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(54) PHUONG PHAP PHAN TACH TRUC TIEP CAC AXIT CACBOXYLIC CO 1
PEN 9 NGUYEN TU CACBON SINH RA BOI QUA TRINH LEN MEN KY KHI
TU SINH KHOI CO THE LEN MEN
(57) Sang ché dé cap dén phuong phap phan tach truc tiép cac axit cacboxylic c6 tir 1 dén
9 nguyén tir cacbon, dugc tao ra bai cc vi sinh vét trong binh phan Gmg 1én men bang qua
trinh 1én men ky khi tir sinh khdi ¢6 thé 1én men, qua trinh phan tich niy c6 dang long-
long, bao gdm cac budc sau: a) bat dau qua trinh phan tach khi sy san sinh cia cac axit
cacboxylic ¢ tir 1 dén 9 nguyén tir cacbon dat dén lugng dinh trudc trong hinh phan Gng
1én men, b) chon dung mdi phan tach noi sinh trong sd cac axit cacboxylic c6 it nhit 4
nguyén tir cacbon sinh ra trong qua trinh 1én men ky khi, ¢) cho dung méi phan tach noi
sinh tlep xtc véi mot phan moi truong 1én men tir binh phan tng 1én men, d) phan tach
truc tiép cac axit cacboxylic ¢6 tir 1 dén 9 nguyén tir cacbon tir méi trudng 1én men, e)
phan tach cac axit cacboxylic ¢6 tir 1 dén 9 nguyén tir cacbon tir dung moi ndi sinh, f) thu
va luu trir hodc sir dung cac axit cacboxylic ¢o tir 1 dén 9 nguyén tir cacbon thu duoc trong
budc e.
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Linh vuc k§ thuit dwge dé cip

Sang ché d& cap dén phuong phép phan tach cac axit cacboxylic dugc sinh ra
trong qué trinh 1én men ky khi tir sinh khéi ¢6 thé 1én men. Phuong phap nay dic biét

duoc st dung cho viéc phan tach axit cacboxylic trong pha long.
Tinh trang ky thuit cia sang ché

Thuat ngit “sinh khéi ¢6 thé 1én men” chi cac co chét hitu co, tdt hon 14 co chét
khong phai 1a thuc phdm thu dwoc tir rac thai, cac san phim phu va cic ddng san pham
duoc tao thanh tir nguyén liéu hitu co, tic 1a sinh khéi phat sinh tir cac hoat dong cua
con nguoi, c thé 13 tir cac hoat dong ctia gia dinh, hoat dong cong nghiép, hoat dong
ndng nghiép, hoat ddng 1am nghiép, hoat dong nudi trdng thiy hai san hogc cic hoat
dong xu ly thuc phim, hodc c6 ngudn gbe tir vide trdng trot. Bang cach vi du cua céc
vi du khéng gidi han, sinh khdi c6 thé 16n men duoc dé cap, nhu la co chét hitu co, tir
phén bén, phin hitu co ctia chat thai ho gia dinh, cac ddng san phim ctia 10 md, cac ba
xenlulozo va lignoxenlulozo cé ngudn gde tir cdng nghiép xur 1y thuc phim, nhu ba
thai c6 ngudn gdc tir viee chuyén ddi ctia mia dudong (bd mia), ctia hoa huéng duong

hodc dau tuong.

Thuat ngit “Ién men ky khi” chi phwong thirc 1én men xdy ra trong céc diéu
kién khong c6 khong khi bang céc vi sinh vt nhan so va nhan chuén, nhu vi khuan,

nam, tao va nam men.

Gifta nhiéu loai chit chuyén hoa 1én men, cic axit cacboxylic 1a cac chit
chuyén héa 1én men con duge goi 1a tién cht, cAn phai hiéu ring cic chat chuyén héa
trung gian khac cling dugc goi la tién chit. Bang cac vi du khong gi6i han, cac tién
chét c6 thé bao gdm cic axit axetic, axit propionic, axit butyric, axit valeric, axit
caproic, axit heptanoic, axit octanoic, axit nonaoic va axit pheylaxetic. Sau do, cac
tidn chit nay cho phép san xuat cdc phan t ¢6 nang luong 16n hon va/hoic héa chit

quan tm, can phai hicu rang ching la cac phan tir hitu co. Céc phén ti ¢6 ning luong
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16m hon va/hoidc cc chat hoa hoc quan tim dugc dé cép vi du cac phan tr ma c6 mach

cacbon nhu céc axit, hydrocacbon, metan, este, ruou, amit hodc polyme.

Phén trich d4n d& cap dén céc axit cacboxylic, cin phai hiéu ring sang ché ap
dung d6i voi viée phan tach cac chit chuyén héa 1én men néi chung. Cac axit
cacboxylic, va cu thé 13 céc axit béo dé& bay hoi hodc cac VFA, c6 thé dwoc chuyén
ddi, vi du, cac keton, alken, rugu va alken. Can phai hiéu réng chinh su [én men nay
con tao ra cac chat chuyén hoa khac ngoai céc axit cacboxylic, véi lugng 16n hon hodc
it hon. Céc chét chuyén héa khac c6 thé dugc tao thanh, khong ké cac chét khac khong
duoc dé cap, nhu céc este, khi, axit lactic, ruou, hydro va cacbon dioxit. Hon nita,
ngudi ta da biét ring su tao thanh céc axit cacboxylic dugc thuc hién bang qua trinh
1én men ky khi din dén qua trinh axit héa ctia modi trudng ma gy hai cho cac vi sinh
vat. Do qua trinh axit hda ctia moi truong gy ra sy uc ché vi sinh vat, va do d6 lam
chim hodc thdm chi ngan chin qua trinh 1én men, nén cin phai thuc hién theo chu ky.
Vi nguyén nhan nay, céc axit cacboxylic dugc phan tich trong cac budc khic nhau,
sau thoi gian 16n men da cho. Do d6 qué trinh phén tach khong cho phép tao thanh cac
phan tir “tidn chat” lién tuc va nhanh, hidu suit khéng dugc t6i wu. Hon nita, chinh
phuong phép phén tach theo chu ky sir dung cdc chiing vi sinh vat va tao ra chat thai
khong c6 hodc 6 kha ning khai théc thdp. Tt hon 1a cdn quy tranh phén tach t6i wu
cac axit cacboxylic duge san sinh trong qua trinh 1én men ky khi ma khong lam tc ché
céc vi sinh vat. Phuong phap phan tach chét chuyén héa, trong trudng hop & diém
butanol, bang cach str dung dung moi phén tach chira axit cacboxylic, d& duoc biét
dn trong cong bd don qudc t& s6 WO-A-2011/063391. Dung mdi la dung mdi thuong
mai ¢6 san. Phuong phép xtt Iy nude co thé phan tach cac hop chét hitu co, bao gdm
cic amin, mino axit va phenol, sit dung lam dung mdi cia dung mdi hitu co, trong
truong hop diém vao la axit cacboxylic khong tron 14n trong nudc, dé thu pha hitu co
va pha nudc, di duoc biét dén trong tai liéu s6 FR-A-2 591 505. Diéu do6 chung to 1a
trong trudong hop ndy cdc phuong phép khong thich hop dé phan tach céc chat chuyén

hda, nhu céc axit cacboxylic, dugc tao ra lién tuc bﬁng qua trinh 1én men.
Ban chét ki thuit ciia sdng ché

Dé khéc phuc nhitng nhuoc diém nay, muc tiéu clia sng ché 1a dé xuét phuong
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phéap phén tich ma c6 thé thuc hién theo phuong thic lién tuc, twong thich sinh hoc,
théng thudong va ¢ kiém soéat va ¢6 luong tdi thiéu chat thai khong thé khai thac va
khong 1am tc ché vi sinh vat, cac chét chuyén héa 1én men “tién chat” khac nhau thu

duoc bing qué trinh 1én men ky khi.

Dé dat duoc muc tiéu néu trén, dbi tuong cua sang ché 1a phuong phap phan
tach cac axit cacboxylic c6 tir 1 dn 9 nguyén tir cacbon, dugc sinh ra bdi céc vi sinh
vat trong binh phan tmg 1én men bang qua trinh l1én men ky khi tit sinh khéi 6 thé lén

men, vi€c phan tich ndy c6 dang long-16ng, bao gdm it nhat mdt trong cac budc sau:

a) chon dung mdi phén tich ndi sinh giita it nhat 1a mot trong cac axit
cacboxylic sinh ra trong qué trinh 1én men ky khi, sao cho sé lugng cacbon clia dung
mdi 16n hon hoic bing sé luong cacbon ctia axit cacboxylic duge phén tach, c6 ty
trong thip hon ty trong clia nudce va diém sdi 1a trén 70°C trong céc diéu kién 4p suit

thong thudng,

b) cho dung mdi phéin tich duge chon tiép xtc véi mdi truong lén men, ma

khong lam gidn doan qua trinh 1én men, bén ngoai binh phan Ung 1én men,

¢) phén tach céc chit chuyén héa 1én men tir dung mdi phén tach bang cac

phuong thtre cua it nhét 1a m6t qué trinh chung cét,

d) thu va luu trt hodc st dung céc chét chuyén héa 1én men thu dugc trong

budce c).

Phuong phap nay c6 thé tach lién tuc cac chét chuyén hoa 1én men, trong khi

duy tri duge san luong cla cac vi sinh vt c6 mat trong binh phd ing sinh hoc.

Thuét ngft “ndi sinh” nén dugc hiéu 14 chi hop chét, hodc hdn hop cua cac hop
chét, ma duoc sinh ra, nhu khong chi gi6i han céc hop chét nay, bang qué trinh 1én
men ky khi. N6i cach khac, dung moi ndi sinh ¢6 thé dugc sinh ra bang céc con duong
khac ma tao ra cac san phdm tuong tw, néu khong néi 1a ddng nhét, ma tao thanh trong
qu trinh 1én men ky khi, khong ké dén luong san phim dugc sinh ra.

Cac budc phan tach co thé khong chi thu lién tuc céc phan t sinh ra trong binh
phan tmg 1én men, ma con duy tri cc vi sinh vat tham gia tao ra cac san phim, viéc

phéan tach duge thuc hién, do cac dung moi noi sinh, trong cac didu kién khong gay
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ché cho tAt ca cac vi sinh vat, tic 13, trong cic diéu kién phan tach twong thich sinh

hoc. Theo cach nay, cac van dé lién quan dén qua trinh tich tu cta cac tién chat trong

binh phén tng 1én men duoc xur ly, vi du qua trinh axit héa ctia méi trudng 1én men do

tich tu clia céac axit cacboxylic sinh ra gy hai cho céc vi sinh vat. Hoat dong cua cac

vi sinh vat duoc duy tri & mic cao, gan mdi mire khoi dau, thong qué chu ky 1én men.

Theo cac khia canh dugc uu tién nhung khong bit budc cia sang ché, chinh

phuong phap niy bao gdm mét hoic nhiéu cac dic diém sau day:

Trong budc a) dung moi phén tach ndi sinh la axit cacboxylic ¢6 it nhit 13 4

cacbon.

Sau budc ¢), va trude bude d), cdc axit cacboxylic dugc phén tach, bang qui
trinh chung cét, trong budc bd sung e), tir nwée clia pha hitu co thu duge trong

budc c).
Dung mo6i phén tach 14 axit cacboxylic co tir 4 dén 9 nguyén tir cacbon.
Dung moi phén tach la axit cacboxylic cé tir 7 hodc 9 nguyén tir cacbon.

Dung m6i phén tach dugce chon tir nhém bao gbm axit heptanoic, axit octanoic
hodc axit nonanoic.

Budc dé ling b sung f), gitta budc ¢) va bude d), cho phép su phan tach thir
nhét gitt pha hitu co va pha nude.

Trong qua trinh cho moéi truong 1én men tiép xtc voéi dung moi phan tach bén
ngoai binh phan g, m6i truong lién men dugc thue hién lién tuc.

Trong qué trinh cho mdi truong lén men tiép xtc voi dung moi phan tach bén
ngoai binh phan tmg, m6i truong lién men duge thue hién tuan tur.

Sau c4c bude b) va c), it nhat mot phin cta pha 16ng két qua tir qua trinh phén
tach duoc dua trd lai vao trong binh phan Umg 1én men va két hop vao trong

moi truong 1én men.

Sang ché ciing d& cap dén thiét bi dé thuc hién phuwong phap theo mot trong céc

dic didm trudc d6, thiét bi nay bao gdm it nhat 1a:

- m6t binh phan ing 1€n men;
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- mot bd phén tach thich hop d& dwa méi truong 1én men tiép xtc véi dung moi

phan tach,
- it nhét 13 m6t bd phan chung cAt.

Theo cac khia canh dugc wu tién nhung khong bt bude ciia sang ché, chinh

thi€t bi nay bao gom mot hodc nhiéu cac dic diem sau day:

- thiét bi cling bao gém it nhat hai bd phén chung cAt va it nhat mot bd phén

lam lang.
Mo ta van tat cac hinh vé

Can phai hiéu rang, sang ché s& trd nén rd rang hon va cac uu diém khéc cta
sang ché s& dugc néu ra rd rang hon trong phan mo ta chi tiét theo mdt s6 phuwong an

ctia sang ché két hop tham chiéu dén cac hinh v& kém theo.

Fig.1 12 bidu d6 minh hoa mét phuong 4n ctia phuong phép la d6i tuong theo

sang ché bao gdm hai qué trinh chung c4t va mét bd phan lam ling.
Mo ta chi tiét sang ché

Céc budc khac nhau cia phuong phap bay gio s& dugc mo ta véi tham chiéu
dn Fig.1, cAn phai hidu ring cac budc da biét s& khong duge md ta chi tiét hodc duge
bo qua. Can phai luu y ring Fig.1 minh hoa phuong phép bao gbm hai qua trinh chung
cAt, tirc 4, phuong 4n thé hién giai phap dugc wu tién ¢6 hiéu qua kinh té déi véi cac
thiét bi c6 kich thuéc thong thuong. Thibt bi c6 tram chung cit don 14 c6 thé vé mit
k§ thuét va tham chi duoc wu tién, nhung, dé c6 hidu qua kinh té, cin c6 céc thiét bi c6
kich thuéc 16n hon, nhu 12 thiét bi c6 kich thudc bat gip trong nha may loc dau cong
nghi€p.

Hon nita, viéc phén tach céc axit cacboxylic, béng cach vi du, s& dugc md ta
tudn tu, cAn phai hidu ring céc chit chuyén héa 1én men khéc ciing c6 thé duoc tach
bang céc axit cacboxylic ndi sinh.

Piu tién, co chit S duge st dung cho qué trinh 1én men 13, t6t hon 1 chua
duge xtt ly, tic 1a nd chua trai qua qud trinh tién xtr 1y héa ly hoic enzym. Co chat S

ndy cht yéu tao thanh sinh khéi c6 thé 1&n men. Bang céch vi du khong gidi han, vige
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dé cap duogc tao thanh tur chét thai noéng nghi€p hodc thuc vat (rom, bd mia, ngd, cod
dai, g8, cac miéng cit/mau), gidy thai (bia ctng, gidy bdo), chét thai xt 1y thuc pham,
chét thai tir 10 md, phan chét thai sinh hoat hitu co, chét thdi nong nghiép (phan bén,
phan bén 16ng, phan chim thd), tio, chét thai nudi trdng thily hai san, chat thai tir hoat
dong 1am nghi¢p hodc cling nhu cac ddng san pham 1én men tir cong nghiép m§ pham.
Céc co chat nhit dinh cha cac phén tir hitu co, nhu céc axit hitu co, ma s& khong anh
huong, hodc anh huong it, dén qua trinh 1én men. Mt khéc, nhitng phén tir ndy c6 thé
duoc tim thiy trong méi trudng 1én men va cé thé tham gia, vi dy, trong qué trinh san

xuat cac phén tir hitu co cudi cung dugc xac dinh.

Co chéit S dugc dua vao trong binh phan ung 1én men 1, d& biét trong linh vuc
k¥ thuét trudc va dugce phan ty 1€ theo yéu cAu san xut mong mudn, c6 thé 1a ty 1&
thuc hién trong quy md phong thi nghiém hodc trong quy md cong nghi¢p. No6i cach
khac, binh phan tng 1én men 1 hodc binh phan tng sinh hoc ¢6 thé tich ndm trong
khoang tir vai lit dén vai trim mét khdi, néu can thiét.

Tét hon 13, c4c vi sinh vat dugc bit diu dwa vao trong binh phan mg 1én men,
vé6i luong di dé bit dAu qua trinh 1én men. Tt hon 13, céc vi sinh vat dugc & 4m trong
dang lién hié€p, dugc minh hoa bing miii tén M. Thuét ngit “lién hiép” chi hdn hop
ho#ic viéc trdn céac vi sinh vt nhan so va nhan chuén, chung c6 thé thé 1a vi khuén,
ndm men, ndm hodc tao. Nhitng vi sinh vét nay co ban xuét phét tir hé sinh thai ty
nhién, t5t hon 1 khong giéi han 1a cac hé sinh thai ky khi nhu, bang céch vi du khong
giGi han, ving ky khi ciia moi truong nudc, nhu vang thiéu oxy cua céc hd, dat, dAm
14y, bin tinh ché, da day co ctia dong vat nhai lai hodc rudt ciia mdi. Can phai hiéu
ring dinh tinh va s phan b dinh tinh cta nhiéu loai hogc loai vi sinh vat khéc nhau
trong lién hiép M khdng duoc biét mdt cach 16 rang dic biét 1a co thé khac nhau véi
céc ty 1€ 16n. Ching t6 trong trudng hop nay rang dinh tinh va mic d6 da dang dinh
tinh déng ngac nhién cung cép su chiu dung va thich nghi ctia vi sinh vat c6 thé dam
bao viéc st dung cac co chét t6i wu, cho du hdn hop 14 sau cung, trong cac diéu kién

1én men thay doi.

Ngoai ra, do co chét S duoc str dung nhu 1a chinh n6, tic 13, né khong dugc tigt

trung hodc, cu thé 13, cac vi sinh vat ma chta trong co chat khong duoc loai bo trudce
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khi dua vao trong binh phan tng sinh hoc 1, chimng minh rang trong trudng hop cic vi
sinh vat dic hitu dbi véi co chét do, trén thuc té, dwoc két hop vao trong lién hiép M

hodc it nhét 13 két hop voi phin sau ctia binh phan tng sinh hoc 1.

Lién hi¢p vi sinh vat M, Kkét hgp véi céc vi sinh vat co thé c6 mit trong co chét
1, cho phép qua trinh 1én men co chit 1, ma khong can bd sung céc san phim nhu 1a
céc enzym. Ngoai ra, qua trinh 1én men dién ra trong céc diéu kién ky khi, chinh x4c
hon 12 khi thé oxi héa-khtr nho hon -200 mV, t&t hon 1a ndm trong khoang tir -550 mV
dén -200 mV, va khi d6 pH nho hon 8, t&t hon 1a d6 pH ndm trong khoéang tir 4 dén 7.
Tét hon 13, qué trinh 1én men gi6i han céc san phdm cua chat chuyén hoéa 1én men
“tién chat”, cu thé 14 c4c axit cacboxylic. Do vay, phan ing twong tu hién tuong nhiém
axit bat gap & dong vat nhai lai dugc cam tmg, trong khi ddng thoi san phim metan
gin bang khong. Thong thudng, metan 12 mot trong cac chét chuyén héa cubi cling thu
dugce trong qua trinh 1én men ky khi bdi cac vi sinh vat ¢ ngudn gbc tir cc hé sinh
thai tu nhién.

Két qua cta qua trinh 1én men, ddu tién, trong cdng thuc cua céac axit
cacboxylic co tur 1 dén 9 nguyén tir cacbon, chu yéu 1a tir 2 dén 4 nguyén tir cacbon,
nhu axit axetic, axit propionic va axit butyric. Do d6, cac axit cacboxylic ¢ mach dai
hon, 16n hon 4 cacbon, ciing thu duge, nhu 13 axit valeric va axit caproic, axit
heptanoic, axit octanoic hodc axit nonanoic. B?lng viéc tiép tuc qué trinh lén men
va/hodc béng viéc ting lwong céc vi sinh vat trong binh phan tGng sinh hoc 1, néu can
thiét véi cac vi sinh vat duoc chon loc, ¢ thé thuc déy san lugng cta céc axit

cacboxylic c6 mach cacbon dai hon, 16n hon 4 nguyén tir cacbon.

N6i cach khac, sb luong cac chit chuyén héa sinh ra trong qué trinh 1én men vé
co ban 1a céc axit cacboxylic c6 2 dén 6 nguyén tir cacbon. Sau do, viéc tich vé& co ban
s& lién quan dén su tach cac axit cacboxylic nay, cAn phai hiéu rang phuong phép nay
¢6 thé dugce thuc hién d6i vai cac axit cacboxylic khac hodc cac chét chuyén hoa 1én

men khdc sinh ra trong cac dang 1én men khéc.
Qua trinh 1én men c6 thé duoc thuc hién, t6t hon 13, theo phuong thure lién tuc,
theo phuong thtc chu ky, hodc cling co thé theo phuong thirc mé 1én men cung cip

trong binh phan Gng 1én men 1 don hodc trong nhiéu binh phin tmg 1én men 1 dugc
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bo tri lién tuc.

Theo bat ky trudong hop nao thi qué trinh 1én men ciing duge thuc hién dé dam
bao san luong cac axit cacboxylic, trong pha 1ong. Do do, can phai hiéu ring mbi
truong 1én men bao gdm pha rén chira, it nhét 13 khi bét ddu, phan rén cla co chét S va

cling nhu phan ran cua lién hiép vi sinh vat M.

Pha 16ng ctia moi trudng 1én men chira cac phan tir sinh ra trong qué trinh 1én
men, hodc cac chat chuyén hoa Ién men, va cling nhu phéan 1éng cua co chét S, it nhat

14 tai thoi diém bét dau ctia qua trinh 1én men.

Thoi gian 1én men khac nhau, khong ké nhitng co chit khac, dbi voi co chit S,
céc vi sinh vAt M c¢6 mit va cc diéu kién 1én men. Thong thudng, khoang thoi gian
ctia qua trinh 1én men 1a tir 1 dén 7 ngay, t6t hon 1a tir 2 dén 4 ngay. Nong do ctia chét
chuyén hoa thu duge trong mdi truong 1én men & thoi diém két thiic khoang thoi gian
nay 12 khac nhau, nhung ddi voi axit cacboxylic, thuong 1a niam trong khoang tir 10
dén 20 g/, d6i véi cac axit cacboxylic, cAn phai hiéu ring, trong céc diéu kién nhat
dinh, ¢6 thé 1a 16n hon 35 @/l, vi du 14 50 g/I. Tai thoi diém két thic clia budce 1én men,
moi trudng 16n men & do pH axit, thuong nim trong khoang tir 4 dén 6, do su c6 mit

cua céc axit cacboxylic trong mdi truong 1én men.

Khi san Iuvong cia céc chét chuyén héa duoc xac dinh trude, vi du ddi voi cac
axit cacboxylic, béng qua trinh lén men cua co chét S dat duoc luong di dinh, thudng

14 trong pha cén bang cua qua trinh 1én men, budc phén tich phan tir duoc bét dau.

Tét hon nhung khong bit budc, lugng duoc xac dinh trude cua céc axit
cacboxylic twong Urng v6i viée gidm sy tang trudng cia vi sinh vat, va do do6 trong
ving ngudng e ché vi sinh vat, lién két dén qué trinh axit hoéa clia méi trudng 1én

men bai cac axit cacboxylic.

Viéc phan tach ¢ dang 10ng-long. Dung méi phan tach 1a dung mdi ndi sinh,
tirc 13, dung moi dwoc chon tir it nhit 13 mét trong céc hop chat duoc sinh ra trong qué
trinh 1én men. Can phai hiéu ring dung méi nay c6 thé 1a hdn hop cua mot vai hop
chét sinh ra trong qua trinh 1én men. Trong trudng hop dung mdi ndi sinh dugc chon

tlr c4c axit cacboxylic 14 phan cac chat chuyén hda 1én men.
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Thuc vay, khong giong cac dung méi hitu co khac, cc axit cacboxylic dugc
sinh ra trong qua trinh 1én men. Viéc st dung cta cac dung mdi ndi sinh nay co6 nhiéu
uu diém.

Pau tién, sy ving mit ctia cic phan tir khac cac phén tir sinh ra trong qud trinh
1én men 13 duoc ddm bao: khong c6 dung moéi hitu co 1a nguy co duogc tim thy trong

luong vét trong san pham cudi ciing.

Véi cac axit cacboxylic, ¢ thé, khong ké céc hop chét khac, phan tach khong
chi 1a céc axit cacboxylic ma con ¢ cac chét chuyén hoéa khac nhu rugu, amin hodc
amino axit, va cdc hop chat thom nhu cic axit phenyl. Ngoai ra, trong buéc phén tach
16ng-16ng, hao hut dung mdi la khong thé tranh khoi. Pidu nay xdy ra trong qud trinh
luu trit, trong qué trinh chung cit hodc thdm chi trong qué trinh 1én men khi dung moi
c¢6 thé duoc st dung bdi céc vi sinh vét. Do do, viéc bd sung dung moi la cAn thiét,
nhd d6 phat sinh céc chi phi bd sung va 1am han ché trong van chuyén va trong diéu
kién moi truong.

Bang cich sir dung cdc dung mdi ndi sinh cho qua trinh 1én men ky khi, nhu

axit cacboxylic, it nhat c6 thé mot phin b lai sy thiéu dung moi.

Hon nita, chinh c4c dung mdi noi sinh nay tranh duoc cic nguy co ctia phan
ung khong mong mudn va/hoic khong duge kiem soat bat ky va khong chi 1a céac axit
béo d& bay hoi sinh ra trong qua trinh 1én men ma con, cu the, cdc san phim sinh ra tir

qué trinh 1én men.

Cubi cing, viéc st dung axit cacboxylic 1am dung m6i gop phan 1am gidm d
pH ctia pha nuGce trong qua trinh phén tach.

Céc axit cacboxylic, sinh ra trong qua trinh 1én men va dugc st dung lam dung
mbi, c6 thé c6 mit trong mdi trudng 1én men, vi du nhung khong gi6i han, 1a céc axit

¢ 4 dén 9 nguyén tr cacbon.

Trong trudng hop bit ky, axit cacboxylic s& dwoc chon sao cho s6 luong
nguyén tir cacbon 16n hon hoac bang v6i s6 lugng nguyén tir cacbon clia chét chuyén

hoa dugc phan tach.

Cac vi du khong gioi han vé c4c axit ndy sinh ra trong qua trinh 1én men dugc
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dua tra trong bang 1 dudi day.

Bang 1, mat d6 dugc dua ra & nhiét dd méi trudng khoang 20°C.

Bang 1
AXit A A 3 . A . 4
, Mat do g/em’™: Diém s6i & &p suat
2-metylpropanoic C4H;O, N A iy o
hodc axit isobutiric 0,9681 khong khi: 154°C
Axit metyl etyl
axetic hodc axit CH.-O Mat d6 g/em’: Diém s6i & 4p suit
pentanoic hodc S0 0,9339 khong khi: 186°C
axit valreic
Axit hexanoic CHAO Mat d g/em’: Diém s6i & ap suit
hoic axit caproic 2 0,9212 khong khi: 205°C
, , Mat d6 g/em’: | Didm s6i & 4p sudt
A at d¢
xit heptanoic C;H,40, 0.9188 khong khi: 222°C
Axit octanoic hodc C.HL-O Mat d6 g/em’: Diém s6i & 4p sudt
axit caprylic sHhe2 0,9106 khéng khi: 239°C
. , Mat d6 g/em® | Piém s6i & ap suét
Axit nonanoic CoH,;30, 0.900 khong khi: 254°C

Cu thé hon, cha don luu y rang, trén co s& cic thi nghiém duge thuc hién, cac
axit cacboxylic c6 tir 6 dén 9 nguyén tit cacbon va, t8t hon 14, c6 tir 7 dén 9 nguyén tit
cacbon, tao thanh dung moi ndi sinh dugc wu tién. Noi cach khac, tir cac axit
cacboxylic duoc dé cap & trén, theo phuong thirc khong gidi han va bang cach vi dy,
trong bang 1, chi don d& xuét céc axit caproic, heptanoic va octanoic lam dung moéi

n6i sinh. Nhu 12 mot bién thé, ¢6 thé st dung cac ddng phéan clia céc hop chat nay.

Céac phan tir, va do dd, trong trudng hop nay la cac chat chuyén hoa, tot hon 1a
duoc tach riéng biét, hoic it nhét 1a dugc tach trong cac ho phan tir, tir pha long cua
mdi trudng 1én men, nho d6 cho phép, khong ké dén trudong hop khic, thu dugc hidu
suét t&t hon va tao thuan lon cho ning suit ctia hop chét cu thé tir cac phan tir duge

tach nay.

Trong truong hop bét ky, céac chét chuyén héa duge tach, it nhat 1a mot phﬁn,
duogc tach trong cac diéu kién sao cho qué trinh phén tich khong phd hong va khong

tre ché cac vi sinh vat M, hodc it nhat 1a dugc tach theo céac ty 1€, sao cho ve co ban
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khong 1am thay ddi qua trinh 1én men lién tuc bdi céc vi sinh vat M c6 mit trong mdi
truong 1én men. Né6i cach khéac, dung moi khong gy chét tat ca cac vi sinh vét. Do dd,
qua trinh phan tach khong bi gian doan, hodc bi 1am giam, trong mdi trudng lén men
hodc hiéu sudt 1én men cta vi sinh vat M ma chira trong d6. Do d6, qué trinh phén

tach duoc thuc hién trong cac diéu kién sao cho c6 su twong thich sinh hoc.

Khi céc phén tr nhu cac axit cacboxylic dugc tach tir moi trudong 1én men, qua
trinh axit héa ctia moi truong 1én men do nhiing axit ndy trén thuc té duoc giam
xudng. Do d6, qua trinh 1én men, va do vy, ning sudt ctia chit chuyén hoéa, lién tuc
trong céc diéu kién twong tu nhu cac diéu kién ban ddu, méi trudng 1én men duy tri
khong qua nhiéu axit.

Uu diém 1a, chimg to ring trong trudng hop ma pha rin con lai, sau qué trinh
phan tach, c6 thé chira cdc vi sinh vt M ma dang séng va do d6 c6 kha ning hoat
dong. Do, trong pha ran nay, ¢ céc axit cacboxylic it hon luc ban dAu, nén do pH cla
pha rén it axit hon. Do d6, c6 thé tiép tuc nap vao trong binh phan tmg 1én men 1. Do
d6, khong chi 1am giam hién tuong nhiém axit va/hodc do pH cua moéi truong 1én men
duoc duy tri 6n dinh trong qua trinh 1én men, bang qua trinh phan tach cac hop chat
axit, ma con, & mirc nhét dinh, moi trudong cling dugc tai cAu trac lai cac vi sinh vt M
cung cép cho qué trinh 1én men, ma khéng lam giam dang ké d6 pH ctia mdi trudng

[én men.

Chinh dung dich nay c6 thé t6i wu hoa hiéu sudt clia qud trinh 1én men va thuc
hién qu4 trinh 1én men lién tuc, do d6 giam thoi gian Ién men, trong khi dong thoi c6

xu hudng chat thai 14 0.

Qua trinh phan tach dugc thuc hién lién tuc va tuan tu, vi du mdi 1an tich trong
khoang thoi gian 1a 12 gid. N6i cach khac, ¢6 thé tiép tuc qua trinh 1én men trong khi
cung lic phén tach céac chét chuyén héa sinh ra, hodc khi ching duoc sinh ra hodc déu
dan. Khi phan tach, cac chat chuyén héa duge tinh ché va/hodc chuyén thanh cic san
phém khéc, nhu cac alkan, alken, amit, amin, este hodc polyme, béng cac ky thuat da
biét trong linh vuc k¥ thuét nay, vi du, chung cét, tdng hop, téng hop bang dién, amit

hoa hodc polyme hoa.

Cu thé hon, cot phan tach 2 dugc nap véi qua trinh 1én men phdi ¢ dinh cta cot,
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theo miii tén 3. Trong cdt 2, dung mdi ndi sinh, 13 axit cacboxylic hodc hén hop cua
céc axit cacboxylic dugc dua vao trudc. Nhu dugc dé cap trudc d6, dung mdi ndi sinh
t6t hon 1a axit cacboxylic ¢c6 7 dén 9 nguyén tir cacbon. Khi dién ra, lugng dugc sinh
ra tir qud trinh 1én men thudng khong d ¢& dam bao qué trinh phan tach cia phan 16n
cc axit cacboxylic khac duge sinh ra. Do véy, cAn thiét phai nap céc axit cacboxylic
ndy tir ngudn khéc qua trinh 1én men dang dién ra. Ching c6 thé 13, vi du, céc axit
cacboxylic dugc tach trudc do va duge luu trit dé sir dung hoic céc axit khac, t6t hon

14, c4c axit nén sinh hoc, c6 nguoén goc thuong mai.

Su luu thong nguoc hodc dang khudy luu thong, bing cdc phuong thic da biét,
cho phép céc axit cacboxylic tiép xtic v&i dung méi. Trong subt budc thi nhat, cac

axit cacboxylic, hodc it nhat 1a mot phan ctia nd, duge chuyén vao trong dung mdi.

Qua trinh 1én men phai, trén thuc té sir dung hét cc axit cacboxylic, dugc thu &
phén phia dy ctia ¢t phan tach 2 va, t6t hon 13, nap trd lai vao trong binh 1én men 1,
theo miii tén 4. Do dung mdi cling 12 mot trong céc axit cacboxylic c6 mdt trong qua
trinh 1én men, nén khong c6 su nhiém bin c6 hai cho qué trinh 1én men dang dién ra

ba6i cadc dung mdi sau khi nap tré lai binh la ¢ thé.

Dung moi, ¢6 chira céc axit cacboxylic duoc thu & phan dinh cta ct phan tach
2 va, theo miii tén 5, di chuyén dén cot phan tach 6. Dung moi va céc axit cacboxylic
tao thanh it nhat 13 mot pha hitu co ma it nhAt mot phin tron 14n véi nude. O day, can
phéi nhé lai rang vi du dwoc md ta va minh hoa twong tmg theo phuong 4n nay c6
nhidu hon mot, cu thé 1a hai, cot chung cat. Chinh phuong én nay s& bét gap ddi véi

céc thiét bi c6 kich thuéc “trung binh".

Qué trinh chung c4t duoc thuc hién & cdc mirc nhiét d6 ma c6 thé thu hdi co
chon loc cé4c axit cacboxylic ctia qua trinh chung cét khi diém so6i thip hon diém soi
cta dung moi.

Céc axit cacboxylic va nude tir qua trinh phan tach dugc thu hdi, vao gia doan
cudi ctia qua trinh chung cét, & dinh ctia cft 6. Dong ndy, theo mui tén 7, dugc lam

lanh va dén dén binh ling 8.

Dung méi, ma duoc thu & phén day cua cdt 6, ndng hon céc axit cacboxylic
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dugc phan tach. Dung moi duoc din trd lai, theo miii tén 9, dén cot phén tach 2. Do
dd, dung mdi duogc tai st dung, trong khi giam tb1 thiéu su hao hut va 1am giéi han cac
diéu kién d6i v6i viéc nap bén ngoai clia cac dung mdi ndi sinh.

O cubi qua trinh ling, pha nuéc dugc thu va dan tro lai, theo mili tén 10, dén

cdt phén tach 2.

Do d6, cac axit cacboxylic thay thé ctia pha hitu co duge thu hdi & phan day
cta binh ling 8 12 hdn hop cua céc axit cacboxylic khac nhau va, c6 thé c6 nudce theo
ti 18, trong mdt s6 trudong hop, can xir Iy bd sung. Néi cach khéc, ngoai trir cdc thiét bi
16n nhu céc thiét bi trong cac nha may loc dau cong nghiép, cin phai tinh todn dé tbi
uu hoa ti 1€ hi¢u qué/chi phi, dé thuc hién, nhu duoc minh hoa trong Fig.1 d6i voi qué
trinh chung cét bd sung. Vi diéu nay, cc axit cacboxylic dugc din, theo miii tén 11
dén cot chung cAt thtr hai 12. Do d6, dung dich vé co ban chi chira pha hitu co duoc

nap vao trong cdt chung cit 12.

Vao cudi qué trinh chung cat thit 2, c4c axit cacboxylic duge thu & phan day
ctia ¢dt 12, cac diém s6i cao hon diém s6i ctia nudce, va theo mili tén 13, dan di dén bo
phan thu hdi va luu trit 14. T6t hon 13, khi ¢6 hai b phan chung cat, c6 wu diém c6 thé
thdy chi cAn it nhat 1a mot bo phan lam ling. Nhur 1a mot bién thé, it nht 1a mot phan
cua cac axit cacboxylic dugc thu hdi, tinh sach hoic 12 hdn hop duoc dan truc tiép dén
b phan c6 thé tdng hop cac phan tir cudi cling. Tét hon 13, nudce duge thu héi vao
cudi qué trinh chung chét thir hai theo mdi tén 15, din dén cot phan tach 2. Hon nita,
nhu trong phuong 4n minh hoa trong Fig.1, dbi v&i cac axit cacboxylic chua dugc tinh
sach, c6 thé hinh dung ra quy trinh phéan tach khac, bing cdc phuong thirc bao gOm it
nhét 14 mot qué trinh chung cét, & thu cac san phim tinh khiét, hodc c4c san pham it
nhét 13 c6 thé sit dung dugc. Do d6, véi mdi qua trinh chung cit lién tuc, mdi axit ¢o
thé dugc phan tach. C6 thé thuc hién cac qué trinh chung c4t khac nhau nay trong bo
phén chung cit don, duoc dua ra & phén sau c6 du thiét ké va kich thude. Thuc té,

thuong lién quan dén céc cot chung cét c6 trong cac dang thiét bi loc dau céng nghiép.

Tét hon 13, theo céc diéu kién chung cét, c6 thé thdy ring it nhat 1a mot bo trao
dbi nhiét 16 dé 1am mét dung modi. Tt hon 13, nhiét thu hdi duge sir dung dé lam néng

s0 bd dung méi dan 1én phén dinh ctia cot phén tach, trude khi duge dan vao trong cot
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chung cét 6. Theo cach nay, c6 thé giam dang k& ning lwong tiéu thu can thiét cho qué
trinh chung cét thi nhit. Cn phai hiéu ring c6 thé c6 it nhat hai bo chuyén ddi trong

cac dong nhiét khac nhau nay, hodc chi can mét b chuyen doi nhiét.

Theo phuong an khéc, s6 luong va/hoic cac kich thude ciia cac bd phén khac

nhau 12 khéc nhau. Cu thé, c6 thé c6 mét sé thiét bi dugc ldp dit song song.

Ngoai ra, ngudi ¢6 hiéu biét trung binh trong linh vyc k¥ thuat ndy ciing da biét
dén cac bo phan diéu khién va an toan thuong dugc st dung trong cdc nha may phan

tach va/hodc chung cit.

Céc thi nghiém di duoc thuc hién boi chi don theo cdc phuong 4n khéac nhau,

trong trudong hop phén tach cac axit cacboxylic.
Thi nghiém 1: Qua trinh phan tdch bing axit heptanoic.

Céc axit cacboxylic sinh ra trong qué trinh 1én men duoc thuc hién trong co
chit chira cac phan chat thai sinh hoat ¢6 thé 1én men & ndng d6 50 g/l cua chét kho
(dry matter: DM). 50 ml mdi trudng, do d6 pha léng duge thu hdi. P6 pH ctia miu ndy
12 4,3. 50 ml modi trudong nay sau d6 dugc phan tach bang axit heptanoic v6i ti 1€ thé

tich 1a 1:1. Hiéu suit qua trinh phan tach thu dugc 1a 37%.

Chu don luu v ring, trong cac diéu kién thi nghiém giéng nhau, thu dugc hig¢u

suét gidng nhau khi thay thé axit heptanoic bing axit octanoic.

Céc thi nghiém lén men so sédnh cling dugc chu don thuc hién, theo cac phuong
4n khac nhau, dé danh gid hiéu qua ctia qua trinh phén tach cac dung moi hién tai trong

mdi trudong 1én men theo hi€u sudt qua trinh 1€n men.

Thi nghiém 2: So sanh c4c qua trinh 1én men khi c6 mét hodc véng mit clia axit

heptanoic.

Hai qua trinh 1én men cta bé/u co theo phuong thirc chua duge vo khuan, &
ndng d6 12 25 g/l ctia chit kho, trong binh phan tmg sinh hoc ky khi ¢6 thé tich hoat
dong 1a 2L, hoat dong & nhiét do trung binh (38°C), duoc thuc hién song song trong
160 gid. Trong thi nghiém thtr nhét, sau khi & 4&m hdn hop vi khuén ky khi t6i wu, thuc
hién bd sung axit heptanoic ban dau voi luong 14 2,8 g/l. Sw c6 mit clia axit heptanoic

c6 thé hidu ring ban chat twong thich sinh hoc clia qué trinh phan tach duge thyc hién
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theo dang ctia dung mdi nay. Thuc vy, mdi truong nudi cly sau qua trinh phan tach
duoc nap trd lai vao trong binh phan Umg sinh hoc va cé thé chua diu vét ctia dung
mdi phan tach dén luong ngudng c6 thé hoa tan. Qua trinh 1én men, ma thyc té 1a nuoi
chy d6i chimg, duoc thuc hién song song trong céc diéu kién twong tw ngoai trir viéc

bd sung axit heptanoic.

Trong subt qué trinh 1én men, thuc hién viéc gidm st chét chuyén héa cia pha
16ng va pha khi. Vao cubi qué trinh 1én men, higu suét thu duoc lién quan dén ning
suAt cia c4c axit béo d& bay hoi 13 0,33 g clia VFG/g clia chit kho trong truong hop
ca thi nghiém b sung axit heptanoic, va 0,39 g ctia VFA/g ctia chat kh clia qua trinh
1&n men cta déi chimg. Do d6, cAn phai luu ¥ ring su c6 mit clia dung méi cam (mg
c6 tac dong tiéu cuc rat nho, khoang 15%, ddi voi ning sudt clia cac axit beo d& bay
hoi, trong khi ddng thoi duy tri higu suét trén 30%, ma trong chinh né cing véi gié tri

c6 thé chép nhén theo hiéu suit.

Su c6 mit cta axit heptanoic trong binh phan tng sinh hoc tao ra trang thai trao
d6i gibng nhau nhu 13 qu4 trinh tich ty lién tuc cua céc axit béo dé bay hoi trong mdi
trudong 1én men. Giam ndng d§ ban déu cua axit cacboxylic hodc chon axit cacboxylic
lam dung méi c6 db tan thdp hon do tan cla axit cacboxylic trong méi truong nudi cy
s& ¢6 thd dat duoc cac hibu suit béng v6i hiéu suét thu duogc trong moi trudong dbi

ching.
Dé chuin dung dich nay, cht don thyc hién céc thi nghiép sau.
Thi nghiém 3: So sanh qua trinh 1én men khi ¢6 mat hodc Véng mit cua axit octanoic.

Thi nghiém 2 dugc tai thuc hién véi cac didu kién nudi cdy gidng trude, nhung
st dung 50 g/l ctia chit kho clia chit thai phuc héi va trude thoi diém nay so véi cac
hiéu suét bd sung ban dau 1a 0,7 g/l cta axit octanoic so voi thi nghiém lén men dbi

chimg ma khong chira bt ky axit octanoic.

Vao cudi qué trinh 1én men, hi¢u sudt 0,3 g ctia VFA/g cla chit kho thu duge
trong trudng hop cia mdi trudng cb axit octanoic, va 0,31g cua VFA/g cua chét kho

lién quan dén moi trudng doi chimg.

Do d6, cac hiéu suat 1a twong duong va nguoi ta két ludn rang su c6 mdt cua
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axit octanoic, & do hoa tan toi da cta nd, khong lam gian doan qua trinh 1€n men.

Viéc thuc hién ctia chinh qué trinh nay lién quan khong chi c¢é trong cac thiét bi
bao gdm it nhat 12 mot binh phan tmg 1én men 1 ma con ca sy ¢6 mit cta it nhit 14 mot
cdt phan tach 2, va it nhét 12 mét, tot hon 14 hai, cot chung cAt 6 va 12, va cdn ¢6 it
nhit 13 mot binh ing 8 va, theo phuong 4n wu tién, it nhit 1 mot bg trao ddi nhiét 16
Céc bd phan nay da dugc biét dén trong linh vuc k§ thuét trude, cac thanh phan va

kich thu6c ciia ching duoc diéu chinh theo dang san xuét.

T6t hon 1a thiét bi nay con bao gém it nhat 13 mot bd phan dé luu trit cac san
phdm sinh ra trong qua trinh phan tach. Cac phwong thirc quan ly va kiém soét, nhu
cdc cam bién nhiét do, dau do pH va/hoac dau do qué trinh oxy hoa-khtr. Ngoai ra,
hoat ddng ctia cac vi sinh vat dugce giam sat biang cdc phuwong thirc theo cic phung
phép da biét, vi du, bing cach gidm sat phan tich nang suit ctia khi va cac chat chuyén
hoa 16ng, dém bing phan tich va do dac t& bao theo dong chay, cac k§ thuat sinh hoc
phan t&r nhu ddu phan tir hodc chip sinh hoc.
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YEU CAU BAO HO
1. Phuong phap phan tach truc tiép cic axit cacboxylic ¢6 tir 1 dén 9 nguyén tir
cacbon, dugc tao ra badi hdn hop cac vi sinh vat nhin so va nhan thuc trong binh phan
g 1én men bang qu4 trinh 1én men ky khi tir sinh khdi c6 thé 1én men chua dugc xtr
ly, qua trinh phéan tach nay cé dang long-1ong, ma khong lam gidm dang ké pH cia

mdi trudng 1én men, phuong phap ndy bao gdbm cac budc sau:

a) bit dau qué trinh phan tach khi sy san sinh ctia céc axit cacboxylic ¢6 tir 1
dén 9 nguyén tir cacbon dat dén luong dinh trudc trong binh phan g 1én men, lugng
dinh trudc nay twong Umg véi su suy giam sinh trudng cua céc vi sinh vat nhan so va
nhan thyc trong binh phan Ung 1&€n men, su suy gidm sinh truéng nay nim & ving

ngudng ¢ ché vi sinh vat lién quan dén qud trinh axit héa clia moi truong 1én men,

b) chon dung méi phan tach noi sinh trong s cac axit cacboxylic c6 it nhét 4
nguyén tir cacbon sinh ra trong qua trinh 1én men ky khi, sao cho sé lugng cacbon ctia
dung moéi phan tach ndi sinh 1én hon hodc béng sb luong cacbon cua céc axit
cacboxylic dugc phén tach, trong d6 dung mdi phéan tach ndi sinh ¢ ty trong thdp hon

ty trong cua nude va diém sobi 13 trén 70°C trong cac diéu kién 4p sut thong thuodng,

¢) cho dung méi phan tich ndi sinh tiép xtc v6i mot phan moi trudong 1én
men tir binh phén tmg 1én men chita it nht cAc axit cacboxylic c6 tir 1 dén 9 nguyén
tlr cacbon bén ngoai binh phan tng 1én men, ma khong lam gidn doan qué trinh lén

men bén trong binh phan Umg [én men,

d) phan tach tryc tiép c4c axit cacboxylic c6 tir 1 dén 9 nguyén tr cacbon tir
mdi trudong 1én men thong qua su tiép xtic véi dung mdi phan téch ndi sinh trong cac
diéu kién khong gy chét ddi vi cac vi sinh vat nhan so va nhan thuye,

¢) phin tach cac axit cacboxylic c6 tir 1 dén 9 nguyén tir cacbon tlr dung moi
phéan tach ndi sinh, thu dugc sau khi phéan tach dang l6ng-long & budc d), thong qua it
nhit mot qué trinh chung cét,

f) thu va luu trit hodc st dung céc axit cacboxylic cé tur 1 dén 9 nguyén tir
cacbon thu dugc trong budc ), trong d6 viéc phan tich truc tiép céc axit cacboxylic

trong bude d) 1am gidm qua trinh axit héa ciia méi truong lén men trong qud trinh 1€n
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men ky khi, gitip duy tri hoat ddng ctia cac vi sinh vat nhan so va nhan thyuc trong binh

phan tmg 1én men @ tiép tuc qua trinh 1én men ky khi.

2. Phuong phép theo diém 1, trong do6, sau budc e) va trudc bude f), céc axit
cacboxylic duoc phén tach bang qué trinh chung cét trong budc bb sung g), tir nude

cua pha hitu co thu dugc trong budc e).

3. Phuong phap theo diém 1, trong d6 dung moi phéan tach 14 axit cacboxylic c6 tir 4

dén 9 nguyén tir cacbon

4. Phuong phap theo diém 3, trong d6 dung moi phéan tach 14 axit cacboxylic ¢6 tir 7

dén 8 nguyén tir cacbon.

5. Phuong phép theo diém 1, trong d6 dung mdi phan tdch dugc chon tir axit

heptanoic, axit octanoic hodc axit nonanoic

6. Phuong phap theo diém 1, trong d6 budc gan loc h), gifta bude €) va bude f), cho

phép su phén tach thir nhat gitr pha hitu co va pha nuéc.

7. Phuong phép theo diém 1, trong d6, trong qua trinh cho mdi trudng 1én men tiép
xuc v6i dung moi phan tdch bén ngoai binh phan tmg, mdi truong lién men duoc thuc
hién lién tuc.

8. Phuong phép theo diém 1, trong d6, trong qua trinh cho mdi trudong 1én men tiép
xuc véi dung moi phéan tach bén ngoai binh phan ng, mdi truong lién men duoc thuc
hién tun t.

9. Phuong phap theo diém 1, trong d6, sau budc e), it nhit m6t phan cta pha long con
lai tir qua trinh phén tach, chira cdc vi sinh vat hoat dong, duwoc dua trd lai vao trong
binh phan Gng 1én men va két hop vao trong moi trudng 1én men ma khong lam giam

dang ké pH ctia mdi trudng 1én men.
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