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TOM TAT:

Bai viét nham téng hop va phan tich cac nguyén 1y khoa hoc cét 13i, cac timg dung thyc tién caa
1én men chinh x4c trong san xut thanh phan thuc phdm, dong thoi 1am 13 nhiing thach thic k§
thuat, phap Iy va xa hoi dang can trd qua trinh thuong mai héa cong nghé nay. Trén co sé phuong
phap tong quan tai liéu hé thong tir cac cong bd khoa hoc giai doan 2021--2026, két qua nghién
ctru cho thdy, 1én men chinh xé4c sir dung vi sinh vat duoc k¥ thuat di truyén dé san xuét protein,
enzyme, vitamin va hop chét chiic niang voi do dic higu cao va lugng phat thai khi nha kinh thap
hon dang ké so v6i chin nudi truyén thong. Bai viét d& xuit mot s hudng nghién ctru va chinh sach
nhim tao diéu kién cho viéc Gmg dung 1én men chinh x4c mot cach bén viing va c6 trach nhiém.

Twr khoa: enzyme tai td hop, k¥ thuat trao ddi chét, 1én men chinh xac, sinh hoc téng hop, vi

sinh vat bién doi gen.

1. Pit van dé

Lén men la mot trong nhitng cong nghé sinh
hoc 1au doi nhét cua loai nguoi, da dugc ng dung
hang nghin nim dé bao quan va ché bién thuc
phém nhu banh mi, bia, phomat, stta chua va dua
mudi. Ban chat clia qua trinh nay 1 hoat dong trao
ddi chét cua vi sinh vt - vi khuan, ndm men, ndm
s0i - chuyén hoa cac hop chat hiru co thanh céc san
pham c6 gia tri kinh té va dinh dudng (Obayomi
va nnk., 2026; Verma va nnk., 2025). Trong boi
canh dan sd toan cau du kién vuot 9 ty ngudi vao
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nam 2050 cung véi muc d6 cong nghiép hoa va do
thi hoa gia tang, nhu cau protein va cic thanh phan
thyc pham chirc nang dang dit ra ap luc ngay cang
16n ddi voi cac hé théng san xuit néng nghiép
truyén théng (Eastham va Leman, 2024).

Trudc thuc trang do6, 1én men chinh xac
(precision fermentation - PF) da xuat hién nhu
mot giai phap cong nghé dot pha, két hop nhiing
tién bo maéi nhat trong linh vuc sinh hoc phan tir,
sinh hoc tong hop va k¥ thuat 1én men dé san xudt

cac thanh phan thuc phdm dic hidu voi do thuin
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khiét va tinh nhat quan cao. V& ban chat, 1én men
chinh xac st dung vi sinh vit dugc bién doi gen
(genetically engineered microorganisms - GEMs)
nhu “nha may té bao” (cell factories) dé tong hop
céc phan tr myc tiéu theo chuong trinh di truyén
dugc thiét ké c6 cha dich (Augustin va nnk.,
2024). Khong giéng 1én men truyén théng dua
vao cac chung vi sinh vat ty nhién va san sinh hon
hop chét chuyén hoa, 1én men chinh xé4c c6 thé tao
ra cac protein nhu casein, whey, ovalbumin, cac
enzyme nhu chymosin, lactase, hay cac vitamin va
hop chit mau sic véi mic d6 kiém soat chua ting
c6 tién 18 (Cho va nnk., 2025).

Tai Viét Nam, linh vuc 1én men chinh xac van
con trong giai doan ddu nhan thirc va nghién ctru.
Trong khi cac doanh nghiép toan cau nhu Perfect
Day, Impossible Foods hay Novozymes da thuong
mai hoa thanh cong nhiéu san pham tir cong nghé
nay, cong déng khoa hoc Viét Nam can sém nim
bét nén tang 1y thuyét va thuc tién dé co thé tham
gia vao xu hudng bién d6i hé thdng thyrc pham toan
ciu. Bai viét nham phan tich toan dién nguyén ly,
ung dung va thach thuc cia 1én men chinh xéc, tu
d6 cung cap co sé khoa hoc cho cac nha nghién
ctru, nha hoach dinh chinh sach va doanh nghiép
trong linh vuc cong nghé thuc pham va cong nghé
sinh hoc tai Viét Nam.

2. Co sé Iy thuyét
2.1. Pinh nghia va dic diém phén logi

Nam 2024, Lién minh Lén men Chinh xac
(Precision Fermentation Alliance - PFA) va td
chic Food Fermentation Europe (FFE) da chinh
thtrc hoa dinh nghia: “Lén men chinh x4c két hop
qua trinh 1én men truyén théng voi nhiing tién bo
m&i nhit trong cong nghé sinh hoc dé san xut hiéu
qua mot hop chit muc ti€éu nhu protein, phan tr
huong liéu, vitamin, sic td hodc chat béo” (Shukla
va nnk., 2026; dan theo Verma va nnk., 2025).
Dinh nghia nay nhin manh 3 dic diém quan trong:
(1) sy can thiép dién ra & cip do phan tir thong qua
trinh tu di truyén ldy tir co so dir lidu sé; (2) sau
qua trinh 1én men, hop chat muc tiéu duoc loc va

tach khoi vi sinh véat chu; (3) day khong phai cong
nghé hoan toan méi ma da dugc tng dung gan 30
nim trong coéng nghiép thuc phdm va duoc pham.

Dé phan biét 1 v6i cac hudng tiép can 1én men
khac, c6 thé phan loai 1én men trong cong nghé thuc
pham hién dai thanh 3 nhém chinh: (1) 1én men
truyén thong sir dung chung tu nhién hodc it bién
ddi; (2) 1én men sinh khéi (biomass fermentation)
nham thu hoach sinh khéi vi sinh vat nhu protein
don bao, mycelium nam lam thyc pham; va (3) lén
men chinh xac sit dung GEMs dé tong hop phan
tr dic hiéu theo thiét ké (Manzoki va nnk., 2026).
Diém khac biét cin ban giira 1én men chinh xac va
1én men sinh khéi nam & yéu cau bat bude cd budc
k§ thuat trao ddi chat (metabolic engineering) trudc
qua trinh 1én men va budc tinh ché phuc tap sau 1én
men (Eastham va Leman, 2024).

2.2. Co 56 phin tir va cdc cong cu di truyén

Nén tang phén tir ciia 1én men chinh xac dya
trén 3 try cdt cong nghé. Tru cot tha nhét 1a cong
nghé DNA tai t6 hop, cho phép cit va ndi cac doan
gen tir nhidu nguon sinh vat khac nhau vao plasmid
hodc nhiém séic thé caa vi sinh vat chi. Tru cot
thtr hai 14 CRISPR-Cas9 - hé théng chinh sira gen
thé hé thir ba, cho phép thuc hién chinh stra chinh
xac voi hiéu qua cao hon va thoi gian nhanh hon
dang ké so voi cac phuong phap trude day 1a zinc
finger nucleases (ZFNs) va transcription activator-
like effector nucleases (TALENs) (Obayomi va
nnk., 2026). Tru cdt thir ba Ia sinh hoc téng hop
(synthetic biology), cho phép thiét ké va lap rap
cac mach di truyén (gene circuits) hoan toan moi,
tao ra cac chuc ning té bao chua ton tai trong tu
nhién (Verma va nnk., 2025).

K§ thuét trao dbi chit (metabolic engineering)
dong vai tro trung tdm trong viéc toi wu hoa cac
con duong sinh hdéa ndi bao, ddm bao vi sinh vat
chi chuyén hudng ludng carbon t6i da vé san
pham muc tiéu. Qua trinh nay bao gom: tdi uu hoa
biéu hién gen (gene expression optimization), ting
cudng bai tiét san phdm (secretion enhancement),
giam thiéu san phiam phy khéng mong mudn va
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nang cao kha ndng chiu dung cua vi sinh vat véi
cac diéu kién stress trong 1én men quy mé 16n
(Verma va nnk., 2025; Augustin va nnk., 2024).
bac biét, su tich hop dit liéu da omics (genomics,
transcriptomics, proteomics, metabolomics) vd&i
mo hinh tinh toan dang cho phép cac nha nghién
ciru nhan dién cac nat thit c¢d chai (metabolic
bottlenecks) va ting toc dang ké chu trinh thiét
ké - xay dung - kiém tra - hoc hoi (design-build-
test-learn cycle).

3. Phwong phap nghién ctru

Bai viét duoc thyc hién theo phuong phap tong
quan tai liéu tudng thuat (narrative review), tap
trung vao cic cong bd khoa hoc trong giai doan
2021-2026 duoc 1ap chi myc trén cac co sé dir liéu
uy tin gdom Web of Science, Scopus va PubMed.
Chién luogc tim kiém sir dung céc tu khoa chinh:
biology
food”, “genetically engineered microorganisms
food”,
“metabolic

“precision fermentation”, “synthetic

“recombinant protein fermentation”,
food
“fermentation scale-up challenges”, két hop véi
cac toan tir Boolean AND/OR. Qua trinh sang loc
va lua chon tai liéu uu tién cac bai téng quan h¢
thong, bai nghién ciru gdc trong cac tap chi QI-
Q2, va tai liéu tur cac t6 chie khoa hoc uy tin nhu

FAO, EFSA va The Good Food Institute.

engineering ingredients”,

Téng s6 19 bai bao cbt 16i duge phan tich
chuyén sdu, bao gdm céc cong trinh ciia Augustin
va nnk. (2024) trén Critical Reviews in Food
Science and Nutrition, Eastham va Leman (2024)
trén Current Opinion in Food Science, Verma va
nnk. (2025) trén Future Foods, Obayomi va nnk.
(2026) trén Biotechnology Reports, ciing nhiéu tai
liéu chuyén biét vé xur 1y xudi dong, khung phap
1y va danh gia tac dong moi trudng. Noi dung tong
hop dugc t6 chirc theo cac chu dé: (1) nguyén ly
va phan loai; (2) cong cu di truyén va vi sinh vat
chu; (3) ing dung trong san xuét thyc pham; (4)
tinh bén vitng moi truong; (5) thach thie ky thuat
va mé rong quy md; va (6) rao can phap ly va nhan
thirc xa hoi.
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4. Két qua va thao luin

4.1. Ung dung lén men chinh xdc trong sin
xudt thanh phan thwc phim

Lén men chinh x4c hién dang dugc ung dung
rong rai dé san xuét nhiéu nhom thanh phén thuc
pham c6 gia tri cao. Nhom protein thay thé dong
vat 1a linh vuc nhan duge dau tu va cha y nhiéu
nhét. Protein sira - casein va whey - ting chi thu
duogc to chan nu6i bo stra, hién da duoc téng
hop thanh cong bang 1én men chinh xac sir dung
Trichoderma reesei va K. phaffii. Cong ty Perfect
Day la minh ching tiéu biéu khi k§ thuat ndm sgi
T. reesei dé san xuit whey protein khong can dong
vat, dugc ung dung trong kem, sita va phomat
thuc vét (Verma va nnk., 2025). Cac cong ty nhu
Formo, New Culture va Standing Ovation dang tap
trung vao casein (alpha-, beta- va kappa-casein)
v6i ddc tinh nhii hoa va tao gel thiét yéu cho san
xudt phomat, trong khi ImaginDairy, ReMilk va
Perfect Day huéng dén beta-lactoglobulin véi
kha niang hoa tan va tao bot xuit sic (Obayomi va
nnk., 2026; Augustin va nnk., 2024).

Nhoém enzyme la linh vuc 1én men chinh xac
¢6 lich st ung dung thuong mai lau doi nhat.
Chymosin - enzyme dong tu sita trong san xudt
phomat - dugc Pfizer/Chr. Hansen san xuét tir E.
coli tai td hop tir nam 1990, tré thanh mot trong
nhirng san pham protein tai to hop dau tién dugc
cip phép st dung trong thuc phidm. Hién nay,
enzyme san xuit qua 1én men chinh x4c bao gdm
lactase (cho san phadm khong lactose), amylase va
protease (trong san xuit banh mi va bia), lipase
(phat trién huong vi phomat), va transglutaminase
(lién két protein trong ché bién thit), voi tong gia
tri thi trudng enzyme thuc pham toan cau khong
ngung tang truong (Verma va nnk., 2025; Augustin
va nnk., 2024).

Lén men chinh xac cling dang cach mang hoa
san xuét hop chit huong liéu va mau sic. Vanillin
- hop chat huong vani duoc tiéu thy nhiéu nhat thé
gi6i - nay c6 thé san xuét tir vi sinh vat bién ddi
gen thay vi chiét xuét tir qua vani tuy nhién (chi
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dap Gmg khoang 1% nhu ciu toan cau) hoic tong
hop hoa hoc. Soy leghemoglobin dugc Impossible
Foods san xuét bang K. phaffii dé tai tao mau sic
va huong vi thit trong burger thuc vat 1a mot vi du
dién hinh vé Gmg dung thanh cong da dugc thuong
mai héa (Obayomi va nnk., 2026). Ngoai ra, cac
protein ngot nhu brazzein, monellin va thaumatin
- ¢6 do ngot gip hang nghin 1an duong mia - dang
duoc phat trién thong qua 18n men chinh xac
boi cac cong ty nhu Oobli va Mycotechnology
(Obayomi va nnk., 2026).

4.2. Thich thire kj thugt

Viéc chuyén hoa két qua kha quan & quy mo
phong thi nghiém sang san xuét thuong mai quy
mo 16n 1a thach thire ky thuat 16n nhét va ton kém
nhat ciia 1én men chinh xac. Mot trong nhiing
nut thit vat 1y nghiém trong nhét trong qué trinh
mé rong quy mo 1a hiéu suat truyén oxy (oxygen
transfer efficiency). Khi chuyén tir bioreactor 5 lit
1én cac thiét bi cong nghiép 10.000-300.000 lit,
ty 16 bé mat/thé tich giam manh, kha ning khudy
tron kém hon va duong bong bong dai hon, dan
dén ndng do oxy hoa tan trong dich giam dang ké;
diéu nay c6 thé cit giam dén mot nira nang suét
ctia nam men phu thudc oxy nhu Pichia pastoris
va doi hoi cac giai phap canh khuay ton kém hodc
cung cAp oxy nguyén chét (Shukla va nnk., 2026).

Sy 6n dinh cua ching vi sinh vat trong qué
trinh 1€n men kéo dai va lap lai & quy md cong
nghiép 1a thach thirc quan trong khic. O quy md
nho, cic chung bién ddi gen thudng duy tri ning
suat 6n dinh; tuy nhién khi chuyén sang bioreactor
16n hon, vi sinh vét ¢ thé xay ra troi dat di truyén
(genetic drift) hoic mit biéu hién cua cac tinh
trang duoc k¥ thuat, dan dén giam ning suat, thay
d6i dic diém san phém hodc that bai hoan toan
ctia mé 1én men (Shukla va nnk., 2026). Piéu nay
dat ra yéu cau giam sat chat ché va phat trién cac
chién lugc On dinh ching (strain stabilization)
tinh vi hon.

Xt 1y xuo6i dong (downstream processing -
DSP) thuong chiém phan chi phi 16n nhat trong

toan bo chi phi san xuét, wdc tinh tir 50-70%
tong chi phi dbi véi protein tir 1én men chinh
x4c (Shukla va nnk., 2026). Quy trinh DSP dién
hinh bao gdm: tach té bao (ly tdm, vi loc 0,2 um),
phéa v& té bao (néu protein san xuit ndi bao), cd
dac (siéu loc, thadm tach), tinh ché (séc ky ai lyc,
trao doi ion, két tia) va say (phun sdy, dong kho)
(Verma va nnk., 2025). Pic biét, tic nghdn mang
loc (membrane fouling) va sy khong on dinh cua
protein & quy md 16n khién hiéu suit thu hoi hién
chi dat 60-80% so vdi 95% O quy mo phong thi
nghiém. Cac chién luge xir Iy xudi dong duoc tich
hop va t6i wu hoa tir giai doan thiét ké ban dau Ia
can thiét dé dam bao tinh kha thi kinh té.

Chi phi méi trudong nudi cay (culture media) dat
ra rao can kinh té dang ké, thuong chiém 60-75%
tong chi phi san xuat tiy theo loai bioreactor sir
dung (Shukla va nnk., 2026). Dé san xuét protein
gia tri thap-khdi lwong 16n nhu whey protein (gia
thi truong khoang 12 USD/kg), chi phi san xuét
hién tai qua 1én men chinh xac & muc 210-310
USD/kg - cao hon tir 10-20 1an so v&i san xuat
truyén théng (Shukla va nnk., 2026) - cho thay
mirc d9 cai thién hiéu qua ky thuat va kinh té can
dat duogc trude khi ¢ thé canh tranh thuc sy véi
nganh sita truyén thong. Tuy nhién, ddi voi cac
san pham gia tri cao nhu lactoferrin (750-1.500
USD/kg), 1én men chinh xac da dat ngudng canh
tranh vé chi phi.

5. Két luan

Lén men chinh x4c dai dién cho mot budce tién
dinh huéng trong cong nghé thyc pham hién dai,
két hop stc manh cua k¥ thuat di truyén, sinh hoc
tong hop va k¥ thuat qua trinh dé san xuét cac
thanh phan thyc phdm chic ning véi hiéu qua,
do6 dic hiéu va tinh bén viing vuot trdi. Cac ung
dung da duoc kiém ching trong san xuét protein
thay thé dong vat, enzyme thuc phém, hop chat
huong liéu va vitamin cho thiy tiém ning thyc
tién to 16n cua cong nghé nay trong viéc dap ting
nhu ciu thyc phdm toan cau ngay cang ting dong
thoi giam tac dong moi trudng dang ké.
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Tuy nhién, con dudng tr phong thi nghiém
dén thi truong cua 1én men chinh x4c con ddi mat
v6i nhiéu thach thic da chiéu: vé ky thuat, rao
can trong mé rong quy mo san xuat va chi phi xir
1y xudi dong van la nhiing tré ngai 16n nhat cin
dugc giai quyét thong qua nghién ciru R&D va
ddi méi cong nghé bioreactor; vé& phap 1y, can co
khung phap Iy minh bach, nhit quan va duya trén
bang chimg khoa hoc & cip d6 qudc gia va qubc

té; vé x3 hoi, du tu vao truyén thong khoa hoc va
xay dung long tin nguoi tiéu dung 1a khong thé
thiéu. D6i v6i Viét Nam, véi tiém ning phat trién
cong nghiép 1én men va ngudn nhan lyc khoa hoc
ngay cang l6n manh, viéc sém xay dung nang luc
nghién ciru, chinh sach khuyén khich va hé sinh
thai hd trg 1én men chinh xac s& 1a nén tang dé
tham gia c6 gia tri vao cudc cdch mang thuc phém
toan ciu naym
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ABSTRACT:

In the context of increasing global food demand and growing environmental sustainability
pressures, precision fermentation (PF) has emerged as a breakthrough biotechnological approach.
This study aims to synthesize and analyze the core scientific principles and practical applications
of precision fermentation in the production of food ingredients, while also clarifying the
technical, legal, and social challenges that hinder its commercialization. Based on a systematic
literature review of scientific publications from 2021 to 2026, the findings indicate that precision
fermentation utilizes genetically engineered microorganisms to produce proteins, enzymes,
vitamins, and functional compounds with high specificity and significantly lower greenhouse
gas emissions compared to traditional livestock systems. However, challenges related to scaling
up production, downstream processing costs, microbial strain stability at industrial scale, as well
as regulatory barriers and consumer perceptions of GMOs remain key constraints. The study
proposes several research directions and policy recommendations to enable the sustainable and
responsible development of precision fermentation.

Keywords: recombinant enzymes, metabolic engineering, precision fermentation, synthetic
biology, genetically modified microorganisms.
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