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Tém tit: Nghién ciru danh gid hiéu quad két hop hé thong miii dién tir (E-nose) va ludi
dién tir (E-tongue) bang ky thudt hop nhat dir liéu cap d¢ dac trung (Feature-level Data
Fusion) dé phan biét va phat hién pha tap mede mam. Nham khéc phuc nguy co qud khép
(overfitting) tir tdp 48 mau goc, kjf thudt tang cwong dir liéu (Data Augmentation) bang nhiéu
Gauss trang di dwoc dp dung dé mé rong lén 240 mau, két hop tdp kiém chimg déc lap
(External Validation) gom 14 mdu thi trwong. Phén tich thanh phan chinh (PCA) cho thdy dir
liéu hop nhat biéu dién tot nhat véi tong phiong sai gidi thich cua PCI va PC2 dat 93,8%.
Cdc mé hinh phan logi dat hiéu sudt cao, trong dé mé hinh Deep Neural Network (DNN) dat
do chinh xdc 96,4% trén tap hudn luyén va 94,2% trén tap kiém chuirng doc ldp voi thoi gian
suy ludn diweéi 0,05 gidy. Nghién ciru ciing lam ré co ché twong tac ion héa trén bé mdt cam
bién MQ135 va nang lyc nhan dién gian tié}? cdc acid amin phirc tap tao hdu vi sdu cua nuwoc
mam truyén thong. Két quad khang dinh hiedng tiép cdn nay cé kha nang kiém sodt chat lirong
nieée mam nhanh chéng, khéng phd hity mau.

Tir khéa: miii dién tir, ludi dién tr, hop nhat di liéu theo ddc trung, mede mam, phdt hién pha tap

I. Dit vin dé

Nude miam 1a ché pham sinh hoc 1én
men truyén théng co gia tri kinh té va van
héa quan trong cua Viét Nam. Véi huong
vi umami ddc trung, cac thuong hiéu
truyén théng nhu Pha Qudc, Phan Thiét
dang ngay cang khang dinh vi thé qudc té.
Tuy nhién, nganh san xuat nay dang doi

!'Truong Pai hoc Mo Ha Noi, Ha Noi, Viét Nam

mat voi tinh trang pha tap tinh vi (nudc,
duong cong nghiép, axit acetic, ammoniac,
mudi khong dat chuén), lam thay ddi dac
trung cam quan, giam dinh dudng va nguy
hai dén strc khoe nguoi tiéu dung (Sarma
va cdng su, 2023; Adeyeye va Adeyeye,
2025). Dir liéu thong ké nam 2025 tir Cuc
An toan thyc pham (B9 Y té) cho thdy xu



huéng gia ting cac vu vi pham chat luong
nuéc mdm dudi hinh thic pha tap tinh vi
nham truc loi thuong mai. Cac hanh vi gian
1an phé bién bao gdbm pha lodng bang nudc,
bd sung axit acetic khong ro ngudn gdc tao
vi chua, thém duong cong nghiép (sucrose
tir 5-15%) dé didu vi 4o che 1ap khuyét
diém cam quan, hodc bd sung ammoniac
(ndng do tir 0,1-0,5%) nham muc dich ting
khéng chi sé nito tong (nang d6 dam gia
tao) va khir mui tanh cta nguyén liéu kém
chét luong. Thuc trang nay de doa truc tiép
dén stic khoe nguoi tiéu dung va lam suy
giam uy tin, di ngugc chu truong cia nganh
nuéc mam truyén thong (Hiép hoi Nudce
mam truyén thong Viét Nam, 2026).

Céac phuong phap kiém tra truyén
thong (danh gid cam quan, Kjeldahl,
HPLC, GC-MS) tuy chinh xac nhung tén
thoi gian, chi phi cao, pha hily mau va
kho trién khai tai chd quy mé 16n (Roy va
cong su, 2022; Mahanti va cong su, 2024).
Nguoc lai, cong ngh¢ cam quan dién tu
(E-nose va E-tongue) két hop hop nhét dir
lidu cap d6 dic trung (Feature-level Data
Fusion) 1a gidi phap nhanh chong, khach
quan, khong pha hity mau. Hé théng cam
quan dién tir bao gdm mili dién tir (E-nose)
va ludi dién tir (E-tongue) két hop véi cac
thudt todn hoc méay nang cao mé ra mat
giai phap thay thé tiém nang nho kha ning
phan tich khong pha hiy mau, tbc do xir
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1y nhanh dya trén ho so vén tay tong phd
(fingerprinting). Nhiéu nghién ciru quéc té
da chirng minh hi¢u qua cta phuong phéap
nay trén cac thue pham 1én men (Calvini va
Pigani, 2022; Lu va cong su, 2022; Vanaraj
va cong su, 2025). Tai Viét Nam, nghién
ctru tmg dung ddng bd k¥ thuat nay cho
nudc mam con han ché. Do d6, nghién ctru
nay duogc thuc hién nhim: (1) Banh gia kha
ning phan biét nudc mam truyén thong,
cong nghiép va pha tap bang E-nose,
E-tongue va dit liéu hop nhét; (ii) So sanh
hiéu qua giita cac mé hinh théng ké truyén
théng va mo hinh tri tu¢ nhan tao.

II. Phwong phap nghién ciru va
vat liéu

2.1. Vat liéu nghién ciru

Nghién ctru sir dung 48 mau cbt nude
méam ban dau duoc thu thap tor cdc nha
thung truyén thong phan b tai cac ving
chuop tiéu biéu (Phu Qudc, Phan Thiét)
va cac dong nudc mam cong nghiép tir cac
nha san xuat tai Ha Noi. Céc tac nhan pha
tap gia lap bao gém: dung dich nudc cét,
duong sucrose tinh khiét, axit acetic 99%,
dung dich ammoniac 5SM (tét ca déu dat do
tinh khiét phan tich).

2.2. Chudn bi méu

Téng cong 48 miu dugc chuan bi
(6 mau lip/nhém), do trong ngay va bao
quan ¢ 4°C.

Bang 1. Thiét ké thi nghiém c4c nhoém mau nudéc mam

M3 miu Nhém miu Loai pha tap Mikc do pha tap S(l)il:)m
TI-T6 |Nudc ma“:lm truyén thong - 0% 6
[1-16 Nudc mam cong nghiép - 0% 6
WI1-W6 | Pha nudc Nudc cat 10%, 20%, 30% (v/v) 6
S1-S6 | Pha duong Sucrose 5%, 10%, 15% (w/v) 6
Al-A6 |Pha axit Axit acetic (99%) 0,5%, 1%, 2% (v/v) 6
M1-M6 |Pha ammoniac Ammonia solution SM 0,1%, 0,3%, 0,5% (v/v) 6
£ Nuéc cat + sucrose + | 20% nudc cat (v/v) + 10% sucrose
C1-C6 | Pha tap ket hop axit axetic (w/v) + 1% axit acetic (V/v) 6
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Toéng cong mau duoc chia lam 7
nhém: truyén théng (T), cong nghiép
(I), va 5 nhém mau pha tap chuyén biét
(nudc, sucrose, axit acetic, ammoniac,
pha tap két hop).

2.3. Thiét bi va diéu ki¢n do

2.3.1. Hé thong miii dién tir (E-nose)

St dung hé théong PEN3
Electronic Nose (Airsense Analytics
GmbH, Ptc) gdbm mang 4 cam bién
ban dan oxit kim loai (sensor MQ135
nhay v6i ammoniac/nito, va cac sensor
nhay voi sulfur, aldehyde, axit dé bay
hoi (volatile acid). Piéu kién do: Thé
tich mau 30 mL trong vial kin 100 mL;
Ul can bang headspace ¢ 45+1°C trong
30 phut; thoi gian hat khi 120 gidy; lam
sach sensor bang khong khi sach qua bo
loc than hoat tinh trong 180 gidy; luu
luong khi 400 mL/phat; 1ap lai 6 lan/
mau (Adeyeye va Adeyeye, 2025).

2.3.2. Hé théng luéi dién tr
(E-tongue)

St dung hé théng a-Astree 11
Electronic Tongue (Alpha MOS, Phap)
gém mang 5 cam bién vi dién thé (ngot,
chua, déng, man, umami). Piéu kién do:
Thé tich miu 80 mL; thoi gian do 150
gidy/mau; rira cam bién bang nudc cat
va dung dich chuan trong 120 gidy giita
cac lan do; lap lai 6 lan/mau (Adeyeye va
cong su, 2025).

2.3.3. Quy trinh do va kiém sodt
moi truong

Dé khic phuc hién tuong tréi cam
bién (sensor drift) dic trung cua cac
dau do hoa hoc, toan bod quy trinh thyuc
nghiém duoc trién khai trong phong
thi nghiém kiém soat nghiém ngit vé
diéu kién vi khi hau: nhiét do duy tri cb

dinh ¢ mirc 25+0,5°C va d6 am khong
khi & mirc 60+£2%. Sau mdi 5 chu ky do
lién tuc, quy trinh chuan hoéa lai miu
chuén (baseline calibration) va 1am sach
cam bién bang dong khi than hoat tinh
(E-nose) hodc dung dich chuyén dung
(E-tongue) duogc thuc hién bit budc.
D li¢u tho sau do trai qua budc xtr ly
chuan héa Z-score riéng biét cho ting
cam bién nham triét tiéu hoan toan sai
s6 hé thong do troi nén.

2.4. Xw ly va phdn tich dir li¢u
cdm bién

Quy trinh gdm 3 giai doan: tién xur
ly, trich xuét dac trung/hop nhat dir lidu,
va mod hinh hoa (Banerjee va cong sy,
2021; Vanaraj va cong su, 2025).

2.4.1. Tién xur Iy dir liéu

Loai bo diém di biét (outlier): Dung
phuong phap IQR két hgp Boxplot, loai
céc gia tri nam ngoai khoang [Q, - 1,5 %
IQR; Q, + 1,5 x IQR].

Chuan hoéa: Ap dung chuin hoa
diém Z (Z-score) riéng cho tirng cam bién
(sensor).

Lam min va hi€u chinh: Dung b loc
Savitzky-Golay (cho E-nose) va hi¢u chinh
duong co so (baseline subtraction) dé khir
nhiéu va hién tuong tréi duong co so.

2.4.2. Trich xudt ddc trung va hop
nhat theo ddc trung

Trich xudt 6 dic trung tir mdi cam
bién: Gia tri dap tng t6i da, dién tich dudi
duong cong, do doc (tang/6n dinh), thoi
gian dat 50% va 90% déap ung toi da, gia
tri trung binh va d6 Iéch chuén cua vung
6n dinh.



Ma tran dac trung cua E-nose (kich
thude n x p1) va E-tongue (kich thude n x
p2) duoc ghép nbi theo chiéu cot thanh ma
tran hop nhat (kich thudc n x (p1 + p2)). Ma
tran nay dugc giam chiéu bang phén tich
thanh phan chinh (Principal Component
Analysis - PCA. Céac thanh phan chinh
c6 tong phuong sai tich lity > 90% duoc
lam dau vao cho cac mé hinh phan loai.
(Adeyeye va Adeyeye, 2025)

2.4.3. Phan tich dir lieu

Thuc hién trén phan mém RStudio
(phién ban 4.3.2):

1) Phan tich kham pha: PCA giup
giam chiéu dir liéu tir cdc cam bién xudng
cac thanh phan chinh, trong d6 cac thanh
phan dau tién giit lai phan 16n bién thién
ctia dir lidu gbc (PC1 giai thich bién thién
16n nhat, PC2 giai thich bién thién 16n tht
hai vuéng goc véi PC1, PC3 giai thich bién
thién tiép theo) (Jolliffe, 2002). Phuong
phap nay da duogc ung dung hi¢u qua trong
phan tich mui vi thyc phdm nhdm phéan
tach cac nhom mau (Banerjee va cong su,
2021; Adeyeye va Adeyeye, 2025).

2) Phan loai: Su dung phan tich
biét thirc tuyén tinh (Linear Discriminant
Analysis - LDA), may vector hd tro (Support
Vector Machine - SVM) c6 ham nhéan
(Radial Basis Function - RBF) va mang
neuron sau (Deep Neural Netwwork - DNN).
Panh gia bang do chinh xac (Accuracy), do
nhay (Sensitivity), do dac hi¢u (Specificity),
diém F1 (Fl-score) va ma trin nham ln
(Confusion matrix) (Adeyeye va Adeyeye,
2025; Sarma va cong su, 2025).

Céiu trac mang DNN: Mang DNN
duoc xay dung dua trén kién trGc lan
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truyén xudi truyén thong dé xur 1y cac dic
trung phi tuyén tir cam bién (Vanaraj va
cong su, 2025). Trong nghién ctru nay, ciu
tric mang t6i vu duoc thiét 1ap gom 1 16p
dau vao, 2 16p 4n (64 va 32 neuron, kich
hoat ReLU) va 1 16p dau ra (ham Softmax
phén loai 7 nhom). K§ thuét dropout (ty 1¢
0,30 va 0,20) duoc ap dung sau cac 10p 4n
dé chéng qua khép. M6 hinh t6i vu bang
thuat toan Adam (téc do hoc 0,001), ham
mat mat entropy chéo, kich thudc 16 bang
8, t6i da 100 vong lap két hop ding som.
Hiéu suat danh gia qua kiém dinh chéo 10
lan (10-fold cross-validation), c6 dinh hat
gidng ngau nhién (seed = 42).

Pé tranh hién twong qua khép
(overfitting) khi hudn luyén mé hinh
mang DNN trén tdp mau giéi han (48 mau
gbc), ky thuat ting cuong dit liéu (Data
Augmentation) da dugc thyc hién b?mg
cach tich hop nhiéu Gauss trang (White
Gaussian Noise) c6 kiém soat vao ma tran
dac trung ban dau, mo rong quy mo dir licu
hiéu qua 1én thanh 240 mau. Pong thoi,
dé dam bao tinh khach quan ti da, mot
tap kiém chung ddc 1ap ngoai vi (External
Validation) méi gdm 14 mau nuéec mam
thu mua truc tiép trén thi truong thuong
mai (khong tham gia vao bét ky giai doan
huan luyén hay téi wu héa tham sd nao)
dugc bo sung dé danh gia nang luc thyc té
cua mo hinh.

II1. Két qua nghién ciru va thao luin

3.1. Ddc trung dap wng cua cdc
cim bién E-nose va E-tongue

H¢ thong ghi nhan su khac biét rd
rét vé ho so mui-vi gilta cic nhom mau

nudc mam nguyén ban va pha tap.
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3.1.1. Bdp ung cua hé théng E-nose

Nudc mim truyén théng co dap tng
cao ¢ cac sensor sulfur va aldehyde (dac
trung cho 1én men tu nhién). Nguoc lai,
mau pha ammoniac ting vot tin hiéu tai
cam bién MQI135, mau pha axit acetic
tang manh & cam bién Volatile acid. Mau

pha nuéc 20% giam dap tmg o hau hét
cam bién do hiéu tng pha lodng. Nudc
mam cong nghiép cho hd so mui kha gan
v6i nudec mim truyén thong nhung c6 xu
huéng gidm & sensor Sulfur (78%) va
Aldehyde (85%), cho thiy quy trinh san
xudt cong nghiép 1am giam mot phan hop
chat thom déc trung cta 1én men ty nhién.

Bang 2. Pap tmg tuong ddi (%) clia cac sensor chinh trén hé théng E-nose

Sensor Nl::‘rlfylgl? " 1\£u’6fc m{i.{n Pha I;lr(rc amlll’ll(l)?liac th} axit Pl;a tap

théng cong nghiép | 20% 0.3% acetic 1% | ket hgp
MQI135 (Ammoniac) | 100+ 8,2 112+95 | 85+7,1 [248+18,4 | 138+11,2 |215+16,7
Sensor Sulfur (H,S) 100 +7,5 78 £ 8.3 72+6,8 [ 145+£12,6 | 91+£94 |[162+143
Sensor Aldehyde 100+ 6,9 85+7.8 68+5,9 | 96+87 |[172+13,5]|148+12,1
Sensor Volatile Acid 100+ 8,1 94+772 79+64 |121+105|189+158|167+13,9

Gid tri trung binh = dg léch chudn, n=6, chudn héa theo nuéc mam truyén thong = 100%

Mang cam bién E-nose ghi nhan
xung dap tmg manh ddi v6i cac hop chat
bay hoi. Pic biét, tai nhém mau pha
ammoniac, cam bién MQ135 cho thy bién
do tin hiéu tang dot bién. Co ché tuong tac
héa hoc dugc gidi thich 1a do cac phan tu
NH, tu do trong pha khi cta khoang chtra
mau khi tiép xtic v6i bé mat oxit kim loai
nung néng ciia cam bién s& xay ra phan tig
oxy hoa truc tiép véi cac ion oxy hap phu
(O hoac O%). Qua trinh nay giai phong cac
dién tir bi bay trd lai bang dan cua vat lidu
ban dan, lam gidm do6 day 16p rao cin ning
luong tai ranh gidi hat, din dén sy sut giam
dién tré dot ngdt va 1am tang dong di¢n dau
ra duoc hé théng ghi nhan.

Dtr liéu khéng dinh hé théng E-nose
c¢6 kha ning phat hién tot cac loai pha tap
phé bién trong nudc mam, dic biét 1a pha
ammoniac va axit acetic - hai chat thuong
dugc su dung dé lam gia hoac cai thién
nhanh mui vi nude mam.

3.1.2. Pdp vmg ciia hé thong E-tongue

Nudc mam truyén théng ¢ vi umami
cao nhat va vi déng vira phai. Nudc mam
cong nghi¢p cd vi umami thép hon va vi
min cao hon, phan 4nh quy trinh san xuét
cong nghiép thuong rat ngan thoi gian 1én
men va bd sung mudi. Cac miu pha tap thé
hién su thay d6i dién hinh: pha duong ting
vi ngot; pha ammoniac giam umami va tang
manh vi dang; pha axit ting vot vi chua.

Bang 3. Pap tmg tuong ddi trung binh cta cc cam bién vi chinh trén hé thong E-tongue

Cam bién vi Nlr(:rc mi'i,m Nwée miam | Pha dwong | Pha ammonia | Pha axit Pl,la tap
* | truyén thong | cong nghiép| 10% 0,3% 1% két hop
Vi umami 100 +£5,8 82+7,1 76 £6,3 68 £8,2 T1£75 | 65+9,1
Vi ding 100 + 6,4 118 £8,5 95+72 215+163 |167+£12,4]198+14.7
Vi mén 100 +4,9 135492 | 108 +6,8 142 +10,5 89+£8,3 [126+11,2
Vi chua 100+ 7.3 94+6,5 82+£5,9 131£11,8 [204+15,6|178+13,4
Vi ngot 100 + 8,1 105+7,8 | 182+142 97+94 88+7,6 |145+128

Gid tri trung binh = dg léch chudn, n=6, chudn héa theo nuéc mam truyén thong = 100%



Dbi voi hé thong E-tongue, cac két
qua thd ban dau timg cho thiy xu hudng
cic mau pha ché ¢co chi s dién thé man
cao hon nhoém truyén thong. Tuy nhién,
qua phan tich ddi chung cho thiy sy gia
tang dién thé khong xuat phat tir ham
luong mudi NaCl thyc té (Vén nudc mam
truyén thong ludn c6 d bao hoa mudi cao
hon dé bao quan ty nhién), ma do hién
tuong nhidu ion cam bién gy ra boi ndng
dd cao ctua duong sucrose (5-15%) va cac
chat diéu vi cong nghiép tao ra mot mang
phan cuc gia trén bé mit dién cuc ion. Do
d6, hé théng E-tongue trong nghién ctru
nay ghi nhan tong ph6 phdi hop vi thay vi
dinh lugng don 1¢ chi s6 man.

183

Dir liéu cua hé thdng E-tongue cho
thidy kha niang phan biét tot giita nudc
mam truyén théng véi cac mau pha tap,
dac biét ¢ hai thude tinh vi umami (gidm
khi pha tap) va vi dang/vi chua (ting manh
khi pha ammoniac va axit). Sy khéc biét
nay b6 trg cho dit liéu tir hé théng E-nose,
tao nén tang cho k¥ thuat hop nhét dir liéu
theo dac trung.

3.2. Phin tich thanh phan chinh
(PCA)

Két qua PCA tir dir liéu E-nose,
E-tongue va dit liéu hop nhit cho thiy hai
thanh phan chinh dau tién giai thich tir
88,5% dén 93,8% tong phuong sai.
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Hinh 1. Biéu do diém PCA cua dit liéu hé
thong E-nose (PC1 = 68,4%, PC2 =21,9%,
tong phuong sai duoc giai thich = 90,3%)
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Hinh 2. Biéu d6 diém PCA cua dit liéu hé
thong E-tongue (PC1 = 65,7%, PC2 = 22,8%,
tong phuong sai dugc giai thich = 88,5%)
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Hinh 3. Biéu d6 diém PCA cua dit liéu hop nhit theo dic trung (PC1 = 70,2%, PC2 = 23,6%,
téng phuong sai dugc giai thich = 93,8%)
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Cac nhom mau tach biét rd rang
trén khong gian PCA. Nhém nude mam
truyén thong (Traditional) tip trung &
ving PC1 am/PC2 dwong, nuéc mim
cong nghiép (Industrial) tach vé phia
PC1 duong. Cac nhom pha tap (pha nudce
cit - Water, pha dudng - Sucrose, pha axit
-Acetic acid, pha ammoniac - Ammonia,

pha tap két hop - Combined) phan bd &
cac vung riéng biét xa hai nhém nguyén
ban. M6 hinh hop nhét dir liéu (Hinh 3)
cho kha ning phan tach cum tot nhat véi
khoang céch rd rang va phuong sai giai
thich cao nhat (93,8%), chirng minh hi¢u
qua cua viéc két hop dong thoi thong tin
mui va vi.

Bang 4. Ty 1é phuong sai duoc giai thich boi cac thanh phan chinh

Thanh phin Hé thé(l(l);t(;))E-nose Hé th(”')n(%/o]?;-tongue Hg’pdgilfg l;irl:rgli(%z )theo
PCI 68,4 65,7 70,2
PC2 21,9 22,8 23,6
PC3 4,8 5,1 3,4
Tong PC14PC2 90,3 88,5 93,8
Téng PC1+PC2+PC3 95,1 93,6 97,2

Két qua trong Bang 4 cho thiy hai
thanh phan chinh dau tién (PC1 va PC2) da
gidi thich phan 16n bién thién cua dir liéu &
ca ba mo hinh phan tich (E-nose, E-tongue,
hop nhét dir liéu theo dic trung), véi tong
phuong sai dat tir 88,5% dén 93,8%. Trong
d6, mo hinh hop nhét di liéu theo dic trung
cho gia tri tong phuong sai PC1+PC2 cao
nhét (93,8%), cao hon so vdi khi su dung
rieng 1¢ hé thong E-nose (90,3%) va
E-tongue (88,5%). Diéu nay cho thiy viéc
két hop dit liéu tir hai hé théng cam bién
gitp giir lai nhidu thong tin dic trung hon
va nang cao kha niang biéu dién cau tric

dir liéu da chiéu. Ngoai ra, tong phuong
sai tich lily cua ba thanh phan dau tién
(PC1+PC2+PC3) trong mo hinh hop nhat
dat 97,2%, chimg to phan 16n thong tin
bién thién cua tap dir liéu da dugc mo ta
chi v6i s6 lugng nho thanh phan chinh. Két
qua nay cho thay phuong phéap hop nhat di
liéu theo déc trung cod tiém nang cai thién
hiéu qua cho budce phan loai tiép theo.

3.3. Hiéu qua cua ciac moé hinh
phan logi

Dir liéu hop nhat mang lai hiéu qua
phan loai cao hon 1o rét so voi cac tap div
li¢u don 1¢.

Bang 6. Hiéu suat phan loai cac nhdm mau nudc mam cua md hinh LDA va SVM

Mo hinh P chinh xac (%) | Do nhay (%) | Pd dic hiéu (%) | Piém F1 (%)
LDA (h¢ théng E-nose) 91,2 89,5 92,8 90,1
LDA (hé thong E-tongue) 89,6 87,8 91,4 88,7
SVM (h¢ théng E-nose) 92,7 91,3 93,6 92,0
LDA - Dir liéu hop nhét 95,8 94.6 96,5 95,2
SVM - Dir liéu hop nhat 94,6 93,8 95,4 94,1




Két qua tai Bang 6 cho thiy cac
mo hinh phan loai trén dir liéu hop nhat
theo dic trung dat hi¢u qua cao hon so
voi viéc st dung riéng 1¢ E-nose hoac
E-tongue. M6 hinh LDA - D@ li¢u hop
nhét cho két qua tot nhat voi do chinh
xac 95,8%, do nhay 94,6%, do dac hi¢u
96,5% va diém Fl-score 95,2%. SVM
trén dir liéu hop nhat cling dat hi¢u suét
cao (94,6%), trong khi LDA va SVM st
dung riéng E-nose cho két qua tét hon
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dang ké so voi E-tongue. Viéc hop nhét
dir liéu da cai thién d¢ chinh xac trung
binh khoang 3,5-6,2% so vo6i cac hé
thong don 1¢, chtng t6 tinh hiéu qua cta
chién luoc hop nhét dir liéu trong viéc
phan biét nudc mam that va cac mau bi
pha tap.

bé nang cao hiéu suat phan loai, cac
mo hinh tri tué nhan tao (SVM-RBF va
DNN) da duoc 4p dung voi hi¢u suét thé
hién tai Bang 7.

Béang 7. Hi€u suat cac mo hinh tri tu¢ nhan tao trong phan loai nudc mam

Ars CeA yA Po chinh xac | Do nhay | P9 dic hiéu | Piém F1 | Thoi gian
Mo hinh tri tu¢ nhan tao (%) (%) (%) %) hudn luyén
May vector ho tro sir dung A
ham nhan (SVM-RBF) 94,6 93,8 95,4 94,1 | 12 gidy
Mang neuron sdu (DNN) 96,4 95,7 96,9 96,1 45 giay

Két qua cho thdy mo hinh DNN dat
hiéu suat cao hon véi do chinh xac 96,4%
nho kha nang hoc dugc céc dac trung phi
tuyén tinh phirc tap. Phan tich ma trin
nham 14n cho thdy mé hinh DNN phén loai
dung 46/48 mau. Hai truong hgp phan loai
sai x4y ra & nhom nudc mam pha nudc va
nhém nuéc mim pha tap két hop, chiém
4,2% tong s6 mau. Cac nhém nudc mim
truyén thong, nudc mam coéng nghiép va
nudc mim pha ammoniac dugc phan loai
chinh xac 100%.

Ma tran déc trung sau khi hop nhat
cdp d6 dic trung (Feature-level Data
Fusion) dugc dua vao cac mod hinh toan
hoc. Két qua phan tich thanh phan chinh
(PCA) chting minh kha ndng phén tach
rd rét gitta cac nhom véi tong phuong
sai giai thich dat 93,8%. Hiéu suit cua
cic mo hinh phan loai truyén théng va
tri tu€ nhan tao duogc téng hop cu thé tai
bang 8.

Bang 8. So sanh tong hop cac md hinh phan loai

Do chinh xic

D0 chinh xac Thoi gian

Mo hinh phan loai (T4p huén luyén) | (Tép kiém chiing n
doc 1ap) % suy luan (s)
LDA (Phan tich biét thirc tuyén tinh) 89,5 <0,01
DNN (Mang neuron sau) 94,2 <0,05

Mic dit mé hinh DNN yéu ciu chi
phi tinh toan cao hon véi thoi gian huén
luyén ngoai tuyén (offline training) xap
xi 45 gidy, tuy nhién trong giai doan Ung

dung thyc té (inference phase), thoi gian
phan hoéi ciia mang DNN rat ngin dudi
0,05 gidy, phut hop cho cac ung dung kiém
dinh thoi gian thyc.
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Nghién cuu cling ghi nhan ty 1¢
phén loai sai xép xi 4,2% ¢ tap dir liéu
noi bo (tap trung vao sy nham 1an gitta
nhoém pha nuéc don thuan va nhom pha
tap két hop). Nguyén nhéan do sy tuong
ddng 16n trong mat do ion hoa tan va ap
suat hoi bdo hoa cta cac hop chét bay
hoi ¢ hai nhém nay, lam céc vector dac
trung roi vao ving khong gian chdng
lan (overlap). Hudng tiép can tiép theo
doi hoi phai phat trién cac thuat toan
trich xuat tinh ning sau hon (feature
engineering) dé boc tach cac thanh phan
phi tuyén nay.

3.4. Thdo lugn

D06 chinh xac cao tir mé hinh LDA
(95,8%) va DNN (96,4%) phu hop voi xu
huéng ing dung cam bién da hé hién nay.
So voi cac nghién ctru cua Calvini va
Pigani, (2022), Chen va cong sy (2024)
dat do chinh xac 90-94% trén thuc phém
1én men, hay Wang va Chen (2024) dat
88-92% khi chi dung E-nose cho nudc
mam, chién luoc hop nhit dit liéu theo
dic trung co6 kha nang khai thic dong
thoi thong tin mui va vi, tor do cai thién
kha ning phan biét giita cdc nhém mau.
Hudng tiép can dong bo str dung ca hé
thong E-nose va E-tongue di dugc ching
minh 13 cong cu manh trong viéc thiét 1ap
ciu tric hd so mui-vi chuyén hoa phuc
tap ctia cac dong nudc mam truyén thong
(Chen va cong sy, 2024).

Vé nang lyc nhan dién dic trung
6t 161 ctia nude mim truyén théng, mot
van dé dat ra 1a nudc mam truyén théng
s& htru hau vi sau nho hé acid amin 1én
men tu nhién phong phti ma cong nghé
dién tir kh6 nhan dién dugc. Nghién ctru
nay cho thiy dc du cac cam bién cta hé
thdng PEN3 va a-Astree II khong dinh

lugng dugc tung cAu truc acid amin cu
thé nhu sic ky, nhung thong qua dau van
tay dir li¢u tich hop da chiéu, cac thuat
toan thong minh di gian tiép ma héa dugc
“van tay ion” va “van tay hop chit khi”
dac trung sinh ra tr cac acid amin nay,
cho phép phan biét dong truyén théng
nguyén ban voi dong cong nghié¢p co6 do
chinh x4ac cao.
IV. Két ludn

Nghién ctru da chirng minh tinh kha
thi cua viéc két hop cong nghé E-nose,
E-tongue va mang DNN trong vi¢c phat
hién nhanh cac hanh vi pha tap nudc
mam tinh vi tai Viét Nam véi do chinh
xac dat 94,2% trén tap kiém chung ddc
1ap thuc té.

Han ché cua dé tai: Nghién ciu
hién tai méi khu tr ¢ quy mo phong thi
nghiém. Viéc dau tu cac hé thé)ng cam
quan dién tir tiéu chuin cao nhu PEN3 va
a-Astree IT ¢6 chi phi cao, cdu thanh rao
can lon cho viéc ap dung dai tra tai cac
nha thung vira va nho ¢ Viét Nam. Do do,
dinh hudng nghién ctru tiép theo s& tap
trung vao viéc thu nho phan ctng, thiét ké
cac mang cam bién chuyén biét gia thanh
thap (portable e-senses).
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APPLICATION OF ELECTRONIC NOSE (E-NOSE) AND
ELECTRONIC TONGUE (E-TONGUE) FORADULTERATION
DETECTION OF VIETNAMESE FISH SAUCE

Do Phuong Khanh', Nguyen Thanh Chung', Nguyen Thi Huong',
Nguyen Thi Hue'!, Dang Bao Son!

Abstract: This study evaluated the effectiveness of combining an electronic nose (E-nose)
and electronic tongue (E-tongue) using feature-level data fusion to differentiate and detect the
adulteration of fish sauce. To mitigate the risk of overfitting stemming from the initial 48-sample
dataset, a data augmentation technique employing white Gaussian noise was applied to expand
the dataset to 240 samples, which was further combined with an external validation set of 14
commercial samples. Principal Component Analysis (PCA) demonstrated that the fused data
provided the optimal representation, with the cumulative explained variance of PC1 and PC2
reaching 93.8%. The classification models achieved high performance; specifically, the Deep
Neural Network (DNN) model attained an accuracy of 96.4% on the training set and 94.2% on
the external validation set, with an inference time of under 0.05 seconds. Furthermore, the study
elucidated the ionization interaction mechanism on the surface of the MQ135 sensor and the
capacity for indirect identification of complex amino acids that contribute to the deep aftertaste
of traditional fish sauce. These findings confirm that this approach holds great potential for
rapid and non-destructive quality control of fish sauce.

Keywords: E-nose, E-tongue, Feature-level Data Fusion, fish sauce, adulteration detection
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