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An Automatic Control System for Recovering Exhaust Steam

C.ARMAYRERRLEARER

Production of Fructooligosaccharides from Sucrose Syrup by A
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Production of Selenium Yeast
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MEMBRANE FILTRATION TECHNOLOGY IN THE CANE
SUGAR INDUSTRY

ABBREBEMAEEABRIENAE
R.T.Steindal

Sugar Research Institute, Mackay, Queensland, Australia

HAFBGE TR EARRRFHETATRGELAME 120
BB AMAREBIGRIERA REXFTER AR ERORAL T EE
S E T ERHIRA BN - BB ARG AR HE BT T ROTR
MEABTORRRBREFHEANER A H AR BB FEATRL  £32
HEETRBREE TR B E > MERSIIGAEPDERELEEHE - B
B TR RMARR PRIBARERVIB RO T ik A EE R ERIEMAMRR
Gk 0 B G AT -

CHROMATOGRAPHIC APPLICATIONS IN THE CANE
SUGAR INDUSTRY

R EWmERBELT Y LN EA
Mike Kearney and Vadim Kochergin
Amalgamated Research Inc.,Twin Fall, Idaho,USA

FAREEAMERHLERRMPMN  BANCERRABLTRH - LER -

A %A Ly EBE R L hE AR I ERREY - FRALEBELN
5] ( American Crystal Sugar Co.) 4t 3t i§ %,i& M (North Dakota ) Hillsboro & T A
WHERAGRE  BREILFE 545 28 (B0%MILIEMBE ) B RABM
Amalgamated Sugar Co. &9 #2 t » B & B R 698 32§ i 455 24 o &y 13 86 T gt
R A7 4245 R - B eb AL R AB 2 F R S Y AR 85 R A KRR A R se N H R R A
B ERFEAE MTFRETE R - RAHF 5 M ey4 9 8454 A Fractal Technology
R RGBT EREN 2 S REORTE T RBERAA - B KRB
BWRZEANEBIESES > BITREA -




THE USE OF BIG/GT TECHNOLOGY IN SUGAR
MILLS
¥ B A BIG/GT ¥ #5 8 € &) & &
F.A.B.Linero,H.M.Lamonica,and M.R.L.V.Leal

Centro de Tecnologia Copersugar,Sao Paulo,Brazil

BAEBEEABEBTHOERER R EREAT R REGFT EZHA

Moo Bk ¥ T AMHMBEHREBYAAERT EEiR L F —18 BH¥K
WA FE RRARAMDEBHRELTRE -ARATAM AALEESKR
AMABEH (BIG/GT) 2AA£ TR R LI » st R TEERE /RN
kA BE (CEST) F X - B EHEAL R S THE - AXBNELH
B & A AL 4 (Gasfication Tech. ) » B A7 f8 &-AR 3k & i & o it B 42 & — 18 BIG/GT
ERe6F N8AM-—EAT A ERBE - o4 A BIG/GT & £ E#4E
EHREREIIEGTH > B9 LENBUsEEtoTHE A A hipii g e H
F o B ERBERA

OPPORTUNITIES FOR IMPROVING THE
MANAGEMENT OF SUGARCANE PRODUCTION
THROUGH THE ADOPTION OF PRECISION
AGRICULTURE-AN AUSTRALIAN PERSPECTIVE

KA ERERAAEHELE AR &
R.G.V. Bramley and THE LATE R.P. Quabba
CSIRO Land and Water, Australia

AEEEE (PA) RIBEABESALE > FHERANSTINERA B L4 E
REHOHM L mBHARANEEHE L b4 845 5 S Ley 5830 Bpfg
BRI BERAFAOR AENNAYIL - BEEREHBCHINOIEEEE
# (Yield Monitors) » #1 £ £ % # (Global Positioning System) &332 %
3 % # (Geographical Information System) - KX 4 F £ B ¥ 412 B AT 4
AT $RAGRL REAFERELARGE L - L P ROMBMEBEFER T
AEEE M AM HerbertRiver G H K Z T B L NG R A EE ¥R
BAHEELAGOHERL R PERY ShikAHEL MR EHEA
FREBRAF MG -z HAMPIAMNERERITH EEL E LIFATIT
B A THEERY  F5LEORERY  BRRUKETELE LB L -



THE ANALYSIS OF DEXTRAN AND SARKARAN IN
CANE PRODUCTS USING ENZYMIC HYDROLYSIS AND
HPAEC
F R K ME K R HPAEC o # K % ¥ 49 DEXTRAN F
SARKARAN

‘ P.G. Morel Du Boil
Sugar Milling Research Institute,Durban,South Africa

AN EFEE R AW T » %84 Dextran #v Sarkaran &9 545 F ik » 4o
MATHRREASEELSE S FHE BEBEHFHABETH T ERKBEL R
KA FI M) % BESA o A 45 ML &) B4k A 4 & o4 High Performance Anion Exchange
Chromatography With Pulsed Amperometric Detection (HPAEC-PAD ) R 4547 ° i&
ek CRIRARGIE R IT R T 8854 \#ﬁ FERAEAFHEAESL

HERE  RSFTFEZERERFATHL LAY

DIRECT PRODUCTION OF WHITE SUGAR IN CANE

MILLS: TECHNICAL AND ECONOMIC ASPECTS

wAYEBIS AR LA aR Ko

V. Kochergin, M. Kearney and J.F.Alvarez

Sugar Cane Growers Cooperative of Florida, USA

AxHmhdRgBEEAEL ARG ER BT A G —ERIBLEHGH AR
HRRIFPEMELOTAR - AU RBLEROTHEAT R TLAGE Vil

NTAEE - EHZSEORY - REFFTEGELEELFMFZ AT RE

BB 0 W RS & BLEIE B B A ST T A SRR S A
EAE ~ ALK S RIBEAR Y o ABH AR I O-TRH EILE - X TR HE
ey A (Capital Cost Structure) RE— B ueha st 8Kk - AN F
MR FFEUBRUBOIELEREER -

EXPERIENCES WITH OXIDATIVE DECOLOURISING PROCESSES IN THE
SOUTHERN AFRICAN SUGAR CANE INDUSTRY
EEZ T 283300 A8 F-To1:3 "
' S. B. Davis

Sugar Milling Research Institute,Durban,South Africa
AR ATARBIELIRVER  BALARLAELHMETHALRERE



838 BALE - AXN BB ERRMEALRECLESNRBTE L) T4
R LB B AT Ao ABRAC AR L FURIE  HTEAT R MOk K
MRE ey &% Ao LATSRY o LASRE KRBT 0 # 100-200ppm (on Brix) #)sAa
ToHABGEAFRRMNKEER  ARBEREFTEE- SRR -

ENERGY EFFICIENT PROCESS FOR SUPERIOR QUALITY SUGAR

UEERAMAAZEBREEG ST OB
Sunil Singhal,Anup Kesarwani and Mangal Singh

India

B Eamis (DSQSP) A4 fp BHA e M ThHi AEA AR
ARG OB  LEBRLEALE DM ERELY RETRABOEE -
IXFELARR URTRESHATRALROTL BEBREEA TR
2 EE REAARBEHEBES TARATAE BRI EHHEE -
ERAGEZFLRFFTELH AARHE DB LA B ¥ Mok
HER AEEIFFHRSERAERG A WER - MU FREZHET
HAREUHHFERLBEL G LAKRTAREERHFEH 11,000 fo

7,000 A F R T EHe B BHBAEE TR ELBE-ME-K K
7 TUH AN RBRARIE 0 RRERE R A A e 0 AL S

SUGARCANE TRASH RECOVERY FOR USE IN POWER GENERATION
HAHRERBHEE

Suleiman J. Hassuani
Copersucar Technology Center,Piracicaba-SP, Brazil

RIS oR A SHENATLL RS ATHAKBAEAEBBIRAE
HEFT WS4 T ATHERE -CEAAKAREHRRELEL  a»
AEREEAME  ATHALLAGEEREMME - A THIEMI B EEBER
T ARMBHAEFT TR MR AN ER — A B H BRI AGHRK
HoHEARMEREANE S BMANRIBIRNAIRA R SR M P
RACRERT e sty Bt ke BB TS EFR - Ak O BB E
HH P CHEBRHEAOAMERIEOUATE RN G mn o iak i g -
B bR ERBYHOERFEE CHSBR A BIEE TIHFHAAR
Fle% o R s ar et RERAOTE -
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HANDLING OF CLARIFER MUDS: LOSS MANAGEMENT
BALFE T RRERBMEBIEL
B. St. C. Moor
St. Clair Consultants, Cowies Hill, South Africa
LG EEG Y BT AUBRREREL  FEURA S L EFER
(Suspended Solid ) » 84K ;5 R F AMmahE » TR A FBEH TP R EL (2
g 0.1-3%ehies T1A K A F 4 A LiBEFBRE) - BRABBRT o abmiEd
A H-ARGETRB PO 5 — AEFTHLEIE RS AL DB -
AHENBRD BLEIBFROGFER Y » B4 — LR R Rz irdla945 3]
(Guidline) » G TARET » RAEFEHFFRRLLGLBB R
50-80% > LM H kR HITRHDE IR AR Y P RIE

NEW FARMING SYSTEMS FOR SUGARCANE PRODUCTION
HEEEMABB A&
T. A. Bull, C. P. Norris, B. G. Robotham and M. V. Braunack

Bureau of Sugar Experiment Stations, Bundaberg, Queensland 4670,Australia

ML EOBRBMCERAEE IR ERS AP EALRRANE
G ABRATHMALHEREL R U AR LIEHRE RBELEHTLE
Mo BFIEHIR G ERRORESF R B ARG T4k AL ALRE—F
MeyEREE AL RERMOARBETETEBAE YA E > L HURLEHEAY
JEpTABMPITIEAMAEE - R — BT 247 wiT RO FI78E
BB G Bt BATHTIERH - RMELIRAR Rty A8 RB PR A LR E
SERE - ¥iEd s BETEN KA AR R LR T8 ERUFES S
BERBMGRGBG - EFTERBATRKEREETERAEE  LAURRTR
AR BOMaMrEEL AN STMES -

PROSPECTS OF APPLYING CANE RIPENERS THROUGH IRRIGATION
WATERS : RIPENING RESPONSE OF DINITROSOCIFROL AND '
TRIACONTANOL
F) A # 2K A & ## DINITROSCIFROL #f» TRIACOTANOL 2 5 %
RA&
S. Solomon and H. N. Shahi
Indian Institute of Sugarcane Research, Lucknow-226 002, India
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FMBEMAGH IR AP RRSH RGBS AEREH EH ¥ LK
e #RAALRSHERRCHBERSDGHF o woiE A CP41854 > A
# B A Dalapon 343K 8k ¢4 1 3 3 o B4 6 H A& & B ) €,.4% Polaris » Ethrel »
Pescol815 » Fusilade Super #v Embark €. A R @ MR > #HE &M & %
B FtheBfod S RAER SLH A > H 464 Ethrel » Glyphosate
Dinitrosocifrol + #= Triacontanol % # j sk #h & 42 Ep B € &40 7 35 LA #A 42 )
TR AR H B AR XBRBETHERA IR NEHERRLERETR —
BOoBAXE LY NKE AR HESHEZIPE &3 #EM
TR AR EE 0.2 8 10 B AE -FLEREAMAHREARE T K
B R A6 — 3 £ A A M AE R 4 S Fo micro-light+ R AF H A A B
BlABE R ®E - BRI EM T » sbiERTAT B b 7 B #E UK
ERMEBORRBEBER G A ECHOEYER - KX A A HEILEE
&& Dinitrosocifrol (4 /28 10 22/ ) F= Triacontanol (& /A &5 10 2
FORRE SR HEFREARAREXR BEETMEEM0.22 1.0 F4-
FHHESDLEABERRERRRFEA

DEVELOPMENT OF EST-DERIVED RELP MARKERS FOR
SUGARCANE BREEDING

B EST-474 65 RFLP A2 e eh H R F £
Jorge A.G. Da Silva, Eugenio C.Ulian and Carla F. Barsalobres
Copersucar Technology Center, Brasil
TrREERERAS WS —BRF LR TRHMEAH SR ER &
% RFLP #%22 % /o & Burquist # 1991 FREANH £ B EBES R 547 -
RFIPETUARM—EE AEFEXERAHETHARERMOIEE - KR
EMRAREFAZE A DNA 1F RFLP R QA H B HF AR IHELE
o
Kk —EFBARGERIET AT » LERRAF IR —Est TREE R
Fl&Rmukey kB - Kif —f8+# % Est 3t #|—SUCEST-2 4 & FAPESP (%
1% B M AT 80P ) BA4E o SUCEST Bk & €58 i 44524 B A B - 2 7% B
48 % o £ IR 6 B HSL » EST F# B4 & microsatellite o RFLP 4 F422e.49—
By FAEe it BAMERTEFMEREAGERTALR » 4
FRKRE—AEROER LACEHRFTATE OB LLME TR Bst-$74
¢ RFLP 4232 » T MRyl m B EMK A RM ER » 3 B Bst-474
45 RFLP T A e AR MFolm AR R G E » # A B0k b H 58
EHEARAGARE -
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DEVELOPING SPECIES-SPECIFIC DNA MARKERS TO ASSIST IN
SUGARCANE BREEDING
BRI DNAR L HBHEFT#
Y.-B. Pan', D.M. Burner’ and Q.Wei'
USDA-ARS, 'Louisiana,*Arizona, USA
A IRERS T HEEM Y L6 PCR 4232 » En3/Erid fo Gig 1 /P11 - £ A
R h AR R H AR 246 - Erid/Erid A2 KA 313bp ©AEE G
Erianthus (%) &9%#H AR - 5 —122 Gigl /PI &K/ 4 176bp & &
H & B giganteum A @i (fe83 5 3% 300 60 F090) Ffot b 44T
Ry KRB 350bp o S FIMAREAARBTHLED LR 313bp
Eri3/Eri4 4% 3240 350bp Gig I /P U422 4% BB BE A 5] - #| Al b — (A AE ] 4%
ERETATEAVPETHEMRE RAGRERMBAREELR S, RS H
AEH A RAHMBES TREUATAYNRECAHMBEHE EERNE
B EFERBRRYE -

EVALUATION OF THE BIOLOGICAL CONTROL PROGRAM AGAINST
SUGAR CANE STALK BORER, DIATRAEA SACCHARALIS {., AFTER
TWO DECADES OF FIELD ESTABLISHMENT OF COTESIA FLAVIPES

(CAMERON) IN JAMAICA

¥4 —+ % R 2L COTESIA FLAVIPES £ F ¥ Ao #1536 # & 8 31
#Z £ DIATRAEA SACCHARALIS & 24 %

Trevor Falloon
Sugar Industry Research Institute, Kendal Road, Mandeville,
Jamaica

FEmiE®AE 1972-1974 & 1980-1987 #| A 5| i ¢4 F 4 & & Cotesia
flavipes &£ T 8 £ 10 A% Ex w M R 6 & E K & £ Diatraca
Saccharalis » @ P :X5& 72 1982 FEKX oy > £ F4A LSRR FHERLH
EAARNHED -8 1995 11 A22000 53 A=A mydEs 8
MEEATFARRE - A X BECHKEYEEETREENE T% AL
GERHEAEE ARG RBERLFLELSBELNBREEHAT - A
EHTHEEE M SR RN BHRAERLTLLE - AEBREHEE » C
flavipes By 542 £ 092 R AR T A LRI AR -
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AN EPIDEMIC OF ORANGE RUST ON SUGARCANE IN AUSTRALIA
R RERATRE
R.C.Magarey, B.J.Croft and T.G.Willcox
Bureau of Sugar Experiment Station, Australia
MM A AE Q124 7 2000 £ AR LA E A RS AARE  REBAERN
CHE—BSF 224 1900 FRFUHSEFAE L AMHIET - Q124
AR RIERFHE RGO BARERE RS RIBEREARSEROME
B RIb R B R - Q124 b6 LR H AL @M 45% » 2000 447
HEHBRFEEN L8 T2 E » Berdekim » Herbert Fo 3t 7 4 @& 45 Q124
REREGGEME > AL EGE 30-40% - B oFs R fodt» 0947
Ko SLBIRD HREKMSF 0 TELAM BRI A BH IR AE - i
B S A8 645 Q173°Q178 Fo Q182 2 2f &9 48 kA& 3t i B/ 150-210 & & »
LT BEREREERRRRABR TR Q24 £ XS HBHN > T E
FHRAMEE A S DMIYHE - Km0 £ 2000 Fo RAERE ¢ Q124 B A
FRGEBETRE - BARMNBRABE S AT EOBHESERE ST TR
THRERRFBLIRRT SAR LM ESE > EFTHERRR S
AARB-AAZE  BATCT BIRGME £ SIS e 2% Q124
LARAEEKRS - AH 3 FHBMAELNKBEBE - BATARKEE
Mancozeb ' tebuconazole Fv propiconaole 4 & i & i LAk L 485 L ah48 & -

EFFECT OF SUGARCANE YELLOW LEAF VIRUS ON SUGARCANE
YIELD AND JUICE QUALITY
HEREEFAUHREEEPREASETOVYE
M.P.Grisham', Y-B.Pan', B.L.Legendrez, M.A.Godshall’ and
G.Eggleston*
‘USDA—ARS,Houma; ?Louisiana State University; 3SPRINew Orleans;
‘USDA-ARS,New Orleans, USA
1996 FsgHBHMBMA R FEFER (SCYLV) 3Rk 3] A% £ 5 AR
(YLS) - BRIRMIFE AR HBMH R BLAER - $— @K% i
LCP82-89 &AE R % SCYLV i kA 2 MM A BF R TRE - B R — 7
fo_BRFOHREMDEOBETHRD 11% Fo 14% - Romiishey € #
FoRETMD  ERGE OIEE > B9 BePREBT AR LR
AR R EER - ¥ % » A LCP82-89 #u LHO082-153 & #&
M- RBR B ERPRR LRI ENESE LY - HRERES
Bammroiefit & £ 8 o £ SCYLV R ¥EFRT &R » BHY%
42 LCP82-89 s & m ek B Y ~ MMk > MA SR MR AREE S
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EXBEBRAVREBBEHRBRFELEEL - BABALELR—F « 3l eFH
B AN  EFHmR E > 2R EROE EIRINLKERTRE—
iR ER R > AR ATHESERIABMTRIR D T E -

STABILITY OF MORPHOLOGICAL MARKERS OVER LOCATIONS, FOR
THE IDENTIFICATION OF SUGARCANE VARIETIES
WEFnETH R0
S. Hartatik', A. Makmur?, A. Saefuddin’® and S. Lamadji’
Jember University; 2Bogor Institute of Agriculture;BISRl, Indonesia

EEHELEHEETAREES -S4l ARAMERLETLAUL
R Rueskiitie B HEM - G

MER FATFRCEITAEAMES IR ARERE EUAHY
Miegrszl - BHA> FRLAFTAN LERTA  BAAILES
AL EREIBAROREEEF TGOS AU ELOREZN AT
HEFNBREERRE 5o o BN SE O R AEE$E o Guiard (1995) 4
4 UPOV (BRI R4 ) S MRV REITSHENFHE
H—EffEE R (DUS) Rk - MMM AR EFmizdl otz Lok
AR —AAREHEE XHARARANAREAIAAER » HBEZRT
U Ao iR e — AT E L & o W BAZ e il A T4
ho K S A0EF 4 HOIRHM 5 F42 340 RAPDs k¥4 - £H £ @id4% Van
Dillewijn (1952) » Skinner (1971) #v Artschwajer (1949) F#3 &1& /A #
BARE T E S H DM - AR 23@FEMERE - #A 648
BEohhOEHE  HEAPIELBIGAHMEHHGE LN - A SR
P RINcEZAALEE o MBI R BARIAEERE » 5 —ELEIFER
B-S$RETHRTEE LmiabEEER Y EAZETERR®E
RRMBE  ATHEBHAERARETITUMASBELHTRLL -

THE PERFORMANCE OF FAMILIES IN BREEDING FOR QUALITY
TRAITS INSUGARCANE

HEREERTREASMZ AR

j.- A. Mariotti, M. I. Cuenya and M. B. Garcia De Salas
UIMCA (INTA-EEAOC) , Tucuman, Argentina

THFHEFARATA AL EMLG —BELEE AR EWEHRKETSH

KRR—HBEEHAER B PRAGHLAELBRKEN - BFAH AR

pR gt REMARIEE  THAFTHEAREKAS A BZAROMH

Ko RAXAH A 10 B4 asRFSFHBRTARERTESEMKA N
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s FR BEEASEMERIZMBEK  HN TOHELAE  FLEEE
AEHERBEEMNK - S RBATEAMAE EOMKwER ~ BE - 4
PP RN/ BEEBATH ISR S AT EMRXFKTITY
PRt MR ERER MO ER BN - TR PRAZEE HHERREH
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PROCESS MODIFICATION FOR THE
PRODUCTION OF GOLDEN B-GRADE WHITE
CRYSTAL SUGAR
H.K. Sheen', C.M. Huang', R.Y. Chang', W.C. Chen', L.H. Lin?,
S.Y. Hsiung?, J.H. Liang’

ABSTRACT
Golden B-grade white crystal sugar, with low-sediment content, has been
successfully developed by Taiwan Sugar Corporation (TSC). Most processes and
equipment for the traditional production of plantation white sugar were adopted.
However, several conditions such as lime requirement, optimum pH, and temperature
were modified. The resulting product then met consumer requirements for low

sediment and preferred color and flavor.

Keywords: Golden B-grade white crystal sugar, defecation, carbonation,
plantation white sugar '

INTRODUCTION

The cheapest way to produce edible B-grade white crystal sugar is by
defecation (Yan, 1979a). By this process, defecated cane juice is first passed
through clarifier and evaporator units. The concentrated juice is then directly
pumped into the crystallization unit as the raw material for boiling. The
unfiltered clarified juice contains a few nonsugars such as pith, iron rust, and -
colloids. Therefore, the sugar preferred quality would be negatively and greatly
affected. Recently in Taiwan, customer requirements pertaining to food additives
have risen greatly due to the increase in the standard of living. Hence, the
carbonation method and equipment used in the traditional production of
high-quality B-grade white crystal (GBWC) sugar for specific or general
customers was studied. Taiwan Sugar Corporation has a long history of
producing plantation white sugar by the carbonation process. The main function
of this process is to remove impurities, including pigments in mixed juice by the
formation of calcium carbonate. In order to increase the impurity-removal rate, a
modified double-carbonation process was employed (Chen, 1985). With this
method, the supply of carbon dioxide to the first defecated juice was suitably
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controlled to prevent the formation of calcium bicarbonate. As a result, the
impurities absorbed by calcium carbonate would not be released again due to the
formation of calcium bicarbonate, which has higher solubility than calcium
carbonate (Yan, 1979b). Generally, the reducing sugars in the first-saturated
carbonated juice can easily produce colour through high temperature. Therefore,
temperature is a very important factor to be controlled in the production of
plantation white sugar. However, in the manufacturing process for edible
B-grade white crystal, it is necessary to retain the original color and flavor of
cane juice, and this is different from that of plantation white sugar that used the
carbonation process. Hence, in this study some modifications in the carbonation

process for the production of golden B-grade white crystal were necessary.

MATERIALS AND METHODS _
Temperature and pH effects on filtration of first-carbonated juice in simulated
CO; saturation tank
A 500-ml sample of mixed juice, which was heated, limed and partially
carbonated in the sugar mill, was put into a simulated CO, saturation tank to increase
its carbonation. The samples of the mixed juice were heated to 60, 65, 70, 75, 80 °C,
respectively, and their pHs were adjusted to 9.6, 9.8, 10.0, 10.2, 10.4 and 10.6,
respectively, by carbon dioxide. A 300-m! sample of carbonated juice was filtered.
The filtration rate was recorded and the pH, Brix, polarization, color, calcium oxide
and invert sugar in the filtrate were analyzed.
Mill production of golden B-grade white crystal sugar
1. Modified operation conditions
(1) Changed temperature of mixed juice
(2) Changed pH of the first and second carbonated juice
(3) Changed pH of the sulphitated syrup in the diluted juice sulphitation tank
(4) Carbon dioxide in place of sulfur dioxide was used in the diluted juice
sulphitation tank
(5) Changed boiling system
2. Modified equipment of carbonation
(1) In order to reduce lime consumption and to maintain juice agitation in the
carbonation tank simultaneously, one valve had to be added ahead of the
carbon dioxide pump inlet to allow for introducing air in place of some of the
carbon dioxide.
(2) Raising the juice overflow height increased the retention time in diluted juice
sulphitation tank in order to optimize the reaction carbonation rate (Chen, et al.,
1980).
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3. Process establishment of edible B-grade white crystal sugar
The process for production of edible B-grade white crystal sugar is similar to that of

production of plantation white sugar.
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Figure 1. The effect of temperature and pH on the filtration of first carbonated juice

RESULTS AND DISCUSSION

Temperature and pH effects on filtration of first-carbonated juice

Temperature and pH effects on filtration of first-carbonated juice are shown in
Figure 1. At the same pH and using the same sample, the filtration rate at 65°C was
greater than that at 60°C. Similarly, the filtration rate at 75°C was greater than that at
70°C. Obviously, increasing temperature of the first carbonated juice enhanced the
filtration rate at 60-80°C. At any given temperature, the filtration rate of
~ first-carbonated juice did not show an obvious relation to pH, but when the results at
all temperature are considered together, the filtration rate increases as the pH
decreases. Perhaps, it was helpful to the filtration operation when more precipitate
was formed because more carbon dioxide was combined in the juice in the

first-carbonation tank.

In the pH 9.6 to 10.6, the color of filtered juice rose gradually with declining pH.
Color and impurities which had been absorbed by calcium carbonate in the juice were
re-released because of excess carbonation. The ratio of calcium oxide on brix
(CaO/Bx) decreased as pH decreased in the filtered juice. The concentration of
carbonate ions would increase and pH in juice would decrease, because more carbon
dioxide entered in the juice. Increasing concentration of carbonate ions in the juice
may also react with residual calcium ions to form precipitate before coming to

equilibrium in the juice. The ratio of calcium oxide on brix decreased when the
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precipitate was filtered from carbonated juice. Calcium ion content in filtered juice
could seriously affect evaporation because too much calcium ion could form scales
which reduce the efficiency of heat transfer in the evaporator and thereby increase

sediment in product.

Edible B-grade white crystal sugar manufactured by the sugar mill

TSC planned to manufacture golden B-grade white crystal sugar at Huwei,
Nanching, and Chishan sugar mills that previously made plantation white sugar in the
crop year of 98/99. This required modification of some equipment and controls used
in this carbonation process and boiling system. Some difficulties have been overcome
such as distribution of carbon dioxide, filtration of carbonated juice, viscosity of
boiling, and adjusting condition to smoothly make the product at those mills. There
were different control processes at each mill that were affected by milling capacity
and original equipment, but the overall process was in accord with this carbonation
process. The product met manufacturing standard of edible B-grade white crystal
sugar and consumer demand for quality, including low sediment (Table 1). Obviously,
these sugar mills, through modifying their processes, could also produce large

amounts of golden B-grade white crystal sugar with low sediment.

Table 1. The characteristics of Golden B-Grade White Crystal Sugar

. Yield  Pol. A Ash- Color g .
Mill (ton) %) content %) value %) Sediment
’ (%) ° (RBU) ’

Chishan 4736  98.76 0.122 0.144 797 93.21
Nanching 3547  98.78 0.167 0.173 654 88.64
Huwei 2995  98.67 0.153 0.162 1008 89.01

Wiw O w

Average 3760  98.74 0.147 0.160 820 90.27

CONCLUSIONS

The filtration rate obviously increased when the filtration temperature rose at
the same ratio of juice lime. This had a beneficial effect on the carbonation and
filtration process when making golden B-grade white crystal sugar. The low-sediment
manufacturing process of edible golden B-grade white crystal sugar, characterized by
controlling carbonation equipment, was revised so as to enable it to match the quality
of plantation white sugar made from the traditional carbonation process, and thereby
retaining preferred color and taste. This process will become a major manufacturing

method for edible B-grade white crystal sugar.
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AN AUTOMATIC CONTROL SYSTEM FOR RECOVERING
EXHAUST STEAM '

L. H. Huang

ABSTRACT

Because fuel oil amounts to approximately 40 % of the cost of sugar refining,
cost-effective management requires reducing fuel oil consumption. The objective of
this study is to develop an automatic control system to recover the exhaust steam
which builds up primarily during the sugar- refining process, due partially to the
' decreasing efficiency of the turbogenerator, and then to direct it to the boiler
feedwater tank. The system is designed to detect the upstream pressure of the control
valve and to sense the temperature of the boiler feedwater. A proportional integral
derivative (PID) pressure controller and a proportional temperature controller are
used in the system. Results showed that the automatic control system was stable and
that the system is capable of increasing the temperature of the boiler feedwater from

50°C to 92°C, thereby saving 4.2 ki of fuel oil per day.

Keywords: boiler feedwater temperature, fuel oil consumption, exhaust steam

recovery, energy efficiency, automatic control.
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INTRODUCTION

The blow-off exhaust steam from sugar refining process of the Peikang sugar
refinery is 3.33t/h. It is equal to a heat discharge of 488,972 kJ into the air per ton of
superior white crystal sugar, thereby wasting energy and producing excessive noise,
especially at night. Therefore an automatic control system was designed to recover
the exhaust steam and to direct it to the boiler feedwater tank to increase feedwater
temperature, thus reducing fuel oil consumption.

In this automatic control system, the upstream steam pressure detected by a
pressure sensor is compared with the reference variable (command). Any difference
between the two produces an error signal (actuating signal) which is used to drive the
positioner and the actuator of the control valve (Liptak, 1993). Solberg et al (1965)
states that the direct-contact feedwater heater (open heater) has the capacity to
completely convert steam to water and to remove noncondensible corrosive gases
from the feedwater. Generally, due to the stress limitations of the heater shell, steam
pressure is limited to 0.5 barg. Spirax Sarco Ltd. (Anon, 1998) explain that the PID
controller functions remove offset and adjust the controller response to allow rapid
return to steady state. This research mostly uses automatic process control and
thermal engineering technologies. Once the system is in use in the Peikang sugar

refinery, it will reduce annual fuel oil costs

MATERIALS AND METHODS

1. System design and materials used

The automatic control system is designed to steadily recover the exhaust steam
accumulated primarily from the sugar refining process, due in part to the decreasing
efficiency of the turbogenerator. The functional components of the control system
consist of a diaphragm control valve, pressure transmitter, temperature probe, PID
pressure controller, proportional temperature controller, stopvalve, flowmeter, steam
trapping station, vacuum breaker and direct-contact heater. The block diagram of the
system is shown in figure 1. The purpose of the upstream-sensing device which
monitors control valve pressure is to maintain exhaust steam pressure and flowrate in
order to meet the requirements of the sugar refining process. The feedback
temperature control limits the temperature of the boiler feedwater. In other words,

the amount of the exhaust steam recovered to the feedwater tank is determined by
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controlling the upstream pressure of the control valve and the temperature in the
boiler feedwater.

The exhaust steam produced by the turbogenerator is used in the sugar refining
process which requires an average flowrate of 22t/h with a pressure of 0.3 barg. The
automatic discharge valves mounted on the turbogenerator begins to blow off at a
back pressure of 1.0 barg. A 200 mm (8 inch) diameter pipe, used by the automatic
control system, is connected to a 500 mm (20 inch) diameter pipe through which the
exhaust steam flows to the manufacturing process. A stopvalve mounted at the
fore-end of the control system is fully opened when the system is in operation. Two
distributors are located within the circular 90 ton feedwater tank to evenly distribute
the exhaust steam in the tank, assuring rapid condensation of steam and efficient -
water heating. The feedwater tank and all the pipes of the system are well insulated.

A pressure transmitter is mounted at the inlet of the control system to detect the
exhaust steam pressure injected in the sugar- refining process and transmits 4-20 mA
current to a PID pressure controller. Then the signal is compared with the command
set on a PID pressure controller. An autotune device adjusts the PID parameters to the
optimum values to protect from controller instability and overshoot. The PID pressure
controller is used to compensate for load changes and maintain a zero offset under
steady-state conditions. When the actual signal exceeds the command, an error
(actuating) signal results, which drives a valve positioner and actuator, thus lifting the
control valve seat and letting through the exhaust steam.

The temperature probe is positioned at the outlet of the boiler feedwater tank.

. Before the feedwater temperature reaches the set temperature on the temperature
controller, the PID pressure controller controls the release of steam. Once the
feedwater temperature reaches the set temperature, the temperature controller
overrides the pressure controller and stops the release of steam to the feedwater tank.
If the compressed air supply abruptly stops or the PID pressure controller

malfunctions, the control valve will be closed immediately.

2. Experimental methods

The spindle lift percentage of the control valve can be adjusted and set on the
PID pressure controller in advance. An exhaust steam set point pressure of 0.6 barg
was set on the PID pressure controller. The pressure can be adjusted a little higher or

lower but not less than 0.4 barg. One pressure gauge is mounted in front of the
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stopvalve to indicate the exhaust steam pressure occuring in the sugar refining
Process. A second pressure gauge indicates the steam pressure downstream of the
control valve. A temperature of 92°C is set as command on feedwater temperature
controller, which can be adjusted up to 96°C for this study. Fuel oil consumption
needs to be recorded to ascertain the automatic control system economical benefits

when it is in operation.

RESULTS AND DISCUSSION

Results showed that 80 tons of exhaust steam were recovered to the feedwater
tank per day. The temperature of the exhaust steam directed to the feedwater tank was
105°C, and its enthalpy was 2,684 kJ/kg . In other words, the averaged flowrate of the
exhaust steam through the control valve was 3.33 t/h, thus increasing the feedwater
temperature from 50°C to 92°C. The percentage of the spindle lift of the actuator was
set 60% of its maximum value. The spindle stroke is 5 cm. During test, the spindle lift
was 3 cm under steady state. The spindle movement was stable by observation. The
pressure indicated by the downstream pressure gauge was 0.2 bar which had no effect
on the 9-mm feedwater tank wall because it was only slight pressure. The distributor
eliminated water hammer and operated with minimum noise.

When the feedwater temperature reached 92°C, the control valve automatically
closed due to the set value on the proportional temperature controller. At this time no
exhaust steam could flow through. The control valve opened again when the
feedwater temperature was lower than the set value.

Results showed that this automatic control system proved stable with fast
response. Results also showed that after the control system was in operation, 4.2 kl of
fuel oil per day were saved. Hopefully, it will save fuel cost of U.S.$236,250 every
year, thus lowering the cost of sugar refining.

The recovered exhaust steam from the manufacturing process was attributed
primarily to cuts, massecuite discharge, and products purging; and partly to the
decreasing efficiency of the turbogenerator, which was consuming 0.96 kg of live
steam per kWh, more than the normally required and equivalent to an additional 20

tons per day of steam.



CONCLUSIONS
An automatic control system has been implemented which controlled exhaust steam
supply pressure by diverting excess exhaust steam to heat the boiler feedwater. Asa
result, about 80 tons of exhaust steam per day were automatically recovered to the
feedwater tank, thereby increasing the feedwater temperature from 50°C to 92°C,
saving 4.2 ki of fuel oil per day. The automatic control system will reduce fuel oil

cost by U.S.$236,250 every year, thus lowering the cost of sugar refining.
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PRUDUCTION OF FRUCTOOLIGOSACCHARIDES FROM
SUCROSE SYRUP BY A MICROORGANISM TSC-FOS1

- Huang, i-j., chen, p.-1, chang, c.-y., wang, G.-S., AND Wang, J.-S.

ABSTRACT

Fructosyltransferase activity from a microorganism (designated TSC-FOSI)
capable of converting sucrose to fructooligosaccharide (FOS) was investigated.
Using cultured cells, we were able to produce FOS from 50% sucrose syrup.
Maximum cellular activity of FOS production was determined to be pH 6-7 and 65 °C.
Enzyme activity was stable within a very narrow pH range, pH 5; and it was sensitive
to higher temperature. Optimum reaction condition for FOS production was
determined to be at pH 5.5 and 55 °C, after considering stability factors. The
activity was inhibited by FeCl;, Al,O3, and methanol. The FOS content produced by
the cultured cells was between 55-60% (FOS to total carbohydrates).

Keywords: FOS, fructosyltransferase, sucrose
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INTRODUCTION

Fructooligosaccharides (FOS) are considered a “health food” because of their
special properties which lower serum lipids, increase intestinal calcium absorption,
and indigestible ingredients (calorie-free and safe for diabetics) (Hidaka et al., 1986;
Stamp, 1990; Tokunaga, 1989). They benefit the host by stimulating the growth of
beneficial microflora (e.g. acidophilus and bifidum). FOS are composed mainly of
1-kestose (GF>), nystose (GF3), and fructofuranosyl nystose (GF4), in which fructosyl
units (F) are bound at sucrose (GF). These bonds cannot be broken down by
enzymes in the human digestive system. Because the sweet taste is similar to table
sugar, they are alternative sweeteners for consumers desiring healthier and
calorie-controlled foods.

FOS is produced by the conversion of sucrose through fructosyltransferase (EC
2.4.1.9). They are found in many higher plants, such as sugar beet, onion, and
asparagus (Allen and Bacon, 1956; Henry and Darbyshire, 1980; Shiomi et al., 1976;
1979). Industrial-scale FOS productions is done mainly with fungal enzymes from
either Aureobasidium sp. (Yun et al., 1992; 1990) or Aspergillus niger (Hidaka et al.,
1987; Hidaka ez al., 1988). Meiji Seika Co. (Japan) was the first to commercially
produce FOS (Neosugar) by Aspergillus niger enzyme. |

In this study, we characterized the fructosyltransferase activity of an isolated
microorganism that is capable of converting sucrose into FOS.  This enzymatic
system is used to manufacture FOS in commercial scale by the Taiwan Sugar

Corporation.

MATERIALS AND METHODS

Cultivation conditions. A fungus (TSC-FOS1) from our microorganism banks
had been identified for its ability to produce FOS. This microorganism was
inoculated into a 1-L shake flask from a slant, and grown for two days at 27 C.
The culture was subsequently inoculated into 5-L and 100-L fermenters containing
selected media. At the end of fermentation, the broth was centrifuged to harvest
cells. The moisture content of the collected cells was 70-72%. The cells were
dried at 35 ‘C and ground into powder for enzyme assay.

Enzyme assay. To determine the enzyme activity, harvested cells were added to
a 50 %' (w/v) sucrose solution at various pHs and temperatures. At the end of the
reaction, the enzyme was inactivated in boiled water for 10 min. The end products
were diluted 20-fold with deionized water and filtered before being subjected to high
performance liquid chromatography (HPLC) to determine the amount of each

carbohydrate. The activity was defined as the ratio of FOS, which were produced in
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the reaction, to the total carbohydrates in solution. For pH-effect study on the
enzyme, Malvaine buffer and Clark and Lubs buffer were used for the differing pH
ranges.

High performance liquid chromatography (HPLC). HPLC analysis was
performed with a Sugar PAK-I column (Waters, USA). The injected samples were
eluted with 500 mg/L Ca-EDTA (Sigma) at 0.6 ml/min and detected with a refractive
index detector (RI). The column temperature was kept at 90 °‘C during separation.
Total FOS produced by the cells was calculated based on the deduction of the residual

sucrose, glucose, and fructose at the end of the reaction from the initial sucrose.

RESULTS
Maximal FOS production activity. In order to obtain maximum FOS production
from this microorganism, we sought to determine the optimum reaction conditions.
Because the majority of the fructosyltransferase existed in the cells (data not shown),
only the intracellular activity was investigated.

Cells harvested from the fermentation process were dried at low temperature and
kept at room temperature until use. The effects of pH and temperature on enzymatic
activity are shown'in Fig. 1. Temperature from 30 to 70 °C were tested for FOS
production for one hour as described in Materials and Methods. As shown in Fig.
1A, maximum activity was found at 65 ‘C. The effects of pH on the enzyme were
performed at pHs between 3 and 9 for one hour.  As shown in Fig. 1B, pH 6 to 7
resulted in maximum activity. The activity rapidly dropped off at pH above 8.
Stability test. The effect of temperature on the stability of the enzyme was studied
by incubating the cells in pH 5.5 at various temperature from 40 to 70 °C for one
hour, then subjected to FOS-production assay for one hour. The activity rapidly
decreased as the cells incubated at higher temperature (Fig. 2A). This indicated that
the enzyme is temperature-sensitive. ~ After incubation at 55 °C for one hour, 22
%(w/w) FOS was synthesized, and that was only 13 % at 60 to 65 °C. Therefore, 55
°C was chosen for further studies, although the maximum activity was found at 65 °C.
The cells were also incubated at 55 °C for one hour with various pH (3 to 9)
conditions, then subjected to the reaction described above for stability studies. As
shown in Fig. 2B, the enzyme is most stable within a narrow pH range-around 5.
Effect of chemicals. Investigation of reaction mixtures containing various
chemicals at pH 5.5 and 55 “C was conducted for one hour to study their effects on
the FOS-production ability of the cells. ~ As shown in Table 1, the activity was
greatly inhibited by FeCl3 Al,O3, and methanol.
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Table 1.Effect of chemicals on FOS-production activity

. Relative activit
Compound  Concentration y

(%)

Methanol 0.40 % 69.55
A]203 0.1 mM 52.02
CaSQOy »

2H,0 0.1 mM 82.97
FeCl; »

6H,0 0.1 mM 31.87
MgSQOy4 o

TH,0 0.1 mM 96.88
Control - 100.00

FOS production. The reaction profile of FOS production by the cells is shown
in Fig. 3. During the reaction, sucrose was hydrolyzed to glucose and fructose.
The amount of glucose started to accumulate, and fructose was converted into FOS as
through time. The FOS content exceeded 50 % (w/w) to total carbohydrates within
3 hours. The rate of FOS production decreased and gradually stopped after glucose

reached about 11% (w/v) in the reaction mixture.

DISCUSSION

Fructooligosaccharides (FOS) are indigestible, naturally occurring carbohydrates.
They have drawn great attention from many laboratories because of their positive
functional properties to humans and animals. Japan has the largest market; its
market volume was 4,000 metric tons in 1990. This market is expected to increase.
Therefore, many companies are expanding their FOS market to the United States and
Europe. For these reasons, Taiwan Sugar Corporation is also interested in FOS
production.

In this study we investigated the FOS-producing activity of a fungus (designated
TSC-FOS1) obtained from our microorganism bank. The temperature for maximum
FOS-production by the cells was determined to be 65 °C; however, its residual
activity was only 38% of the control after treating cells at this temperature for one
hour.  As shown in Fig. 2A, the FOS-producing activity greatly decreased as the
incubation temperature rose.

Although the activity at 55 °C was only 85% of that at 65 °C, the enzyme is more
stable at this temperature. Its optimum reaction temperature for FOS production
were determined to be 55 °C.  The maximum reaction pH was 6 (Fig. 1B); however,
the enzyme was most stable at pH 5 (Fig, 2B). The enzyme was stable only within a
narrow pH range. The FOS-producing activity at pH 6 was only 60% of that at pH 5.
The optimum pH for producing FOS was then determined to be 5.5 after both activity

and stability were included in the evaluation. The activity was inhibited by some
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chemicals (Table 1), including methanol, FeCls, and Al,O;. Similar observation was
found in Arthrobacter globiformis . The fructosyltransferase activity purified from
Arthrobacter globiformis was inhibited 82% by ferric ion at 1 mM of concentration
(Seki et al., 1989).  This result is very different from that of Aspergillus niger
(Masao ef al., 1989). The FOS-producing enzyme was not inhibited by ferric
chloride at 1| mM of concentration.

. It is known that fructosyltransferase has both hydrolyzing and
transfructosylating activities. During the reaction sucrose is quickly hydrolyzed into
glucose and fructose. The fructosyl residues are then transferred to sucrose to
produce FOS, and glucose accumulate.  Since glucose is a feedback inhibitor of
fructosyltransferase (Jung et al., 1989), the FOS in the syrup can only reach 55-60%
of the total carbohydrates. Similar results were found in our FOS-production system
(Fig. 3). After three hours reaction , the rate of FOS synthesis decreased, and the
fructose gradually accumulated.

The sucrose-hydrolyzing activity was also inhibited. This system, therefore, is
limited in its capacity to produce a product with high FOS content. Because of this,
a two-enzyme system that included glucose oxidase in the reaction solution to raise
the FOS content to 90-98% was developed (Jung et al., 1993; Yun et al., 1994). By
incorporating glucose oxidase in the reaction solution, glucose was oxidized to
gluconic acid, and the feedback inhibitor was eliminated.

The other means of producing high-content FOS syrup used column
chromatography. We developed a system using 10 in-series columns of
ion-exchange chromatography. With this system we obtained FOS syrup up to 90%

from 60% sucrose syrup. Commercial-scale application is under development.
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Figure 1. Effects of temperature and pH on the FOS-producing activity of the
cultured cells.  A: temperature effect; B: pH effect.  The reactions were carried out
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in a reactor containing harvested cells and 50 % sucrose with various pHs or

temperatures for one hour. The amount of each carbohydrate was determined by

HPLC. Activity was defined as the ratio of FOS produced to the total carbohydrates

at the end of the reaction.
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Figure 2. Effects of temperature and pH on the stability of FOS-producing activity
of the cultured cells. A: temperature stability; B: pH stability. The buffers used for
different pH range were as following: pH 3 to 7, 0.1 M Mcllvaine buffer; pH 6 to 9,
Clark & Lubs buffers. After dried cells (0.05 % [w/v]) were incubated at various
temperatures or pH buffers for one hour, the enzyme solutions were added to 50 %
sucrose syrup for FOS production assay for one hour. The activities were assayed as
described in Materials and Methods.  Activity was defined as the ratio of FOS

- produced to the total carbohydrates at the end of the reaction.
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Figure 3. Reaction profile of FOS production by cultured cells. The reaction was
carried out with 0.5 % (w/v) of harvested wet cells at pH 5.5, 55 °C, and 150 rpm
agitation in a 5-L reactor containing 50 % (w/v) sucrose syrup. At each time point,
samples were boiled for 10 min. to stop the reaction, then subjected to HPLC analysis
to quantify each individual carbohydrate.

CONCLUSIONS
We reported the properties of fructosyltransferase from a microorganism. The
optimum condition for producing FOS by the cells was determined to be at pH 5.5
and 55 °C. The enzyme was sensitive to ferric chloride and aluminum oxide at 0.1
- mM as well as methanol at 0.4 %. We currently use it to produce FOS on a
commercial scale with 10-ton reactors at Pu-Li Food Division, Product Development

Department, Pu-Li, Taiwan.

ACKNOWLEDGMENT
The authors wish to thank Mrs. Y.-H. Lin, S.-Y. Hsu, and K.-J. Chen
(engineers of the Department of Products & Process Development, Taiwan Sugar

Research Institute) for their assistance in the fermentation process.

REFERENCES

Allen, P.J. and Bacon, J.S.D. (1956). Oligosaccharides formed from sucrose by
fructose-transferring enzymes of higher plants. Biochem. J., 63, 200-206.

40



Henry R.J. and Darbyshire, B. (1980). Sucrose: sucrose fructosyltransferase and
fructan: fructan fructosyltransferase from Allium cepa. Phytochemistry 19,
1017-1020.

Hidaka, H., Eida, T., Takizawa, T., Tokunaga, T. and Tashiro, Y. (1986). Effect of
fructooligosaccharides on intestinal flora and human health. Bifidobacteria
Microflora., 5, 37-50.

Hidaka, H., Eida, T. and Saitoh, Y. (1987). Industrial production of fructo-
oligosaccharides and its application for human and animals. Nippon
Nogeikagaku Kaishi (in Japanese), 61, 915-923.

Hidaka, H., Hirayama, M. and Sumi, N. (1988). A fructo-oligosaccharide producing
enzyme from Aspergillus niger ATCC 20611. Agric. Biol. Chem,, 52,
1181-1187.

Hirayama, M., Sumi, N. and Hidaka, H. (1989). Purification and properties of a
fructooligosaccharide-producing fructofuranosidase from Aspergillus niger
ATCC 20611. Agric. Biol. Chem. 53, 667-673.

Jung, K.H., Yun, J.W,, Kang, K.R,, Lim, J.Y. and Lee, J.H. (1989). Mathematical
model for enzymatic production of fructo-oligosaccharides from sucrose.
Enzyme Microbial Technol., 11, 491-494.

Juang, L.H., Kim, J.H,, Jeon, Y.Y. and Lee, J.H. (1993). Production of high
fructooligosaccharide syrup with two-enzyme system of fructosyltransferase and
glucose oxidase. Biotech. Lett. 15, 65-70.

" Seki, K., Haraguchi, K., Kishimoto, M., Kobayashi, S. and Kainuma, K. (1989).
Purification and properties of a novel inulin fructosyltransferase (DFA
[-producing) from Arthrobacter globiformis S14-3. Agric. Biol. Chem. 53,
2089-2094.

Shiomi, N., Yamada, J. and [zawa, M. (1976). Isolation and identification of
fructo-oligosaccharides in roots of asparagus (Asparagus officinalis L.). Agric.
Biol. Chem., 40, 567-575.

Shiomi, N., Yamada, J. and Izawa, M. (1979). Synthesis of several
fructo-oligosaccharides by asparagus fructosyltransferase. Agric. Biol. Chem.,
43, 2233-2244.

Stamp, J.A. (1990). Sorting out the alternative sweeteners. Cereal Foods World, 35,
395-400.

41



Tokunaga, T., Oku, T. and Hosoya, N. (1989). Utilization and excretion of a new
sweetener, fructooligosaccharides (neosugar), in rats. J. Nutr., 119, 553-559.

Yun, J.W,, Jung, K.H., Jeon, Y.J. and Lee, J.H. (1992). Continuous production of
fructo-oligosaccharides from sucrose by immobilized cells of Aureobasidium
pullulans. J. Microbiol. Biotechnol., 2, 98-101.

Yun, J.W,, Jung, K.H., Oh, J.W. and Lee, J.H. (1990). Semi-batch production of
fructo-oligosaccharides from sucrose by immobilized cells of Aureobasidium
pullulans. Appl. Biochem. Biotechnol., 24, 299-308.

Yun, J.W,, Lee, M.G. and Song, S.K. (1994). Batch production of high-content
fructo-oligosaccharides from sucrose b the mixed-enzyme system of
fructofuranosidase and glucose oxidase. J. Ferm. Bioeng., 2, 159-163.

PRODUCTION OF SELENIUM YEAST

Jia-Jer Liou, Yi-Hung Lin, Wen-Ling Cheng, John Po-Wen Yang, Long-Huei Wang
Taiwan Sugar Research Institute, 54 Sheng-Chan Road, Tainan 701, Taiwan

ABSTRACT .

A process for the production of high organo-selenium content yeast has been
developed at the Taiwan Sugar Research Institute (TSRI). Selenium tolerant strains
of Saccharomyces cerevisiae were obtained through traditional strain selection
methods from various sources. Among the selected strains, the S. cerevisiae TSL-1
. was found to give the best yield of organo-selenium when sucrose was used as the
main carbon source. The organo-selenium content of S. cerevisiae TSL-1 reached
about 1800 ppm after 50 hours of cultivation. A mass production process including
the separation of inorganic selenium from the final product was designed and tested at
a fermentation pilot plant at the TSRI.

Key Words: organo-selenium, Saccharomyces

INTRODUCTION
Selenium, a trace element commonly exists in soil in low level, is essential for
human body to sustain normal metabolism (Schwarz and Foltz, 1957). The
discovery of its role in glutathione peroxidase (Rotruck et al., 1973) triggered the
interest of many researchers on the defensive function that selenium gives against
oxidative stress (Combs, 1988). Deficiency in selenium causes health problems

such as metabolism disorder or, in a serious condition, Keshan disease, which is a
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cardiomyopathy seen in some areas where selenium is very rare in soil (Xia et al,
1994; Winnefeld, 1993; Cohen and Avissar, 1993).

Selenium has been reported as a key component of some antioxidants that can
prolong life expectancy of animals and possibly human life as well (see monographs
in references Burk, 1994, and Prasad, 1993). Furthermore, selenium was reported to
play putative roles in preventing chronic diseases, most notably carcinogenesis by
some researchers (Burk, 1994; Burk, 1989; Combs, 1988). Following the
recognition of the potential functions of selenium to human health, studies on the
dietary intakes of selenium and related concerns, such as using selenium as a food
supplement, have also prospered (Combs, 1988).

Various studies have revealed that organoselenium, mainly selenocystein and
selenomethionine in proteins, gives better bioavailability of selenium in animal tests
(van Ryssen et al., 1989). More importantly, it has been reported that
organoselenium is safer than inorganic selenium sources as a daily nutritional
supplement (Mao et al., 1991; Haas and Velten, 1993). Thus, organic sources of
selenium are superior to inorganic selenium. Some yeast strains can accumulate a
significant amount of organoselenium quickly when cultivated in an environment
enriched with inorganic selenium (Korhola et al., 1986; Huang et al., 1988; Xie et al.,
1990). Comparing to selenium eggs or selenium vegetables, selenium yeaSt has
obvious advantages in terms of the versatility of product forms. In this paper, the
search of a yeast strain with high yields of organoselenium and the cultivation of
selenium yeast will be discussed. A production process that can produce around 60
kilograms of selenium yeast per batch was developed using the selected strain.

MATERIALS AND METHODS
I. Strain

Yeast strains in the Taiwan Sugar Institute collection were used for this study,
including four strains of Saccharomyces cerevisiae, strain W-3, H-1, TSL-1, and
TSL-2, and one Candida utilis, strain Y-900. A commercially available baker’s
yeast strain acquired from a local supermarket was also used. ~Strains were kept in
YPD agar slants that contain 2% yeast extract (Difco, Detroit, MI, USA), 1% Bacto
peptone (Difco), 2% dextrose (Ishizu Seiyaku, Osaka, Japan), and 5% Bacto agar
(Difco). Colonies were taken from 3-day-old YPD plate for further experiments.

I1. Determination of Selenium Tolerance

Selenium tolerance of each strain was determined using sodium selenite (Merck,
Germany) enriched YPD plates. A colony was taken from a 3 day old YPD plate
and suspended in sterilized distilled water. Proper dilutions made out of the

yeast-in-water suspension were then spreaded aseptically onto selenium enriched



YPD plates and also onto selenium free YPD plates for comparison. The number of
colony on plates was then counted after two days of incubation at 30 °C to determine
the colony-forming unit per ml of yeast in water suspension.
III. Cultivation Method and Cell Mass Determination

A yeast colony was taken from a 3-day-old YPD plate and aseptically transferred
into a 500 mL flask containing YPD medium or YPD medium enriched with sodium
selenite. Inoculated flasks were then incubated in an orbital shaker (model 706R,
Hotech Instrument, Taiwan) at 30°C at 120 RPM. Cell mass was determined using
dry cell weight, which was determined by taking 10 ml of suspension from the flask;
after washed once with distilled water, cells were dried in a 105 °C oven, and then
weighed.

IV. Quantification of Organoselenium

Dried yeast samples were washed with 0.1N hydrochloric acid or distilled water
for 10 minutes and then determined their selenium contents following the
fluorometric method of Alfthan (Alfthan, 1984).

V. Pilot Scale Production

Pilot scale production was performed at the TSRI using a 6000 L fermentor with
50% working volume. Cane sugar and urea were used as the main carbon and
nitrogen sources. Produced selenium yeast was washed twice with water to reduce
the concentration of selenium dissolved in liquid,‘presumably inorganic selenium, to
be less than 1 ppm. Selenium yeast was then recovered using a spray drier that was
custom made for the TSRIL

RESULTS AND DISCUSSION

In some preliminary studies on our yeast strains, we found out that C. utilis was
much less tolerant to selenite than all Saccharomyces strains. Among the
Saccharomyces strains, the tolerance to selenite varied. Strain TSL-2 and the
baker’s yeast purchased from supermarket were obviously less tolerant than others.
Further investigation on the tolerance to inorganic selenium was carried out on strains
W-3, H-1, and TSL-1 for up to 100 ppm of selenium. Inorganic selenium in selenite
form clearly inhibited the growth of strains W-3 and H-1. Approximately 25% of
strain W-3 and 80% strain H-1 cells failed to form colony on plates containing 25
ppm selenium after two days. Furthermore, the size of single colonies on plates
enriched with selenium appeared to be smaller than that without selenium. The
higher selenium content was on a plate, the smaller the size of colonies was. Among
the tested strains TSL-1 showed the best selenium resistance. For selenium
concentration less than 50 ppm, selenite did not affect the number of colony forming
on plates. Interestingly, the size of single colonies of TSL-1 also decreased as the
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selenium concentration of a plate increased. This indicated that selenite also
inhibited the growth of TSL-1, however, not as significant as it did to strains W-3 or
H-1.

It has been reported that when growing in a selenium enriched environment, a
yeast cell incorporates selenium predominately into selenocystein and
selenomethionine (Haas and Velten, 1993). However, it is difficult to distinguish
chemically bound selenium from inorganic selenium absorbed to organic compounds
(Abrams et al., 1990). The common practice to separate organoselenium from
inorganic selenium is to use extractability of selenium into water or dilute acid
(Arthur and Bechett, 1994; Korhola and Edelmann, 1986). Although washing with
water or dilute acid does not guarantee to give samples free of inorganic selenium that
is physically bound to organic molecules. It is believed that inorganic selenium
bound to organic molecules would be rare after washing. In the following
discussion, the term “putative organoselenium” stands for the selenium content
determined using the described methods, which is likely to contain both
organoselenium and trace of inorganic selenium bound to organic molecules.

Batch cultures of strain TSL-1 were kept in shaken flasks to investigate the
effect of inorganic selenium to cell growth based on the dry cell weight. The
doubling times were 1.74, 1.86, 2.01, and 2.14 hours in cultures with initial
concentrations of inorganic selenium 0, 5, 10, and 20 ppm, respectively. Cell
growth in all cultures significantly slowed down 12 hours after inoculation. ~After 24
hours of cultivation, the cell concentration in individual cultures was 4.48, 4.16, 4.06,
and 3.12 g/L corresponding to the order of increasing initial selenium concentration
in the cultures. The growth rate during exponential phase and the yield of biomass
at 24 hour both show that selenite ion inhibited the growth of strain TSL-1. With 20
~ ppm of selenium in the form of selenite, the yield of biomass at 24 hour decreased
about 30% comparing to that of selenium free medium.

The time course of putative organoselenium content in strain TSL-1 cells
cultivated in medium with various initial concentrations of inorganic selenium
showed a common trend shared by the cultures enriched with selenium: the putative
organoselenium content increased with time. The increase in putative
organoselenium content was most profound between 8 to 12 hours after inoculation,
which corresponded to the stage when cells enter into stationary phase from
exponential phase. During stationary phase the increase in putative organoselenium
was insignificant. Since selenium is mainly incorporated into selenocystein and
selenomethionine, it is expected that putative organoselenium content could increase
only when cells are actively producing amino acids. The final putative

organoselenium content, which was 190, 580, and 1190 ppm for cultures enriched
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with 5, 10, and 20 ppm inorganic selenium, respectively, increased with the quantity
of inorganic selenium initially added into the cultures.

It is not clear if yeast cells can distinguish selenium from sulfur. However,
selenium seems to compete with sulfur for the positions in cystein or methionine
(Haas and Velten, 1993). The result of our experiments showed that within 20 ppm
of inorganic selenium added, the rate of incorporation of selenium into organic
molecules in yeast cells was roughly proportional to the concentration of selenium in
the medium. It is likely that the concentration of inorganic selenium was
significantly lower than sulfur containing molecules or ions in the culture medium.
If the initial concentration of selenium was further increased to some certain extent,
the final putative organoselenium content might increase proportionally to a level
higher than 1200 ppm. However, at further raised inorganic selenium level, the
growth of yeast cells would significantly slow down. Although a medium
containing high initial concentration of inorganic selenium may yield a putative
organoselenium content of more than 1200 ppm, no medium higher than 20 ppm was

tested for the consideration of downstream processing.

The pilot trials of production were performed using a 6000 L fermentor with
50% working volume. Carbon source was fed with a scheduled rate that was
intended to keep the yeast cells growing. Sodium selenite solution was added in
after the concentration of yeast reached about 5-7% to avoid the retardation of growth
at the early stage. After about 40 hours, the biomass reached the maximum of
around 20 grams per liter and stared to slightly decrease. The organic selenium
content of harvested yeast was in the range of 1700 to 1800 ppm on a dry weight

base.

CONCLUSION
A strain of S. cerevisiae was screened and isolated from the yeast collection .

of the TSRI, which is able to accumulate 1150 pg putative organoselenium per
gram dry cells within 24 hours. The rate of accumulation of putative
organoselenium in yeast cells depends on the initial concentration of inorganic
selenium added to culture media. Within 20 ppm of inorganic selenium added
into culture media, the final content of putative organoselenium in selenium
yeast increases with the initial level of inorganic selenium. The pilot trials
using the selected strain yielded 20g/L selenium yeast that contained up to 1800
ppm organic selenium.
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