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Diém ndi bt
v Xay dung md hinh du bao nguy co & nhiém vi sinh vt trong thuc pham duong phd dya trén

cac chi ddu méi trudong va thuc hanh vé sinh dé quan sat, phu hop trién khai giam sat nhanh
tai do thi.

v" Xac dinh cac yéu t6 du bao quan trong gém nhiét do, do am, bui/tiép xuc giao thong, mat do
quay hang va thuc hanh v€ sinh (rtra tay, v€ sinh dung cu, bao quan sau ché bien).

v MO hinh cy quyét dinh cho d6 chinh x4c phan loai cao va cung cip cac quy tic ra quyét
dinh ho tro uu tién thanh tra, can thi€p va truyén thong nguy co.

Tém tit: Thyc phadm dudng phd 1a lya chon tién loi nhung tiém 4n nguy co 6 nhidm vi sinh vat
do diéu kién ché bién ngoai troi va vé sinh chua dam bao. Tai Hai Phong, su gia ting diém ban cung tac
dong cua nhiét do, d6 4m va bui giao théng lam ting nguy co nhidm cac tic nhan gdy bénh nhu
Salmonella, Escherichia coli, Staphylococcus aureus va Coliforms. Nghién ctru nhim mé ta phan b
nguy co 6 nhiém vi sinh vt ctia mot sé nhom thue pham dudng pho tai Hai Phong, dong thoi dinh lugng
tac dong ctia cac yéu td moi truong va thyc hanh vé sinh dé xay dung mé hinh du bao phuc vu quan ly
rii ro. Nghién ctru duoc tién hanh tir 01-08/2025 tai 250 diém ban, thu thap dit lidu vé nhiét d¢, do am,
bui, mat d6 giao thong, dac diém diém béan va vé sinh béng bang kiém chuén hoa. Nguy co vi sinh dugc
danh gi4 theo phuong phép Qualitative Microbial Risk Assessment (QMRA) rut gon két hop cac chi déu
6 nhiém (Coliforms, E. coli, Staphylococcus aureus, Salmonella spp.). Phan tich hdi quy logistic da bién
xac dinh cac bién méi trudng c6 y nghia (p<0,05), trong khi mé hinh ciy quyét dinh v6i 12 bién dau vao
dat @6 chinh xac kiém tra chéo 83,6%. Két qua cho thiy gidm sat dya trén yéu t6 méi trudng va thuc
hanh vé sinh 1a giai phap chi phi thap, kha thi trong quan 1y rui ro an toan thuc pham duong phd. Mo
hinh du béo c6 d6 chinh x4c cao, c6 thé ing dung hiéu qua tai Hai Phong va cac d6 thi twong tu.

Tir khéa: Cay quyet dinh; hoi quy logistic; mé hinh dw bdo; qudn 1y riii ro; thwe pham dwong phé;
Vi sinh vat; yeu 16 moi truong.

1. PAT VAN PE

Thyc phdm dudng phd giir vai trd quan trong trong vin héa am thyc Viét Nam, dap tmg
nhu cau in udng nhanh, tién 1oi va chi phi phi hop cho cong dong d6 thi. Tuy nhién, chudi thao
tac ché bién - bao quan - phuc vu thudng dién ra trong méi truong ma, dé chiu tac dong cua
nhiét d6, 6 4m, bui va nhiém chéo tir tay nguoi ban, dung cy, nuéc st dung. Nhiing diéu kién
nay lam tang kha nang xuét hién hodc tai nhiém céc tic nhan nhu Escherichia coli, Coliforms,
Staphylococcus aureus, Salmonella spp. va mot sb vi khuan gay bénh duong rudt khac, gop
phan vao ganh niang bénh truyen qua thyc pham. Theo Té chirc Y té The gi¢i (WHO), nhiém vi
sinh vat 1a nguyén nhan phd bién gy bénh tiéu chay va nhidu bénh truyén qua thyc pham.

Tai Viét Nam, cac khao sat vé 6 nhidm vi sinh trong thtrc an dudng phd chu yéu tap trung
md ta ty 16 phat hién va muc d6 vuot ngudng, trong khi cach tiép can du bao nguy co dua trén
yéu t6 moi truong/diéu kién kinh doanh con han ché. Trong bdi canh ngudn luc xét nghiém
khéng thé bao phu thudng quy toan b diém ban, mé hinh du bao dwa trén chi ddu d& quan sat
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c6 thé giup co quan quan Iy nhén dién nhanh khu vyc, thoi diém va nhom thyc pham co nguy co
cao dé wu tién kiém tra, can thiép va truyén thong. Trong khi do, cac m6 hinh du bao nguy co
dua trén yéu tb méi trudng - phuong phap co6 chi phi thap, khong phu thugc hoan toan vao xét
nghiém va phi hop cho quan 1y riii ro - van chua dugc khai thac day da [1-3].

Vi viy, nghién ctru nay huéng dén phan loai nguy co 6 nhidm vi sinh vat cia mot sd
nhoém thyc pham duong phd tai Hai Phong, xac dinh cac yéu té moi truong va thuc hanh vé
sinh lién quan nguy co va xay dung, danh gia mé hinh du bao nguy co c6 kha nang tng dung
thyc tién trong quan ly an toan thyc pham d6 thi. Két qua dy kién giiip co quan quan ly nhén
dién khu vuc, thoi diém va nhom thyc phdm c6 nguy co cao, tir d6 dé xuat giai phap kiém soat
va phong ngura hi¢u qua hon.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu
Dbi tugng nghién ciru bao gdm:

* Céc loai thuc pham duong phd phd bién tai Hai Phong: Tép trung vao cac loai thuc
pham dugc tiéu thu phd bién, c6 nguy co 6 nhlem vi sinh vt cao va duoc bay ban tai nhiéu khu
vuc d6 thi. Cac nhoém thuc pham duoc khao sat gom.

- Nhom thuye phém chin: banh mi, banh cuén, blin - phd, x6i, chdo, nem chua ran, xtc xich ran.

- Nhom thyc pham ché bién sdn nhung bao quan ¢ nhiét do phong: d6 kho, banh bao, banh
ngot, do an vat.

- Nhém dd uéng pha ché tai chd: tra chanh, tra sita, nuéc mia, che, nudce giai khat tu ché.

- Nhom thyc pham tuoi sdng phuc vu ché bién nhanh: thit xién nuéng, hai san nuéng,
d0 chién ran.

* Moi trudng kinh doanh thuc pham duong phd: Bao gdm cac yéu t6 ¢6 kha nang tac dong
dén nguy co nhiém vi sinh vat:

- Vi tri ban hang (gﬁn cho, khu cong nghiép, truong hoc, bénh vién, khu phé trung tam...).

- biéu kién vé sinh khu vuc ché bién va bay ban.

- Thoi diém kinh doanh (gio cao diém, budi sang - trua - toi).

- Cac yéu t6 khi hau moi truong trong ngay (nhiét do, do 4m, bui ban, khoang cach dén
ngudn 6 nhiem).

*Nguoi kinh doanh thyc phidm dudng phd: Bao gom thong tin vé kinh nghiém, thoi
quen vé sinh ca nhan, quy trinh ché bién, thuc hanh an toan thuc pham va kién thic vé vi
sinh vat thyc pham.

2.2. Phwong phap nghién ctru

Nghién ciru str dung cach tiép can tich hop giira khao sat thuc dia, thu thap sb liéu moi
truong, ddnh gia nguy co, va xay dung mo hinh du bao, bao gdém:

2.2.1. Phwong phdp thu thdp mdu va khao sdt thwe dia
- Lua chon 05 phuong dai dién tai Hai Phong (Phuong Lé Thanh Nghi, Hai Duong,
Thanh Bong, Tan Hung, Thach Khoi).
- Tién he‘}nh khao sat 250 diém ban hang; tai mdi khu vue, lya chon 10-15 diém thudc tung
nhom thyc pham khac nhau dé thu thap dir li¢u.
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- Thoi gian: tir thang 1 dén thang 8 nam 2025.

- Dit liéu moi truong gom nhiét d6 khong khi (°C), do am tuong d6i (%), mat do bui
(ng/m?) hodc chi dau thay thé (mat do giao thong), khoang cach tur diém ban den truc giao thong
chinh (m), muc che chin (mai che co dinh/di dong/khéng che), mat do quay hang lan can
(quay/100 m). Céc théng sé dugc do bang thiét bi cam tay di hiéu chuin; khoang cach uéc
luong bang thuée do hoic GPS.

- Thyc hanh vé sinh dugc ghi nhan theo bang kiém gdm: rira tay khi chuyén ddi thao tac
(c6/khong), ngudn nudc sir dung (dat/khong dat theo khai bao va quan sat), vé sinh dung cu
(nudc rira: nude 1a/chat tay rua; ¢6 quy trinh vé sinh dinh ky hay khong), str dung gang tay, bao
quan thyc pham (hop c6 nip; nhiét do gitt nong/giit lanh néu c6), thoi gian luu trir sau ché bién
(phut/gio), tai sir dung dau chién (s6 lan).

Céc diéu tra vién duoc tdp hudn va chudn hoa trudc khéo sat chinh thirc thong qua khao
sat thur va thao ludn thong nhat tiéu chi ghi nhan. Muc d6 phu hop gitra cac diéu tra vién dugc
danh gia bang hé s6 Kappa d61 voi cac bién quan sat chinh; két qua cho thay hé s6 Kappa dat tur
0,72—0,84, phan anh muc d6 nhat quan tot gitta cac dicu tra vién.

2.2.2. Phuong phap danh gia nhanh nguy co vi sinh vat

a) Phuong phap QMRA rut gon

Ap dung phuong phap Qualitative Microbial Risk Assessment (QMRA) rit gon:

- Xéc dinh cac tac nhén nguy co (Coliforms, E. coli, Staphylococcus aureus, Salmonella
spp...) [4-12].

- Péanh gid mitc 4o phoi nhidm dura trén tan suat tiép xuc va diéu kién méi truong,

- Tong hop thong tin vé chi dau vi sinh vat, yéu té méi truong va thuc hanh vé sinh cia
nguoi ban dé phan nhom miic nguy co 6 nhiem theo thang ba muec: thap - trung binh - cao.

b) Dinh nghia bién két cuc va quy tic phan loai nguy co

Nghién ctru xac dinh bién két cuc 1a mirc nguy co 6 nhidém vi sinh vat cua thyc pham
dudng phd, duoc phan loai thanh ba muc: thap, trung binh va cao, nham phuc vu phan tich
thdng ké va mé hinh hoa nguy co. Viéc phan loai duge xay dung theo cach tiép can QMRA rut
gon, phu hop vai diéu kién giam sat thuc dia.

Mirc nguy co duoc xac dinh dya trén ba nhom thanh phan chinh véi trong sé bang nhau.
Viéc st dung trong s bang nhau nham tranh thién 1éch chii quan va phu hop véi muc tiéu
giam sat nhanh trong diéu kién thiéu dit lidu dinh lwong chi tiét. Nhém tha nhat 1a chi dau vi
sinh vat, bao gém su hién dién va/hodc vuot ngudng tham chiéu cua Coliforms, E. coli,
Staphylococcus aureus, Salmonella spp. theo cac hudng dan va tiéu chuin hién hanh. Nhom
th hai 1a yéu t6 moi truong, gom nhiét do, d6 am twong ddi, mat do bui va khoang cach dén
truc giao thong chinh. Nhom thtr ba 1a thyc hanh vé sinh, phan dnh cac hanh vi nguy co nhu
khong rira tay trudc ché bién, st dung ngudn nude khong dam béo, tai st dung dau md va vé
sinh dung cu khong thuong xuyén.

Madi yéu té dugc quy dbi thanh diém nguy co trén thang 0—1, trong d6 gia tri cao hon biéu
thi diéu kién bat 1oi. Téng diém nguy co duogc chuan hoa va phén loai thanh ba murc dua trén cac
nguong T: va Tz, xac dinh theo phan bd dir liéu thuc té cia mau nghién ctu va tham khéo cac
nghién ciru QMRA rit gon tuong ty. Phan tich nhay cam v&i bién thién ngudng £10% cho thay
két qua phan loai 6n dinh.
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Céch tiép can QMRA riit gon nay cho phép don gian hoa quy trinh danh gia, phu hop voi
diéu kién giam sat thyuc dia, dong thoi van dam bao phan anh duoc méi lién hé gilia yéu t6 moi
tredng, thue hanh vé sinh va nguy co 6 nhidm vi sinh vat trong thuc pham duong phd.

2.2.3. Quy trinh ldy mau va xét nghiém vi sinh vit

Nghién ciru duoc thiét ké theo phuong phap cit ngang, trong d6 m01 diém ban hang
rong duoc xem 1a mot don vi khao sat. Tai moi diém ban, thu thap mot mau thuc pham dai
dién cho san pham dang kinh doanh; trudong hop c6 st dung nudc truc tlep cho ché bién
hoac pha ché, léy bo sung mot mau nudc; déng thoi thu thap mot mau bé mat tiép xuc truc
tiép v6i thuc pham (dao, thdt hodc bé mit ché bién chinh) bang tim bong v trang. Do do,
moi diém ban tuong tng véi 1-3 mau, duoc phan thanh ba nhém nén mau: thye pham, nudc
va bé mit tiép xtc thuc pham.

Phén tich vi sinh dugc thyc hién tai phong thi nghiém dat yéu cau an toan sinh hoc, tuan
thi céc tiéu chuan TCVN/ISO hién hanh. Quy trinh chuan bi mau, pha lodng va xét nghiém
dugc thyc hién theo cac tiéu chuan tuong tng cho timg nén mau va chi tiéu. Cac vi sinh vat chi
ddu gdm Coliforms, E. coli, Staphylococcus aureus va Salmonella spp. Mau dugce xac dinh
duong tinh khi vugt ngudng tham chiéu hodc phat hién sy hién dién cua vi khuén theo quy dinh.
Kiém soat chat luong phong thi nghiém duoc thuc hién xuyén sudt, va két qua duogc tong hop
phuc vu danh gia nguy co vi sinh theo QMRA rtt gon.

2.2.4. Phirong phdp xdy dwng mé hinh va phdn tich thong ké

Dir liéu duoc méd hoa va xir Iy bang Excel va SPSS. Bién két cuc 1a muc nguy co 6 nhiém
vi sinh vat ¢6 thr bac (thp - trung binh - - cao); do do, hoi quy logistic thtr bac (ordinal logistic
regression) duoc sur dung dé phan tich mdi lién quan giira cac yéu t& moi truong, thuc hanh vé
sinh va nguy co 6 nhiém. Gia dinh proportional odds ciia mé hinh hdi quy logistic thtr bac dwoc
kiém tra va khong ghi nhén vi pham dang ké. Céc bién doc 18p duoc lua chon dua trén co s 1y
thuyét, nghién ctru truéc va phan tich don bién véi ngudng p < 0,20. Cac bién méi trudng lién
tuc dugc gilt nguyén dang lién tuc nham khai thac t6i da thong tin va dam bao tinh 6n dinh cta
md hinh. Két qua duoc trinh bay dudi dang odds ratio hidu chinh (aOR), khoang tin cay 95% va
gi tri p, theo khuyén nghi STROBE; mirc y nghia thong ké xac dinh tai p < 0,05.

Bén canh d6, mé hinh ciy quyét dinh da 16p dugc xay dung véi 12 bién dau vao dé du béo
mirc nguy co 6 nhidm, sir dung tiéu chi phan tich Gini index. Dir liéu dugc chia thanh tap huan
luyén va kiém tra theo ty 18 70:30, két hop kiém tra chéo. Hiéu ning mé hinh duoc danh gia
bang accuracy, balanced accuracy, ma trén nham 14n, precision, recall va F1-score nhdm han ché
sai 1&ch do méat can béng dir liéu.

2.2.5. Phwong phdp dam bao do tin cdy

Str dyung tiéu chuan kiém dinh d6 pht hgp mé hinh (Chi-square, AIC).

Danh gia do lap cua két qua bang phuong phap kiém tra chéo (cross-validation).
Tham khao chuyén gia an toan thyc pham dé hiéu chinh mé hinh.

2.2.6. Pao dirc nghién ciru va quan Iy chat lwong

Thong tin nguoi ban dugc thu thap trén co sé tu nguyén va bao mat, chi st dung cho muc
dich nghién ctru. Thiét bi do dugc hiéu chuan dinh ky; bang kiém dwoc tap huan va thir nghiém
trude khao sat chinh thirc. P phii hop mé hinh duoc kiém tra bang céc chi sé nhu AIC/Chi-
square (d6i voi hdi quy) va kiém tra chéo (ddi véi mé hinh dy béo).
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3. KET QUA
3.1. Pic diém chung ciia mau khao sat va diéu kién kinh doanh thwc phim dwong phd

Khao sat 250 diém ban hang tai 05 phuong nghién ciru cho thdy thuc pham dudng phd tai
Hai Phong c6 tinh da dang cao véi 27 loai thuc phém thudc 4 nhom chinh. Trong s @6, nhém
thuc phém chin va nhém dd uéng pha ché chiém ty 1€ lon nhét (lén luot 38,4% va 29,2%).

Vé diéu kién kinh doanh, chi 41,6% diém ban hang c6 mai che c¢d dinh; 52,8% b tri ban
ché bién gin mat duong noi mat do giao thong cao; 67,2% diém ban khong co bon rira tay hodc
ngué)n nuée sach tai chd; 48,4% sir dung dung cu ché bién da cii hodc tai sir dung nhiéu 1an ma
khong c6 quy trinh v¢ sinh dinh ky.

Nhiét d6 moi trudng trong cac thoi diém khao sat dao dong 28,5-36,8°C; do am 65-85%.
Mat d6 bui ghi nhén dao dong 82-110 pg/m? cao hon cdc gia tri khuyén nghi vé chét luong
khong khi xung quanh theo hudng dan cua T6 chirc Y té Thé gigi (WHO). Pay la cac yéu td
quan trong gop phan lam ting nguy co nhiém vi sinh vat.

3.2. Két qua danh gia nhanh nguy co vi sinh vit ciia cic nhém thuce phim
3.2.1. Phén bé nguy co theo nhém thie phim

Danh gia nguy co vi sinh vat ciia 250 mau thyc pham duong phé cho thiy su khac biét dang
ké gitra bén nhom thyc phdm (Hinh 1). Nhém thuc pham chin c6 ty 16 nguy co trung binh va cao
1an lugt 47,9% va 39,6%, cho thay du da qua xir 1y nhiét, qua trinh bao quan va bay ban ngoai troi
van dan dén tai nhiém. Nhém thyc pham ché bién sin thé hién muc nguy co thap cao hon (26,3%)
do it tiép xtc truc tiép v4i moi truong va thuong duoc bao gdi trude khi ban. Nguoc lai, dd udng
pha ché ¢6 nguy co cao 43,8% vi phu thugc nhiéu vao chat lugng nudc va dung cu pha ché. Nguy
co cao nhat ghi nhan & nhém thyc pham tuoi sdng ché bién nhanh (58,4%), chii yéu do ché bién
tai chd trong diéu kién nhiét d cao va kiém soat nhiét khong on dinh.
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Hinh 1: Mirc nguy co vi sinh vt ciia 4 nhém thuc phdm
3.2.2. Cac tac nhan vi sinh vat nguy co cao

banh gid nguy co theo phuong phap QMRA rat gon, nghién ciru dé xac dinh bdn tic nhén
vi sinh vat xuat hién pho bién nhét tai cac diém kinh doanh thyc pham dudng phd (Bang 1).
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Bang 1. Ty 18 xuét hién cac tac nhan vi sinh vat nguy co cao tai 250 diém ban thyc pham duong phd

Téc nhén vi sinh vat S6 diém phat hién (n) | Ty 18 (%)
Coliforms 178 71,20
E. coli 107 42,80
Staphylococcus aureus 96 38,40
Salmonella spp. 29 11,60

Coliforms dugc ghi nhan voi ty 1€ cao nhét, xuét hién tai 71,2% diém ban, phan anh tinh
trang 6 nhi€ém mai trudng va v¢ sinh dung cu chua dam bao.

E. coli v6i ty 1¢ 42,8%, cho thiy nguy co nhiém khuén phéan do thyc hanh v¢ sinh tay va
nguon nudc khong dat chuan.

Staphylococcus aureus xuat hién tai 38,4% diém khéo sat, chu yéu lién quan dén viéc xir
ly thuc pham bang tay va tai sit dung dau ma.

Salmonella spp. tuy co ty 1¢ thdp hon (11,6%) nhung van 1a tic nhan nguy hiém, dic biét
trong cac san pham tu thit va hai san nuéng.

Két qua khao sat cho thay bon tac nhan vi sinh vat nguy co cao xuét hién vai ty 1& dang ké
tai cac diém ban thuc pham duong pho, phan anh han ché trong vé sinh moéi truong, dung cu va
thyc hanh ché bién. Coliforms va E. coli chiém ty 1€ cao, trong khi S. aureus va Salmonella spp.
van tiém an rui ro dang ké. Do do, can tang cuong kiém soat v¢€ sinh va giam sat an toan thuc
pham nham bao v¢ sttc khoe cong dong.

3.3. Anh huwéng ciia yéu t6 mai truvng dén nguy co 6 nhiém vi sinh vt

3.3.1. Hoi quy da bién

Két qua phan tich hoi quy logistic thir bac cho thdy cac yéu té méi truong c6 mdi lién quan co
y nghia thong ké voi nguy co 6 nhiém vi sinh vét tai cac diém ban thuc pham duong phd (Bang 2).

M6 hinh dugc xay dung voi bién két cuc 1a mirc nguy co 6 nhiém vi sinh vat dugc phan loai theo ba
muc co6 thir bac (thap - trung binh - cao).

Bang 2: Két qua mo hinh hoi quy logistic thir bac danh gia anh hudng ciia cac yéu to méi truong
dén nguy co 6 nhieém vi sinh vt

Yéu td B aOR (expp) p-value
Nhiét d6 moi truong 0,421 1,52 <0,01
D¢ 4m 0,318 1,37 <0,05
Mat d6 bui 0,276 1,32 <0,01
Khoang cach dén truc giao thong -0,302 0,74 <0,01

Két qua cho thdy nhiét ¢ méi truong c6 mdi lién quan thuan chiéu véi nguy co 6 nhiém vi
sinh vat; khi nhiét do ting, kha nang thyc pham dugc phan loai vao nhém nguy co cao hon ting
1én 1,52 lan (aOR = 1,52; p <0,01). Tuong tu, o 4m va mat do bui cling lién quan dén sy gia tang
nguy co 6 nhiém, véi odds ratio hiéu chinh lan lugt 12 1,37 (p <0,05) va 1,32 (p <0,01).
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Ngugc lai, khoang cach xa hon dén truc giao thong chinh co mdbi lién quan nghich chiéu
V01 nguy co 0 nhiém vi sinh vét. Cu thé, khi khoang cach dén ng,mon giao thong ting, nguy co 6
nhiém giam (aOR = 0,74; p < 0,01), cho thay tac dong tiém tang ctia bui va khi thai giao thong
dén diéu kién vé sinh tai diém bin.

Nhin chung, cac két qua hdi quy da bién khang dinh vai trd quan trong cua diéu kién moi
trrong xung quanh diém ban trong vi¢c dinh hinh mirc nguy co 6 nhiém vi sinh vat cua thyc
pham duong phd, dong thoi cung cap co s dinh lugng cho cac phan tich dy béo va dé xuét giai
phap kiém soat nguy co. Khoang tin cdy 95% ciia cac udc lugng aOR duge kiém tra va cho thay
su on dinh cia mo hinh.

3.3.2. Thuc hanh vé sinh cua ngwoi ban va nguy co vi sinh vat
Thyc hanh vé sinh ctia ngudi ban 1a mét trong nhiing yéu to tac dong truc tiép dén muc do
0 nhiém vi sinh vét tai cac diém kinh doanh thuc pham duong pho (Bang 3).

Ty 1€ hanh vi khong rtra tay khi chuyén dbi thao tac 1én toi 58,40%, va day la yeu td lién
quan manh nhat dén sy xudt hién cua E. coli va Coliforms - nhimg tac nhan c6 nguon goc phan
va thuong xudt hién khi vé sinh c4 nhan khéng dam bao. Bén canh do6, 63,20% diém ban rira
dung cu bang nudc 13 chua xir 1y, lam gia ting dang ké nguy co nhiém khuén tr moi trudng.
Pang lo ngai nhét 13 72,80% co s tai str dung dau chién trén ba lan, gop phan lam ting ty 1¢
nhiém Staphylococcus aureus. Nguoc lai, cic thyc hanh f[ét nhu vé sinh dung cu dinh ky
(29,60%), st dung ging tay (27,20%) va bao quan thuc pham trong hdp cé nép (40,80%) cho
thiy tac dung rd rét trong viéc giam nguy co tai nhiém va lay nhiém chéo vi sinh vat.

Bang 3. Thuc trang thuc hanh v¢ sinh ctia nguoi ban va moi lién quan dén nguy co vi sinh vat

Yéu t6 thye hanh vé S6 diém Ty 1€ Lién quan nguy co vi sinh
sinh cua nguoi ban ghi nhan (%) vat
Khéng rira tay khi 146 53.40 Lién quan manh dén nhiém E.
chuyén d6i thao tac ’ coli, Coliforms
Rura dung cu bang nudc Lién quan dén nhiém E. coli,
N e 158 63,20 .
12 chua xur ly Coliforms
Tai su dungkdau chién 182 72.80 Tang nguy co nhiem
>3 lan Staphylococcus aureus
Co quy trinh v¢ sinh 74 2960 Giam nguy co chung (murc
dung cu dinh ky ’ thap - trung binh)
St dung gang tay khi Giam nguy co nhiém chéo vi
68 27,20 . n
ché bién sinh vat
Bao quan thu’c p?am 102 40,80 Giam nguy co tai nhiem
trong hop c6 nap Coliforms

Thuc hanh vé sinh ctia ngudi ban van 1a yéu t6 quyét dinh muc d6 an toan ctia thyc pham
duong pho. Ngoai ra, viéc tdng cuong gido duc vé sinh ca nhan va cai thi¢n diéu kién dung cu co
the gitp gidm 10 rét nguy co 6 nhiém vi sinh vat.
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3.4. M6 hinh dw bao nguy co bing cdy quyét dinh
3.4.1. Cdu triic mé hinh

Mb hinh du bao nguy co 6 nhiém vi sinh vat dugc xdy dung bang k¥ thuat ciy quyét dinh
(Decision Tree), cho phep phén loai murc d6 nguy co dya trén viéc phan chia dir liéu theo cac
bién dau vao quan trong. Tong cong co 12 bién dy bao dugc dua vao md hinh, dai dién cho dac
diém moi truforng, diéu kién kinh doanh Va thyc hanh v€ sinh ctia ngu¢i ban (Hinh 2). Trong s6
d6, sau bién cho thiy mirc d6 dong gop ndi bat nhét trong qua trinh phén tach dir liéu gdm: nhiét
d6 moi truong, méat d9 bui, khoang cach dén duong 16n, loai thuc phém, v¢€ sinh tay nguoi ban
va thoi gian luu trit thye pham sau ché bién.

Nhiét d0 mo1 truong > 33°C

Mat do bui > 95ug/m’ Khoang cich téi dudng 16n < 3m

Loai thue phém Vé ’sinh’ tay n’gu‘oi ThéAi g%i}n luu trix §au
ban dung cach ché bién <60 phut
N \ 4
Nguy co cao Nguy co trung binh Nguy co thap

Hinh 2: M6 hinh minh hoa cdu triic cdy quyét dinh
Céc bién moi truong (nhiét do, do am, bui) dong vai tro quyét dinh trong nhiing nhanh dau
tién cia md hinh, phan anh tic dong manh mé cua didu kién khu vuc ban hang Ién kha nang
nhiém vi sinh vat. Bén canh d6, cac bién dic thu cua diém ban — nhu nhom thuc phém va thuc
hanh v¢ sinh — tiép tuc dugc sir dung dé tinh chinh du béo & nhitng nhanh sau hon. Cach phan
ting nay giup mo hinh vira linh hoat theo tung diéu kién kinh doanh, vira duy tri kha nang dy
bao 6n dinh dbi voi nhiéu loai thyc pham khéac nhau.

3.4.2. Két qua dir bao

M5 hinh cdy quyét dinh hoan chinh dat d¢ chinh x4c 83,6% theo phuong phap kiém tra
chéo (cross-validation), cho thay kha ning phan loai twong ddi tot dbi v6i ba mirc nguy co vi
sinh vat. Tt m6 hinh, mdt s6 quy tac du bdo co6 gid tri tng dung cao dugc trich xuat nhu sau:

- Néu nhiét d6 > 33°C va mat d6 bui > 95 pg/m?® — nguy co cao (82%), phan anh tac dong
cong huong cua diéu kién moi truong bat loi d6i véi thyc pham ban ngoai troi.
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- P ubng pha ché sir dung ngudn nuée khong dat chudn — nguy co cao (74%), do phu
thudc truc tiép vao chét lugng nudc va dung cu pha.

- Thit nuéng dit gan dudng 16n (< 3 m) — nguy co cao (88%), chi yéu do tiép xuc véi khi
thai va bui giao thong.

- Thye pham ché bién sén + c6 mai che c6 dinh — nguy co thap (71%), nho it thao tac
tryc tiép va dugc bao quan tot hon.

Nhing quy tic ndy cho phép co quan quan Iy xac dinh nhom diém ban can wu tién kiém
tra hodc can thiép.

3.4.3 Panh gia hiéu nang moé hinh

Két qua danh gid hiéu ning md hinh cdy quyét dinh duogc trinh bay trong Bang 4. Bén
canh d6 chinh xac tong thé dat 83,6%, mo hinh cho thay hiéu ning phan loai 6n dinh giita ba
mirc nguy co. Gia tri precision, recall va Fl-score cua timg nhom déu dat trén 0,80, cho thay kha
ning phan biét twong dbi tot giita cic mirc nguy co thip, trung binh va cao. Balanced accuracy
dat 0,83, phan anh hiéu nang cén bang cia mé hinh trong bdi canh phén bd s6 miu giita cac
nhom khong dong déu. Cac két qua nay khang dinh mo6 hinh khong chi dat d¢ chinh xac chung
cao ma con dam bao kha nang dy bao nhét quan cho tung muc nguy co, phu hop véi muc tiéu
g dung trong gidm sat va quan 1y riii ro an toan thyc pham dudng ph.

Bang 4. Chi s6 danh gia hiéu nang mé hinh ciy quyét dinh phén loai nguy co 6 nhiém vi sinh vat

Mirc nguy co Precision Recall F1-score S6 miu (n)
Thap 0,79 0,83 0,81 40
Trung binh 0,85 0,83 0,84 114
Cao 0,84 0,84 0,84 96
Toan by mé _ Accuracy =
hinh - Balanced accuracy = 0,83 0.836 250

3.4.4. Ban dé nguy co theo khu viec

Khi ap dyng mé hinh cho tung phuong nghién ciru, mirc d6 nguy co hién thi sy khac
biét dang ke:

- Nguy co cao nhat: Tan Hung va Thach Khoi, véi 87% diém ban thudc mic trung binh —
cao, chi yéu do mat do giao thong 16n va khu vuc budn ban tap trung ngoai troi.

- Nguy co trung binh: Thanh Pong (64%), xuat phat tir sy pha tron giita khu vuc giao
thong 16m va cac ngd nho c6 diéu kién tot hon.

- Nguy co thap hon: Lé Thanh Nghi va Hai Duong (dudi 50%), do c6 nhiéu diém ban cb
dinh, c6 mai che va it chiu anh hudng ttr bui.

3.5. Nhan dién nhém thwe pham va thoi diém cé nguy co cao

Phén tich theo thoi gian ghi nhén hai khung gi¢ ¢6 nguy co cao hon: 11:00-14:00 va
17:00-20:00, twong tng nhiét dg cao, luu lugng giao thong 16n va cuong d6 phuc vu tang khién
thao tac v€ sinh de bi bd qua.
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Xét theo loai thuc pham thit xién, hai san nudng va cac mon chién nam trong nhom co
nguy co cao nhat xuyén sudt cac diéu kién, do ché bién & nhiét d6 cao nhung lai d& tai nhidm tir
bui va dung cu. Dbi véi d6 udng pha ché, nguy co nhiém Coliforms ting manh vao khoang 14h—
17h - thoi diém nang nong kéo dai, nudc va dung cu dé 6 nhiém nhung it dugc thay méi.

4. THAO LUAN

Két qua nghién ctru cho thdy nguy co 6 nhiém vi sinh vt trong thyuc pharn duong phd
tai Hai Phong van ¢ muc cao, dac biét d6i voi nhom thue pham tuoi sdng ché bién nhanh va
d6 udng pha che Ty 1€ nguy co cao ¢ cac nhom nay phan anh rd han ché trong kiém soat
nhiét 46, ngudn nudc va v¢ sinh dung cu - nhiing yéu t6 von duge xac dinh 1a tac nhan lam
gia ting nhanh su phat trién cta vi sinh vat. Theo Luong Ptrc Pham (2002) va Trinh Khanh
Son, Nguyen Thuy Linh (2025), mat d6 vi sinh vat cang cao phan anh mtrc do nhiém ban
clia san pham cang 16n, lam gia ting nguy co hu hong va tiém an rui ro ddi véi sirc khoe
nguoi tiéu dung [13,14]. Piéu ndy nhan manh sy can thiét ciia cac bién phap kiém soét vé
sinh va an toan thuc pham chit ché hon.

Phén tich hdi quy da bién chi ra ring nhiét d6, d6 4m va bui deu c¢6 quan hé tuyén tinh
dang ké voi nguy co nhiém khuan, phu hop v6i nhan dinh cia WHO rang thyc pham ngoai troi
dé bi tic dong bai didu kién khi hau. Két qua nay ciing tuong ddng va6i nghién ciru cia Steven
Taulo va cong su (2008), trong do6 chi ra rang thyc pham duong phd thuong khéng dugc che
chian day di khoi cac ngudn 6 nhiém méi truong va khong duge bao quan ¢ diéu kién nhiét do
thich hop, tao diéu kién thuan loi cho vi sinh vat xAm nhap va phat trién [15]. Ngoai ra, khoang
cach dén duong 16n c6 hé sé B am cho thdy cac diém ban géan giao théng c6 nguy co cao hon, do
bui va khi thai dé tiép xtc truc tiép voi bé mit thyc pham.

Bén canh yéu t6 moi trudng, thyc hanh vé sinh cia nguoi ban dong vai tro quyet dinh. Ty 1¢
cao ngudi ban khong rua tay hodc tai s dung dau m& cho thay can tang cuong truyén thong va
huéng dan k¥ thuat cho nhom dbi tuong nay. Cac nghién ctru cia Tran Minh Hoang va Nguyen
Thanh Trtc (2016), cting nhu cua Nguyén Lam Tuén va Nguyen Duy Phong (2024), déu cho thay
rang kién thirc con han che va thue hanh an toan thyc pham chua dung cta ngudi kinh doanh thirc
an duong phd 1a nhiing yéu to quan trong lam gia ting nguy co 6 nhiém vi sinh vat [16,17]. Su
tuong dong gitra cac két qua nghién ctru cho thiy viéc trién khai cac chuong trinh tap hudn, truyén
thong va giam sat dinh ky 1a can thiét nham ndng cao nhan thirc, cai thién hanh vi vé sinh cta
nguoi kinh doanh, qua d6 gop phan giam thiéu rii ro mét an toan thyc pham duong phd.

M5 hinh cay quyét dinh dat d6 chinh xac 83,6% ching t6 kha nang tmg dung thyuc tién
trong quan ly rui ro. Cac quy tic du bao gitp xac dinh nhanh diém ban c6 nguy co cao ma
khong can xét nghiém, hd tro co quan quan Iy phan bd ngudn lyc hiéu qué hon.

Han ché ctia nghién ctru gom: thiét ké cit ngang kho suy luan quan h¢ nhan qua; mot sb
bién c6 thé phu thudc khai bao (ngudn nudc, thoi quen vé sinh) dan dén sai léch thong tin va
chua lugng hoa day du tai vi sinh cho tit ca mau dé tich hop vao mé hinh dinh luong. Cac
nghién ctru tiép theo nén két hop dinh lugng tai vi sinh va mé hinh hoa theo thoi gian dé nang
cao kha nang du bao.

5. KET LUAN

Nghién ctru da mé ta phan b6 nguy co 6 nhiém vi sinh vét trong thuce pham duong phd tai
Hai Phong va xac dinh cac yéu t6 du bao quan trong gom nhiét do, do am, bu1/t1ep xuc giao
thong va thyc hanh vé sinh. Nhom thuce pham tuoi song/ché bién nhanh va d6 udng pha ché co

nguy co cao nhat. Mo hinh cdy quyét dinh dat do chinh xac kiém tra chéo 83,6% va tao ra cic
quy tac du béo c6 thé ap dung trong giam sat nhanh dé wu tién kieém tra va can thiép.
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Nghién ctru nhan manh rang viéc giam sat nguy co dya trén yéu to moi truong la hudéng
tiép can hiéu qua, chi phi thip va phi hop véi thuc tién quan 1y an toan thuc pham duong pho
Céc két qua thu dugc 1a co s& quan trong gitip co quan chirc ning xiy dung chién luoc kiém
soat Tui ro, wu tién khu vuc ¢6 nguy co cao, dong thoi dé xudt bién phap can thiép tép trung vao
cai thién thyc hanh v€ sinh ctia nguoi ban va diéu kién kinh doanh.

Loi cam on: Tac gia xin bay to loi cam on chan thanh t6i Ban Lanh dao va cac dong nghiép
Truong Pai hoc Hai Duwong da quan tdm, tao diéu kién va ho tro trong suot qua trinh thyc hién
nghién curu.

_ Tuyén bé vé sir dung Gen AI: Cic cong cu Al chi dwgc sur dung cho viéc chinh sia ngon ngi,
dien dgt/dinh dang ma khong d‘u’o'g dung dé tao noi dung khoa hoc. Toan bg dir li_éL{, phan tich va dién
gidi déu do tac gid thuc hién va kiém chung, va tdac gia hoan toan chiu trach nhiém doi voi ban thao.

Tuyén bé vé déng gop ciia tic gid: Tdc gia chiu trach nhiém chinh trong viéc hinh thanh y tuong
nghién ciu, xdy dung khung ly thuyet va thiét ké phuong phdp nghién ctru, Qud trinh thu thdp, xu Iy va

phan tich s6 liéu dwoc tic gid trec tiép thiee hién. Tdc gia ciing la ngwoi viét ban thao bai bdo, ra sodt va
chinh svta ban thao.

Tuyén bé vé xung dét loi ich: Tdc gid tuyén bo khéng cé bat ky xung dét loi ich nao lién quan dén
nghién ciru nay.

TAI LIEU THAM KHAO

L. Trinh Xuén Nhét, Khdo sdt thue trang é nhiém thirc an dirong phd va mét s6 yéu té lién quan tai thanh
pho Thanh Hoa nam 2007, Luan van thac sy Y hoc. Pai hoc Thai Nguyén, Thai Nguyén, 2008.

2. Nguyén Thi Poan Trinh,’Nghién cibu tinh hinh nhiém mét sé vi khuan chi q"iém 0 nhiém thu’g phcfm
trong thirc an dwong pho va o nguoi phuc vu cua cac quan an dwong pho ¢ thanh pho Hué, Luan
van thac s§ Y hoc. Truong Pai hoc Y Dugc Hue, Hue, 2009.

3. Léo Tién Cong, Thuc trang an toan vé sinh thuc phém thuc an duong phé tai mot s6 huyén cua
tinh Ha Giang, Luan van thac s§ Y hoc. Truong Pai hoc Y Duogc, Pai hoc Thai Nguyén, Thai
Nguyén, 2019.

4. B¢ Khoa hoc va Cong ngh¢, TCVN 6848:2007 - Vi sinh vt trong thuc phédm va thire an chan nuéi,
Phwong phap dinh luwong coliform- ky thudt dem khuan lac, 2007.

5. Bo Kho‘a hoc va Cong nghé,NT CV{V 6404:2016 - Vi sinh vdt trong thuc phcfm va thirc an chan nuoi
- Yéu cau chung va huong dan kiém tra vi sinh vat, 2016.

6. B¢ Khoa hoc va Cong ngh¢, TCVN 4884-1:2015 (ISO 4833-1:2013) - Vi sinh vat trong‘chuoki
thwc pham - Phuong phdp dinh heong vi sinh vdt - Phan 1: Dém khudn lac o 30°C bang ky
thudt do dia, 2015.

7. B6 Khoa hoc va Cong ngh¢, TCVN 4884-2:2015 (ISO 4833-2:2013 dinh chinh ky thudt 1:2014) -
Vi sinh vt trong chudi thuc pham - Phiwong phap dinh lwong vi sinh vat - Phan 2: Dem khudn lac
0 30°C bang ky thudt cay bé mat, 2015.

8. B¢ Khoa h(_)g va Cong nghg, TCVN 6507-1:2019 (ISO 6887-1:2017) - Vi sinh vt trong cﬁué{ thuc
pham - Chudn bi mau thir, huyén phi ban dau va cac dung dich pha loang thdp phan deé kiém tra
vi sinh vdt - Phan 1: Cac nguyén tac chung dé chudn bi huyén phi ban dau va cac dung dich pha
lodang thdp phan, 2019.

9. B6 Khoa hoc va Cong nghé, TCVN 6507-4:2019 (ISO 6887-4:2017) - Vi sinh vt trong chudi thuc

phdm - Chudn bi mau thi, huyen phii ban ddu va cic dung dich pha loang thap phan dé kiém tra
vi sinh vt - Phan 4: Cac nguyén tdc cu thé dé chudn bi cdc mau san pham hon hop, 2019.

10. International Organization for Standardization, ISO 21527-1:2008 - Microbiology of food and
animal feeding stuffs - Horizontal method for the enumeration of yeasts and moulds - Part 1:
Colony count technique in products with water activity greater than 0,95,2008.

Tap chi Khoa hoc va Céng nghé nhiét ddi, Tap 15, S6 2, 6 - 2026 40



Nghién ctru khoa hoc céng nghé

11. International Organization for Standardization, ISO 21527-2:2008 - Microbiology of food and
animal feeding stuffs - Horizontal method for the enumeration of yeasts and moulds - Part 2:
Colony count technique in products with water activity less than or equal to 0,95, 2008.

12.  NMKL Nol25 5th ed., Thermotolerant coliform bacteria and Escherichia coli. Enumeration in
food and feed, 2024.

13.  Lwong Duc Pham, Vi sinh vit hoc va an toan vé sinh thwc pham. Ha Noi, NXB Nong nghiép,
2002, 423 tr.

14, Trinh Khanh Son, Nguyén Thiy Linh, Gido trinh vi sinh thwc phdm. TP. H6 Chi Minh, Nha xuét
ban Pai hoc Quoc gia TP. Ho Chi Minh, 2025, 410 tr.

15. Steven Taulo, Anne Wetlesen, Roger Abrahamsen, Grant Kululanga, Rajab Mkakosya, and
Anthony Grimason, Microbiological hazard identification and exposure assessment of food
prepared and served in rural households of Lungwena, Malawi, International Journal of Food
Microbiology, Vol. 125, pp. 111-116, 2008.

16.  Tran Minh Hoang, Nguyén Thanh Truc, Kién thike, thuc hanh an toan thwc phdm ciia nguoi kinh
doanh thirc an dwong pho tai thi xa Ben Cat tinh Binh Duong nam 2014, Tap chi Y hoc Thanh pho
HO Chi Minh, Tap 20, SO 5, tr. 253-260, 2016.

17. ngyér} Lam Tuén, Nguyén Duy Phong, Kié'n’ thire, thwe hanh vé an toan thuc phcfm cia nguoi
cheé bién tai cac co so kinh doanh dich vy an uong trén dia ban Thanh pho Thu Dau Mét, tinh Binh
Duwong va mét sé yéu té anh huong, Tap chi' Y hoc Viét Nam, Tap 536, S6 1, tr. 191-195, 2024.

ABSTRACT
Building a model to predict the risk of microbiological contamination in street foods based
on environmental factors in Hai Phong City

Street food is a convenient option but poses a risk of microbial contamination due to outdoor
processing conditions and inadequate hygiene. In Hai Phong, the increase in the number of vendors,
along with the impact of temperature, humidity, and traffic dust, increases the risk of contamination by
pathogens such as Salmonella, Escherichia coli, Staphylococcus aureus, and Coliforms. This study aims
to describe the distribution of microbial contamination risk for several groups of street foods in Hai
Phong, while quantifying the impact of environmental factors and hygiene practices to build a predictive
model for risk management. The study was conducted from January to August 2025 at 250 vendors,
collecting data on temperature, humidity, dust, traffic density, vendor characteristics, and hygiene using a
standardized checklist. Microbiological risk was assessed using a simplified Qualitative Microbial Risk
Assessment (QMRA) method combining contamination markers (Coliforms, E. coli, Staphylococcus
aureus, Salmonella spp.). Multivariate logistic regression analysis identified significant environmental
variables (p<0.05), while the 12-input decision tree model achieved a cross-validated accuracy of 83.6%.
The results show that monitoring based on environmental factors and hygiene practices is a low-cost,
feasible solution for managing street food safety risks. The predictive model has high accuracy and can
be effectively applied in Hai Phong and similar cities.

Keywords: Decision trees; environmental factors, logistic regression; microorganisms;
predictive models,; risk management, street food.
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