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(54) PHUONG PHAP SAN XUAT AXIT FUMARIC

(57) Sang ché dé cap dén phuong phap moi dé san xuét axit hiru co mét cach hi¢u qua.
Phuong phéap san xuét axit hiru co tir nguon cacbon trong moéi truong su dung nam soi,
phuong phap nay bao gém vige nudi cay nam sgi trong moi truong nudi ciy dich thé, trong
do6 ngudn cacbon dugc bao gorn va nong do oxy hoa tan dugc diéu chinh ¢ 8 ppm hoic 16n
hon va 35 ppm hodc nhoé hon, dé thu duoc axit hitu co.
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Linh vyc k§ thut dwge dé cap

Sang ché dé cap dén phuong phap san xuét axit hitu co, va cu thé 13 dé cap
dén phuong phap san xuét axit fumaric.
Tinh trang k§ thuit ciia sang ché

Axit fumaric dugc sir dung dé lam, vi dy, nguyén liéu thd cta chat déo nhu
nhua alkit, phu gia thuc phém, héa chit nhudm va céc nguyén liéu trung gian dé
chuyén hoéa thanh céc hoa chét thuong mai nhu axit aspartic. Axit fumaric dugc
san xuét cong nghiép dudi dang cac chit héa diu duoc lam tir benzen hoic
butan. Gan day, viéc san xuét axit fumaric st dung céc tai nguyén tai tao duoc
duge yéu cau tir quan diém 1am can kiét c4c tai nguyén hoéa thach va van dé vé
moi trudng nhu sy néng 1én toan cau.

Vi dy, phuong phép san xuét axit fumaric tir céc sacarit bang cach nudi cdy
mot loai ndm sgi nhu ching Rhizopus delemar (ndm chiing Rhizopus delemar)
da dugc biét dén nhu mot phuong phap san xuét axit fumaric bang cach sir dung
céc ngudn tai nguyén tai tao.

Khi nudi cdy nim so¢i, ngudi ta cho ring axit fumaric cha yéu dugc san
xuét theo chu trinh TCA khtr bét dau tr axit pyruvic duoc san xuét tir ngudn
cacbon. Mt khéc, ¢c6 mdt qud trinhsan xuat etanol ciing tir axit pyruvic, va do

do viée san xuat axit fumaric bang cach st dung nam soi ¢6 mot van dé 1a etanol
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dugc san xudt nhu mot san pham phu. Do d6, dé cai thién viéc san xudt axit
fumaric, diéu quan trong 13 gidm viéc san xudt etanol nhu mot san pham phu va
tang ty 1& chuyén hoa thanh axit fumaric.

Vi du vé céc k§ thuét thong thuong dé cai thién ning suét san xuét axit
fumaric bao gdm phuong phép duy tri ndng do oxy hoa tan trong modi truong
nudi cdy ¢ khoang 80 dén 100% bao hoa trong giai doan ting sinh té bao, va
khoang 30 dén 80% bao hoa trong giai doan san xudt axit trong budc 1én men dé
san xudt axit fumaric bing cach phét trién ndm thudc chi Rhizopus trong mdi
trudng nudi cdy bao gdbm ngudn cacbon (Tai liéu sang ché 1).

Tai lidu sang ché

Tai lidu sang ché 1: JP H3-505396 A
Ban chit k§ thuét cia sang ché

Sang ché dé xuit phuong phap san xudt axit hiru co tir ngudn cacbon trong
mdi truong sir dung ndm soi, bao gdm viée nudi cdy ndm soi trong moi truong
nudi cdy dich thé, trong d6 c6 chira ngudn cacbon va ndng do oxy hoa tan dugc
diéu chinh & 8 ppm hodc 16n hon va 35 ppm hoic nhé hon, dé thu dugc axit hitu
co.

M5 ta chi tiét sang ché

Tuy nhién, cac téc gia sang ché nay da phét hién ra rdng khi budc nuoi cy

nam soi dugc thyc hién véi ndng do oxy hoa tan trong moi trudng duoc didu

chinh trong khoang tir khoang 30 dén 80% nhu duoc mo ta trong Tai li€u sang
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ché 1 néu trén, nghia 1a, tr khoang 2,1 dém 5,7 ppm, mot lugng 16n etanol da
duoc san xuét, va do dé khong dat dugc nang sudt san xuét axit fumaric thich
hop trong mot sb truong hop.

Do d6, sang ché dé xuét viéc cung cép phuong phép méi c6 thé san xuét
mot cach hiéu qua axit hitu co, cu thé 13 axit fumaric.

Sau khi theo dudi cic nghién ctu dé cai thién ning suit cua axit hitu co
bang céch str dung ndm soi, céc tac gid sang ché nay da nhén thdy ring viéc sén
xuat etanol tir ngudn cacbon ¢6 thé duoc gidm b6t va ty 1é chuyén hoa thanh axit
hitu co c6 thé duoc ting lén bang cach ting ndng do oxy hoa tan trong moi
trudng nudi cdy dich thé c6 chira ngudn cacbon trong khi nudi cdy ndm soi, va
diéu chinh néng do trong pham vi duoc x4c dinh trude.

Theo séng ché, ty 1& chuyén hoa tur ngudn cacbon thanh axit hitu co c6 thé
dugc tang Ién va axit hitu co ¢6 thé dugce sén xuét voi ning suét cao bing cach
st dung ndm SOT1.

Phuong phap san xuét axit hitu co theo sang ché bao gdm viéc nudi cy
nim soi trong moi trudng nudi cdy dich thé, trong d6 c¢6 chira ngudn cacbon va
ndng do oxy hoa tan duoc didu chinh & 8 ppm hodc 16n hon va 35 ppm hodc nho
hon, dé thu duoc axit hitu co.

Theo sang ché, axit hitu co dé cip dén axit hitu co duoc san xudt tir ngudn
cacbon trong qua trinh nudi cAy ndm soi. Céc vi du vé axit hitu co bao gdm axit

fumaric, axit lactic, axit itaconic, axit malic, va axit pyruvic. Cu thé 13, axit hitu
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co tét hon 14 it nhat dwoc chon tir nhém bao gbm axit fumaric, axit pyruvic, axit
lactic, va axit malic, t6t hon hon nita 13 it nhit dugc chon tir nhém bao gém axit
fumaric va axit pyruvic, thdm chi t6t hon hon 13 axit fumaric.

Nam soi

Cac vi du vé& ndm soi duoc si dung theo séng ché bao gém vi sinh vat
thudc chi Rhizopus, ndm Aspergillus, va ndm Mucor. Céc vi du cu thé vé& ndm
s0i bao gdm ching Rhizopus delemar, chiing Rhizopus oryzae, ndm Aspergillus
oryzae, ndm Aspergillus niger, ndm Aspergillus terreus, va nim Mucor
mandshuricus.

Cu thé, tir quan diém vé kha ning san xuét axit hitu co cao, ndm Rhizopus
sp. duoc uu tién, va chung Rhizopus delemar (Rhizopus Delemar) va ching
Rhizopus oryzae dugc wu tién hon.

Theo sang ché, nim soi c6 thé duge st dung & dang vién, dang bong, dang
cum, hodc dang ndm soi bét dong. Nam soi ¢6 thé dugc st dung riéng r&, hoac
ném c6 thé duoc st dung duéi dang hdon hgp. Nhu duoc str dung & day, nim soi
"dang vién" dé cap dén khdi soi ndm c6 kich thude tir vai trim micro mét dén
vai milli mét duge tao thanh dc 1ap béi soi ndm do nudi cdy 1éng. Hon nita,
ném soi "dang bong" dé cap dén soi ndm thua c6 kich thude vai chuc micro mét.
Nam soi "dang cum" dé cap dén khéi sgi ndm duoc phat trién véi kich thude vai
chuc mili mét tré 1én béng cach két hop céc soi ndm. "N4m soi bét dong" dé cap

dén nam soi dugc gitt lai hodc duge nhing vao chat mang.
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Cu thé 13, tir quan diém vé kha ning san xuét axit hitu co cao va tir quan
diém xu ly, vién ndm soi va nim soi bat dong dugc uu tién, va vién ném soi
duoc vu tién hon.

C6 thé st dung mot trong céc loai ném soi ¢6 ban trén thi truong. Ngoai ra,
vi du, c6 thé sur dung vién nim soi hodc nim soi bat dong duogc diéu ché theo
cac budc sau day.

Budc diéu ché vién nm soi

Vién ndm s¢i c6 thé duge didu ché bang phuong phap nudi cly.

Mbi truomg duoc str dung dé nudi cdy c6 thé 1a mdi trudng tdng hop bat ky,
mdi trudng tu nhién, va mdi trudng ban tdng hop c6 chira mdi truong tong hop
c6 bd sung thanh phan ty nhién, véi didu kién moi truong d6 1a mdi truong nudi
céy dich thé c6 thé phat trién ndm soi. Noi chung, moi trudng chira, vi du, nguén
cacbon, ngudn nito, va mubi v6 co, nhu duge md ta dudi day. Mot ché pham cua
cac thanh phén ¢6 thé duogc chon nhu mong mudn.

Trong diéu kién nudi céy, nhiét do nudi céy, tor quan diém vé su phat trién
ctia vién ndm soi, tdt hon 12 20°C hoic 16n hon, tdt hon hon nita 13 25°C hoac
16n hon; va con tot hon hon 1 40°C hogc nhé hon, t6t hon hon nita 1a 30°C hodc
nhé hon. Hon nita, d§ pH (¢ 25°C) ctia méi trudng, tir quan diém vé sy phét
trién cia vién ndm soi, tot hon 13 2 hodc 16n hon, t8t hon hon nita 1a 3 hoac 16n
hon; va con tt hon hon 1a 7 hogic nhé hon, t5t hon hon nita 1 6 hogic nho hon.

La mdt phuong phap nudi cdy, mot phuong phép dd dugc biét dén rong rai
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c6 thé dugc st dung. Vi du, phuwong phép bao gdm viée cdy bao ttr ndm soi vao
moi trudng nudi cdy dich thé, sau d6 cho bao tu ndy ndy mam dé phat trién
thanh soi ndm, cho phép soi ndm tao thanh céac té bao nim, va tao vién céc té
bao ndm. Viéc nudi cy thuong duge thuc hién trong cac diéu kién wa khi.

Thoi gian nubi céy, tor quan diém vé su phét trién cia vién nAm soi, tbt hon
1a 1 ngay hodc nhiéu hon, t5t hon hon nita 13 3 ngay hodc nhiéu hon; va con tét
hon hon 14 7 ngdy hoic it hon, t6t hon hon nita 13 6 ngdy hodc it hon sau khi cdy
bao ttt ndm soi vao moéi truong nudi cdy dich thé.

MOt binh nudi cdy duge st dung dé nuoi cdy c6 thé duoc chon phu hop tir
cac binh da biét thong thuong. Cu thé, c4c vi du vé& binh nuéi cdy bao gdm binh
nudi cdy khudy suc khi khi, binh nuéi cdy cot bong bong, va binh nudi cdy tang
s6i. Céc diéu kién suc khi, tir quan diém vé su phat trién cta vién nim soi, tot
hon 13 0,1 vvm ho#c 16n hon, t&t hon hon nita 13 0,3 vvm hoéc 16n hon; va con
t6t hon hon 1a 4 vvm hoic nhé hon, tét hon hon nita 14 2 vvm hoiic nhé hon.

Sau khi hoan thanh qu4 trinh nuéi céy, vién ndm soi ¢ thé duoc loai bd
khoi binh nudi cdy cling v6i méi truong nudi cdy, dugc phan 1ap va duoc thu hdi
béng mdt thao tdc thuén tién nhu loc hoic tach ly tdm, va dugc sur dung trong
bude nudi cdy dé san xudt axit hitu co. Trong khi d6, vién ndm soi cling c6 thé
dugc dé trong binh nudi cdy, va c6 thé thuc hién budc nudi cdy trong cing binh
nuoi cay.

Hon nita, budc nay ciing ¢6 thé duoe thuc hién béng céch chia nho thanh 2
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hodc nhiéu bude.
Bude didu ché ndm soi bat dong

Ném s¢i bt dong c6 thé dugc didu ché bing phuong phap nudi céy.

La mdt phuong phap nudi cdy, mot phuong phap da duge biét dén rong rai
c6 thé duoc str dung. Vi du, phuong phép bao gdm viée cdy bao tir niAm sgi vao
moi trudng nudi cdy dich thé c6 chira chit mang dé lam bit dong ndm soi, sau
d6 1am nay mam bao tir dé phat trién soi ndm, dé tir 6 didu ché ndm soi bat
dong tur soi ndm duoc gilt trong chét mang. La chét mang duogc st dung dé lam
bat dong, co thé sir dung polyme uretan, polyme olefinic, polyme dien, polyme
ngung tu, polyme silicon, hoéc polyme flo.

Chét mang c6 thé c6 hinh dang bit ky bao gdm dang tAm, nhidu 16p, gép
nép, ttr dién, hinh cAu, dang dai, dang ludi, hinh cdt, dang mang, va dang hinh
tru.

Sau d6, dé lam bAt dong nam soi, c6 thé si dung mdi trudng va binh nudi
cdy tuong tw nhu moi trudng va binh nudi cdy duoc st dung trong didu ché vién
nim soi. Hon nita, c6 thé st dung cac diéu kién nudi céy twong tu nhu cac didu
kién nuoi céy duoc mo ta dé diéu ché vién ndm soi.

Hon nita, sau khi hoan thanh qua trinh nuoi céy, ndm soi bt dong co thé
duoc phan 1ap va duoc thu hdi theo cch twong ty nhu duoc st dung dé didu ché
vién ndm soi, va c¢6 thé duoc st dung trong budc nudi céy dé san xuét axit hitu

co. Trong khi d6, nam sgi bat dong cling c6 thé dugce d€ lai trong binh nudi cay,
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va budc nudi cdy c6 thé duge thuc hién trong cung binh nuéi cdy.

Hon nita, bude nay ciing ¢6 thé dugc thuc hién bang c4ch chia nhé thanh 2
hodc nhiéu budec.

Mai trudng nudi cdy dich thé ¢6 chira ngudn cacbon

MOoi truong nudi cdy dich thé duoc sir dung dé san xudt axit hitu co theo
sang ché chira ngudn cacbon.

Moi trudng nudi cdy dich thé c6 thé 1a moi truong téng hop bét ky, moi
trudng tw nhién, hodc moi trudng bén tong hop c6 chira méi truong tong hop c6
b6 sung thanh phan tu nhién.

Céc vi du vé ngudn cacbon bao gdm glyxerin, sorbitol, va céc sacarit.
Ngudn cacbon, tir quan diém vé kha niang sén xuét axit hiru co cao, t6t hon 13
cac sacarit.

Vi du vé cac sacarit bao gdm céc monosacarit, chéng han nhu glucoza,
fructoza, va xyloza, va cac disacarit, chéng han nhu sucroza, lactoza, va maltoza.
Céc sacarit ¢ thé 1a anhydryt hodc hydrat. Cu thé, nguén cacbon, tir quan diém
v& kha ning san xuét axit hitu co cao, tdt hon 1a glucoza, fructoza, xyloza,
sucroza, lactoza, maltoza, va sorbitol, t6t hon hon nita 13 glucoza, fructoza,
xyloza, sucroza, lactoza, va maltoza, thAm chi t§t hon hon 13 glucoza.

Nong do cua ngudn cacbon trong mdi trudng nudi cdy dich thé, tir quan
diém vé kha ning san xudt axit hitu co cao, tot hon 1a 1% khéi luong hodc 16n

hon, t6t hon hon nita 1a 2% khéi Iwong hodc 16n hon, tham chi tét hon hon I3
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3% khoi lugng hoidc 1én hon; va con tét hon hon 13 40% khéi luong hodc nhod
hon, t6t hon hon nita 1a 30% khdi luong hodc nho hon, tham chi t8t hon hon 13
20% khéi luong hodc nhd hon, thdm chi tdt hon hon 13 15% khéi lugng hoac
nho hon.

MObi trudng nudi cdy dich thé ¢6 thé chira ngudn nito, mudi vo co, va cac
chit dinh dudng can thiét khac ngoai ngudn cacbon. Khi ngudn cacbon chtra cac
chat dinh dudng néu trén & ndng do thich hop dé nudi cdy, ngudn cacbon c¢6 thé
dugc st dung duy nhét.

Céc vi du vé& ngudn nito bao gdm céc hop chét chra nito, nhu amoni sulfat,
ure, amoni nitrat, kali nitrat, va natri nitrat.

Nong db nito trong moi trudng nudi cdy dich thé, tir quan diém vé kha ning
san xuét axit hitu co cao, tot hon 1a 0,001% khoi luong hoic 16n hon, tdt hon
hon nita 1a 0,002% khéi lwgng hodc 16n hon, thdm chi t5t hon hon 13 0,004%
khdi lvong hodc 16n hon; va con tét hon hon 1a 0,1% khbi luong hoac nho hon,
tot hon hon nita 14 0,08% khdi luong hodc nhé hon, tham chi 8t hon hon 1a
0,06% khdi lugng hodc nhé hon.

Céc vi du vé& mubi vo co bao gém sulfat, mudi magie, va mubi kém. Céc vi
du vé& sulfat bao gém magie sulfat, k&m sulfat, kali sulfat, va natri sulfat. C4c vi
du vé mudi magie bao gdm magie sulfat, magie nitrat, va magie clorua. Cac vi
du vé mubi kém bao gém k&m sulfat, kém nitrat, va kém clorua.

Nong d¢ cua ion sulfat trong méi trudng nudi cay dich thé, tir quan diém vé

-10-
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kha ning san xudt axit hiru co cao, tot hon 14 0,001% khéi lwong hodc 16n hon,
tdt hon hon nita 14 0,005% khéi lugng hodc 16n hon, tham chi tdt hon hon 1a
0,01% khdi Iugng hodc 16n hon; va con tdt hon hon 13 0,1% khéi lugng hoic
nhé hon, tdt hon hon nita 14 0,08% khéi lugng hodc nhé hon, tham chi tét hon
hon 12 0,04% khéi luong hodc nho hon.

Ndng do cta ion magie trong moi trudng nudi cdy dich thé, tir quan diém
vé kha ning san xudt axit hitu co cao, tot hon 13 0,001% khdi luong hoac 16n
hon, t&t hon hon nita 1a 0,002% khbi lugng hodc 16n hon; va con tdt hon hon 1a
0,5% khdi luong hogc nhé hon, t8t hon hon nita 1a 0,2% khéi luong hoic nhé
hon, thdm chi t5t hon hon 14 0,1% khdi lvong hodc nhé hon.

Néng d6 cta ion kém trong moi trudng nudi cdy dich thé, tir quan diém vé
kha nang san Xuét axit hitu co cao, tt hon 12 0,00001% khéi luong hoac 16n hon,
t6t hon hon nira 1a 0,00005% khbi lugng hozic 16n hon; va con tét hon hon 1a
0,1% khoi lugng hogic nhd hon, t5t hon hon nita 1a 0,01% khéi luong hoic nho
hon, tham chi t&t hon hon 14 0,005% khéi luong hogc nhé hon.

D6 pH (¢ 35°C) ctia moi trudng nudi cdy dich thé, tir quan diém vé sy phat
trién ctia cac té bao ném va kha ning san xuét axit hitu co cao, tot hon 1a 2 hoic
16n hon, t&t hon hon nita 1a 3 hodc 16n hon; va con ot hon hon 1a 7 hoac nho
hon, t6t hon hon nita 13 6 hoac nho hon.

Do pH (¢ 35°C) cua mdi trudong nudi cdy dich thé tbt hon 1a 2 dén 7, tét

hon hon nita 1a 3 dén 6. Do pH clia moi trudng c6 thé duge diéu chinh bing

-11-
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cach st dung cac bazo, nhu canxi hydroxit, natri hydroxit, canxi cacbonat, va
amoniac, hodc cac axit, nhu axit sulfuric, va axit clohydric.
Phuong phap nudi ciy

Axit hitu co c6 thé duge san xuét biang cach nudi cdy nim soi trong moi
trudng nudi cdy dich thé da duoc dé cp trén day. Nam soi ¢6 thé dugc nudi cy
theo cac diéu kién nudi céy thuong duoc str dung. Vi dy, nhiét d6 nudi céy, tor
quan diém vé su phat trién cta céc té bao ndm va kha ning san xuét axit hiru co
cao, cu thé 13 axit fumaric, t6t hon 1a 20°C hodc 16n hon, tSt hon hon nita 1a
30°C hogc 16n hon; va con tot hon hon 14 40°C hoic nhé hon, t&t hon hon nita 1a
37°C hodc nhd hon.

Mot binh nubi cdy duoc st dung dé nuéi cy c6 thé 1a binh da biét thong
thuong. Tuy nhién, tir quan diém vé kha ning san xuit axit hitu co cao, cu thé 13
axit fumaric, binh nay t5t hon 14 binh nudi céy khuéy suc khi khi, binh nu6i céy
cot bong bong, va binh nudi cdy ting sbi. Sy nuoi cdy c6 thé 1a nudi cy theo dot,
nudi céy ban dot, va nudi céy lién tuc.

Thoi gian nudi cdy c6 thé duoc didu chinh tuy y.

Theo sang ché, viéc san xut axit hitu co, cu thé 13 axit fumaric, duogc thuc
hién trong mdi truong nudi cdy dich thé, trong d6 ndng do oxy hoa tan duoc
diéu chinh & 8 ppm hodc lén hon va 35 ppm ho#c nho hon.

Nong do oxy hoa tan trong méi trudng nudi cdy dich thé trong budc nudi

cdy, tr quan diém giam san pham phu cia etanol va cai thién nang suit cla axit

-12-



31906

hitu co, cu thé 12 axit fumaric, 6t hon 1a 8,5 ppm hodc 16n hon, t6t hon hon nita
12 9 ppm ho#c 16n hon, thdm chi t&t hon hon 13 12 ppm hodc 16n hon, thAm chi
t6t hon hon 1a 15 ppm hodc 16n hon, tham chi t&t hon hon 1a 28 ppm hoéc 16n
hon; va t6t hon 1a 34 ppm hodc nhé hon, tham chi t5t hon hon 1a 33 ppm hodc
nho hon.

Ndng do oxy hoa tan trong méi truong nudi ciy dich thé t6t hon 1a tir 8,5
dén 34 ppm, t6t hon hon 1a tir 9 dén 33 ppm, t6t hon hon nita 13 tir 12 dén 33
ppm, t&t hon hon nita 14 tir 15 dén 33 ppm, t5t hon hon nita 13 tir 28 dén 33 ppm.

Sau d6, viéc diéu chinh ndng do oxy hoa tan trong méi trudng nudi cdy
dich thé tét hon 1a duoc thuc hién cling v§i viée theo ddi néng do oxy hoa tan
theo thoi gian. Nong do oxy hoa tan c6 thé dugc do bang phuong phép dugc mod
ta trong cdc vi du sau day.

Nong d6 oxy hoa tan trong moi truong nudi cdy dich thé c6 thé duoc didu
chinh, vi du, béi néng do oxy suc khi, tbc do suc khi (luong luéng khi), téc do
khudy, va ép suét.

Theo séng ché, ndng do oxy suc khi dé cap dén ndng do oxy trong khi dugc
cung cép cho moi truong. Nong do oxy suc khi, tir quan diém diéu chinh ndng
dd oxy hoa tan ¢ 8 ppm hodc 16n hon va 35 ppm hodc nhd hon, 21% (ty 1¢ thé
tich, 4p dung tuong tu dud¢i day) hodc 16n hon, tbt hon 13 35% hoic 16n hon, 6t
hon hon nita 12 40% hodc 16n hon. Giéi han trén t6t hon 1a 100%. Ndng do oxy

suc khi c6 thé thay dbi theo hoat dong nudi cdy. Cac vi du vé phuong phép thu
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dugc khi voi ndng do oxy cua 21% hogc 16n hon bao gdm phuong phép tach
dong lanh, phuong phap PSA (phwong phap hép thu), va phuong phap tach
mang.

Tdc do suc khi (lwong ludng khi) tét hon 13 0,1 vvm hozc 16n hon, tét hon
hon nita 14 0,2 vvm hoic 16n hon; va con t§t hon hon 14 2 vvm hodc nho hon, tbt
hon hon nita 1a 1 vvm hoic nhé hon.

Téc do khudy t6t hon 1a duoc chon dé khi dugc cung cip cho moi truong
c6 thé duge phan tén, va c6 thé dugc didu chinh theo quy mo. Tt hon 1a &p sut
tir 4p suét binh thudng dén didu kién 4p suat nhe. Khi c6 ap suat, 4p suét t6t hon
1a ndm trong khoéng tir 0 dén 0,1 MPa.

Khi axit hitu co, cu thé 1a axit fumaric duge san xuét, do pH cua moéi
trudng nudi cdy s& gidm do axit hitu co duge san xuit. Do do6, viéc nudi cy
thuong dugce tiép tuc cung v&i qua trinh trung hoa st dung chét trung hoa.

Cac vi du vé chét trung hoa dugc st dung dé didu chinh pH bao gdm
hydroxit ctia kim loai kiém hoic kim loai kiém thd, cacbonat cia kim loai kiém
hodc kim loai kiém thd, hop chét amoni, hodc su két hop ctia ching. Cu thé, tir
quan diém axit hitu co cao, cu thé 1a kha ning san xuat axit fumaric, chit trung
hoa 1a natri hydroxit, kali hydroxit, canxi hydroxit, magie hydroxit, natri
cacbonat, kali cacbonat, canxi cacbonat, magie cacbonat, dung dich nudc
amoniac, amoni cacbonat, va amoni bicacbonat; tdt hon 13 natri hydroxit, natri

cacbonat, va kali cacbonat; thdm chi tt hon hon 13 natri hydroxit. Chét trung
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hoa c6 thé dugc st dung riéng &, hodc hai hodc nhiéu chét trung hoa c6 thé
dugc st dung két hop.

Axit hitu co duoce san xuit c6 thé tao thanh mudi véi chét trung hoa dé ton
tai & dang mudi cua axit hitu co.

Két qua cua qué trinh nudi cdy, axit hitu co duge tich Ity trong mdi truong.

Déi v6i moi trudng nudi cdy co chira axit hitu co, sau khi hoan thanh qu4
trinh nudi céy, t5t hon 1a chét khong hoa tan, chéng han nhu vi sinh vat, duoc
loai b6 khoi moi truong nudi cdy bang cée phuong phép phan tach thich hop, vi
du, tach ly tdm hodc xt Iy mang nhu vi loc. Viéc loai b chét khong hoa tan ¢6
thé duoc thuc hién hodc trong binh nubi céy, hodc bén ngoai binh sau khi
chuyén tam thoi khoi binh. Mit khéc, ndm soi duoc phén 14p tir méi trudng nudi
cy c6 thé duoc tai sir dung dé san xuét axit hitu co.

Theo séng ché, san phim phu ctia etanol tir ngudn cacbon c6 thé duoc gidm
bét, va ty 1¢ chuyén héa thanh axit hitu co ¢ thé tdng 1én. Cu thé, axit hitu co c6
thé duoc san xudt tr glucoza v6i ty 1é chuyén héa 1a 40% hodc 16n hon, t6t hon
hon nfta 14 50% hodc 16n hon.

Sau do, ty 1& chuyén hoa thanh axit hitu co (%) ding dé chi gié tri thu duogc
bing cach chia ndng d6 ctia axit hitu co khi hoan thanh qua trinh nudi cdy cho
ndng do cua glucoza da tiéu thu khi san xuét axit hitu co bing sy nudi céy.
Phuong phép tinh ty 1& chuyén héa thanh axit hitu co duoc mo ta chi tiét trong

cac vi du.
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MBoi trudng nudi cdy cé chira axit hitu co duogc c6 dic khi can. Sau dé, axit
hitu co ¢ thé duoc phéan 18p va thu hdi tir moi truong nudi cdy, vi du, bang
phuong phap két tinh, phuong phap trao ddi ion, chiét xuit bing dung moi, hoic
phuong phap bao gém két tua axit hitu co duéi dang mubi ciia kim loai kiém thd,
va sau d6 phan hiy chat két tua bang c4ch phan ly axit.

Déi v6i cac phuong én duoc md ta trén day, sang ché ciing boc 10 cac
phuong phép san xuét sau day.

<1> Phuong phép san xuét axit hitu co tir ngudn cacbon trong mdi truong
str dung nim soi, bao gdm viéc nuoi cdy ndm soi trong moi trudng nudi cdy dich
thé, trong d6 ngudn cacbon duge bao gdm va ndng do oxy hoa tan dugc diéu
chinh & 8 ppm hoc 16n hon va 35 ppm hoic nho hon, dé thu duoc axit hitu co.

<2> Phuong phép sén Xuét axit hitu co theo muc <1>, trong d6 ndm soi tot
hon 1a nAm thudc chi Rhizopus, ndm Aspergillus, hoic nAm Mucor, t6t hon hon
ntta la ching Rhizopus delemar, ching Rhizopus oryzae, nAm Aspergillus oryzae,
nam Aspergillus niger, nAm Aspergillus terreus, hodic ndm Mucor mandshuricus.

<3> Phuong phdp san xuit axit hitu co theo muc <1>, trong d6 nim soi tbt
hon 13 nAm Rhizopus sp., tot hon hon nita 13 chiing Rhizopus delemar (Rhizopus
Delemar), hodc ching Rhizopus oryzae.

<4> Phuong phép san xudt axit hitu co theo muc bat ky trong s6 cac muc tir

<1> dén <3>, trong d6 nim soi t6t hon 13 & dang duoc chon tir nhém bao gém

dang vién, dang bong, dang cum, va nim so1 bat dong, tot hon hon nita 1 vién
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nim soi, va ndm soi bat dong, tham chi t6t hon hon 12 vién nim soi.

<5> Phuong phép san xuéit axit hitu co theo muc bat ky trong sb cac muc tir
<1> dén <4>, trong d6 nguén cacbon tét hon 13 it nhat mot nguén dugc chon tir
nhém bao gdm glyxerin, sorbitol, va céc sacarit, t5t hon hon nita 13 céc sacarit,
tham chi t6t hon hon 13 it nhat mot nguén duoc chon tir nhém bao gém glucoza,
fructoza, xyloza, sucroza, lactoza, maltoza, va sorbitol, thim chi tdt hon hon 12 it
nhét mot nguén dugc chon tir nhom bao gém glucoza, fructoza, xyloza, sucroza,
lactoza, va maltoza, thdm chi tdt hon hon 1a glucoza.

<6> Phuong phép san xuét axit hitu co theo muc bat ky trong s6 cac muc tir
<1> dén <5>, trong d6 ndng do cia ngudn cacbon trong moi trudong nudi cy
dich thé tét hon 1a 1% khéi lugng hogc 16n hon, tot hon hon nita 1a 2% khéi
lwong hodc 16n hon, tham chi tét hon hon 1a 3% khoi lugng hogc 16n hon; con
tt hon hon 12 40% khéi lwong hosic nhé hon, t6t hon hon nita 12 30% khéi
lwong hogc nhé hon, thdm chi t6t hon hon 1a 20% khoi luong hodic nhd hon,
tham chi t6t hon hon 1 15% khéi luong hogc nhé hon; va con 6t hon hon la tir
1 dén 40% khéi lugng, tot hon hon 1a tir 2 dén 30% khéi lugng, tot hon hon nita
13 tir 3 dén 20% khéi Iuong, con tot hon hon 1a tir 3 dén 20% khodi luong.

<7> Phuong phép san xufit axit hitu co theo muc bét ky trong sb cac muc tir
<1> dén <6>, trong d6 mdi truong nudi cdy dich thé t6t hon 12 con bao gbm
ngudn nito va mudi vo co.

<8> Phuong phap san xuét axit hitu co theo muc bat ky trong s6 cac muc tir
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<1> dén <7>, trong do nguén nito tt hon 13 amoni sulfat, ure, amoni nitrat, kali
nitrat, hodc natri nitrat, va mudi vo co tét hon 1a sulfat, mudi magie, hodc mudi
k&m, t6t hon hon nita 13 magie sulfat, kém sulfat, kali sulfat, natri sulfat, magie
sulfat, magie nitrat, magie clorua, k&m sulfat, kém nitrat, hodc kém clorua.

<9> Phuong phép san xudt axit hitu co theo muc <7> hodc <8>, trong d6
ndng dd nito trong mdi trudng nudi cdy dich thé 6t hon 1a 0,001% khdi lugng
hoiic 16n hon, t6t hon hon nita 13 0,002% khéi lwgng hodc 16n hon, tham chi tt
hon hon nita 13 0,004% khdi luong hodc 16n hon; con tét hon hon 1a 0,1% khéi
luong hoac nhd hon, t6t hon hon nita 1a 0,08% khdi luong hoac nho hon, thim
chi t6t hon hon 13 0,06% khdi lugng hozc nhé hon; va con t5t hon hon 13 tr
0,001 dén 0,1% khéi lugng, t6t hon hon 14 tir 0,002 dén 0,08% khdi luong, con
t6t hon hon 1a tir 0,004 dén 0,06% khdi luong.

<10> Phuong phép san xut axit hitu co theo muc <7> hogdc <8>, trong d6
ndng do cua ion sulfat trong mdi truong nudi cdy dich thé t6t hon 13 0,001%
khdi lwong hoic 16n hon, t5t hon hon nita 14 0,005% khdi lugng hodc 16n hon,
tham chi tdt hon hon 1a 0,01% khdi luong hogc 16n hon; con tét hon hon 14 0,1%
khéi luong hodic nhé hon, t5t hon hon nita 1a 0,08% khdi lwong hodc nho hon,
tham chi tdt hon hon 1a 0,04% khéi lwrong hodc nho hon; va con tot hon hon 1a
tir 0,001 dén 0,1% khdi luong, t6t hon hon 14 tir 0,005 dén 0,08% khéi lugng,
tham chi tdt hon hon 1 tir 0,01 dén 0,04% khdi luong.

<11> Phuong phép san xut axit hitu co theo muc <7> hodc <8>, trong d6
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ndng do cua ion magie trong mdi truong nudi cdy dich thé 5t hon 1a 0,001%
khéi lugng hodc 16n hon, t6t hon hon nita 1a 0,002% khdi luvong hoic 16n hon;
con t6t hon hon 13 0,5% khéi lwong hodc nhé hon, t6t hon hon nita 13 0,2% khbi
lugng hodc nhé hon, tham chi tdt hon hon 14 0,1% khéi lwong hogic nhé hon; va
con t6t hon hon 1a tir 0,001 dén 0,5% khéi luong, t6t hon hon 13 tir 0,002 dén
0,2% khbi lugng, tham chi t5t hon hon I tir 0,002 dén 0,1% khéi luong.

<12> Phuong phap san xuit axit hitu co theo muc <7> hodc <8>, trong d6
ndng do ctia ion kém trong moi truong nudi cdy dich thé t&t hon 1a 0,00001%
khéi lugng hogic 16n hon, tét hon hon nita 1 0,00005% khéi luong hodc 16n hon;
con ot hon hon 1 0,1% khdi lugng hodc nhé hon, tdt hon hon nita 13 0,01%
khoi lugng hogic nhé hon, tham chi t8t hon hon 1a 0,005% khéi luong hodc nho
hon; va con tt hon hon 1a tir 0,00001 dén 0,1% khéi luong, tdt hon hon 12 tir
0,00005 dén 0,01% khéi lwong, tot hon hon nita 1a tr 0,00005 dén 0,005% khéi
lugng.

<13> Phuong phép san xuat axit hitu co theo muc bét ky trong s céc muc
tir <1> dén <12>, trong d6 pH (& 35°C) ciia mdi trudng nudi cdy dich thé tt
hon 1a 2 hodc 16n hon, t6t hon hon nita 13 3 hodc 16n hon; con tét hon hon 13 7
hodc nho hon, tot hon hon nita 14 6 hodic nhé hon; va con tét hon hon 1a tix 2 dén
7, tt hon hon 13 tir 3 dén 6.

<14> Phuong phép san xuét axit hitu co theo muc bét ky trong s cac muc

tr <1> dén <13>, trong d6 nhiét do nudi cdy tét hon 1a 20°C hozc 16n hon, tét
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hon hon nita 1a 30°C hodc 1én hon; con tét hon hon 13 40°C hodc nho hon, tdt
hon hon nita 12 37°C hodc nhé hon; va con tdt hon hon 14 tir 20 dén 40°C, tt
hon hon 14 tir 30 dén 37°C.

<15> Phuong phép san xuét axit hitu co theo muc bat ky trong sd cac muc
tir <> dén <14>, trong d6 ndng d6 oxy hoa tan trong mdi trudng nudi cdy dich
thé ot hon 14 8,5 ppm hoac 16n hon, tdt hon hon nita 13 9 ppm hodc 16n hon,
tham chi t5t hon hon 14 12 ppm hodc 16n hon, tham chi t&t hon hon 13 15 ppm
hodc 16n hon, thim chi t6t hon hon 14 28 ppm hodc 16n hon; con t6t hon hon 1a
34 ppm hodc nhd hon, con t6t hon hon nita 1a 33 ppm hodc nhé hon; va con tbt
hon hon 14 tir 8,5 dén 34 ppm, t6t hon hon 13 tir 9 dén 33 ppm, t6t hon hon nita
1a tir 12 dén 33 ppm, t6t hon hon nira 1a tir 15 dén 33 ppm, t5t hon hon nita 14 tir
28 dén 33 ppm.

<16> Phuong phap sén xudt axit hitu co theo muc bt ky trong sd cac muc
tir <1> dén <15>, trong d6 ndng do oxy hoa tan trong mdi trudng nudi cy dich
thé duoc diéu chinh t6t hon 1a béng n@)ng do oxy suc khi, tbc do suc khi (luong
ludng khi), téc d6 khudy, hoic ap suét.

<17> Phuong phap san xuét axit hitu co theo muc <16>, trong d6 ndng do
oxy suc khi t5t hon 14 21% (ty 1& thé tich, ap dung tuwong tu dudi ddy) hodc 16n
hon, t8t hon hon nita 1a 35% hodc 16n hon, thdm chi t6t hon hon 13 40% hoic
16n hon; con 6t hon hon 13 100% hodc nho hon; va con tét hon hon 14 tir 21 dén

100%, t&t hon hon 14 tir 35 dén 100%, tdt hon hon nita 14 tir 40 dén 100%.
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<18> Phuong phap san xuét axit hiru co theo muc <16> hodc <17>, trong
d6 tdc do suc khi (luong luff)ng khi) t6t hon 13 0,1 vvm hodc 16n hon, tét hon hon
nita 13 0,2 vvm hoic 16n hon; con t6t hon hon 13 2 vvm hozic nhé hon, t6t hon
hon nita 1a 1 vvm ho#ic nhé hon; va con t6t hon hon 14 tir 0,1 dén 2 vvm, tdt hon
hon 14t 0,2 dén 1 vvm.

<19> Phuong phép san xudt axit hitu co theo muc bét ky trong s cic muc
tir <16> dén <18>, trong d6 &p sudt t6t hon 1a tir 4p suét binh thudong dén diéu
kién ap suat nhe, va khi ¢6 4p sudt, ap suét tot hon 1a ndm trong khoang tir 0 dén
0,1 MPa.

<20> Phuong phdp san xudt axit hitu co theo muc bit ky trong s6 céc muc
tir <1> dén <19>, trong d6 axit hitu co dugc san xudt tir glucoza véi ty 18 chuyén
hoéa tdt hon 1a 40% hodc 16n hon, tdt hon hon nita 1a 50% hodc 16n hon.

<21> Phuong phdp sin xudt axit hiru co theo muc bit ky trong sé cac muc
tr <1> dén <20>, trong d6 axit hitu co 13 it nhit mot axit duge chon tir nhém
bao gdm axit fumaric, axit lactic, axit itaconic, axit malic, va axit pyruvic, tbt
hon hon nita 13 it nhdt mot axit duge chon tir nhém bao g@)m axit fumaric, axit
pyruvic, axit lactic, va axit malic, thdm chi t6t hon hon 1 it nhit mot axit duoc
chon tir nhém bao gém axit fumaric va axit pyruvic, tham chi t6t hon hon 13 axit
fumaric.
Vi du thie hién sing ché

Phuong phap phén tich
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Po timg thanh phan bang séc ky 1ong ning suét cao (HPLC)

Mai truong nudi cdy dugc pha lodng thich hop véi dung dich axit sulfuric
chtra nu6c0,0085 N, va duoc loc bang bd loc mang xenluloza axetat c6 kich
thuée 16 0,22 um (duge san xuit béi ADVANTEC Co., Ltd.) dé cung cip miu
cho phén tich HPLC. Cé4c diéu kién phan tich HPLC nhu sau.

Cot: ICSep ICE-ION-300

Chit tach: axit sulfuric 0,0085 N, 0,4 mL/phut

Phuong phap do i: RI (HITACHI, L-2490)

Phuong phap do ii: UV (HITACHI, L-2455, budc song do: 250 nm)

Nhiét do cdt: 40°C

Thé tich phun: 20 pL

Thoi gian luu gitr: 40 phut

Thoi gian lwu gitt ca timg thanh phan trong hé phan tich nay nhu sau.

Axit pyruvic: 15 phut

Glucoza: 16 phut

Axit fumaric: 26 phut

Etanol: 34 phut
Po ndng d oxy hoa tan

Ndng d6 oxy hoa tan trong mdi trudng nudi cdy dugce do bang thiét bi cam
bién DO (024100¢) duoc san xuat bi METTLER TOLEDO.

bicu ché vién nam soi1
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biéu ché huyén phu bao tir

Cé4c ching nim duoc st dung 13 ndm hinh soi ching Rhizopus delemar
JCM5557 va cac chung NBRC5441 thu duge tir Vién k¥ thuat va do Iudng qudc
gia Nhat Ban (NITE). Céc té bao ndm ctia mdi nidm soi duoc xép thanh tung vét
riéng bi€t va duoc 4p dung cho mdi truong thach nghiéng (Difco Potato
Dextroza Agar, Becton, Dickinson and Company) dugc tao thanh trong éng thir
nghiém, duoc nuéi cdy tinh & 30°C, va dwoc nudi cdy thudng xuyén. DE sir dung
céc té bao ndm, 10 mL nudc chung cét da khu tring dugc thém vao dng thir
nghiém trong d6 cac t& bao nidm duoc phat trién, sau do khudy trong 4 phut bing
méy tron cam tmg dé thu hdi cc bao tir. Sau d6, cac bao tir duoc pha loing dé
diéu chinh dén 1 x 10° bao t /mL bang cach thém nude chung cét vo trung, va
duoc st dung nhur huyén phu bao ti.

Tao vién nim soi

Viée diéu ché vién nim soi duoc thuc hién béng cach nuodi céy hai budc sau
day.

Buéc tht nhit coa qué trinh nudi céy duoc thuc hién nhu sau. Binh
Erlenmeyer c6 vach ngan 500 mL chira 200 mL mdi trudng PDB (Difco Potato
Dextroza Broth, Becton, Dickinson and Company) dugc khir tring, va sau d6
huyén phi bao tir dugc diéu ché bing phuong phép néu trén duoc cay dé tao ra 1
x 10* bao tw/mL va dugc nudi cdy trong 3 ngay trong cac diéu kién nudi cdy &

pH trong khoang tr 3 dén 6 & 27°C cing véi khudy & 170 vong/phut (PRECI
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CO., LTD., PRXYg-98R).

Budc thtt hai ctia qué trinh nudi cdy duoc thuc hién nhu sau. Binh khudy
suc khi 1L khi ¢6 chira 500 mL moi trudng tao vién (10% khdi luong glucoza
(duoc san xuét béi Wako Pure Chemical Industries, Ltd.), 0,025% khdi luong
magie sulfat heptahydrat, 0,009% khdi lwong kém sulfat heptahydrat, 0,1% khi
lugng amoni sulfat, va 0,06% khdi lugng kali dihydro phosphat) dugc khi tring,
va sau d6 cac t& bao nim & luong 500 mL moi truong nudi cdy cua bude thu
nhét dugc cdy va nudi cdy trong 2 ngdy trong cac didu kién & 27°C cing véi
khudy & 500 vong/phiit véi viée cung cAp khong khi & téc do suc khi 13 0,3 vvm.
Do pH duoc didu chinh bing cach thém dung dich natri hydroxit 7 N thich hop
dé duy tri do pH (& 27°C) 1a 4,0.

Thu hdi vién nén

Mbi trudng nudi cdy vién ndm soi thu duoc trong mdi bude duge dé cap
trén day duoc loc bang ludi loc nylon trong vai chuc gidy cho dén khi sy nhé
giot cta dich loc hdu nhu da dung lai dé thu duoc vién ndm soi u6t. Vién nén
thu dugc & bude thit hai ngay 14p tirc duge chuyén sang bude nudi cdy tiép theo.
San xuét axit hitu co
Phuong phép nudi cdy
Vidul

Cho vao binh khudy suc khi 1 L, 500 mL ctia mdi trudng nudi cdy dich thé

(ché phdm: 10% khéi luong glucoza (duge san xudt béi Wako Pure Chemical
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Industries, Ltd.), 0,025% khéi luong magie sulfat heptahydrat, 0,009% khéi
luong kém sulfat heptahydrat, 0,1% khéi luong amoni sulfat) dugc thém vao, va
sau d6 toan bo vién nidm soi cia JCM5557 (trong didu kién wét) da didu ché &
trén dugc thém vao. Ngay sau do, tién hanh léy mau tai thoi diém 0 coa qua
trinh nuoi céy, va sau d6 su nuoi céy khuéy trdn duoc thuc hién cung véi suc khi
c6 ndng d0 oxy 100% dugc san xudt boi mdy tao oxy (AIR SEP
CORPORATION, NEWLIFE J) trong céc diéu kién & nhiét do 35°C cing v6i
khudy & 500 vong/phut véi tbe do suc khi 0,3 vvm trong 2 ngay trong khi 13y
mau theo thoi gian.

Trong khi nudi cdy, ndng do oxy hoa tan trong mdi trudong nudi cdy 1a 32
ppm. Hon nita, trong khi nudi cdy, pH clia méi trudng nudi cdy duoc didu chinh
bang cach thém dung dich natri hydroxit 7N thich hop dé duy tri pH (& 35°C) 1a
4,0. Sau khi hoan thanh nu6i céy, cac té bao ndm duoc loai bo béng cach loc moi
trudong nudi cdy dé thu dwoc méi trudong nudi cdy ¢ chira axit fumaric.

Vidu2

Mbi trudng nudi cdy cé chira axit fumaric thu duge bang cach nudi cy
theo cach tuong tu nhu Vi du 1, khong ké néng do oxy suc khi dugc thay dbi
thanh 50% bang cach tron khi dugc san xudt bdi méy tao oxy (AIR SEP
CORPORATION, NEWLIFE J) véi khong khi. Trong khi nudi cdy, ndng d6 oxy
hoa tan trong mdi trudng nudi cdy 13 9,5 ppm.

Vidu3
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Moi truong nudi cdy cb chira axit fumaric thu duoc biang cach nudi cy
theo c4ch tuwong ty nhu Vi du 1, khong ké néng dd oxy suc khi dugc thay dbi
thanh 35% béng cach tron khi dugc san xut béi mdy tao oxy (AIR SEP
CORPORATION, NEWLIFE J) v6i khong khi. Trong khi nudi cdy, ndng d6 OXy
hoa tan trong moi trudng nudi cdy 1a 8,0 ppm.

Vi dusosanh 1

Méi truong nudi cdy c6 chira axit fumaric thu duoc theo cach tuwong tu nhu
Vidu 1, khong ké khi duoc st dung trong qu4 trinh suc khi dugc thay thé béng
khong khi (ndng d6 oxy suc khi: 21%). Trong khi nudi cdy, ndng d6 oxy hoa tan
trong moi trudng nudi cdy 1a 5,4 ppm.

Vidu4

Cho vao binh khudy suc khi 1L, 500 mL mdi truong nudi cdy dich thé (ché
phim: 3% khéi luong glucoza (dugc san xudt boi Wako Pure Chemical
Industries, Ltd.), 0,025% khoi lugng magie sulfat heptahydrat, 0,009% khéi
lugng k&m sulfat heptahydrat, 0,1% khoi luong amoni sulfat) dugc thém vao, va
sau d6 toan bo vién ndm soi ciia NBRC5441 (trong didu kién udt) da didu ché &
trén duoc thém vao. Ngay sau do, tién hanh 14y mau tai thoi diém 0 cia qua
trinh nuéi cdy, va sau d6 su nuéi cdy khudy tron dugc thuc hién cung véi suc khi
¢6 nong do oxy 100% duoc san xudt boi may tao oxy (AIR SEP
CORPORATION, NEWLIFE J) trong c4c diéu kién & nhiét do 35°C cung va&i

khudy & 500 vong/phut véi tée d suc khi 0,3 vvm trong 2 ngay trong khi lay
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mau theo thoi gian. Trong khi nudi cdy, ndng do oxy hoa tan trong mdi trudng
nudi cdy la 28 ppm. Hon nira, trong khi nuoi cdy, d6 pH cua moi truong nudi
cdy dugc didu chinh bang cach thém dung dich natri hydroxit 7N thich hop dé
duy tri pH (¢ 35°C) 14 3,0. Sau khi hoan thanh nuéi cdy, cc t& bao ndm duoc
loai bo bang cach loc moi trudng nudi cdy dé thu duoc méi trudng nuéi chy
chtra axit hitu co.
Vi du so sanh 2

MOi trudng nudi cy chira axit hitu co thu duoc theo cach tuong tu nhu Vi
du 4, khong ké khi dugc st dung trong qua trinh suc khi dugc thay thé bing
khong khi (ndng do oxy suc khi: 21%). Trong khi nudi cdy, ndng do oxy hoa tan
trong mdi trudng nudi cdy 1a 5,0 ppm.
Vidu5

Cho vao binh khudy suc khi 1L, 500 mL mdi trrdng nudi cdy dich thé (ché
pham: 3% khéi lugng glucoza (duge sin xuit bdi Wako Pure Chemical
Industries, Ltd.), 0,025% khdi lugng magie sulfat heptahydrat, 0,009% khdi
luong k&m sulfat heptahydrat, 0,1% khéi lugng amoni sulfat) dugc thém vao, va
sau d6 toan bd vién nim soi cia NBRC5441 (trong diéu kién u6t) da diu ché &
trén duoc thém vao. Ngay sau do, tién hanh 14y mau tai thoi diém 0 cta qué
trinh nuoi céy, va sau do6 su nudi céy khuéy tron duogc thuc hién cling vé6i suc khi
c6 ndng do oxy 100% dugc san xudt bdi mdy tao oxy (AIR SEP

CORPORATION, NEWLIFE J) trong cac diéu kién & nhiét do 35°C cung véi
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khudy & 500 vong/phit véi tde dd suc khi 0,3 vvm trong 2 ngay trong khi lay
mau theo thoi gian. Trong khi nuoi cdy, ndng do oxy hoa tan trong mdi trudng
nudi cdy la 28 ppm. Hon nffa, trong khi nudi cdy, d6 pH ciia moi truong nudi
cdy dugc diéu chinh bang cich thém dung dich natri hydroxit 7N thich hop dé
duy tri pH (¢ 35°C) 1 7,0. Sau khi hoan thanh nuéi cdy, cac t& bao nidm dugc
loai bo bing cach loc méi tredng nudi cdy dé thu duoc moi truong nudi cdy
chtra axit hitu co.
Vi du so sanh 3

Mai trudng nudi cdy chira axit hiru co thu duoc biang cach nudi cdy theo
cach twong tu nhu Vi dy 5, khong ké ndng do oxy suc khi dugc thay dbi thanh
21% bang cach tron khi dugc san xudt béi may tao oxy (AIR SEP
CORPORATION, NEWLIFE J) v6i khong khi. Trong khi nudi cy, ndng do oxy
hoa tan trong moi trudng nudi cdy 1a 5,0 ppm.
Vidu6

Cho vao binh khudy suc khi v6 tring 11, 500 mL mbi trudng nudi cdy dich
thé (ché phim: 5% khéi luong ciia cac sacarit hdn hop (ty 1& tron glucoza
fructoza : sucroza : xyloza : lactoza : maltoza=5:5:2:1:1: 1,), 0,025% khbi
luong magie sulfat heptahydrat, 0,009% khéi luong k&m sulfat heptahydrat,
0,1% khdi lugng amoni sulfat) dugc thém vao, va sau dé toan bd vién ndm soi
ctia JCM5557 (trong didu kién u6t) da didu ché & trén duoc thém vao. Ngay sau

do, tién hanh lay mau tai thoi diém 0 cua qué trinh nuodi cdy, va sau d6 sy nudi
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céy khuéy trdn dugc thuc hién ciung v6i suc khi ¢6 néng do oxy 100% dugc san
xuit boi méy tao oxy (AIR SEP CORPORATION, NEWLIFE J) trong céc diéu
kién & nhi¢t d6 35°C cing voi khuéy & 500 vong/phut véi toe do suc khi 0,3
vvm trong 2 ngdy trong khi 14y mAu theo thoi gian. Trong khi nuéi cdy, ndng do
oxy hoa tan trong moi truong nudi cdy 1a 30 ppm. Hon nita, trong khi nudi cdy,
d6 pH cta mdi truong nudi cdy duge diéu chinh bang cach thém dung dich natri
hydroxit 7N thich hop dé duy tri pH (6 35°C) 12 4,0. Sau khi hoan thanh nudi
cdy, céc té bao ndm duogc loai bd bang c4ch loc moi trudng nudi cdy dé thu dugc
mdi truedng nudi cy chira axit hitu co.
Vi du so sanh 4

MO0i trudng nudi cdy chira axit hitu co thu duoc béng cach nudi cdy theo
cach twong tw nhu Vi du 6, khong ké ndng do oxy suc khi dugc thay d6i thanh
21% bang cach tron khi dwoc san xudt boi mday tao oxy (AIR SEP
CORPORATION, NEWLIFE J) v6i khong khi. Trong khi nudi cdy, nong do oXy
hoa tan trong moi trudng nudi cy 1a 5,0 ppm.
Phuong phép danh gia

Trong céc gia tri thu dugc bang cach phan tich moi trudng nudi cdy, cac
muc tir (1) dén (6) sau ddy dugc xdc dinh 1a cdc muc tiéu danh gia. Céac cong
thire dé tinh cic myc dugce thé hién trong Bang 1 va cdc phuong trinh tir (1) dén
(6), twrong tng.

Bang 1
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Ky hiéu
Glucoza (Glc) G
Céc sacarit hdn hop (Mix) M
Néng d) cua ting thanh ) ,
N Axit fumaric (FA) F
phan [g/L]
Axit pyruvic (PyA) Py
Etanol (EtOH) E

(1) Ty 1& chuyén hoa tir sacarit thanh axit fumaric

P1 [%] = (F-F0)/(GO - G) x 100 (1)

(2) Ty 1& chuyén hoa tir sacarit thanh etanol

Q [%] = (E - E0)/(GO - G) x 100 (2)

(3) Ty 1é chuyén hoa thanh cacbon dioxit duogc san xuét theo sy chuyén ddi
etanol néu trén

R [%] = Q x (trong luong phan tir cia CO,/trong lugng phén tir cia EtOH)
x 100 (3)

(4) Ty 1& chuyén hoa tir sacarit thanh axit pyruvic

S1 [%] = (Py - Py0)/(GO - G) x 100 (4)

(5) Ty 1& chuyén hoa tir céc sacarit hdn hop thanh axit fumaric

P2 [%] = (F - FO)/(MO - M) x 100 (5)

(6) Ty 1& chuyén hoa tir cac sacarit hdn hgp thanh axit pyruvic

S2 [%] = (Py - Py0)/(MO - M) x 100 (6)

Trong cac phuong trinh, GO, MO0, F0, E0, va Py0 1a ndng do cua glucoza,
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nong do clia cac sacarit hdn hop, ndng do cua axit fumaric, nong do cua etanol,

va nbng dd cua axit pyruvic tai thoi diém 0 ciia qua trinh nudi cdy, twong ing. G,

M, F, E, va Py la ndng d¢ ctia glucoza, nong do cua cic sacarit hon hop, néng do

cta axit fumaric, nong d cua etanol, va nong dd cta axit pyruvic sau khi hoan

thanh nudi cdy, trong tmg.

Céc dicu kién va cac két qua cta cic vi du va céc vi du so sanh dugc thé

hién & cac Bang 2 dén Bang 4.

Bang 2
. . Vidu so
Vidul Vidu2 Viduy3 )
sanh 1
Nong d6 oxy hoa tan 32ppm 9,5ppm 8,0ppm 5,4ppm
pH cua mdi truong
AL A 4>O 4;0 4,0 4,0
nuoi cay
Ty 1& chuyén hoa
, , 65,7% 50,7% 42,4% 36,9%
thanh axit fumaric
Ty 1& chuyén hoa
9,9% 17,2% 16,1% 20,6%
thanh etanol
Ty 1é chuyén hoéa
. 9,4% 16,5% 15,4% 19,7%
thanh COZ
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Bang 3
. Viduso ) Viduso
Vidu4 . Vidu5 )
sénh 2 sénh 3
Nong do oxy hoa tan 28ppm 5,0ppm 30ppm 5,0ppm
pH cia mdi trudong
A A 3,0 3,0 7,0 7,0
nudi cay
Ty 1& chuyén hoa
\ . . 51,0% 30,0% 58,2% 41,4%
thanh axit fumaric
Ty 1é chuyén hoa
. , , 42,5% 9,5% 4,1% 0,1%
thanh axit pyruvic
Ty 1& chuyén hoa
. 2.2% 19,2% 0,0% 12,9%
thanh etanol
Ty 1é chuyén hoa
. 2,1% 18,4% 0,0% 12,3%
thanh CO,
Bang 4
Vidu6 Vidu so
idu
' sénh 4
Ndng d6 oxy hoa tan 30ppm 5,0ppm
pH ctia moi truong nudi cdy 4,0 4,0
Ty 1€ chuyén hoéa thanh axit fumaric 39,0% 30,0%
Ty 1¢ chuyén héa thanh axit pyruvic 21,2% 4,5%
Ty 1é chuyén hoa thanh etanol 2,8% 11,4%
Ty 1é chuyén hoa thanh CO, 2,7% 10,9%
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Nhu duoc thé hién trong cic Bang 2 dén Bang 4, ngudi ta thdy rang viéc
chuyén ddi tir glucoza hodic céc sacarit hdn hop thanh axit fumaric va axit
pyruvic dugc thic ddy bing cach diéu chinh ndng do oxy hoa tan trong moi
trudng nudi cdy trong pham vi clia sang ché trong budc nudi cdy ctia nim soi,
trong khi san phdm phu cua etanol duogc gidm bét, va do d6 thu duoc axit hitu co
véi ning suét cao.

Trong céc vi du so sanh 1 dén 4 trong d6 khong khi binh thuong (khi trong
khi quyén) duoc cung cip, mot luong 16n etanol duge san xudt dudi dang san

phdm phu, va do d6 thu duge axit hitu co vé6i nang suét thap.
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YEU CAUBAO HO
1. Phuong phdp san xudt axit fumaric tir ngudn cacbon bao gdm céc sacarit
trong moi trudng sir dung ndm soi, phuong phap bao gdm viée nudi cdy ndm soi
trong moi trudng nudi cdy dich thé, trong d6 ngudn cacbon dugc bao gbm va
ndng d6 oxy hoa tan dugc diéu chinh & 8 ppm hodc 16n hon va 35 ppm hoic nhé
hon, dé thu duoc axit fumaric.
2. Phuong phdp san xudt axit fumaric theo diém 1, trong d6 ndm soi 14
Rhizopus sp.
3. Phuong phép san xuét axit fumaric theo diém 1, trong d6 ndm soi 1a
Rhizopus delemar hoac Rhizopus oryzae.
4. Phuong phép san xuit axit fumaric theo diém 1, trong d6 ndm soi 13 & dang
vién hodc ndm soi bt dong.
5. Phuong phdp san xuét axit fumaric theo diém 1, trong d6 mdi truong nudi
cdy dich thé 1a moi truong nudi cdy dich thé trong do ndng d6 oxy hoa tan duoc
diéu chinh ¢ 8,5 ppm hodc 16n hon.
6. Phuong phap san xuét axit fumaric theo diém 1, trong d6 moi truong nudi
céy dich thé duoc suc khi véi khi co néng do oxy I6n hon hoac béng 21% va
nhé hon hoic bing 100%.
7. Phuong phdp san xuét axit fumaric theo diém 1, trong d6 ngudn cacbon bao
gbm glucoza.

8. Phuong phdp san xudt axit fumaric theo diém 1, trong d6 ndng do cua
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ngudn cacbon trong moi trudong nudi cdy dich thé 16n hon hoic bing 1 % khdi
lugng va nhd hon hodc bang 40 % khdi lugng.

9. Phuong phép san xuét axit fumaric theo diém 1, trong d6 pH & 35°C cua
moi trudng nudi cdy dich thé trong budc nudi cdy 16n hon hodc bang 2 va nhd
hon hosc bing 7.

10. Phuong phép san xuét axit fumaric theo diém 1, trong d6 pH & 35°C cua
moi trudng nudi cdy dich thé trong budc nudi cdy 16n hon hodc bang 3 va nho
hon hoc bang 6.

11. Phuong phap san xudt axit fumaric theo diém 1, trong d6 pH cia mdi
trudng nudi cdy dich thé trong budc nudi cdy dugc diéu chinh bing cach sir
dung hydroxit ctia kim loai kiém hoic kim loai kiém thd, hodc cacbonat cia kim

loai kiém hodc kim loai ki€m tho.
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