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Linh vwe k¥ thuat dwoe dé cap

Sang ché lién quan dén 1inh vuc 1én men ri mat dudng mia va cac nguyén liéu
ngil cdc chira tinh bot, cu thé hon sang ché dé cap dén quy trinh sén xuét sinh khéi
protein nim men tr ri mat dudng mia va nguyén li¢u ngil cdc chira tinh bot bang
ching ndm men. Sin phim protein nim men theo sang ché hitu dung lam chat bd
sung trong thtrc &n chdn nuoi.
Tinh trang ky thuit cua sang ché

Theo béo cdo cong bd ngay 03/5/2011 cua Lién Hop Qudc, dan sé thé gisi
hién nay xap xi 7 ty nguoi, du kién nam 2050 s& dat khoang 9,3 ty va con sd nay sé&
& mirc 10,1 ty ngudi ndm 2100, nhan loai dang dung trude nguy co thiéu luong thuc
nghiém trong. Bang 1 dudi day thé hién lugng tiéu thu thit, sita va trimg cta cac
nude trén thé gidi wdce tinh vao nam 2030.
Bang 1. Uéc tinh lugng tiéu thu thit sira, trimg cua cac nuéc trén thé gidi nam 2030

(kg/nguoi)

1997/99 2030

Thit Stta Tring | Thit Stra Trimg

Thé gi6i 36,0 78,0 8,7 45,0 90,0 10,8

Cac nudc dang phat
) 2,5 45,0 6,5 37,0 66,0 8.9
trién

Céac nudc cong nghiép | 88,0 212,0 13,5 100,0 |221,0 13,8
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Kém theo nhitng nd luc dé san xuét lvong thuec, thé gidi dang phai dbi mat
v6i nhitng vin dé& moi trudng nghiém trong nhu sy nong 1én toan cAu, phat thai khi
nha kinh, tiéu thu nhiéu nuéce dy trit, mit da dang sinh hoc va 0 nhiém song hd do
nude chay. Nong nghiép va chin nudi dugce bdo cdo 1a nhitng nguyén nhan chinh
gy 6 nhiém moi trudong, lugng chét thai tir nong nghiép va chin nudi thdm chi con
nhiéu hon cac nha may va 6 to cong lai. Theo David Tilman, viéc ting gp doi san
lugng lwong thuc nong nghiép trong vong 35 ndm (tr 1961-1996) di lién véi viéc
ting lugng nito tiéu thu 1én 6,87 l4n, tang luong phospho tiéu thu 1én 3,48 l4n, ting
lwgng nude tudi 1én 1,68 1an va dién tich dat trdng trot 1én 1,1 lan. Dya vao xu thé
mo rong theo tuyén tinh don gian cla cdc xu hudng cii cac nha khoa hoc du doan
rang: néu san lugng lvong thuc toan cau ting gip dbi thi nhu cAu nito va phospho s&
tang khoang 3 lan, dién tich dAt can duge tudi tiéu ting gap ddi, va dién tich dat
trdng trot tang 18%. Diéu nay sé& co tac dong 16n dén su da dang, thanh phan va chic
ning ciia cc hé sinh thai tw nhién con lai cta thé gi6i. Céc tac dong 16n nhét lam
khan hiém nuéc ngot va anh huéng dén hé sinh thai bién s& dan dén nhiéu tham hoa
cho con ngudi trong twong lai (xem tai liéu "Global environmental impacts of
agricultural expansion: The need for sustainable and efficient practices”, cua Tilman,
David, Proceedings of the National Academy of Sciences 96 (11): 5995-6000, cong
bd ngay 25/05/1999). Theo Vermeulen et al., trong ndm 2008, hé thdng san xuat
ndng nghi¢p cung cAp luong thuc va thuc phim cho con ngudi dong gop 19% - 29%
ctia khi thai nha kinh (GHG) trén toan cAu, thai ra 9.800 - 16.900 triéu tAn duong

luong cacbon dioxit (MtCOzeq) (xem "Climate Change and Food Systems", Annual
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Review of Environment and Resources 37 (1): 195-222, Vermeulen ef al., cong b
ngay 01/01/2012). Nong nghi€p cung cip luong thuc va thuc phim cho con ngudi,
nhung lai tiéu thy mot khéi lugng 16n nudc ngot, st dung nhiéu dit, tan phé da dang
sinh hoc, suy thodi mdi trudong va gop phin thay ddi khi hau do khi thai (mot phan
ba cua tit ca cac loai khi nha kinh). Theo d6, v6i nhu cAu vé luong thuc ngay cang
tang theo cap s6 nhéan nay, mot nhu cAu dat ra d6i voi con ngudi 1a can thay ddi mo
hinh luong thuc va kem theo bao vé moi truong.

MOt trong nhitng giai phap nhim giam thiéu tic dong dén méi truong duge
nganh céng nghé sinh hoc dua ra 1a sir dung vi sinh vt trong cac quy trinh san Xuét,
tan dung nguyén liéu ré tién hodc chit thai cong nghiép lam co chét dé cac vi sinh
vat dugc chon loc nay tong hop cac hop chit méi co gia tri thuong mai, vi du qua
trinh san xuét protein tir sinh vét don bao (single cell protein -SCP). Bén canh nhitng
hop chét thu duge dudi dang sén phim cubi hodc san pham trung gian cua hoat dong
trao dbi chat cta vi sinh vat duoc tiét ra ngoai moi truong hodc duoc chiét xuit cong
nghiép tu té bao nay (vi du, metanol, metan, etanol, vitamin B, axit lactic va axit
glutamic, carotenoit, xylitol, v.v.), sinh khdi vi sinh vat ciing ¢6 thé trs thanh ngudn
thuc pham giau protein. Theo dinh nghia ciia Huang va Kinsella, protein tr sinh vt
don bao (SCP) xuét phat tlir cac vi sinh vat don bao nhu tio don bao, ndm men
(Candida, Saccharomyces, v.V.), nam soi (Trichoderma, Fusarium, Rhizopus, V.V.),
vi khuan (Cellulomonas, Alcaligenes, v.v.) 1én men co chat nhat dinh dé tao ra céc
thuc phdm chitc nang, san phdm sinh hoc c6 gia tri (xem “Functional properties of

phosphorylated yeast protein: solubility, water-holding capacity, and viscosity”,
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Huang va Kinsella, J. Agric. Food Chem., 344: 670-674, cong bd ngay 01/07/1986)
nhu cac san pham gidu protein, vitamin, cac axit amin thiét yéu va lipit véi ham
lugng cao. Ngudn protein nay c6 kha ning thay thé protein truyén théng vbn hap thu
cham, ham lugng axit amin khong can dbi va ham lugng axit nucleic cao. Cac giai
doan cta quy trinh san xuat SCP dién hinh bao gdm chuin bi nguyén liéu thd, 1én
men, thu sinh khéi, pha v té bao va lam kho.

DPé san xuit protein tir cac ngudn cacbon hydrat, vi sinh vét, cu thé 12 ndm
men phai dap Gng céc tiéu chudn gébm: C6 kha ning ddng hoa nhiéu ngudn cacbon
khac nhau, nhét 1a cac loai pentoza (xiloza, arabinoza) va cic axit hitu co; ¢o thé
phat trién tt trén moi trudng c6 ndng dd chét khtr (ndng dd duodng) cao; c6 kha
nang phat trién nhanh, c6 sirc d& khang cao d6i v6i ndng do6 CO»; san lugng cao,
sinh khéi chtra nhidu chét dinh dudng c6 gia tri (ham lugng protein cao, ¢b nhiéu
axit amin khong thay thé, vitamin, v.v.); kich thudc té bao tuong dbi 16n dé dé tach
bang céach ly 1am; chiu dugc nhiét d twong dbi cao, it lam bién d6i pH mdi truong.
Trong san xuét sinh khéi protein, cac chung thudc bbn gibng gdbm Saccharmyces,
Candida, Kluyveromyces va Torulopsis thuong duoc su dung do kha nang chuyén
hoa ctia bén giéng nay rt cao, da dang va quy trinh tao ra sinh khéi ciling twong ddi
don gian.

Tuy nhién, cac san pham sinh khéi protein theo quy trinh SCP gép mot s& van
d& nhu sau: vi sinh vat ¢6 tdc do sinh truéng, phat trién nhanh nén chtra ndng do axit
nucleic, dic biét 1a ARN ngoai lai cao. Lugng ARN cao nay din dén nhu cau loai
b6t axit nucleic ngoai lai nay trong thuc pham danh cho con nguoi. Ngoai ra, lugng
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tiéu thu phai dugc giéi han trong ché do an 1a dudi 50g mdi ngay. Néu qua lugng
néu trén s& dan dén ndéng do axit uric trong huyét twong ting cao, ma co thé gay ra
bénh gut va séi than (do nucleotit khi vao trong éng tiéu hoa cua dong vét bi phan
giai thanh cdc nhom purin va pyrimidin, tao ra axit uric). Tuong tu nhu té bao thuc
vat, té bao ctia mot sb vi sinh vt nhu tdo va nidm men c6 chtra cac thanh phén khong
tiéu hoa duge, chiang han nhu xenluloza. Nhu véy, quy trinh can bao gdm thém budc
phéa v& véach xenluloza dé giai phong bao chit bén trong céc té bao thi con ngudi va
dong vat méi co thé tiéu hoa dé dang duge. Mot sb san phém tir SCP con ¢6 mui vi
khé chiu. Tuy thudc vao cdc chung loai SCP va moi truong nubi cdy, viéc nudi
dudng phai hét stic cAn than, tranh céc 1ay nhiém bdi cac vi sinh vat khac 1a nguyén
nhén san sinh ra mot sb doc t6 nhu mycotoxin hodc xyanotoxin. Mot $6 nAm men va
nim soi ding dé san xuét protein chita ham luwgng methionin thap.

Kluyveromyces marxianus 13 mot trong nhiing chung ndm men thuong dugc
str dung dé san Xudt protein sinh khéi ndm men. K. marxianus c6 toc do ting truong
cao, ¢ thé 1én t6i 100 lan trong 16 gid, tir 0,7g/1 1én t6i 70g/L (xem tai liéu cua
Erika Durdio Vieira ef al., “Yeast biomass production: A new approach in glucoza-
limited feeding strategy”, Brazilian Journal of Microbiology 44, 2, 551-558 (2013)).
Trong mot béo cdo khac, Christian Loser ef al. da nghién cru kha nang ting sinh
khéi té bao cua chung K. marxianus trén moi truong dam whey thai tir nha may ché
bién sita, st dung Kluyveromyces marxianus DSM 5422 dé 1én men, cung véi viée
bd sung ngudn nito vo co (uré, amoni sulfat), tao ra 82¢g/L sinh khéi. Ngoai ra, nhu

da duoc biét dén rong rdi trong linh vuc, do chung K. marxianus c6 kha nang tao
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etanol thap hon cac ching ndm men khac va dong thoi st dung nhiéu ngudn cacbon,
ngudn nito vo co (chét thai du thira trong ndng nghiép, cong nghiép) gop phén lam
giam 6 nhiém moi trudng, tai tao nguyén ligu chét thai nén chiing nay dugc st dung
phé bién trong linh vuc san xuét sinh khdi. Kluyveromyces marxianus c6 thé phat
trién & nhiét d0 47°C, tham chi la 52°C (theo Banat et al., “Isolation of
thermotolerant, fermentative yeasts growing at 52°C and producing ethanol at 45°C
and 50°C”, World Journal of Microbiology and Biotechnology. 8(3): céc trang 259-
263, 1992) va san sinh etanol & nhiét do cao trén 40°C (theo Fonseca et al., 2008).
Hon nita, K. marxianus con c6 thuan lgi la tdc do phat trién nhanh va kha ning su
dung rong rai cac co chét trong cong nghi¢p nhu dudng mia, bép, nudce trai cay, ri
duong, v.v. (theo Nonklang et al., “High-temperature ethanol fermentation and
transformation with linear DNA in the thermotolerant yeast Kluyveromyces
marxianus DMKU3-1042”, Applied and Environmental Microbiology. 74(24): trang
7514-752, 2008). Theo Limtong, ching nidm men K. marxianus DMKU 3-1042
dugc phan lap tu d4t trong mia c6 kha nang lén men va chiu nhiét dén 45°C (theo
Limtong et al., “Production of fuel ethanol at high temperature from sugar cane
juice by a newly isolated Kluyveromyces marxianus”, Bioresources Technology.
98(17): trang 336-337, 2007) va dugc st dung trong nhiéu nghién ctu vé su anh
hudng ctia nhiét d 1én kha nang lén men cua nam ca vé co ché sinh héa va sinh hoc
phén tr. Do kha ndng st dung ddng thoi lactoza va glucoza cua K. marxianus, ty 18
phd bién cua K. marxianus trong cac moi truong cdng nghiép cao vi n6 lam giam

thoi gian san xuat va ting nang suat.
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P4 c6 mot sd nghién ctru duge dua ra nhim lam ting hiéu qua san xuét sinh
khdi cia vi sinh vat, vi du nhu quy trinh san xuét theo mé (batch va quy trinh lién
tuc (continuous). Tuy nhién, nhirng giai phap nay c6 nhing han ché nhét dinh. Quy
trinh san xuit sinh khdi theo mé dan dén hién tugng tich tu cac phu phém trong moi
trudng san xuat, theo do, c6 thé anh huéng nghiém trong dén hiéu suét sinh khoi.
Quy trinh lién tuc dua ddu dan luong sinh khdi duge tao ra khoi bé phan tmg. Tuy
nhién, quy trinh nay doi héi buéc phén tach sinh khéi ngay tai bé phan tmg dé c6
dugc chat luong sinh khéi mong muén. Quy trinh cung cip co chét theo mé (fed-
batch) duge dé xuit nhdm giam thiéu phu phim va khong doi hoi budc tach sinh
khéi lién tuc trong qud trinh san xuét. Tuy nhién, quy trinh san xuét sinh khdi 4p
dung cung cap theo mé doi hoi viée kidm soat ndng do co chit va cac thanh phan
trong moi truong. Néu cung cép qua nhiéu thanh phan dinh dudng vao méi truong,
¢6 thé dan dén hién twong tich tu phu phim anh huéng dén chét lugng sinh khéi va
nguoc lai néu qua it s€ dAn dén hién tuong han ché luong sinh khdi tao thanh.

Mot trong nhitng han ché khéac cta quy trinh san xuét protein sinh khéi ndm
men trén quy md cong nghiép sir dung Kluyveromyces maxianus hién c¢6 1a chi phi
san xuét cao va khi van hanh trén quy md cong nghiép, khong thé dam bao viéc tiét
trung cho cac thiét bi nudi, mdi truong nudi cdy, nén c6 cac chung tap nhidm c6 thé
gay tc ché sy phat trién ctia ching vi sinh nudi ciy. Do do, tdn tai nhu cau dbi voi
quy trinh san xuét sinh khéi protein tir ching ndm men Kluyveromyces maxianus cai
tién giai quyét dugc cac vén dé néu trén.

Do d6, ton tai nhu cau ddi véi quy trinh san xuét protein nim men tr ching
ndm men Kluyveromyces maxianus cai tién giai quyét dugc cac vén dé néu trén.

Ban chit ky thuit cia sing ché
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Muc dich ciia sang ché 1a dé xuét quy trinh sdn xuét protein nAm men tur
ching ndm men Kluyveromyces maxianus quy md cong nghiép, td1 wu hoa duoc
lugng oxy va thanh phan moi trudng dugc st dung, va duy tri cdc tri 36 t6i wu nay
trong sudt nham ning cao hiéu sut va chit luong cuia sinh khéi protein.

Quy trinh theo sang ché bao gdbm cac budc:

(i) dich hoa nguyén li€u ngi cbc chira tinh bdt bing cach st dung enzym o-
amylaza:

(i) duong hoa dung dich thu dugc sau dich hoa bang cach st dung enzym a-
glucoamylaza dé thu duoc duong glucoza:

(iii) san xuat sinh khdi protein bing ching ndm men Kluyveromyces maxianus St
dung duong glucoza dugc san xuét trong bude (i) va ri mét, trong do:

nhén giéng ching ndm men Kluyveromyces maxianus dé thu duogc dung dich
gidng nudi céy té bao nAm men;

1én men trén quy md cdng nghiép qua bay cip 1én men st dung modi trudng
chira co chit bao gdm dudng glucoza dugc san xuét & budce (ii) két hop véi ri mat.
M3 ta chi tiét sang ché

Sau déy, sang ché s& dugc mod t& mot cach chi tiét thong qua phuong an cu
thé duogc uu tién theo sang ché chi v6i muc dich minh hoa cho séng ché. Theo do,
nguodi trong linh vyue k¥ thuat d& dang hiéu ring sang ché khong bi gidi han boi céc
phuong an cu thé nay.

RO rang la, nguoi co hiéu biét trung binh trong linh vuc k¥ thuat tuong ng,
dua trén phén mo ta nay, co thé thuc hién céc bién dbi va/hodc cai bién ma khong
ndm ngoai pham vi cla sang ché.

Trong ban mo ta ndy, thuat ngir “khoang” ding trude cac gia tri s6 bao gdbm

chinh gié tri s& d6 cling nhu gié tri $6 nam trong pham vi -20% dén +20%, tét hon
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14 -15% dén +15%, tbt hon nita 1a -10% dén +10%, va tot nhat 1a -5% dén +5% ciia
gié tri s6 d6. Vi dy, “pH khoang 5,57 thi can hidu rang pH nay t6t nhét 13 ¢6 gia tri
bang 5,5, tuy nhién céc gié tri nam trong khoang 4,4 dén 6,6 ciing déu c6 thé dugc
st dung.

Theo mo{t phuong 4n, sang ché d& cap dén quy trinh san xuit sinh khdi
protein nAm men tir nguyén liéu ngil cbc chira tinh bot va ri mat duong bing ching
ndm men Kluyveromyces maxianus bao gbm céc budc:

(1) dich hoa nguyén li€u ngi cbc bang cach sir dung enzym o-amylaza:

nguyén liéu ngii cde duoce lam sach va nghién, trong d6 ty 1€ ham luong chét
kho cta nguyén liéu ngii cbc nam trong khoang tir 20 dén 25%;

dich hoa nguyén liéu ngii cdc & nhiét do 85°C, va pH 4,5 bz“mg cach str dung
enzym o-amylaza trong thoi gian 2 gio, lugng enzym a-amylaza bd sung trong qué
trinh dich héa so v6i ham lugng tinh bot trong nguyén liu ngi cbe tir 0,01 dén
0,03%, tt hon 1a 0,02%;

(ii) duong hoa dung dich thu dugc sau dich hoa bang cach st dung enzym o-
glucoamylaza dé thu duoc duong glucoza:

sau khi dich hoa, ha nhiét do xuéng dén nhiét do 65°C va diéu chinh pH vé
3,3, bd sung enzym a-glucoamylaza dé thu dugc glucoza; phan tach ra khoi can va
luu trit dudng glucoza thu dugc; va
(iii) san xuét sinh khéi protein bang chfing ndm men Kluyveromyces maxianus St
dung duong glucoza dugce san xuét trong buédc (i) va ri mét, trong do:

nhan giéng 1mL ching ndm men Kluyveromyces maxianus trong moi truong
YPG (yeast-peptone-glucoza) bao gbm 10g/L phan chiét ndm men, 20g/L pepton va

20g/L glucoza, & nhiét do khoang 30°C va pH la khoang 5,5 qua ba 1an ciy chuyén
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d& thu dugc twong tmg 1a 100mL, 250mL va 3L dung dich gidng nudi cdy té bao
nim men c¢6 mat do khoang 108 té bao/mL;

1én men trén quy mo cdng nghiép qua bay cAp 1én men st dung mdi trudng
chita co chit bao gdbm dudng glucoza dugc san xult & bude (i) két hop voi ri mat
theo ty 1& 50/50 tinh theo ham lugng dudng, tong ham lugng dudng (glucoza va ri
mat) lan luot 1a 70g/L, 78g/L, 78g/L, 120g/L, 140g/L, 160g/L va 160g/L, lugng
khoang bd sung dugc dinh lugng theo ham lugng thyc té co trong mdi trudng lén
men gdm: (NH4)2SOs4 & lugng khoang 20%; CaCl.2HO ¢ luong khoang 1,81%;
MgClo.6H20 & lugng khoang 2,32%; KH2PO4 (98%) & luong khoang 3,45% & mdi
cAp 1én men, céc didu kién 1én men dugc duy tri & nhiét do khoing 30°C, pH la
khoang 5,5, diéu kién hiéu khi v6i lugng cung cip oxy 1m’ khong khi/m’ moi
truong 1én men/phit, trong do:

cap 1én men 1: bd sung mdi trudng méi vao 3L dung dich gidng nudi chy té

bao ndm men thu dugc tir bude nhan gibng dén thé tich 30L, 1én men cip 1

va két thuc cp 1én men 1 khi ham lugng dudng trong dung dich 1én men

giam xubng con khoang 20g/L, thu dugc 30L dich 1én men cip 1,

cap 1én men 2: bd sung moi truong méi vao 30L dich 1én men cép 1 dén thé

tich 300L, 1én men cap 2 va két thic cip 1én men 2 khi ham luong dudng

trong dung dich 1én men giam xubng con khoang 20g/L, thu dugc 300L dich

1én men cép 2,

cép 1én men 3: bd sung mdi truong méi vao 300L dich 1€n men cép 2 dén thé

tich 1500L, 1én men cép 3 va két thic cdp 1én men 3 khi ham lugng dudng

trong dung dich 1én men giam xubng con khoang 20g/L, thu duge 1500L dich

1én men cap 3,
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cap 1én men 4: bd sung mdi trudng méi vao 1500L dich 1én men cép 3 dén
thé tich 7500L, 1&n men cdp 4 va két thic cip 1én men 4 khi ham luong
dudng trong dung dich 1én men giam xubng con khoang 20g/L, thu dugc
7500L dich 1én men cip 4,
cap 1én men 5: bd sung moi trudng moi vao 7500L dich 1én men cip 4 dén
thé tich 15000L, 1én men cép 5 va két thuc cip 1én men 5 khi ham luong
duong trong dung dich 1én men giam xubng con khoang 20g/L, thu dugc
15000L dich 1én men cAp 5, rut 87,5% dung dich 1én men cép 5 ra khéi bon
1én men va chuyén sang bon chira dung dich 1én men thanh phém,
cép 1én men 6: bd sung thém mai trudng 1én men méi dén thé tich 7500L, 1én
men cép 6 va két thuc cép 1én men 6 khi ham luong dudng trong dung dich
1én men giam xubng con khoang 20g/L, thu dugc 7500L dich 1én men cap 6,
cap 1én men 7: bd sung mdi trudng mdi vao 7500L dich 1én men cép 6 dén
thé tich 15000L, 1én men cdp 7 va két thuc cdp 1én men 7 khi ham lugng
duong trong dung dich 1én men giam xubng con khoang 5g/L, thu duogc
15000L dich 1én men cip 7,
chuyén dich Ién men cép 7 thu dugc sang bon chira dung dich 1én men thanh
phém, ha nhiét vé 18 -22°C, séy dé thu duoc sinh khéi protein ndm men thanh phém,
trong do, cac cip 1én men 4 dén cAp 1én men 7 dugc thuc hién trén cing mot bdn 1én
men.
Cdc nguon co chét 1én men dwoc st dung trong phwong phdp san xudt protein theo
sdng ché
DPugc biét r5 béi nguoi co hiéu biét trung binh trong linh vyc, cac chung

ndm men c6 thé sir dung co chat tir nhiéu nguén nang khiac nhau bao gom ngudn
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nang lugng cao; chét thai, phu pham tir cdc qud trinh san xuét; ri mat; duong hodc
td hop ctia chiing.

Ngudn ning lugng cao nhu khi metan, metanol, C12-Cao alkan (dang sap) va
diu da duge st dung dé san xut sinh khéi protein don bao (single cell protein -
SCP) cho cac chung nam men Candida lipolytica va C. tropicalis. Tuy nhién, vi
vén d& doc tinh nén vidc san xut SCP tir ddu mo bi dimg lai, nén dén nay khong
¢6 nha may nao san xuét protein tir dau mo. Ching Methylomonas methanica st
dung metan va ngudén N (mudi nitrat, mudi amoni) lam co chét @& san xuit SCP,
cong nghé nay gap nhiéu khé khan. Ching M. methtlotrophus sit dung metanol aé
san xuat SCP cho hiéu qua hon, vi du, tai Anh, metanol co nhiéu vu thé vuot troi
hon n-parafin, metan va cac loai cacbon hydrat khéac, khong gy ra van dé vé doc
tinh.

Ngudn chédt thai tr cac qué trinh san xuat (vi du, xenluloza, lignin,
hemixenluloza, tinh bot, v.v.,) dé san xuit SCP ciing di dugc nghién ciru nhu mot
giai phap xir Iy chat thai moi truong.

Ri mat, hay con goi la ri duong, cé thanh phan dinh dudng (tinh theo %
khdi lugng): Téng lugng duong: 48 — 56, chét hitu co khac: 9 — 12, protein: 2 — 4,
K: 1,5 -5, Ca: 0,4 — 0,8, Mg: 0,06, P: 0,6 — 2 cling la mot trong nhitng nguén co
chit phd bién ctia 1én men sinh khéi nAm men. Ri mat con chira (mg/kg): Biotin
(vitamin H): 1 — 3, vitamin khéc (thiamin, riboflavin, pyridoxin, axit folic, biotin),
axit pantothenic: 15 — 55, Inositol: 2500 — 6000, va cac nguyén t6 vi luong gém Zn,
Mn, Cu, B, Co va Mo. Vitamin H (biotin) kich thich sinh truéng dbi voi phéan 16n
ndm men (White, 1954). Ri mat 1a co chét tét cho 1én men vi sinh vat dé tao ra céc
san phim c6 gié tri. Theo mot nghién ctru cua Oura, ci 100kg nguyén liéu mia

hodc cu cai duong ban dau thu duge tir 3,5 — 4,5 kg ri mat (xem tai liéu ctia Oura E
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(1983) “Biomass from Carbohydrates in Reed H-JRaG”, Biotechnology Series, 3).
Dién tich trdng mia ctia Viét Nam la 300 ngan ha, san lugng mia hang nam dat gan
20 triéu tAn, san luong duong dat 1 triéu tAn va ri mat dat tr 700 ngan dén 900
ngan tAn. NAm men st dung truc tiép ri mat dé tao sinh khéi va trao ddi chét cia
chung, khong can bit ky qua trinh thiy phan nao (do nidm men c6 thé thiy phan
dudng sucroza tao dudng glucoza va fructoza). Kluyveromyces maxianus c6 thé sir
dung truc tiép 2 loai dudng nay dé sinh trudng, phat trién, tao sinh khdi trong diéu
kién c6 oxy. Bén canh d6, viéc sir dung két hop ri mat va phu phém ché bién tinh
bot ngd cho 1én men 16ng co tiép co chit va tbi vu méi trudng tao da dugc sinh
khdi cao (180g sinh khdi/L).
Khodng chat cho qud trinh nudi cdy ndm men

Nito va khoang la thanh phan clia mang té bao ndm men, tham gia vao qua
trinh chuyén héa 1én men sinh khéi. Cac khoang dugc bd sung vao qué trinh 1én
men 13 cac mudi bao gdm MgSOs, MnSO4, FeSO4 va KH2PO4, CaCly, MgCla.

C& s6 dé tinh toan nhu ciu khodng dya trén thanh phan ctia sinh khdi (N: 8-
10%; P: 2- 4%; K: 2-5%; Mg: 2%; Ca: 2-3%), st dung (NH4)2504 lam ngudn cung
N; KH,PO4 98% lam ngudn cung P va K; MgCh.6H,0 lam ngudn cung Mg;
CaCly.2.H,0 1am ngudn cung Ca.

Viéc tinh toan nhu clu cac khoang trén trong sinh khéi, sau d6 quy dbi ra
ham lugng mudi, trong d6 tinh toan nhu cau lang phi cta mudi (NH4)2S04 12 10%;
KH>PO4 98% 13 0%; MgCl,.6H20 va CaCl2.2H,0 tinh bang 50% nhu cau do trong
nudce da sin co6 ham lugng Mg va Ca tuong tng 50%.

Ddi véi viéc tinh toan nhu cAu nito va mubi khoang, ¢t 100g glucoza thi s&
tao ra dugc khoang tir 33 - 51 g sinh khéi (biomass), tir cdn cit ndy cic thanh phan

mubi trén s& duoc tién hanh tinh toan theo ham lugng duong (sugar) hodc glucoza.
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Viéc tinh toan nhu ciu cic khoang trén theo sinh khéi (biomas) 1y thuyét
(mdi 100 g duong (sugar) tao ra 46 - 51g biomas, ham lugng protein trong biomass
ndm men la 54,5%), sau d6 quy dbi ra ham lugng mubi (trong d6 tinh toan nhu cau
lang phi cua mudi (NH4)2S04 132 10%; KH2POs 98% 1a 0%; MgCL.6H.O va
CaCl,.2.H,O tinh bang 50% nhu cAu do trong nudc di sdn c6 ham lugng Mg va Ca
twong ing 50%.
Oxy cho qud trinh tao sinh khéi ndm men

Trong qua trinh 1én men tao sinh khéi ctia nAm men Kluyveromyces maxianus,
didu kién hidu khi 1a yéu t6 tién quyét dé hinh thanh sinh khdi. Néu luong oxy
khong du, moi truong tré nén yém khi, Kluyveromyces maxianus 1én men tao ra
etanol va sau khi da khi oxy, vi sinh vat nay lai st dung etanol dé hinh thanh sinh
khéi. Cu thé hon, dé t6i uu thong sb nay, céac tac gia sang ché da thuc hién céc
nghién cuu dé x4c dinh nhu ciu oxy, trén co s¢ ham lugng oxy trong té bao nim
men 13 28%, oxy dugc tinh toan theo sinh khdi sau d6 can cir kha nang hoa tan
oxygen trong nuGc rdi quy dbi ra L/phut va diéu chinh tu dong trong qua trinh Ién

men va duoc thé hién cu thé trong Bang 1 dudi day.

Bang 1: Ham lugng oxy

Binh phéan
ung Nalgen
(Bioreactor)
K, luong 1€n men (L) 4 10
Ham luong duong glucoza (g/L) 200 200
K, lugng dudng/mé 1én men (g) 800 2000
San lugng sinh khéi du kién 51% so véi glucoza 408 1,020
Nhu céu oxy (L) 0,11 0,29
Tuong duong v6i khong khi (L) 0,71 1,79
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Kha nang hoa tan khong khi trong nuéce 1a 0,01% 0,01% 0,01%
Tdng lugng khong khi cép trong 10 gid 1én men (L) 7.140 17.850
Tinh cho mdi phut 1a khoang (L) 11,9 29,75

Dich hod nguén co chit

Khi dugc st dung trong ban mo ta sang ché, a-amylaza (con dugc goi la
EC3.2.1.3) duogc hiéu 1a enzym thuy phén lién két 1,4-a-glucosit trong polysacarit aé
tao ra dextrin, oligosacarit va glucoza.

Khi dugce st dung trong ban mo ta sang ché, a-glucoamylaza dugc hidu 1a
enzym thiy phan ca 1,4- va 1,6-a-glucosit tur d4u khong khir cua tinh bot, oligo- lién
quan, trong olysaccarit tao duong glucoza. Mot don vi hoat tinh cta o-glucoamylaza
dugc xac dinh 1a luong enzym can thiét dé giai phong lpmol glucoza/phut va
thuong duge st dung & lugng 0,12% so voi lugng tinh bot can duodng hoa. a-
amylaza va o-glucoamylaza déu 1a cac enzym duoc biét dén rong rai trong linh vuc
va c6 thé mua mot cach dé dang ngoai thi truong.

Khi dugc sit dung trong ban md ta sang ché, diéu chinh pH dugc hiéu 13 st
dung chét diéu chinh pH dugc chon tir nhém bao gbém dung dich H2SOs, NaOH ¢
néng do khoang 20% va td hop cua ching dé dat dugc do pH thich hop.

Téi wu diéu kién nuéi trong binh ldc dé thu dwoc dung dich giong nuoi cay té bao
nam men

Kluyveromyces maxianus dugc nudi lic trong binh tam giac trén 8 moi
truong thuong dugc st dung dé nudi cdy nim men bao gdbm YPG (yeast-peptone-
glucose), Malt extract, Sabouraud’s, YEGP, YM, YPD, YM bd sung khoang va
PDB. Tht nghiém sinh trudéng & cac nhiét dd khac nhau 20, 25, 30, 35, 40, 45 va

50°C); pH thay ddi tir 3 dén 9; ti 1& gibng cay tir 0,2 dén 10%.
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Cu thé 13, mdi truong YPG (yeast-peptone-glucose) bao gdm 10g/L phan
chiét nAm men, 20g/L pepton va 20g/L glucoza, & nhiét do khoang 30°C va pH la
khoang 5,5; moi truong Malt extract (ME) bao gdbm Cao malt-20; Glucoza-20;
Pepton-1; mdi truong Sabouraud’s (Sab) bao gdm: Glucoza-2 0; Pepton-10;
KH,PO4-1,5; MgS04.7H20-1,0; NaNO3-1,0; mdi truong PDB bao gém: Khoai
tay-200; Glucoza-20, méi truong YEGP bao gdm: Glucoza-20; Cao men-5; Pepton-
10, mdi truong YM bao gém: Glucoza-10; Pepton-5; Cao men-3; Cao malt-3, mdi
trudong YM bd sung khoang (YM-K) bao gdm: Glucoza-10; Pepton-5; Cao men-3;
Cao malt-3; KH,PO4-3; MgS04.7H,0-2, mdi truong YPD bao gbém: Pepton-20;
Cao men-10; Glucoza-20.

Qua cac két qua thu duge, chung ndm men Kluyveromyces maxianus dat
duoc hiéu qua nhin gidng cao nhét khi duoc nudi cdy trong méi truong YPG (yeast-
peptone-glucose) bao gém 10g/L phan chiét nAm men, 20g/L pepton va 20g/L
glucoza, & nhiét 4o khoang 30°C va pH 1a khoang 5,5. Ngoai ra, vé ti 18 giéng céy,
Kluyveromyces maxianus dat dugc néng dod tdi wu khi thuc hién qua ba lan cay
chuyén dé thu duge tuong ing la 100mL, 250mL va 3L dung dich gidng nuodi chy té
bao ndm men c6 mat do khoang 10® t& bao/mL tir ImL t& bao Kluyveromyces
maxianus ¢6 mat do khoang 108 t& bao/mL ban dau.

T6i weu diéu kién 1én men trén quy mé cong nghiép

Lén men trén quy mo cdng nghiép qua bay cAp 1én men s dung mdi trudong
chra co chit bao gdm duodng glucoza dugc san xuit & bude (ii) két hop voi ri mat
theo ty 1& 50/50 tinh theo ham lugng duodng, tong ham luong duong (glucoza va ri
mat) lan luot 1a 70g/L, 78¢/L, 78g/L, 120g/L, 140g/L, 160g/L va 160g/L, luong
khoang bd sung dugc dinh lugng theo ham luong thuc té c6 trong mdi trudong lén

men gdm: (NHs)2SO4 & lugng khoang 20%; CaCl,.2H,0 & luong khoang 1,81%;
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MgCl.6H20 & lugng khoang 2,32%; KH>PO4 (98%) ¢ luong khoang 3,45% & mdi
cp 1én men, cac didu kién 1én men dugc duy tri & nhiét do khoang 30°C, pH la
khoang 5,5, didu kién hiéu khi voi lugng cung cap oxy 1m® khong khi/m’ moi
truong 1én men/phut, trong do:
cAp 1én men 1: bd sung moi trudng méi vao 3L dung dich gidng nudi cy té
bao ndm men thu dugc tir budc nhin gidng dén thé tich 30L, 1én men cép 1
va két thic cip 1én men 1 khi ham lugng duong trong dung dich 1én men
giam xudng con khoang 20g/L, thu dugc 30L dich 1én men cap 1,
cap 1én men 2: bd sung moi truong méi vao 30L dich [én men cép 1 dén thé
tich 300L, 1én men cap 2 va két thuc cip 1én men 2 khi ham luong duong
trong dung dich 1én men giam xubng con khoang 20g/L, thu dugc 300L dich
1én men cap 2,
cAp 1én men 3: bd sung moi trudng mai vao 300L dich [én men cap 2 dén thé
tich 1500L, 1én men cép 3 va két thuc cip 1én men 3 khi ham luong dudng
trong dung dich 1én men giam xudng con khoang 20g/L, thu duge 1500L dich
1én men cép 3,
cép 1én men 4: bd sung moi truong mai vao 1500L dich 1én men cép 3 dén
thé tich 7500L, 1én men cép 4 va két thuc cip lén men 4 khi ham luong
duong trong dung dich 1én men giam xubng con khoang 20g/L, thu duoc
7500L dich 1én men cép 4,
cAp 1én men 5: bd sung méi truong mai vao 7500L dich 1én men cap 4 dén
thé tich 15000L, 1én men cép 5 va két thac cdp 1én men 5 khi ham luong
duong trong dung dich 1én men giam xubng con khoang 20g/L, thu dugc
15000L dich lén men cép 5, rat 87,5% dung dich 1én men cép 5 ra khoi bon

1én men va chuyén sang bon chira dung dich 1én men thanh pham,
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cip 1én men 6: bd sung thém mai trudng 1én men méi dén thé tich 7500L, 1én

men cip 6 va két thuc cip 1én men 6 khi ham luong dudng trong dung dich

1én men gidm xubng con khoang 20g/L, thu dugc 7500L dich 1én men cip 6,

cép 1én men 7: bd sung mdi trudng méi vao 7500L dich 1én men cép 6 dén

thé tich 15000L, 1én men cap 7 va két thuc cdp 1én men 7 khi ham lugng
dudng trong dung dich 1én men giam xubng con khoang 5g/L, thu duge

15000L dich 1én men cap 7,

chuyén dich 1én men cip 7 thu dugc sang bdn chtra dung dich 1én men thanh
pham, ha nhiét vé 18 -22°C, sy dé thu dugc sinh khéi protein nAm men thanh pham,
trong do, cac cAp 1én men 4 dén cip 1én men 7 dugce thuc hién trén cung mot bbn 1én
men va dung dich 1én men thanh phém cO6 mat d(f) té bao dat it nhét 2x10°CFU/mL.

Sau khi nAm men dat dd 4m khoang 65 - 70%, tién hanh sdy ¢ nhiét do thap
tir 40 — 45°C bang cong nghé sdy dang phun hodc trbng quay, dé dua do dm xudng
con khoang 6 — 10% ma khong can phai st dung cong nghé sdy dong kho chi phi
cao.

Vi du thue hién sang ché

Vi du thuc nghiém: San xuét sinh khéi protein nim men tir nguyén liéu ngil cbe vari
mat dudng bang ching nam men Kluyveromyces maxianus bao gdm céc bude:

(i) dich héa nguyén li€u ngt cbc bang cach st dung enzym o-amylaza:

s&n tuoi duoc lam sach va nghién dé thu duge 16000kg nguyén liéu ngi che,
trong d6 ty 1¢ ham lugng chit kho cta nguyén liéu ngii cbe dugce xu ly dé dat dugc
ty 1¢ 25%;

dich héa nguyén liéu ngi cbc & nhiét do nam 85°C, va pH khoang 6 br:ing

cach st dung H2SO4 10% va NaOH 20%, enzym a-amylaza 0,82kg (0,02% tinh
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theo khéi lugng tinh bot) trong thoi gian tir khoang 3 gid thu dugc 29454 lit dung
dich sau dich hod;
(ii) dudong hoa dung dich thu duge sau dich hoa bang cach st dung enzym a-
glucoamylaza dé thu duoc duong glucoza:

sau khi dich héa, ha nhiét do xuéng dén nhiét do 65° va diéu chinh pH vé
5,5, bd sung 26,59kg enzym a-glucoamylaza (0,65% tinh theo khdi luong tinh bot)
8 thu dugc 29454 lit dung dich sau dudng hoa, ham lugng glucoza dat 4500kg vat
chét khd glucoza (160g/L); phan tach ra khéi can va luu trit dung dich dudng
glucoza thu duoc; va
(iii) san xuét sinh khdi protein bang ching ndm men Kluyveromyces maxianus st
dung dudng glucoza dugc san xuét trong bude (ii) va ri mat, trong do:

nhan giéng 1mL ching ndm men Kluyveromyces maxianus trong moi truong
YPG (yeast-peptone-glucoza) bao gdm 10g/L phan chiét nAm men, 20g/L pepton va
20g/L glucoza, & nhiét do khoang 30°C va pH la khoang 5,5 qua ba 1an ciy chuyén
dé thu duoc twong tmg 1a 100mL, 250mL va 3L dung dich gidng nudi ciy té bao
nim men c6 mat do khoang 10® té bao/mL;

lén men trén quy md cdng nghiép qua bay cép 1én men st dung moi truong
chira co chét bao gdm duong glucoza duge san xuét & bude (i) két hop véi ri mét
theo ty 1& 50/50 tinh theo ham lugng duong, tong ham lugng dudng (glucoza va ri
mat) 1an luot 1a 70g/L, 78g/L, 78g/L, 120g/L, 140g/L, 160g/L va 160g/L, luong
khoang bd sung dugc dinh lugng theo ham lugng thuc té co trong moi trudng 1én
men gdm: (NHs)2SO4 6 lugng khoang 20%; CaCl,.2H,O & lugng khoang 1,81%;
MgCl.6H,0 & lugng khoang 2,32%; KH,PO4 (98%) & lugng khoang 3,45% & mdi

cép 1én men, cac didu kién 1én men dugc duy tri & nhi¢t d0 khoang 30°C, pH la
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khoang 5,5, diéu kién hiéu khi véi lugng cung cip oxy 1m® khong khi/m?® moi
trudng 1én men/phut, trong do:

cAp 1én men 1: bd sung moi trudng moi vao 3L dung dich gidng nudi chy té
bao ndm men thu dugc tir bude nhan gidng dén thé tich 30L, 1én men cap 1
va két thuc cp 1én men 1 khi ham luong dudng trong dung dich lén men
giam xudng con khoang 20g/L, thu duge 30L dich Ién men cap 1,

chp 1én men 2: bd sung mdi trudng mai vao 30L dich 1én men cap 1
dén thé tich 300L, 1én men cp 2 va két thic cdp 1én men 2 khi ham luong
duong trong dung dich 1én men giam xubng con khoang 20g/L, thu dugc
300L dich 1én men cép 2,

cAp 1én men 3: bd sung mdi trudng méi vao 300L dich 1én men chp 2
dén thé tich 1500L, 1én men cép 3 va két thuc cAp 1én men 3 khi ham lugng
duong trong dung dich 1én men giam xubng con khoang 20g/L, thu dugc
1500L dich 1én men cép 3,

chp 1én men 4: bd sung moi truong méi vao 1500L dich 1én men cép 3
dén thé tich 7500L, 1én men cép 4 va két thuc cip 1én men 4 khi ham luong
dudong trong dung dich 1én men giam xudng con khoang 20g/L, thu dugc
7500L dich 1én men cép 4,

cAp 1én men 5: bd sung moi truong méi vao 7500L dich 1én men chp 4
dén thé tich 15000L, 1én men cap 5 va két thuc cdp 1én men 5 khi ham lugng
dudng trong dung dich 1én men giam xubng con khoang 20g/L, thu duoc
15000L dich 1én men cép 5, rtt 87,5% dung dich 1én men cip 5 ra khoi bdn
1én men va chuyén sang bon chita dung dich 1én men thanh pham,

cép 1én men 6: bd sung thém mdi truong 1én men moi dén thé tich

7500L, 1én men cip 6 va két thuc cap 1én men 6 khi ham lugng duong trong
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dung dich 1én men giam xudng con khoang 20g/L, thu dugc 7500L dich 1én
men cap 6,
cAp 1én men 7: bd sung mdi truong mdi vao 7500L dich 1én men cap 6

dén thé tich 15000L, 1én men cAp 7 va két thic cép 1én men 7 khi ham luong

duong trong dung dich 1én men giam xubng con khoang 5g/L, thu duoc

15000L dich 1én men cép 7,

chuyén dich 1én men cip 7 thu dugc sang bon chira dung dich 1én men thanh
phim, ha nhiét v& 18 -22°C, siy dé thu dugc sinh khoi protein nAm men thanh pham,
trong do, cac cap 1én men 4 dén cAp 1én men 7 dugc thyc hién trén cung mot bdn 1én

men.
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YEU CAUBAO HOQ

1. Quy trinh san xuét sinh khéi protein ndm men tir nguyén liéu ngi cde va ri mat
dudng bang chiing ndm men Kluyveromyces maxianus bao gdm cic bude:
(i) dich hoa nguyén liéu ngi cbc bang cach st dung enzym a-amylaza:

nguyén li€u ngi cde duogc 1am sach va nghién, trong do ty 16 ham luong chét
kho ctuia nguyén li¢u ngi cbc ndm trong khoang tir 20 dén 25%;

dich héa nguyén liéu ngii cdc & nhiét dd 85°C, va pH 4,5 bang cach st dung
enzym a-amylaza trong thoi gian tir khoang 2 dén 3 gio, lugng enzym o-amylaza b
sung trong qué trinh dich héa so v6i ham luong tinh bot trong nguyén liéu ngi cbe
tir 0,01 dén 0,03%;
(i) dudng héa dung dich thu dugc sau dich héa bang cach st dung 0,65% enzym
o-glucoamylaza (tinh theo khdi lwong tinh bdt trong mdi truong dudng hoa) dé thu
dugc dich duong glucoza:

sau khi dich hoa, ha nhiét d xuéng dén nhiét do 65° va diéu chinh pH vé
5,5, bd sung enzym a-glucoamylaza @é thu dugc glucoza; phan tach ra khoéi can va
luu trit duong glucoza thu dugc; va
(iii) san xuét sinh khdi protein bang ching nidm men Kluyveromyces maxianus Su
dung duong glucoza dugc san xuét trong bude (i) va ri méat, trong do:

nhan gidng 1mL chung naAm men Kluyveromyces maxianus trong moi truong
YPG (yeast-peptone-glucose) bao gdm 10g/L phan chiét nAm men, 20g/L pepton va
20g/L glucoza, & nhiét do khoang 30°C va pH la khoang 5,5 qua ba lan ciy chuyén
dé thu duoc tuong tng 1a 100mL, 250mL va 3L dung dich gidng nudi cdy té bao
nAm men c6 mat do khoang 10® té bao/mL;

1én men trén quy mo cdng nghiép qua bay cip 1én men st dung moi truong

chira co chit bao gdm dudng glucoza duge san xuat ¢ bude (ii) két hop voi ri mat
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theo ty 1& 50/50 tinh theo ham luong dudng, tébng ham luong duong (glucoza va ri
mat) lan lugt 12 70g/L, 78¢g/L, 78g/L, 120g/L, 140g/L, 160g/L va 160g/L, luong
khoang bo sung dugc dinh lwgng theo ham luong thyc té co trong moi trudng 1én
men gdm: (NH4)>2SO4 & lugng khoang 20%; CaCl.2H2O ¢ luong khoang 1,81%;
MgCl.6H20 & lugng khoang 2,32%; KH2PO4 (98%) & lugng khoang 3,45% & mdi
cap 1én men, cc didu kién 1én men duoc duy tri ¢ nhiét do khoang 30°C, pH la
khoang 5,5, diéu kién hidu khi vé6i luong cung cép oxy 1m’ khong khi/m® moi
truong 1én men/phut, trong do:
cAp 1én men 1: bd sung mdi trudng méi vao 3L dung dich gidng nudi chy té
bao ndm men thu duoc tir bude nhan gidng dén thé tich 30L, 1én men cip 1
va két thuc cp 1én men 1 khi ham luong duong trong dung dich 1én men
giam xubng con khoang 20g/L, thu duge 30L dich 1én men cap 1,
cap 1én men 2: bd sung moéi trudng méi vao 30L dich 1én men cép 1 d&én thé
tich 300L, 1én men cép 2 va két thuc cip 1én men 2 khi ham luong dudng
trong dung dich 1én men giam xudng con khoang 20g/L, thu duge 300L dich
1én men cip 2,
cAp 1én men 3: bd sung méi truong mdi vao 300L dich 1€n men cép 2 dén thé
tich 1500L, 1én men cép 3 va két thuc cp 1én men 3 khi ham luong duong
trong dung dich 1én men giam xudng con khoang 20g/L, thu duge 1500L dich
1én men cap 3,
cip 1én men 4: bd sung mdi truong mdi vao 1500L dich 1én men cap 3 dén
thé tich 7500L, 1én men cép 4 va két thuc cép lén men 4 khi ham luong
dudng trong dung dich 1én men giam xudng con khoang 20g/L, thu dugc

7500L dich 1én men cap 4,
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cap lén men 5: bd sung mdi trudong mai vao 7500L dich 1én men chp 4 dén
thé tich 15000L, 1én men cip 5 va két thuc cdp lén men 5 khi ham lugng
duong trong dung dich 1én men giam xubng con khoang 20g/L, thu duoc
15000L dich Ién men cép 5, rat 87,5% dung dich 1én men cép 5 ra khoi bon
1én men va chuyén sang bon chtra dung dich 1én men thanh phém,
cap 1én men 6: bd sung thém moi trudng 1én men méi dén thé tich 7500L, 1én
men cip 6 va két thic cép 1én men 6 khi ham luong dudng trong dung dich
1én men giam xubng con khoang 20g/L, thu dugc 7500L dich 1én men cép 6,
cAp 1én men 7: bd sung mdi truong moi vao 7500L dich [én men cip 6 dén
thé tich 15000L, 1én men cép 7 va két thuc cép 1én men 7 khi ham luong
duodng trong dung dich 1én men giam xubng con khoang 5g/L, thu duoc
15000L dich l1én men cép 7,
chuyén dich 1én men cap 7 thu dugc sang bon chira dung dich 1én men thanh
phim, ha nhiét vé 18 -22°C, sy dé thu dugc sinh khéi protein nAm men thanh pham,
~ trong do6, cac cAp 1én men 4 dén cép 1én men 7 dugc thuc hi¢n trén cung mot

bon 1én men.
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