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Research Project Optimal Conditions for Production of Citric Acid from Cocoa Pulp

Extract by Microoganisms
Researcher Assistant Professor Duangjai Ochaikul
Abstract

Optimum condition for citric acid production by Aspergillus niger TISTR 3089
using cocoa pulp extract as a substrate was studied. The result showed that 25% of
cocoa pulp extract at initial pH 7.0 and incubation temperature of 30 ° C was optimum
for citric acid production which gave the highest yield of 1.7088% citric acid on day 9.
The medium without the addition of nitrogen source gave higher yield of citric acid than
the medium with the addition of 1.5 g/l ammoniumsulphate, 0.5 g/l ammoniumchioride
and 1.0 g/l yeast extract with the maximum vyield of 1.8366%, 1.5804%, 1.7280% and
1.600% respectively. When three different shaking speeds were compared, it was found
that the highest yield of citric acid was at 300 rpm (1.7920%). However, there was no

significant different from 100 and 200 rpm.
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Gosay) Govay) | (Govaz) | Govaz) | (Seeaz) | Goeay) | (Zovaz)
Comum 0.63 0.10 14.46 0.33 14.79 0.90 141
Trinitario 0.69 0.11 1532 0.58 15.90 0.92 1.52
Mar;"anhao 0.56 0.09 14.70 0.11 14.81 1.19 1.38
Para 0.63 0.10 15.11 0.15 15.26 1.05 1.20
Catongo 0.69 0.11- 11.60 0.90 12.50 1.02 0.77

31: Dittmar (1956)
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CH,- COOH

HOC - COOH

CH,- COOH
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1fmﬁﬂimaf]a 192.13 ATWANTUNE 1.665 yAnaBIMa) 153 oeruvalies #iey Tuans
azmw 0.1 updtia whiy 22 maazaeluid 25 esmwaden 162 nfudel00 Fadans
(010344, 2529)
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QN AIATAIN Solid phase
(esrnusaITe) Govag)
10 540 CH,0,H,0
20 59.2 CH,0,H,0
30 643 CeH 0, H,0
40 68.6 CHO;
50 70.9 €O
CHO,
60 73.5 CHO,
70 76.2 CHO,
80 78.8 CH,O,
90 81.4 CH,0,
100 84.0 CeHgO,

fan - 9156l (2529)
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nUNANNMUA
s AUANYLY AIATAIN AIATAIN
Tulu'lawsa wou'lensa
1 aamLSqns cHOo.
s luanmuitedosas 99.5 914 101.0 99.5 19 101.0

2 1 Zosae 7504838 v 0.5

3 anfasnmsin Jooaz lalifu 0.05 0.05

4 20N UAA msazanedesld | msazanedesld
u u

5 dama mvazasdedly | esazawdesld
qu U

6 wsny daansuden lanfu T 3 3

7 Tangnidn sndumidn (Reudu

2fi7) DadnsurenTaniuTuifu 10 10

8 wuSou msazaiedeslyd | osazansdedly
qu YU

9 unadon Jaaniuden laniulainu 200 200

10 wian ladniuden landuluinu 50 50

11 anelsa daansuaen lansy lifu 50 50

12 ashaaeldmivenldie Fedludunng | Bdedlidunid

(readily carbonizable substance) YosaIsazaed YBINTAT Y
AT U WIATTIU

11 : won. (2526)
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aragasndiuasi ifnnaszununsafauazaaelgugi (primary metabolite) 484
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TN acetyl CoA UAZ oxaloacetate ﬁ‘d’jﬂﬁ 2-2

acetyl CoA CoA-SH

CITRATE SYNTHASE

OXALOACETATE . CITRATE

- ) . 3\ Fe*™ -
2H| /- MALATE _ - . €Oz \ ACONITASE
DEHYDROGENASE \
MALATE CIS-ACONITATE .
$ Fe" : i
: Hzoj\ H,0 \! ACONITASE
FUMARATE . . ISOCITRATE
2H: SUCCINIC '
ISOCITRATE
‘\DEHYDROGENASE- H:0-«7/ DEHYDROGENASE
SUCCINATE
x CoASH o a!—KlETOGLUTARATE
) ~ CoA- } 0A-SH i
SSYCCHWL CoANL " COy| Ly a KETOGLUTARATE
SYNTHETASE LA -
y SUCCINYL 2H( DEHYDROGENASE
: GDP +P !
GTP CoA
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117 2 23174 wag JeunT (2532)
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1. ©1feUi3e1 dehydrogenation (Aele1A319u) YB3 malate lavo oo las malate

dehydrogenase AaUS
malate + NAD® ———» oxaloacetate + NADH + H'

2. 01fEU5en carboxylation (IRNNGUATIUBATA) YOS pyruvate 1ABDINEANTIIY

AU pyruvate fumdueulaoenledegnissdaoen 1ol pyravate carboxylase fadunts
pyruvate + CO, + H,O+ ATP ——» oxaloacetate + ADP + Pi

3. mﬁ'&ﬂijﬁ?m carboxylation %®9 phosphoenol pyruvate Tagofiy phosphoenol
pyruvate carboxylase kinase system Fanyldludad it 121AAHRTe1A15I IR0
phosphoenol pyruvate fluasvuey lneonlad lnglidosonfondeaunie ATP Asauns

phosphoenol pyruvate + ADP + CO, ————— oxaloacetate + ATP + Pi

4. ©1ffy glyoxylate cycle Taofifamssaudaueq glyoxylate il acetyl CoA éqgms'a
#rooulary) malate synthetase HaUANT oil malate ﬁtﬁﬂ%u%gﬂlﬂﬁ.ﬂuﬁﬂiﬂlﬂu
oxaloacetate ﬁﬂﬁiﬂ‘ﬁ‘ﬁ\i

glyoxylate + acetyl COA ————p  malate + coenzyme A
d sy glyoxylate Fiaunsodunseld Tnoedoewlen] isocitritase §95
isocitritase — 3 succinate + glyoxylate

azF#a 1a 18 (acetyl Co -A) HazoDna1 lapLFiAn (oxaloacetate) SuFITIUATATATA
Tavil§Asonveueulad citrate synthase (condensing enzyme) 1 TCA cycle Usz@nsnwyes
ey lrdiesftinotuluseniemssdansadan  asAmravesey laidenskaansa
Fazanunmsuiemelusauoulay aconitate hydratase (aconitase) Ma¥  isocitrate
dehydrogenase Fefmdeefumafinaiensadasnlunsziiums TCA cycde vnldipants

a o J o ] de’j vw 1 1
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1alasunlosoon lenszdudimsdunsziieu lminsaesriail 14 msauleosuwns

wnifoues 1FuSinsianyes condensing enzyme vmizfdaeSunsnanien

aconitate hydratase tlag isocitrate dehydrogenase HNU drundnuasnensinadens

dunsizitonlad aconitate hydratase
Tasmsiheneuoylmiiigeeiomindiy Taunnines dumeatszantssiing

k4
Amesunan Feayaemvinauueuen lal aconitate hydratase 19 farumslanouasas
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A GV 4 . = ] 4 ::’
IONTYNUG 4. niger ‘n‘wumhmmmu
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Fmiunswaansadaini I firumasninmsusnutivesn lilnnlumea wumaemas
Vs 2 & o a o o t . ¢« a - &
fndewandelelunsdiduiiusedesduirinndiios ludendidnng sevindagauns
A t 4 A ° R }4 . » 4 -
aewiiail dlevhnsnideoisuns ldmlesveadest 4. miger uaziuilidenigly
Y ¢ ¥ ad a 4 A P a o £t
svfetilue st ihaafiaty desnndesmaaeulsl amylases uaziowleifiee
o b4 s 2 a2 & a a
YlseeudlsiiEhniae nmiudeneusnfomhmaiulhilunsadasn
[} L 4 k4 [ } 4
drugungiiniFlunsbsureiveraansadainiuguugiily solid mass liadsee
a ! - a 2 A ' a P
Py 28 esruraidon uasfeylusmsfsudeszananeglusniiey 1.8 —2.0 Tuvush
' b 4 . } 4
Bafimsazaunsadasn luyuaumshiin ndenn@esld 5 — 8 u Fah solid mass ATEFBY
g Qvl a S : o - -
Fuhnnuenenadasneen Taoldiuilugalazaensalfuensansin solid mass udas
a a a o o q Y a o a a a PR ¢ A
spsuenensazaiensadesnoen i ldusgns nmswdansadeinlagislannsoiey
wanldtszunn 2 e 5 waudlansy 13l 1966 Hisanaga uag Nakamura (Japan patent
16555/66, 1966) Wy wnIdiRy filter cake 7 ldnInlsanundansangmiinlulFinuies
o a .Q = a a a:
a 3 -7 i iflsz@nEnwwdansadasnavu
3 o a a a o é ; 4’4’ &’
119nse10znaansadasn lnuAueu lasiadll Feanmeesemsouseriu o
14 1 4
Psuieyldegludaeiies 4 - 5 unzanudulszinadesas 70 - 80 niannldrmumseie
! :‘ P :aw Af o 0’1’ a 4
Sl uazvaefioms@oudeduas 1enisersez@ueulesl oc - amylase asliflu
E 4 1 4 «
aIae Memnideaudls udahlfganglianast 30 - 35 esrwaiied Teldaled
b4 ] .
YouFes1 4. niger adluenITiaToul3 AnwMLIUBY solid mass Tumelszinm 3 - 5 wu.
£ 4
dmdudenussmsldionimilildnolumssesudiaiufe dldannsawidomsdenaun
é’ y "9y -1 a % _ £
Julaslidedimafuvsaftsnnaisminnsangaiiin
2. MINAANIAFAI ALY liquid culture shallow pan process (surface liquid culture) 1u
L% v a a A =) L 9/ d" zg
afeAounsrdansadainludszmaglsluazonInuinezlgemsiaoaieman (culture

' 3 & I a e ¥ A . 4
solution) tnas Tumariug e lssnuiinga lng stz Aol filofives Issenunnndi 30 wines

3

wazanilferianlanzegiidionfifisnmniqnige niedulavzwinmimlaeaaii

<

d' ﬂ' ] L
wededlgmmsdinnssutazmivasuuilaiuesninus 519 (trace element)



Waler Salts
Teace elements

b —— ]
Stedlt-}——— | ——]
——— | T—

zation ~——]

Alr out
Alr In
lnocutum

| S Sleam

Water

rM(;:)

- e Fecmeatation
chamber
Sutfuric ton
Oxalic Clicic acld Charcoat
-3cld acid exchange
temoval ., precin ¢ .
) - [ation Evaporation

Crystatllization

31 2-3 unuglinansmsadnnsadasnlag surface culture

M - qudl (2537)

mwmmwawhuuiﬂﬂm'lﬂnﬂﬂwmsau‘lﬂﬂh surface liquid medium  tWoms

maaﬁﬂawaawaiﬂﬂammw mmmsmeﬂ%hnmﬂs s 9 U uddveowludans
v
azmﬂwmumimwmsm Lﬁammswun (steriie fermentation solution) uZavhadesiiy
4
15 %"ﬂ6§;1uﬂ1§a$ﬁ'lﬂﬂdﬂﬁ’l’2 ‘nmmnuummﬂ rroculum mecuum vuaﬂaswmwasmg
ﬂsw%wuu‘lﬂdamﬂwuﬂ (fermentation pan.) cvwm‘miLaﬂmfawmmzmmumswaﬁﬂw
b 4
FASA ‘1umaﬂsamwz"lnﬂmmiﬂu inoculum medium @9 1§350h i alosvousesiasll
o o A T a a g8 ¥
ROANUNNOHRARNTATATN LAIATIA 19
b4 14 b4

DI IABUTO T M UNISHARNIATAS AR IETE surface liquid culture HULHEIRTSUBY
PRy 9/ o ﬂ : 9 L= o o ] : o = o o 9 <t o
Aldinzdluwnmniaanndesnsenintiaim uamhwausgns minn 14 ldwudeiy

i 4 1 4 (] .

ﬂ1ssﬁaﬂmms(5ms%mi‘luﬁ°qf?mm'lumswammmmnmﬂ I IdSinunsadesnge A
wuw«ummﬂ1am°°1nwaﬂwmxaqnmwsﬂmuu msa“hrmmaﬂs zinadesas 14 — 20
uanmnummnma %30 ﬂamﬂﬁnummmr‘ﬂuweﬂﬁumﬂﬁuﬁma«%ﬂ Aspergillus niger
=t 1 a 3 o a 2 o« &
1% swmafildnasssliveamaiionwe Tavzduq 31 min daned vewas aslonzma

fo b d IS a = & A ‘' £ a o . .
13Ji1'll.‘cl‘]uﬂﬂ\3ﬂﬂ5ﬂ“:]ﬂ‘lmﬂ BIIWCUHUIHIOUTINNITUUITUA Iﬂﬂ'ﬂ’ﬂ‘ﬂ fermentation medium
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o Ao Y ke . oy
sxiszneudsmmiig (molasses) Aflmrmduduvesiimneglussnireoras 10 - 20 |
1 4 b4
NH,NO; , MgSO, Utaz KH,PO, uasiieyvesemisieudoszilSuliodlusisiiey 2.5 - 4.0
Tagldnsa 1,50, dmiuusmquiladuq Sneefinnlulagiviildihuds unzioglualSuna
b 4 [) y
foswe udluniaussgeeiiSinaguiulyiuinaghuiild u beet molasses Tunsdiiies
JudesimsaniSualanzaou Tasmsyi pretreatment 11U ferricyanide %138 ferricyanide
IWoAg form complex fivTang Fe nSoo1992 prefreat invert molasses 28 cation — exchange
. duy d o o/ a a a act .. . .
resin A 14 Fesinez 1diumsmaansadininTne3s submerged-aerated citric acid fermentation
o A: 43’ A a Q- < q’; r)
anuduqadveslons lusmisifsademeniansadasnlullsnagaiuiang
0o v A o 0’: o‘: < Py a a 9 o/ ] d” &’ q ¥
dgoe AniuluyiaiSeseelimu@uuuamiiaadldfe fredveemis@sutenis
WaANsATAINlITNELRI molasses 250 ¥ , NH,NO, 0.05 N5 , KHLPO, , 0.5 n3u une
1 d v 1 4 )4
MgSO, .H,0 0.5 n3u lurhindu 1,000 wa. uazdfuiesluems@sutodas HCL wie H,S0,
Woglusrsiioy 3.5
. b 4 . 3
iehmsfesailesTu fermentation medium 14 24 $2Tuws sxudefvnveudule
4 = ¥ H 1] . z L] é - y‘:
Unaguuuiuivesssazate udivsIiomaduiidunmssidoudariudly Seenmeiis
gungidszina 30 ssruzalen maruvesemmes iugfivesmsazatestiedha
Y Q’J’ o oW to ¥ a 1 o o 3 ] ; (YY)
waenniu 5 -6 Tu A liduludesIiemeduindedudn dededaetissdiudulesniusy
3 14
dhirdvueguuNuAIves fermentation medium wdsvnldavesasluuda s - 10 Fu Yiiani
enafioglu culture solution szanmannszeySudu lultszinadosas 20 seduanudutives
i 4 -] o) Q a J o
mnvzgegalutd wihliidfnansedadnanududugeiin wwihldaeditae msld
YUIUMINTNINAUNINE AU (fermentation process) uag 1935 M13321ME (evaperation process)
[} s d' a a o 9/ P ; d‘l’ Q' &’
Tusgnivvrunmsndniferdansadasn Smnfiesvese misfeadodududy
<t d 9 a ~t a A o ' a
Wiey 3.5 nezassAndelinayiadutlunluvuiumsudn wy enezifiunsasenean
a3 & o a oo i A = o Y Z 3 =3
nsanglailn aeee Tl ldnsedaSniindaldTinnuuSonia luems@vadofitimaniiu
3 a H s a Y a a a o .
wawhnlFinalimnzaniu s lfifansaeenendn felad (pigment) unzmiseen
g . (] < s/ = a oo 9/ Z
¥o4er1los (sporulation) dwmiumssenveudulorzifanmisazaunsadasnidies Fos
? [ ~ A - - .
Aspergillus niger dulngjazldidind@idor viofmAnsludulodloda sporulating pigment
¥ ‘ ¢
warflezdusennnaadutlu culture solution  fumsiinaTgiendensyiifnsadasn

: s
UIgND
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VS oensaSanAinaAsITY WY surface liquid 9¢'1falszmadooas 80 Hs 85
wqﬁmﬁﬂm‘ﬁu'lamimﬁL'én&'u'la’f'ﬁ‘lu’;’mqﬁﬂumﬁm?;méa dauilszdnEnmasifiy
Ao fhlszanadosns 90 veulSinnnsaasnfinaAtY

3. ASNAANTATAINULL Submerged fermentation process i’]wﬁu‘lﬁ"wawmﬁ%z
Nansnaansadasn 1nel995 Submerged fermentation process Fanssdimanantudu
QRTINS T numswialaia lfedendnmsfouduloveaien Aspergillus niger T
Selnftommsdmiunsrdansadain  S3msnaansadainlaoldSensint g dnaadi
ganmassulunaien Uszme wu 1SS0 Miles Laboratories Tutlszmasaism Tulszme

AT UOALUDLUTEN John E. Sturge Ltd. Tutlszmedingy

]
- a A

v
dmsuingavnldndansadaInuuy Submerged fermentation process 1AANY
3 A 3 : 3
gunsolfhidenduduifianududusesnglnags idoedudunlduduves sucrose
b4
inverted 1523 2/3 wenNniif©1992 1 enzyme hydrolyzate s8sFggiwInd1a lna 412
e nSoudleume (Swartove, 1996) lunsaindlyu enzyme hydrolyzate Jngavilfaioy
dy df 9 a e : < 1 o [ a an 13 n’/l
pmsheude whsedlTinuvesiimaegszndi 15 - 20 nfude 100 Haddes ANty
s 4 4 o« 3 o A [ . LA
e lddesiiadseguande q TasT¥hiudeuru sulphonate ion exchange resin ey
{ R . @ E o
'gﬂevm hydrogen form fsazaedINIY jon exchange resin udeefidnuaiiunsainniiu A
z =< ¥ - = & a ot g 1t t =9 =9 ar = -
Mussdesduuey ludlameluferidegluseneiey 2 - 4 luvaz@orfiussiinsidy
4 a ¥ LY :ll ¢ A a a o
copper sulphate tHBMsWSRYeades wazdiumduduoulnime Mitamsazaunsadain
b 4 9
nasmindeezain inoculum culture asluems dwiundansadasnuuulasaiie
. & & A dy ¥ s o - Y
inoculum culture ez @unuuveudmssunurasfld dausimeafimunissingoudies I
* - - o a 3 T a a
Amd1la/ly fermentation solution uazliauumsndndaiusuldlSuunsedasngegn
: ar J a o a9y o‘ll o9 'y Yt 9/
lumsudniidSinuesnfisuidesmniviidesin udadwnlaimangansdeimeassey
é P a a o o a a a J [}
wils nsrGansagesniaengaveindls wozenszndansedasniuinlminuud uases
o J 1 i 4 g Ll = v o
nansnduse e nidrede ldimidSuReslniuas@uunasensdwanlulasiou
¢« ¥ b 4
vaanntidosueTeylu fermentation solution Aoy luriulinasezifuiiey 3.5 wae
Y 1~ a &4 o o A& . . A a
Tunaashiinsariaduletuindas dwsuiSoamsau (agitation) tWeldeendisunszay
; - o’: g9 to ﬂ dd’. (] Y a’: &' 1 o )
pgnaioanetiuf dudulunsdlfl maedreszeznavesruaunsniniy AueghudTunm
s Y dqy ¢ S d a a 2 a =24 v o o ¢ 3
dmalureuduild udluinenssfionneeimednima qauniduasdrdudaeulel da

natvesvuumsnsinez l9lsgainm 5-14 Yu
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(] Y ¢=‘ Qs :: o .; [ L z o
daluinuderiumsauguvesitaduluszniverumsndmiy awsarle
a . A o 1 o o & o
Taonist@ues antifoam ae liedlesiulilomsduesnusnsansn Faziiuoyuives
b4 o [}
sulphonate fatty acid 481 sorbitan (tween) #3eWINIMTURY HTo1MTUMY US04 antifoam #
¥ ()
I Tuadsee 1 9vinsdlu
) -y o d‘ =) J oy - _y
PSununseadininhindaduldTaeis submerged fermentation process ANTOHAANTA
v y £ t 4 4
Intedesnz 95 ahmlndetimiin) Tumemsdniud linswhemusansa e s
L TeevialiludnlFinaimandnszeglugaedesas 70-90 Tuna 8-10 Sufigamgi 30 sem
iaITe (Schierholt, 1977)

MIIUIANIATATA (I TRA UaT UM, 2532)
aulndlunszurumswilinliduasuiididy 3 duneu dulszasudsnanieniag
a Y 3 a o d Y 9 o o I a 13 ad
AL MInUn wasnTsnuRwaesud musssuaudiihnmsndnoldnaninge udds
{ - 4 1 o a a a ° a t o
ashiFlunsdufen bimungau fezmiddsz@nsamlumssanandiasd nsufy
[ [ 4 . .
Tunstimsifufsansadadneemnumiminuaasluglfi 2-4 Sududrenmsuen
dy a Ao e” o A 9 LY Y q'dy a da
wegaunsdesnnamiminieu (lunsdinldmminlunszuunmdnfidensyfinives
b d
2IMIsuAT ATTIIUMINTn luan e mIsMal) viedpuimsadalinsadasnaloiivie
o o [ a 4 Qs Y ¥ 9 2
Tieieonmnnniaghuinldlumsndnlasaszuumsninluanmemisude ud15enses
4 a 2 gdq ¥ ' & A o o o duyw v
uenwuFegaUNISNlyeenteu iniuIainimini ld i wnszuumsnisanazsnou
(precipitation) laglusreusmihmsanaznounsaeenandneenudaorinfule (hydrated-
y ¥
lime) YTinaudnfesuasiiSugamailszuna 80-90 ssmwadon udrSufzinjuennasiy
1 4 v .
ontudasdutiifun 1 dadetimin 2 dw Tasldomlums@innant 1 $2Tue T
. ' y Y
vauzRIiuiugungildqeds 95 osmwadoa msmininjusnlugasiiszsildnsadasa
& s A ) . & y w2
anazneusennluglveundounaBeudinsm (calcium citrate) Fezgnnseasdiedaeii
o’/l . < « 4 a . a Y a A
wmeq a8 AouferduduaTouRunia (acidulators) TnoidunsadaSa (1,50,) €1y
_usnindeunaienesn I lugilvewnadoudama (CaS0,) udnseseenly diuasazaned
insndninazateey sxgmiiliidnd (decolourized) Imeldidnt charcoat udasaritlvlinu
¢ H : 3 { a &
Aedunlisduuanifdsutlszy (ion exchangeresin columns) evhildnsndasniilduSons
dUsnnduiodu (impurities) AeufiszihluvmIdidudy (concentrated) nreluann
a2 = .. & o q v w & Y
qaanme udleiudureumsanadn (crystallization) wasdurenyinlduds Faszldnsa

Fa3nIugy citric acid monohydrate sonulufige
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Solid-State Fermentation  Submerged Fermentation Surface Culture Fermentation

Water/buffer fermented mash 4%]
!*—V Filtered ———® mycelial wastes

'

Crude fermentated lequor €— pressed

y

Hydrated lime ——— precipitation —— oxalic acid salts
And heat l

Calcium citrate
water ——p i
filtered and washed

'

H,SO, — acidulator

'

Filtered ——  CaSO,

'

Decolorization

'

Purification

'

Concentration

'

Crystallization

'

Citric acid monohydrate

. bt [}
17 2-4 YumoumsAufvINIATasH

117 : AnulasnInen Lakshminarayans wazane (1975)
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dmsumsndiniendnnsnsasndnednd ($u Candida) uenvAnISAsATign
ahitunnuds fresfinsaleTadeineenndanaue fohlunsiiufmonda Tei
Lﬂuw’{auwnnsﬂﬁgmmaaﬂmnﬁu ﬁzq'f:mmmm'lmﬂﬂﬂmanuuma (ugdvewnaimey
leasonlas : ca(on),) ludasidiu 3 : 3 dwesimiinfuendessnlyuda HaZALAY
 gungilieglugas 85-90.esmmaduaiiunm 2 $al wwil¥nseadasngnanazneusen
N nﬁ'ammfu??am“mfnjummﬁu%uﬁﬂz dandlhniminfusniensadssneenlyuda
wazaILgURMQTT 85-90 serwadeadiunm 2 $21ue wihlinialeledainanazney
aun nnthidaihfandedwsnuazindele Tedmsn hinunszuumsmadiufedeiiodn

g
U@

a9

lunsdindesnsinsadasnagluglvsunte lufeunse Inuna@eusasnannse

1A laentsiAueons 15 ¥89 NaOH n3eiseaz 15 ¥89 KOH TudlSurainndiune lusas
) a = P 2 ¢ ' < ] Y A a

QuNGN 95-08 DFUHAITHN UAIHIUAITLIUNIIARY SuDINIANKANDeE lAindoTwsa

14
Maaeegilonnin

5 JagAudiiflumsndanindasn

nskaansagasnluszdugaminnssy daulnejinghufildedusenn vhena
uazutls dmiuudlesz 19y 2 glufe solid state uaztiaﬂ‘lﬁfﬁ‘_lu%manqiﬂﬂ‘luminﬁn
Tuemsman uflihiwdansadainornezdiuutlinndaiy By $9 d1lna e
uthafudnlznds mndfudnlends $141 unay gmivthana aw‘l%fﬂmaimaqmﬁaq Gl
ﬂfﬂﬂﬁ’ ﬁy'lmaiumqa@: U o lase woalnd vioeldmimimnatinendeeunsiain ua
hiwals wu durlesa Huewdn Ln,amiiy1ﬁﬁﬂtﬁ'ﬂ'&’utu5ﬂ‘[ﬂiﬁ (Atsusni et al., 1996; El-
Sharkawy ef al., 1995 ; Hang et al. 1989; Somsak et al., 1994) weneNideimsnaansadnin
mﬁ’iﬂqﬁnéuq wu nldenudsvoaa@anum (coffee husk) Tasldnssurumsniinuuy solid-
state ﬁ"am%e Aspergillus niger (Shankaranand and Lonsane, 1994) tilionvesgaun3 (pear peel)
niinLuL solid-state A28 Aspergillus niger (Gutierrez-Correa ef al., 1994) 19514 ea (wheat
‘brn) Tnemsinun solid- state Taetae Aspergillus niger (Shankaranand and Lonsane, 1992) 1%
ulfondu (orange peel) (Lombardi and Zarizky, 1996) naavnlouay waz lsuaulelas lade
Iﬂ;ﬂﬁﬂ’ﬂlmv semi-solid Tagi9e Aspergillus niger (Kohtaro kirimura et al., 1999) KAA910 soy

: 4" o . Y dy .
whey Taeiye Aspergillus niger (Khare et al., 1994) Haan cellobiose Taeldye Aspergillus
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niger TWNUFLMAUNNATUMY 2-deoxyglucase 1AEWSAUYY  semisolid (Sarangbin et

4 < a o @ a o oy
al.,1993) ‘ﬂ\iﬂ'ﬁﬂﬁﬂﬂiﬂ"ﬂﬂ‘iﬂi]'lﬂ')ﬁi]ﬂilﬁ'lq 9 lLﬁﬂ\ﬂﬂ\ﬂUﬂTﬁN"v’l 2-4

M99 2-4 MIRAANIATAIA 1AY Candida Lpolytica NNIANAVAN

R I szeznatlumsviin (u) nsadasn ($eens)

Caproic acid 6 0

Caprylic acid 6 0

Capric acid 6 0

Lauric acid 6 328
Mﬁistic acid 6 89.2
Palmitic acid 6 96.2
Stearic acid 6 105.0
Arachidic acid 6 0.4

Behimic acid 6 6.6

Oleic acid 6 107.0
Linoleic acid 6 532
Linolenic acid 6 0.3

Coconut oil 5 99.6
Palm oil 6 155.0
Palm kernal oil 6 117.0
Olive oil 4 119.0
Soyabean oil 4 115.0
Linseed oil 4 97.2
Rapeseed oil 4 48.8
Glyyceral 4 58.8
N-Paraffin 4 161.0

1 : 2N (2533)

20756
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LLBaﬂﬁ)aﬂﬁﬁa’lﬂ"}fﬁﬂ 19U methanol, butanol, ethanol ttag C12-16 alcohols ansaly
r‘flmmawmmsuau S wSumsHaanIadasn 1Ay Cfibrae, C.subtropicalis, Pichia farmosa
C.lipolytica W Torulopsis xylmus mmwwuwuﬂuvammaﬂaaaaiummsmmnmﬂ 214
Zoyas 1-2 LozRuueanegedies uszniniswin uaﬂmmnaaﬂeaaauﬁﬂummsmm
Savzilszneudisundsveslulasiou inaswesionma ung trace elements WU Fe, Mg,
Zn~,Mn a2 Cu' Ikeno LaganY (1975) smsniausanagediiunn 7 T4 wudiezHaa
nsaEASN 1A 27.9 nSuABAAT

C. zeylanoides, C.parapsilosis, C.fibrae #ag C. subtropicalis ansald acetate lums
raansasasn1d Tnoezld acetic acid M50 calcium acetate Situvdvesmivou

Sadvianudiiet 1Y Candida, Hansenula Wae Pichia AT ORARNIATAINIINATA 1Y
5711 natural oils uag fats 14 venunigiinmimaneald 1u, duwznd, fr"nffmhﬁu, shithy
yenen, Hsudamans, dshiduund, vhshale, St Tna uagnsaluthdase Sms
wAanIATAIN LAY Tkeno (1975) wﬁmﬂsﬂ%ﬂ%‘ﬂmﬂmmnﬁymL“aﬂ;ﬂﬁﬁﬁwﬁuuzw%n wagdau

‘ 1 o &
Ysgnoua1eg asl

diuuewintouas 5.0

(NH,),SO, $oung 0.2

FugInadeons 0.26

KH,PO, $ewns ©0.0125

MgS0,.7H,0 eens 0.01

caCo, $ouns 0.5

Antifoam i’aaﬁz 0.5

Thiamine hydrocholride 100 lulasniudeiiannas

fmsniinfioangdl 30 ssrnwaden winiluna 84 $21lue wwdansadasnen
Suthdu1dZeuns 146 Tasldiiauauyt vos Clipolytica

e C.lipolytica ANNTARAANIATATNNA hydrocarbon Fu n-parafﬁns,n-
alkanes i1z alkenes Tabuchi UAZAMZ (1969) FumdnalzneveemMTALSEEMIY
~EANTATAININ n-paraffins 13%3iiale n-paraffins 40-60 A¥H, NH,C1 2 n3u, KH,PO, 0.5 AFY,
\gS0, 0.5 N3y, dusdnlna 1 ndu wag Caco, 30 niudedas AmaniinTasnswendi
samgil 28-30 e unm 4-6 Tu
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FWUMIMINNIATATN1AY Lniger wuhaMIduduYes Fe™ Tuomisifoades
Naﬂaﬂsmmns%mﬂ uag isocitric acid f1USVSuIes Fe 1ﬂummwmjummﬂq 9%
aunsnunsaBAIAUAZan socitric acid 16 ugmsih ldanududuves re™ lu complex
media fifamhldnn Sonisidoudenis C.lipolytica mtmmm'hﬁe fluoroacetate 45
aconitase activity 19z a NSNS HAANIATESN 9 n-paraffin 14

Tunndaszasiony polyhydric alcohols (%14 mannitol, sorbitol M58 erythritol 11
tJ“’LﬂJﬁu‘lmQﬂiw‘U'JuﬂﬁmJﬂ n-parafﬁn culture medium Ym neutralizing agent L9 CaCQ,
Tabuchi (A2 Hara (1973) Wi e misiasadons neutralizing agent S 10U04 citrate 920004
sasnuTmTududuYes thiamine ‘luamwni&’ﬂuﬂwwaﬂnzﬁwadammﬁﬁnm%ﬁ?mmz
isocitric acid flueTmsAsudes thiamne ‘luﬂ?mmﬁsﬁmwaﬂ:ﬁﬂ1ﬁﬂ5ﬁﬂiﬂ°§ﬂ?ﬂﬂ1ﬂssdﬁ1
979 thiamine 9571 1WiN15HAR ketoglutarate WINLAZT citrate anaq
AINOANTATATNIIN n-alkanes SeMilouRUAMINERDIN n-paraffins Tabuchi LaZAME
(1969) ‘S’IEN'lu'j'li’)'I‘H‘liL‘gﬂdL§8ﬁ1ﬁ§"um‘iﬂaﬁﬂ‘iﬂ°§ﬁ§ﬂﬂ’lﬂ alkanes Taoide C. lipobytica
Usznoudie hydrocarbon foung 4-6, NH,CI $osnr 0.2, KH,PO, fouaz 0.0, MgSO0, 7H,0
$oeng 0.05, mu‘mnﬂm?aﬂaw 0.1 um CaCo, $ouns 3 Woninduna 6-8 Tu Tagiins
weenaansagain ldsesns 17-56 wagnmmmm alkane
MIHARNTATAIAIINOIMIIEENSORT lead salt dlussiilszneul§insdnulas
Pfizer (1971) 1§ C. guilliermondii wWamnsadnsnninemsidsadeoilsenoudas cerelose 150
N34, NaCl 4 n3% , Saaefia 5 asy, whilau 15 asy, CaCo, 10 nFY UAE lead acetate 1.5 Ay
aodias wdmdiunm 72 $alu figaingd 30 serwaFen melfamazifims¥ermees

HaANIATAIN 1A 53 nfudedny uat o lead acetate 1enBANsATRSN'lE 29 A

6. yaunidindansedein (2519 uaz Jeum, 2532)
Py o Lt a a o St ar .::y
QauUNIdNaINsonaansagasn laseail
b
6.1 mnaanIazasnlagdos
atglunisnannsadaSndrodos Jasi
. b 4
| 1. meRufvaudion
2. YHAYRINIZUIUNITHIEN

v y
3. anEAmMNETNADMTINS YYD aERS
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o o 4 a a A H 4 '
feNufvesTasanaansagasn luestoude laun Aspergillus niger,
A. awamori, A. fonsecaens, A. luchensis, A. wentii, A. saitoi, A. usami, A. fumaricus, A.phoenicus;
A. flavus, Penicillium restrictum, Penicillium janthinellum, Trichoderma viride, Mucor
) 4
piriformis, Ustulina vulgaris uﬁ&’ﬁfﬂﬂﬂ”lﬁﬂuf Botrytis, Ascochyta, Absidia, Talaromyces,
A cremonium UQS Eupenicillium Hudu
47 o & a s oA o/ A 2 d{
t‘lff)i'lﬂ'lﬂwuﬁﬂi%’iuﬂ']iNﬂﬁﬂiﬂ‘ﬁﬁﬁﬂ‘ll‘lisﬂﬂﬂqﬂﬂ'lﬂﬂiiﬂ 10 4. niger mﬁ‘lumm
A a o’: T~ o <2 Qo o’: J 9/ d’ 1
ﬂimuﬂTiNﬁﬁUTﬁ\ulﬂaﬂﬁﬂ?U%uﬂi&’ﬂQﬂﬁﬂ%‘ﬂ'ﬂu NUWaDUAYILTDIT 4. niger 11&811115
1 d 1 v 1 4 b 4 ¥
deufesifihaadiussdilszaouasifufieyldegiusedunsa lunsldifosuonda
t 4 b 4
nsada3niifive ldnSouvaelszns fsiife
1. msdfiarummnsaiidae
o o t:l d’ 9 A ) a a o
2. 'JﬂQﬂ'iJﬂl‘ifﬂi']ﬁTiJ']ﬁﬂ‘l‘iﬂWGNﬁﬂﬂiﬂ‘lfﬂ'iﬂlli']ﬂ'lgﬂ

3. waawaf WWHLSaguasiinnund)

~ a a = o
6.2 MIWGANIATATA IAtEaa
P 9 ¢ = S A ] [ sldy . dy o o
padhnsuaansadasnlasdiu v 19%051 4. niger uaSFOIEEAUS
& a o te o dy o | daA a A 1 A a a [ = Py
Buq Bnnmy uatsliFetantanasriaRnL NIMIALaLNIATATA TUISHINMST YIAL
I 4 } 4 y o
TaluemsiReude Wedaananaaillaun Brettanomyces, Candida fibriae, C. guilliermondii,
C. intermedia, C. lipolytica, C. oleophila, C. parapsilosis, C. tropicalis, C. subtropicalis,
C. zeykanoides, Endomycopsis, Hansenula, Nemetospora, Pichia, Saccharomyces,
Sporobolomyces, Torulopsis W02 Zygosaccharomyces (ﬁ]‘)elﬁ, 2537) Oh ltagauy (1973) 51891
NMSHAANTAZASN 1A Hansemula anomala TuSouaz 10 89 glucose medium #ii) CaCo,
$ouny 3 Migamgll 30 ewnwaden muteauEa 110 souReuH UAZIAY potassium
dihydrogen phosphate $ovaz 0.05 magnesium sulfate $ovaz 0.025 1AL ammonium chioride
$ovaz 0.1 nafndluna 6 Ju wndnnsadasnldsosas 46
Ishi wagAME (1972) WARNIATASANA waste glucose (glucose §vm 32.6 uag
fructose 8HaZ 3) NIANAININUEN fructose BONYIN fructose-glucose mixture WAV urea,
) : o 4 y a
comn steep liquor, KELPO,, MnSO, Uag CaCO, niinlaei¥e C. oleophila iguvigil 28 veM
waidoe Taglteimendiuna 5 Yu sznda calcium citrate 1930802 70.5
' ¥ .
Miall 4ag Parker (1975) Waansadasnainmniialaeldnszurumsuuudetiios

! 9 v 14 .
waz1$i%e C. guilliermondii wag C. lipolytica BYMSRBUFOT 191/52nOURI sugarcane N30
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beet molasses 50-250 ndureans unaelulnsieu fie (NH,),SO, , NH,Cl #38 NH,NO, indeus
(a2 vitamin B complex imsnsinidurian 189 1 Tueldernne 0.3-1.5 vwm fites Guduves
emsEsusediu 5.5-6.5 unsfinvezadif 2.8-4.0 Tuszueiiimandansadain wuihmn
tha1a 3145 Alan3i wHAR citrate monohydrate 14 119 AlTansu.

§i579091U1 Candida lipolytica  auninldiagaudiuunasmsveulumsniansa
Swsnldnausiin Tng 15 ssmuiide C. lipolytica 261 (ATCC 20346) ungermpRugiinats
ﬁ'uﬁifutﬁaLiﬁrﬂa‘luaﬂmiﬁﬁﬂgiﬂﬁ%'aﬂaz 173 , BU-W3 11U uag dendnderas 5 A
queamaif 30 esuwaiied C. lipobtica 281 fidasmanannIadainuaznsa lo lydasn
S 2 do 1 dieldithumeniunsduwisity AldmeRuffinaneiug N-5704 ezfidan
assRansagesn waznsnleledasndiy 44 do 1 de@esluemmadu-winiu uaedld
oL TinmeRuf N-2484 wildastmantanIndiain ungnsn'le ludasniiu 62 de 1 ie
L‘gﬂa‘lummsﬂqiﬂa SmiurananvesceRuininaewu] N-5704 vnagAudun uansds
a5 4 uenemiteunsnlfienneseduntesiia W euen wmnuen Tmmen s
faupansgedfiil 12-16 a3uey Sodesadiansafumdeniveusll Sy Candida
fibrae, C. subtropicalis, Torulopsis xylinus Hudu Tﬂaﬁmwnﬁh‘lummsL‘é,ﬂaﬁ;a'?‘lﬁ
uoanosedyszana 1-2 wediud ez l8nsadasnlszana 28 nfudetnsatelu 7 (3 Tdl
HaZgIUN, 2532)

YorusamsiBadlumsnaansadasn dienSeuflsufumananlay aspergili Ao

awsadnssrunsuuudeiiodlumsnaald

a a a T s o A

6.3 NIHARNIAFAS N IAsuuANEE (Fila, 2534)

nURNS Ui @Y Bacillus licheniformis, Bacillus subtilis W Brevibacterium
Savum TN AHARNTATAININ glucose,isocitric acid %39 hydrocarbons 14 Sardinas (1972)

< o o c:’ dy st N o
saansasasnlag B. licheniformis wnaMAsuFeRiing lnadiuuvdevesniueu uaz
unawedlu1Asion #8 urea, ammonium sulfate 130 ghitamate waz i} Caco, hnsniinauld
anzffiemefgamgd 3037 ssneadod dunm 36-120 lus uay fiey 7.0 AHan
asamasn’ld 42 nudeAns Kyowa Fermentation Industries WAANIATAINIAY Arthrobacter
E 4 b4 ' b4

paraffinens SN THIIaEN il dodecanc M3BEINALYBS C,,-C,, paraffins 1oz salts 19130
mmusaﬂaw 5 wazlviomet 3 vwm ﬁqmﬂnﬁ 28 pesnwaiFee Hunm 72 $alue waansa

“lm’iﬂvlﬂ 28 Taansudeliadaas uaﬂmﬂu Corynebacterium sp. Q% Brevibacterium sp.



mmsﬁwﬁﬁﬂwﬁﬁ?mm n-paraffins 19 414 Hnanfudeiionans dieldnaiumswiin 64
i&n'l",mffvd;qmwgﬁ 32 sarniTaITe
Klebsiella, Aerobacter, Pseudomonas, Micrococcus, Bacillus, Brevibacterium,

Coryne!'bacterium uae Arthrobacter mmsnwﬁmiﬂﬂ?‘m?ﬂmnmn15;5”9&;%91‘7353 jsocitric acid
saﬂa~ 5.6 o 5-8 1¥iaa 2 Su figamad 3237 sesnwadea uazfimsiud

. §AUNYBS Brevibacterium ﬂavum #deems L-glutamate dmiuTy awsonaa
nsﬂ«?{ﬁ?ﬂ‘lﬂ’lﬁamwLﬁmiummsmmwa‘nuﬂqiﬂmauas 3.6 , gSuSevaz 02 , KHPO,
Zoune 0.01 , MgSO, Jouag 0.4, Sodium L-glutamate 8802 0.05 , CaCo, $oeag 1, soybean
hydrolysate 3 JaaAIABANT UAL vitamin B,,, FeSO, tag MnSO, dSnadnioendanin iy
fonmgil 30 senwaden o 4 5u fuey 7.4 o nannsAdAsN 14 50 dadniudedns

nsHannsadasn lasuuaise uﬁ"hﬂzﬁmsﬁﬂmﬁeﬂﬂhmswﬁﬂmm%aﬂ uadiu

wumslndusimsnannsadasn

7. aamsimnzaylumsatanseadain (33179 LagIIUAT, 2532)

. ¢ 1 4

MW AUAD ST QUDUTDS Tagmwizluanmmaniinluemsmal
b 4 o A & o 1 o d’
Aeaniiensiletoneg agld

1. 519815 (Nutrient)
msulsanwingAy (Pretreatment of raw materials)
9% (pH)

b4

#11%0 (Inoculum)

MIAWAUAIINIT N (Fermentation control)

Y N R

213032GY (Stimulants)

1. TGOS
mammswmt’i‘lunamsmmmnimaawaﬂmawaﬂﬂswﬂsﬂuﬁuagnnma
wumaqwamm"wmmmimm Femninaudaudenmenuiiideinnuiuwzde
svmums‘n‘lafmmu mwum'l*msaﬂmﬂwuﬁwmmwamamiwaﬁnsﬂmmnﬁwﬂsvmu
mmuﬂwmmmsmmwa whiUszansamlunsnaaaadasdnivlyidtunseuaums

Y : s/
wuﬂiummsmm&‘luﬂu
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‘
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b 4 ]
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dudaulvg uardnezaunselfunasmiveuldfssriin@mndmidlseansamlums
. y
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: ] o o Q’I‘ Y
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-4 A o [-] - $ o " H 3 '
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I 1 o A a a A ay o dda Yo
Tusgninmsninientansadaindo@oT1 Aniger (aowugniiouldfuinalu
o o - w : 2 ! 4
Pogiiy) SufluedredndesSuanmududusesihmasuduluemsBeutelfimngeay
é ’ L . 1 1 A Ov A' 1
Fylagdruingegludadosns 1518 edwlsiens Sarududusenihmaduduganh
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A ' v 9 g Y ¥ 3 4 ¥ oo a ' v a
waes ualunwassiudwdennududuveahmasududuiu il diwa linantavesnsa
%ﬁ?ﬂﬁiﬁaﬂﬁaﬂm uaz luvazRenuzifnmsasauveInIneensIanal (Kovats, 1960)
. a g o A = aQ a g 4” o 3 d" ag .
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H t e 1 Qs 1 L N 1 o i :’ oy
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& ‘ (N °y 8/ 9 G‘l’ ;: A :
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< N d'A 9 ar ~ oy & = P L] A v : =
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a 2 w 3 4 a4 o
9INAsZIIUNSKaMDIIMIEaNT199Ind0e ilssinufuimhaansehndadurma 3 du el
ﬂy U 1 QY : =3 L é’ ¥ Q) o "
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it mnmswaﬁmma‘nswmnuﬂsu1mu1maagﬂ3~mmsaﬂaw 50-60) refinery molasses (AR
mma*n"lﬁmﬂmswaﬁmmamwm'mﬁqm nmmaagﬂrmmé’aam 48) wag hightest
. & .
molasses 1138 invert molasses (ﬂ’lﬂu’lﬂTﬁNﬂm!ullﬂﬂUuTmé’ElUmulﬁquﬂﬁiﬂ mvert YN
[} ° °y A s 3 . "Q e : {
drundnai ldszmelidudhaindey fafy hightest molasses 39 lildmmharadldonn
J : :’ r * [) ~ :
nmssaaiaansie Thamsgilszumiesas 70) TaedulvganTssnuionldmaiena
o : - = A 1, ‘ 1 o/ H 1 cy
shiausnifuingay Felldauilsznoudie Awaadlumsisdi 25 swituldhlumamined
Ly 1
Pnahmaglasaegguazmnganlunslafiuiagiu ed1elsiau lumsldmataa
dy lﬁ sy N L4 3 g A ~ < A M o ﬁyl = o
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e lianududuveniwnasududesas 15-20 uazdfufeyhdy 5.56.5 daonsa

Y a n’: a {0 " a a Y Q P ] J
daysaRes niniuluAumsemidudiudemaeiydulavsados udniliteside

14 )
fuaat 30 wri vihmstadesveudios Lriger tiovhnsusnge 1]

1 t 4
A9 2-5 ﬂxif‘{ﬂﬁzﬂﬂilﬂlﬂﬁﬂ'lﬂﬁ'lﬁ'm

aeflseney Winafild @fevay 75 vesarsui)
sheadtenua: 48-56
ylase 30-40
shanatand 15-20
shaafiusinliile 2-4
s BunEER luihena: 9-12
aslulawsaficnnsoavarwld 4.0
MIOUNTE 13U nsaes Iatlan 3.0
nsASASN NTAIAN AIATASIN dudu trace
wind , smesea , Wad uag a1y trace
mistfseaoTulasou wu Talsdu 23
Wdama 10-15
Tases 0.1-0.4
Twuneadou 1.5-5.0
uUALFeL 0.4-0.8
aanlsd 0.7-3.0
Aoaose 0.6-2.0

#11 : Paturau(1969)
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oS A . . . =+, A o & 3 aaa o o
wunilifonlooou (magnesium jon: Mg™) Harwddgdoufnseoueuluivaesiia
'8 a o o 3 [ a a tg a aoa
meluman lusuzderiuidinadenisnigiau laveudeswaznmsnannsadasndae
dmSuanududuves MgSo, imunzauiendansadasnld idgegaogluseiosas
0.02-0.025
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Tuussaussiguaeriamaill ussigidAguasadinansenudelseantamng
[ b4 ¥ (2
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N(HC) = fiaaaas Na,CO, X N(Na,CO,)

fiaaaas HCI

ada s
® T Asiene
L $aiee190.9 - 1.0 n¥u tdaslunszamnseadaldaslu digestion tube
2. 1d K,;50,3.9 N3 uag CusSO, . SH,O 0.4 03
a o o g 9 a aa L]
3. @unsagarisndudy 15 Tnaaasuenne
. ¥ . .
4. T digestion wbe 9asliAsestoy Msquugii 137 420 evruwraiiod udila
in3esganiy
l‘ !’

5. Uﬂﬂt‘i‘]u!’l’d'l 50 U ﬂu'lﬁﬂ'liﬁ“’ﬁ'lﬂqlﬂﬂﬁlﬂ'lﬁii]iﬁ"h u‘lﬂﬂﬂi)'lﬂlﬂiﬂﬂﬂﬂﬂ ANg

Phuntesganiu elimmaiu @utiasly digestion tube Worlszanm B lildundos

nau
o 2 A e« d & ‘ A4 o )
6. dlafeminfiendebunismanniuuaziila power vounIBINAY (Kjeltec)
7. ARl Alkali =2-3 suilyhluremeitiesemanaunaeng
8. warm msmﬂauiﬁu‘hﬁl'zﬂuﬁasﬂwuuav digestion tube 1/ steam pamilunm
[
54

9. fila steam 111 digestion tube traz¥IAUAIFU T pBANINIAGBINAL

10. Set Alkali =2 Delay time = 0.2 Steam = 3.6

11. W2 aumgﬂwgwu asauesanadududesas 4 Wsinas 25 fiaddas 1
& platform veun3BaNdY natly Auto o0 plalform fhuiito 1 digestion tube Juaaluens
azalw 1A Safty door apnrionTasihnduaunifeneadaedis ummumums
azanw o leasenladiiinaududuiosas 40 iinas so fiaddns ATy stoam 92
au

12. iendusuadsudniwiaufaglsutiuas digestion tube B R GITITR
.ﬁ1m'iﬂz';"uﬁ'mfin‘lmi¢ia'lﬂ

13. thaaudaglvang 3l distillate Sluasazmeddor i lamsadunsalalasane

: a d =2 = = o A =
.50 0.2 #9790 IUNIYAYA ﬁ'ﬁaﬁa’a"lﬂﬂgﬁ.‘ﬁﬂuﬁ'lﬂﬁﬁlﬂ?&luiﬂ“ﬂ'l



57

ATUIN

Tulasu Govay) = 0.401 X (HadaasHCI — blank) X NHCI)

SUIUNTUYBIAIDEN
Tsdu Geoaz) = Tulasou Geoas) x 6.25
4. A3 IUY (Suspended Solid)
o gmlnsaie

AszAunIodloud

o
.

2. N5I6AIB
3. 1R3BIQABINIA
3/
4. weUNAI
5. 3nanes
6. 1MTBIFBENOTDoA
® TimszHe
1. suaszansedloudr lumenisngaingil 103 —105 sestuvaiiod U 1 42
° 9y a a g 9 o o’ o
T i ldouluasnnaes udrsaiminnszaunses
b d [
2. @enFinasihdredenez Inmmsuviuassesissgailszanu 2.5 fiadnsu
1 d
(lisnnihmidnnszsaunseslouda)
3. MenszAYnsesaslunsisiidednAuniogae I
¥ & o 9t A q ya Y
4. lmhnduRaenszatunseldilenielndautiununse
v )
5. miedniSasaIuAsIn1siIunITTAIENT8e laso1fons 19ASINIATBIgA
917
al: o A Y d A s L & :’
6. HhnAuURAANYBULINANAINBYITIINNIIVNTBIVUHUD TBIUATOIYANIHUA

7. Tawmsesgaerme Idhafudunszawnsosldmeuznuid dildevlumen

¢
IS

uttegaingil 103 —105 serurabod wiu 1 %2 1ug H30UNTTAMUR
2 qvd 1 oy < ¢ v o d 44 2
8. Malfieumgagiiveslusdnmes udiFmiminnszaimnsesitiuiuy
fia

- ¥
dsiamisuvivass@aansunnans) = iMiinaznsu@aaniu) x 1000

UARANTUBIAIBYI



58

5. YBUINIKUA (Total Solids)
d
e gilnsaie
1. UIUNY
. Y
2. 1\Seeduin
3/
3. MIBULHY
a o
4. IAFUAADS
5. INTPITIRI1NDZIDYA
® S5ns e
s (]
1. ihmuszme ey ldudansiniminasiludoy guugl 180 esruxaiFon
o : g = I'd o : as
i 2 ¥ T naldsuluednmmesudrFimimiinvesnuszme
b .
2. enlFiSinasaredinimminzsay (50.0-100.0 iaaans)

¥ ) » . ¥
3. fiegq Sudletrthndeamsaslususzime ihldSwuesesle dieth

[]
« o

° 4 a = : LY d
suvovua 11910 lleviigaumgl 103 —105 esizaTes suuiaaziimiinaah Mldouly
CERTL LG

y o wda d J o oodl L a d o 3 &

4. Fmhmin ey Nmin ALY UABTHMINYB B WUIMNHUA

I

< 3 a s oa a :' o 4 a a o
VBWYITNHUA (UAANITY / aAT) = NHUAYDIUYI(DAANTY) X 100

9
JanansveIn10819In

6. COD{Chemical Oxygen Demand)
o gilnsaie

1. UIRAUABY VUIA 250.0 diagans
w30enILIIY

wn i

4. 1506 YUIA 50.0 Haaans

woN

® isinile
a a s 3 a o as o t 4 < Yy v
1. nsadaisndudy azmeFaneidama (Ag,S0,) 5.5 nSu Asnsadarsaudy

1 aTansy @asldna lumsazatodszing 1-2 51)



59

2. asazmwnasgu nunageulalaswa 00417 Tuad azawTwmadonla
Tasiua (K,Cr,0,) 12.259 n3x (011 130 serniFoe ue 2 $2T10) achuhndy mlddenoy
Usinasidu 1 fas

3. misazaemnasudeTaueuTuwtisudada 025 Tuars azaedesa
wewTudioudama (Fe(NH,)(S0,),. 6H,0) wilaoers 98 n3u Tuthndy dunsasaiasndy
{u 200 finddas adly MitBudenedanindunldusings 1 Gas msazmoiies
ﬂ"awm31nn~fn’ui’r’u<‘v’iuﬁuauiﬁa1mﬂmﬁ'vmsazawmmmuTwzmm«Tmn'laTmma 0.0417
Tums

hasazmeTwmadonlaTasam 10.0 findaas @uihndusy18USines 1000
findans Munsadaitsndudy 300 Tadans Aane 3%y dunlmmsadrsasazmoe
Foweu TullsudarialaslfiMe Istuilududmnss (2-3 nua)

U

Tua15a (M) = ianansves 0.0417 M Trumadoulalasam x0.25

HanaasveadeSauou Tuklousdamia
oS a a o
4. asazmuie lsoududiames
da A o a Yo o Y/ o
5. wesAIsdaa (HgS0,) wilane 19t1danynaslse
s a a ' o
6. nsadarhilingiia 19815 (Sulfamic acid) 19f15alu st
ada d
® AT IZHe
o da as a 1]
1. Fuuesaistaa (HgSO,) 0.4 n31: ldasluviaduany
| E .
2. @AUAI961INNABINTINIIZY 200 fadanT YEBEINYRIIBEINITE e
b 4 .
aaminau It 1dySinas 20.0 Tadans
3. wnmsazanunasyu Inmeonlalasam 10.0 faddns Aseq Wunsasaia
Py P = & o 0 o aa
IndiuduniiFaneiFamadeuagasTy 30.0 fiaddns

. o ]

' k4 LYY YY) & ' o %]
4. wnasazanamua lmdnnua dhadedtumsesmiuuiy aasudluna 2
3 Savd v A ' J & « 4 A L v v
#2119 Rlfiou ansesnruududrsindunsufiozasanseeniuul L eenInvIRLS R
nay
I a :’ o C e o aa Ay va |
5. wmihnauasluviadunawauilSinasiszana 140-150 fadaas naldEud

gy
YAUNYUHDI



60

6. lamsamsazawlnmasoulalnsamfivdedomsazmenasgnueTauen
Tusloudanialaeldile Tsduduaiaes (2-3 viua) ﬂuﬂszﬁqﬁﬂaaﬁauNﬂmﬂéﬂumﬂ?{i{ﬁu
Goatheimanas uaasdagayA

7. M1 blank Taeldindumudaeisi uazénﬁumsnimﬁmﬁnﬁ'mém‘igmﬂ
szms
AU

COD (fiaan3u / aa3) =(A-B) X C X 8000

'y
JianaaIusIRI8g

e A= fiaasasvaasazaumeTaueun Tudisudaiaf 141y blank
a aa o ~t ar d' o ar . 3
B = iiaaaasvesmsazaoeauey Tufisudamangiudeaieiin

¢ = Tuansavesasazaamosausu lanfloudama



MANUIN A

ATTHRUAAINAN 1INAAY

P - aa 4 a ya v A 9 v o gy ¥
ATWNNIAHUINK A-1 ﬂ'iil‘liuﬂiﬂ"lmiﬂ‘ﬂNﬁﬁnlm’lﬂ’nﬂL‘lﬁjuﬂ‘iﬂ-ﬂ’lﬁl’inﬁuﬂ’lﬂﬂui‘ﬂﬂﬂumn

o o 4 < - 4
fuvsahaiadeduuialnlffesas 50 Nguungl 30 sewusnBod AUGIIOLYBUATOS

1wt 200 TOURBUTH
Sudi USinunsadasn Gevaz)
pH45 | pHS5.0 pH 5.5 pH 6.0 pH 6.5 pH7.0-
0 03020 | 0.3020 03020 0.3020 0.3020 0.3020
3 0.8000 1.0880 10240 | 11328 1.0048 1.1712
6 1.1520 1.2160 1.2800 1.3440 1.3184 1.4720
9 1.8112 1.5808 1.7280 1.7728 1.6448 2.1760
12 1.6832 1.4912 1.6192 1.7472 1.6320 1.9584

PE ] < A a 4 a Sld' T P 9/ N s 9 ¥
ATTNAIANUINA A-2 iJSiJTiuﬂiﬂ“Bﬂiﬂ‘VlNﬁﬁvlﬂ‘l’lﬂ’nm‘ﬂuﬂ‘iﬂ-ﬂ"lﬁliijﬁuﬁ']\ﬂﬂui‘iiﬂ?’mLﬁ]?I

Y S o Ay o vy o - a o A
ﬂlu‘ilﬂx‘iu'lﬁﬂﬂwﬂ‘}jﬂmﬁﬂiﬂiﬂiﬂﬂﬁ%ﬁ 25 NYUNNU 30 BIABALHYE ANULTITOUUBDUATON

(e 200 SOUABUIN
il Smnsagasn (Fosaz)
pH45 | pHS.0 pH 5.5 pH 6.0 pH 6.5 pH 7.0 -
0 02180 | 02180 0.2180 0.2180 0.218 0.2180
3 0.7800 | 0.7870 0.9400 0.9470 0.9088 0.9150
6 1.2600 1.2600 1.2800 1.2350 1.1712 1.2540
9 1.6960 1.5680 1.6640 1.6000 1.6640 1.7088
12 1.6320 1.5168 1.6190 1.6640 1.5360 1.6830




62

4{ o o a d' o sha' Y g =1 w . [ 9/
A1 eMANYINT a-3 USuunsagasniinaa lananududuvowou ludloudamadieiulsy

: o A [ £ a
anududuveshadaberuuin Inlffesay 25 figungll 30 ssmuwaBea anuEasey

A \ v \ . Q‘
YBUATOAUYE 200 TOUADUTT ﬂ'lﬂ’J'lilLﬂuﬂiﬂ-ﬂNLﬁJﬂyu 70

Sudh . Sumnsngasn ($ovaz)
(NH,),S0, | (NH,),S0,'| (NH),S0, | (NH,),S0, | (NH,),S0, | liiduunds
1.0 g/l 1.5¢1 | 20g1 2.5 g/l 30g1 | Tulasiou
0 03810 0.3810 0.3810 0.3810 03810 03810
3 1.1520 1.1712 1.0688 0.9600 0.9408 1.0432
6 1.3880 1.4080 1.3440 1.2160 1.1712 1.1968
oo | 15168 1.5808 1.4720 1.3632 1.3440 1.8366
12 1.3632 14272 1.3888 1.4912 12352 | 13440

= a A A 4 a gy ¥ ¥ P I w
AT NARNUINN A-4 ﬂiuTmﬂiﬂcﬁﬂiﬂ'ﬂWaﬁvlﬂﬂﬂ'nmﬁlwQJ'Nﬂlaﬂllﬂuiui’uﬂuﬂaﬂiiﬂﬁ']ﬁﬂu

: o A o { a
Manududusenianadeiuudalniffesas 25 Higamgil 30 ssruvaFoa anusaseu

A \ . ' A Q'
YBUATOIYYT 200 soUABUIN ﬂ'lﬂ'J'lllLﬁ'Hﬂiﬂ-ﬂ’NLﬁJg{u 7.0

$udi Psnunsadasn (Sosaz)
NH,CI NH,CI NH,CI NH,CI NE,Cl | liuumag
05g1 1.0 g/l 1.5 g/l 2.0 g/l 25¢1 | Tulaseu
0 0.3810 03810 03810 0.3810 03810 0.3810
3 12352 1.2608 1.4272 1.1968 1.1520 1.0432
6 1.4528 14912 | 16640 |° 13880 1.3880 1.1968
9 1.7280 1.6640 1.6448 1.4272 14528 1.8368
12 14720 | 14428 1.2352 1.2608 1.1712 13440




63

A a aa da gud LY A ¢ o v @ Q3 ¥
AT WAAHUINT A-5 ﬂiil'lﬂ!ﬂ'iﬂ%ﬂiﬂ‘Vlelﬁulﬂ"(lﬂ'l’mL‘Ull‘llu"UENﬂﬁﬁﬁﬂﬂﬁ'l\iﬂul‘ﬁﬂ'l'ml‘lm

v 2 o A9 o v/ = a - o A
ﬂlu‘llﬂﬂu'lﬁﬂﬂLﬂﬁl‘}jﬂuJ'ﬁﬂIﬂTﬂiE]ﬂﬁz 25 ‘r’lQﬂlYiQil 30 94FgalYed AN ATOUUBIUATIDY

W 200 SouABUTH AmEiunsa-aaS AL 7.0

Sui YSunmnsagasn Govag)
fadana dadana dadane dndana liRuumas
0.5 g/ 1.0 g/l 1.5¢/1 2.0g/1 Tulasiou
0 0.3810 0.3810 0.3810 0.3810 0.3810
3 1.0688 0.9728 0.9600 0.8768 1.0432
6 1.2800 1.1840 1.1008 1.1070 1.1968
9 1.6500 1.6000 1.2800 1.1520 1.8368
12 14080 1.2160 1.1730 1.0948 "1.3440

A nIRHYInE. 8-6 USinunIadesnfinaalannnuanusisouveunseuviaeiuly

Yy ¥ S o A 9 o vy P a a ' fl
ﬂ’J'IiJWiJ‘ilu‘UﬂQu'lﬁﬂﬂwﬂ‘YjﬂmﬁﬂIﬂIﬂ‘iﬂﬂﬂg 25 ﬂqm'ﬂf)‘ﬁ 30 SNfAEOET ANAITUILU

ASA-AG LA 7.0

Sudt Wsuunsadasn ($ooaz)
100 s8UABUIN 200 SOUABUT 300 SOUADUIN
0 0.3700 0.3700 0.3700
3 1.2800 0.9790 1.4530
6 1.6130 1.2930 1.6830
9 1.7280 1.4270 1.7920
12 1.6830 1.5360 — 1.5360




MAFUHIN 3§

MINMAAINAN AR

A a aa a a a'd' v A 9/ ' a Y s
AT NAANUINN 3-1 ﬂiil'lmﬂ‘iﬂ"lfﬁﬁﬂ'i’mﬁﬁlﬂ‘ﬂﬂ'J'IiJLﬁuﬂ‘iﬂ-ﬂleﬁJﬁuﬁ'Nﬂ‘Ni‘ﬁﬂ'ﬂiJL‘UﬂJ

o v 4 o < a = 5
duvssihafamoiuuialnlffosas 50 figunall 30 ssnwaden anuEITOUUBUATES

(e 200 SBUABUM

Sufi USununsadasn (Sovaz)
pH45 | pHS.0 pH 5.5 pH 6.0 pH 6.5 pH 7.0
0 03020g | 03020g | 03020¢ 03020g | 03020g | 0.3020g
3 0.8000i | 1.0880h | 10240h | 1.1328th | 1.0048hi | 1.1712fh
6 1.1520fh | 1.2160fh | 1.2800efh | 1.3440ef | 1.3184ef | 1.4720cd
9 1.8112bc | 1.5808cd 1.7280bc 1.7728bc 1.6448cd 2.1760a
12 1.6832cd | 1.4912de | 1.6192cd | 1.7472bc | 1.6320cd | 1.9584ab

HUBIHA BnYIMisufULaas luuansanaaanszduauseiudssns 95

a a a a 4 a et - AR 9! S
AT NAMANUINN -2 ﬂiﬁTﬂlﬂiﬂ“ﬁﬁiﬂ'ﬂNaﬁvlﬂ‘ﬂﬂ?'mu‘_’Ufﬁﬂ-ﬂ'NLiﬂﬂuﬁ'Nﬂui‘lfﬂ'ﬂHHﬂJ

ey o & o P a 4
Fuvsnhafadeiuwaalnlffeeas 25 Ngamgli 30 ssruwrafoa anuSiseveunTes

1987 200 SOUADUIRA
$udt WSwunsagasn (Govaz)
pH4.5 pH 5.0 pHS.5 pH 6.0 pH 6.5 pH7.0
0 0.2180h 0.2180h 0.2180h 0.2180h 0.218h 0.2180h
3 0.7800f | 0.7870f | 0.9400e 0.9470e | 0.9088ef | 0.9150ef
6 12600d | 12600d | 1.2800d 12350d | 1.1712d 1.2540d
9 1.6960a | 1.5680abc | 1.6640abc | 1.6000abc | 1.6640abc | 1.7088a
12 1.6320abc | 1.5168c | 1.6190abc | 1.6640abc | 1.5360bc | 1.6830ab

Y Y 1 [} . aad o 8§ & v
HoLtre ﬂﬂ'ﬂilﬁﬁﬂuﬂuuﬁﬂ\‘i'ﬂiuLLﬁﬂﬂ'l\Wl'Nﬁﬂﬁﬁ'jgﬂnﬂ’ﬂﬂﬁfﬂﬂuiE]U'ﬁz 95




65

A o aa A4 a !ld' g 9 <t Qs . o 9
AT NMARUINT §-3 ﬂiﬂ']ﬂ!ﬂiﬂ‘ﬁﬂiﬂ?’lﬂﬁﬁvLﬂ'VIﬂTIIJL“UN‘UN118\1LLBUI?JLNUU‘B?IMﬂﬂ'Nﬂui‘ﬁ

: o A o y { a
anududuseniadadeduudalnldfovas 25 fgungill 30 esnwaFee anudasey

A 1 1 A 1 Q.
YBUATOUYET 200 SOURBUTN ﬂ'lﬂ’)'lillﬂuﬂiﬂ-ﬂ'lﬂﬁﬂﬁ‘u 7.0

$udi USumnsagasn (Souay)

(NH,),SO, | (NH,),SO, | (NH,),S0, | (NH,)),S0, | (NH,),S0, | lifuunds

1.0 g/l 1.5¢/1 2.0 g/l 2.5 g/l 30g1 | lulasweu

0 0.3810g 03810g | 03810g | 03810z | 03810g | 0.3810g

3 1.1520ef | L1712f | 1.0688ef | 09600 | 0.9408f | 1.0432ef

6 1.3880acd | 1.4080cd | 1.3440cd | 12160bcd | 1.1712¢ | 1.1968de

9 1.5168bc | 1.5808bcd | 14720bc | 13632b | 1.3440cd | 1.8366a

12 1.3632bcd | 1.4272bc | 1.3888bcd | 1.4912bed | 1.2352ed | 1.3440cd

nuumea enyswmleuiuuaas iuandunadanszaua nuEsiuiooas 95

AT NIANUINA -4 USUunsadas ninaa lananududuveen ludiouaae lsaa1eiu

Y v v e o A 9 4 ¥y o a - <
'I‘ﬁﬂ’nmﬁmﬂjuﬂlﬂﬂu1ﬁﬂﬂtﬂﬂ1’jumaﬂIﬂiﬂiﬂﬂa:ﬁ 25 ﬂqmﬂgﬂ 30 s AST ANULITITOU

YBAUATBYEN 300 IBUFBUIT Ar i unIa-A1T IR 7.0

Sudi Sumnsedasn (Gouag)
NH,CI NH,CI NH,CI NH,Cl NH,Cl | li@uumds
0.5 g/l 1.0 g1 1.5 g 20g/l 251 | Tulasou
0 03810g | 0.3810g | 0.3810g 03810z | 0.3810g | 0.3810g
3 1.2352def | 1.2608def | 1.4272cde | 1.1968¢f | 1.1520f 1.0432f
6 1.4528cde | 1.4912abc | 1.6640abc | 1.3880cde | 1.3880cde | 1.1968fe
9 1.7280ab | 1.6640abc | 1.6448abc | 1.4272cde | 1.4528cde | 1.8368a
12 14720bcd | 1.4428cde | 1.2352edf | 1.2608def | 1.1712f | 1.3440def

s Qs 1 1 1 QQ‘:' L3 A Q.’
HingLia ﬁlﬂ‘iﬁL‘HﬁﬂuﬂuLLﬂﬂQTlthLLﬂﬂﬂ'N‘Vl'N gfansEAvAFo LU oas 95




66

AN NMARUINN 35 VUSuunsadasninas lananuutuvestadanaaeiuldamundy

: v A o a ) ~ 4
Juvenhanaweuwin Inlfdosay 25 Agungll 30 ssrnwa@od ANUSITBUYBUATOY

WE1 200 SOUABUIT AT UNIA-ANGUAY 7.0

suunsadasn (Sesaz)

Tui
dadana dadana dadana dadana liRuunas

0.5 g/l 1.0 g/ 1.5 g/l 2.0g/1 Tulasiou

0 0.3810k 0.3810k 0.3810k 0.3810k 0.3810k

3 1.0688gh 0.9728hi 0.9600hi 0.87681 1.0432¢gh

6 1.2800cde 1.1840e¢fg 1.1008fgh 1.1070fgh 1.1968def

9 1.6500ab 1.6000b 1.2800cde 1.1520efg 1.8368a

12 1.4080c 1.2160def 1.1730def 1.0948fgh 1.3440cd

o o N . M Qs 1 o A Q"
HnyuLvie aﬂysmﬁaunuuﬂmﬂ'lmmnmamqﬁmﬁsmummmeuu%’eﬂaz 95

- a a a 4 a -~ o 4 [, | o
AT TAIAWUINN §-6 ﬂill'liuﬂiﬂ‘mﬁﬂ‘nﬂﬁﬂI%Ylﬂ’NNﬂ’NULi’HE)Uilt)\ltﬂgf)\‘ll‘lltflﬂ'lﬁﬂul‘lsi‘

S o 4 = - - ‘
anududuvenihafadofundalnlddosas 25 figuvgil 30 esnwaFod Awnwudiu

AIA-ANGEUAU 7.0

suunsasasn (Govaz)

Tun
100 SOUADUNY 200 SOUADUIN 300 SOUABUIN
0 0.3700f 0.3700f 0.3700f
3 1.2800d 0.9790¢ 1.4530cd
6 1.6130abc 1.2930d 1.6830ab
9 1.7280ab 1.4270cd 1.7920a
12 1.6830abc 1.5360bc 1.5360bc

wingMe enysmiisuiiuaasih liuendneatanszauanuyeuiovay 95




