amamaﬁﬂmmsmmm%u 1-3 N3 Fl,'1-‘l Aluminium can ﬁmmumun LL%’J

e =2

i hleuTudon Wi higungi 105 sermaaiud uiu 5-6 32 Tus heenvindould1ily

g
@ o ¥

H_'lv 3 M o 1 3 :: o o 3/ 1 9/ =
Tn@ﬂmmmu HAIINRUWIH U BHEWITDUAIDETNUY mnuumﬂnumﬂﬂiﬁqﬂnaﬂ U
] 1 = 9 1 : w { : o ] [ i uw o
ﬂ'iZ‘TI"lL“li‘uLﬂlﬁ]uul'ﬂNﬁﬂ"lﬁ“l]'ﬁ)du"muﬂﬂQﬁ'ﬂ’l\‘lﬂiQﬁﬂ‘i]ﬁﬁ]\‘lu'lﬂ')E]U'Iﬁﬂflﬂllﬂﬂﬂﬂﬂi]uvlﬁu"I'H‘Llﬂ
T !
ﬂﬁﬁ ﬂ?@!tﬂﬂﬂﬂﬂﬁgﬂ"lm 0.003-0.005 AIUNIUHU

¥ ¥
ar [

3¢ r !
USnunnudu Govay) = ahwmdnSudu-iminyrdioi)x100 i

w al 1 ]

UIHUNAIDENBN D1

3.mauanzHdSnand (Horwitz, 2000)
3.1 gUnsel
3.1.1 1 Uup1 {(muftle furnace)
31.2 ﬁaunmﬁmmﬁﬂu (Porcelain cricible)
3.1.3 ‘Im;ﬂmm%ru

3.1.4 150991 W e019a218ua 4 dumiug
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4.1 gunsel
-4 ar w by o Y] e o
4.1.1 gilnsaiyaasialuii (Soxhlet apparatus) Usgnoudsviadiniulasi
. . , .
aznusaaiaa (Soxhlet) INTDIAIEUY (condenser) wazw I¥anudou (heating mantle)
4.1.2 naoa lad10e049 (extraction thimble)
4,13 14
4.1.4 dau T
4.1.5 19503% 9 A 100 9aziDe
&
4.1.6 Tngannuyy
42 35015
=] & ) =S w o As 3 Ay
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4.2.3 dvavadleeeladaslurenan 1auillasBdeudimes asluaani lviiu
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b4
4.2.6 v luiu leuTudeuRgamghi 80-90 esrraaidoa uus Haliidu
4
Tulegannudu
o o a kg : & = o ' :’ LY &
4.2.7 Faimidn udreudinsaag 30 WAl aunseimaasvesimin 2 ads

Aadonu by 1-3 Taapsy

»
U5 Juiiu Gewaz) = 1mdn lasiundaoux 100

L 1
Wmindog1usudy

5. mdnszHBinamilulsinsaianalagis phenol sulfuric
5.1 a151Ail
5.1.1 NIAAANIN (H,SO, reagent grade 95.5 % AINDIITUHIL 1.84)
5.1.2 Flupa 5% Teetinin wien Taesari1ndu 95 n$u uazazawiluea s nfu
5.2 75M3
5.2.1 9AATAEEAIE1 | T0ddns (ﬁﬁwmaag’sijw 10-70 Tulasniune
UnadnT) ki 1 NadanIusamsazaniuen
5.2.2 @unsadar3ndudu 5 Tadaas wauTmdaiy
5,13 wamald 10 ud ﬂﬁ'ammfumdmazﬂ1"lﬂgan'“lué1aﬁvuﬁuqmﬂgﬁ 25-30
par At dnag
5.1.4 1idrad i iamgandunasiinnuorandu 490 1 luwas Woudiganiu
uaaf 18Muns Winas g1uves D-glucose AnTududuio-70 W insniudefiadans (A

»

R ¥ a o o T
mﬂalﬂlimﬂammumﬂma

ﬁ.mﬁlﬂﬂzﬁﬁﬂiﬁuiﬂﬂag Lowry method ( Lowry et al.,1951)
6.1 M9
6.1.1 MInzawyImig1d 1d3au : @15a2a810 Bovine Serum Albumin (Sigma
Chemical Co.)a1ududu 400 lylnsnFudoiianans

a o 7 o 4 = '
6.1.2 0150888 A I“]I!.ﬂﬂ%Jﬂ'lﬁ‘UE]mﬂ 2 iosisua c!ui%’lﬂ{lil"lﬁﬂiﬁlﬂuhfﬂ 0.1

6.1.3 ansazane B : aelulaidaia (CuSo, SH,0) 0.5 nledifuq luTmdas

Tedam@sumaman | lofidud
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6.1.4 41902210 C : 710 alkaline copper reagent 1ATINMIHTUAITAZAW A
»
YSwas 50 daddas fumsazaneB YSwas 1 Taddas @eunioulminnasnouns
NANEI)
= '3 o o d (= a oa
6.1.5minzae D : I"lﬂﬂﬂi]ﬂ'l'iﬂﬂmﬂ (Naz.CO3) 2 Lﬂﬂﬁk’ﬁuﬁ SIEFTREY 50 Yyaaanid
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werufiuansazate B USuias | Jaddas (Reuaisulminnadsnouniinaaes)

6 .1.6 M1I0za18 D : 170801 Folin-ciocalteau phenol reagent Wov13Taen1s

» 1
HAUALNAY Judas a1 ;1

=, = o' |
6.2 15M3UA3 124 1R U Aaza1w (soluble protein)
~ ol t - a Ao A =] = = L 1
6.2.1 W3LumTazMeAI9619 UTinas 1 dnddas aliSualilsdusgizna 25-
500 luTnsnsudaiinaans

ET 2
6.2.2 WumIazawC Usuas 5 Tasans adllwauldiddu denaldesntion 15
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= = = oo Y o ow 3 Qy ¥ 3
6.2.3 1ANaIsazaly E Usuag 0.5 daddasas llwenldidhdu dsisPBedialon 30
=
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6.2.4 IARINIAANAULTIVDIANTAZAWAIDEIINANINLIAAY 750 W1 TUIAS

. d

6.2.5 a19n51unsg1u Tu5AU Tno 14 bovine serum albumin Huaisazae

WA

6.3 a3nsinasgiulysau

nsardanguiasguTisiuTao1d bovine serum albumin aarusudy 400 Tulnsniude

¥
w =l

finddes iWumsazateunasgiulalsdu smnsodiuiamnlTum TusAu 18§l
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anudndull Ay MIMsgAnAHIRiANHEIADY 750
(lulasniunediadans) wilumns
0 0
50 0.109
100 0.234
150 0347
200 0.442
250 0.535

7. MIIASUN phosphate-citrate buffer 10 5.4
7.1 w5
A:0.1 M citric acid (2019 citric acid 21.01 NTY Turhingu 1 ans)
B:0.2 M dibasic sodium phosphate (dza18 Na,HPO,. 7H,0 53.65 N31 130
Na,HPO,.12H,0 71.7 n5ulu vhndu 1 dam)
7.2 35Ms
NAid 22.2 Undians ( YodE1sazae A) AU 27.8 Uadans (vesmsazais B) U5y

o o) A Ag
Usumsitlu 100 Tadans
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Hedonic scoring test preference
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MAHRUIN D

a ¢ kY aa
MIAUNINTHN NN UHANA

H‘. o =) @ d‘ ar 1 =
MmN -1 USnaldsdvvesmsazmelandaimsmyumlss (nfudedan

71U 36 48 60

8F
o

¥ 9 1 3 @ A el
WHH  afefl  asen2  mwAn ade wiy  aseRl  asahz @A

=h.
=
2
=t
=hb.
]

vou Tan]

0.1 10,70 11.50 i1.10 9.50 10.70 10.10 9.50 9.90 8.70
0.2 12.90 13.70 13.30 13.40 14.30 13.85 14.30 12.90 13.60
0.3 11.50 11.10 11.30 11.50 12.90 12,20 11.10 12.00 11.50

ﬂi oy ' = 4 W
A1319%0 9-2 MsamsizHaNuulslimvenFinahlsavvesmaazaslandimsvyy
M09

Dependent Variable: yield

Type Il Sum |
Source of Squares df Mean Square F Sig.
Corrected Model 35854441'(‘: 8 4481805.556 9.402 001
Intercept 2529975555, 2529975555.5
556 1 56 5307.641 000
hours 581111.111 2 290555.556 610 .565
cone 32607777'7; 2 | 16303888.882 |  34.204 000
hours * conc 2665555.556 4 '  666388.889 1.398 310
Error 4290000.000 9 476666.667
Total 2570120000. 18
000
Corrected Total 40144444 44 17
4
a R Squared = .893 (Adjusted R Squared = 798
Duncan
Subset
hours N 1
60 6| 11616.67
36 6| 11900.00
48 6| 12050.00
Sig. 325

Means for groups in homogeneous subsets are displayed. Based on Type [l Sum of Squares The error
term is Mean Square{Error) = 476666.667.

a Uses Harmonic Mean Sample Size = 6.000.

b Alpha = .05.



Duncan
B Subset ]
conc N 1 2 3
A 10300.00
3 11683.33
2 13583.33
Sig. 1.000 1.000 1.000

47

Means for groups in homogeneous subsets are displayed. Based on Type Il Sum of Squares The error
term is Mean Square(Error) = 476666.667.
a Uses Hammonic Mean Sample Size = 6.000.

b Alpha = .05.

a = [} o = 4 o < w1 &
1A a-3 Tl TothnaTe lnavesesazanolandimsninuniog (nfurodns)

ANy 36 48 60

¥ 3 s & o o d' & o & o 4 e A o d
Wty afail asen2  mBe el afin2 mEu afeil aned2  waw
o Tas)

0.1 7.46 7.49 7.47 7.21 7.33 6.50 5.58 5.61 5.60

0.2 7.75 7.75 7.75 7.76 7.6 7.81 8.83 8.95 R.89

0.3 6.87 6.90 6.88 6.RB 6.92 6.90 7.60 7.67 7.64

M990 -4 MIaTeaulsisinveslsnals luiina lolnavosasazanvlands

MIHYUNIO
Dependent Variable: yield
Type I Sum
Source of Squares df Mean Square F Sig.
Corrected Model 126896.000(3; 8 15862 000 594.825 000
Intercept 9741698.000 1| 9741698000 | 3°°%136] 000
hour 81.333 2 40.667 1.525 269
conc 60532.000 2 30266.000 1134.975 .000
hour * conc 66282.667 4 16570.667 621.400 000
Error 240.000 9 26.667
Total 9868834.000 18
Corrected Total 127136.000 17

a R Squared = .998 (Adjusted R Squared = .996)



Subset
hour ]
48 6 732.67
Duncan{ 36 6 737.00
a,b) 60 6 737.33
Sig. \ 168

48

Means for groups in homogeneous subsets are displayed. Based on Type Il Sum of Squares The error

term is Mean Square(Error) = 26.667.

a Uses Harmonic Mean Sample Size = 6.000.

b Alpha =.05.
yield
] Subset
conc 1 2 3
A 6 678.00
Duncan( 3 6 714.00
ab) 2 6 815.00
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed. Based on Type [ll Sum of Squares The error

term is Mean Square{Error} = 26.667.

a Uses Harmonic Mean Sample Size = 6.000.

b Alpha = .05.
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AnAAaLTY wifu In fnaudiadada
ATLRL 0.01 0.03 0.05 0.07
1 6 6 7 7 5
2 8 6 g 5 6
3 6 8 8 8 7
4 8 8 8 8 8
5 6 5 7 7 9
6 8 6 6 7 8
7 6 7 8 9 8
8 6 8 7 8 6
9 8 8 5 7 6
10 6 6 7 5 7
11 8 7 8 5 6
12 6 7 7 6 7
13 8 7 8 8 6
14 6 6 7 7 8
s 6 8 8 9 7
16 8 8 6 8 6
17 6 7 6 8 7
18 8 6 8 9 8
19 6 6 6 7 6
20 8 7 7 7 8
21 6 9 8 6 9
22 6 6 8 8 7
23 8 6 9 8 8
24 8 8 6 9 8
25 6 8 8 7 8
M 172 174 81 183 179
iy 6.88 6.96 7.24 7.32 7.16
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Anedaudy vifuToriwaniadada
AIUANY 0.01 0.03 0.05 0.07
1 6 5 5 7 9
2 6 6 6 7 6
3 6 6 6 8 6
4 5 6 5 8 7
5 6 5 6 8 6
6 6 6 6 6 7
7 6 6 5 7 6
8 6 7 6 8 7
9 6 6 7 9 6
10 6 6 7 7 7
1 5 7 7 7 6
12 6 6 6 8 5
13 6 7 6 8 6
14 6 6 5 7 5
15 6 7 6 8 5
16 6 6 6 B 6
17 6 6 5 9 5
18 5 5 6 8 5
19 6 5 5 7 6
20 6 6 7 8 5
21 6 6 7 8 7
22 6 5 8 8 5
23 5 5 6 7 6
24 6 5 7 8 7
25 6 6 7 8 5
23 146 147 153 192 151
miy 5.84 5.88 6.12 7.68 6.04
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Anaaouiy wifu Tnfinmidadara
ANIAY 0.01 0.03 0.05 0.07
1 7 6 4 8 8
2 7 7 7 9 7
3 8 5 7 8 7
4 6 6 7 7 7
5 6 6 8 8 6
6 7 6 8 8 6
7 6 7 6 9 6
8 s 7 7 7 7
9 8 8 7 7 8
10 5 7 6 7 6
1 7 6 7 8 7
12 5 6 7 8 7
13 7 6 7 7 7
14 6 7 5 7 7
15 6 7 6 8 7
16 8 7 6 8 6
17 7 7 6 8 6
18 7 6 7 9 6
19 6 7 6 8 7
20 7 7 8 8 7
21 7 5 8 7 6
22 8 4 6 8 7
23 7 7 6 7 6
24 7 8 7 8 6
25 6 6 7 8 7
39U 166 161 166 195 167
mi 6.64 6.44 6.64 7.78 6.68
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M1 9-8 AzuuvANUYeUNA Y s A uA aueRaafus vy o ludun ey

Taus
gnageufy nivToafiweniBasatia
ANIAY 0.01 0.03 0.05 0.07
I 7 6 6 8 8
2 7 7 7 8 7
3 6 6 7 7 7
4 6 7 6 7 7
5 8 6 7 8 7
6 7 6 7 7 7
7 6 7 7 8 7
8 7 7 7 8 7
9 6 7 7 8 7
10 6 7 7 8 6
11 6 7 7 B 6
12 8 7 7 7 6
13 6 7 7 8 6
14 6 6 6 7 6
15 6 7 7 8 7
16 7 7 7 8 6
17 7 7 7 8 6
18 8 6 7 8 7
19 7 7 6 8 6
20 7 7 7 8 7
21 8 7 7 7 6
22 6 6 7 8 7
23 6 7 7 7 6
24 7 7 7 8 7
25 7 7 7 8 6
3731 168 168 171 193 165

Ry 6.72 6.72 6.84 7.72 6.60
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Y A & Q! o = ] o
M99 -9 MITnTEvaNulstsnssInTInageunlsz e mduAaRldeniu la o
=% o
ygAanNa
ANOVA
Sum of
Squares df Mean Square F 8ig.
color Between 3.472 4. 868 772 546
Groups
g'th'" 134,960 | 120 1.125
roups .
Total 138.432 124
smell Between 59.792 4 14.948 27.579 000
Groups
Within 65.040 120 542
Groups
Total 124.832 124
taste Between 29.680 4 7.420 10.976 000
Groups
Within 81.120 120 676
Groups
Total 110.800 124
total Between 20.720 4 5.180 18.028 000
Groups
Within
Groups 34.480 | 120 287
Total 55.200 | 124
color
Duncan
Subset for
alpha
=.05
conc N 1
.00 25 6.88
01 25 6.96
07 25 7.16
03 25 7.24
05 25 7.32
Sig. 198

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 25.000



smeli

Duncan

| Subset for alpha = .05
conc : 1 2
.00 25 | 5.84
.01 25 | 5.88
.07 25 6.04
.03 25 6.12
.05 25 7.68
Sig. 226 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 25.000.

taste
Duncan
| Subset for alpha = .05

conc 1 2

01 25 6.44

00 25 6.64

03 25 6.64

07 25 6.68

.05 25 7.80
Sig. .354 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Harmonic Mean Sample Size = 25.000.

total
Duncan
Subset for alpha = .05

conc 1 2
.07 25 6.60
.00 25 6.72
.01 25 6.72
.03 25 6.84
.05 25 7.72
Sig. 153 1.000

Means for groups in homogeneous subsets are displayed.

a Uses Hamonic Mean Sample Size = 25.000.
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