Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 26, So 3A/2021

UNG DUNG CAC PHUONG PHAP PHAN TiCH THONG KE PA BIEN PE PHAN LOAI
NGUON GOC MAT ONG O VIET NAM DUA TREN DU LIEU PHO 'H-NMR

Pén tda soan 10-03-2021

Nguyén Thé Anh, Pham Quang Trung, Ta Thi Thao
Khoa Héa hoc, Trueong Pai hoc Khoa hoc Tir nhién- Bai hoc Quéc Gia Ha Ngi
Nguyén Thi Ha Ly
Khoa phan tich tiéu chudn — Vién Duoc liéu

SUMMARY

Bee honey is the most well-known and economically important. Honey has long been used as a home
remedy to treat coughs and colds for children. Honey diversity is due to many diverse origins.
Properties and compositions of bee honey depend strongly on the type of flowers the bees visited,
season, on the climatic conditions in which the plants grow and treatment of beekeepers. The aim of
this study was to classify honey samples in Vietnam using *H-NMR data combined multivariate
statistics (PCA, SIMCA, kNN, LDA and PLS-DA) methods. The similar results of origin classification of
un-known eight honey samples by four multivariate statistics methods were obtained and proved the
accurate applied methods. The results can help market managers and companies control the origin of
honey samples in Vietnam.
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1. PAT VAN PE tan, tiéu thu noi dia khoang 4.000 tan [2]. Phan
Mat ong la mot vi thube quy dwoc sir dung tir I6n mat ong caa Viét Nam la mat ong da hoa,
lau trong y hoc c6 truyén (YHCT) va duoc qui ngoai ra, con c6 nhiéu loai mat ong don hoa
dinh trong Duoc dién Viét Nam [1] voi céc khac nhu mat ong ca phé, nhan, tao, vai, bac
cong dung chinh nhu chita ho, cam lanh, b ha, cao su, hat diéu...Theo Tiéu chuin Viét
trung, nhuan tao, giai doc. Y hoc hién dai da Nam vé& mat ong tu nhién, mat ong duoc phan
chitmg minh mat ong c6 tac dung ting stc dé biét theo ngudn géc thuc vat thanh ba loai la
khang, phong chéng nhiém triing, bdi bd,...\Vé mat ong hoa, mat ong dich 14 va mat ong hdn
thanh phan hoa hoc, mat ong la hdn hop cua hop. Ngoai ra, nguon goc thyc vat caa mat ong
céc loai duong va mot sé thanh phan khac. con chia theo céc loai cay nhu mat ong bac ha,
Cachohydrat trong mat ong chu yéu la fructose mat ong nhan, mat ong ca phé [3]. Theo ngudn
(khoang 38,5%) va glucose (khoang 31,0%), gbc dia ly, mat ong dugc phan biét tir cac
maltose, sucrose va carbohydrat hdn hop [4]. vung, cac dia phuong khac nhau nhu maét ong
Mat ong ciing chita mot lwong nho cac vitamin, ik Lik, Gia Lai, Binh Phudc, Bic Giang,
khoang chét va cac hop chat chirc ning nhu mot s6 tinh Pong Nam Bo nhu: Lam Dong
chit chéng oxy héa bao gdm chrysin, (cdy ca phé), Péng Nai (ca phé, cao su va
pinobanksin,  vitamin C, catalase va chom choém), Binh Phuéc (hat diéu, cao su),
pinocembrin. Tuy nhién, thanh phan cu thé cua Hung Yén (nhén, keo)...[2]. Hién nay trén thi
mat ong phu thudc vao hoa ma ong hat mat [5]. truong san pham mat ong rat da dang vé xuat
Theo sé liéu nam 2013, san lwong mat ong X, mui vi. Mot sb don vi san xuit thuong pha
trung binh 12 42.000 tan/nam, xuat khau 38.000 tron nhiéu nguon mat ong khac nhau dé c6

58



dugc mau sic va khéi lugng can thiét, dong
thoi lam giam gia thanh san pham, diéu nay
gay anh huong dén quyén loi nguoi tiéu dang.
Vi véy can thiét co phuong phap nhim xéac
dinh dwogc chinh xac ngudn gbc cua mat ong &
Viét Nam.

Phuong phap phan tich thong ké da bién
(mutivariate analysis) la phuong phap xir ly
sb lieu nham tim ra méi quan hé gira cac
bién trong tap sé liéu. Trén co s bo sé ligu
(vé hda hoc) cua miu phén tich, cac phuong
phap thdng ké da bién s& tim ra diém gidng
nhau va khac nhau giira cAc mau, tir d6 phan
loai chdng vao cdc nhém khéac nhau. V&i mot
mau bat ky khi st dung thong ké da bién
hoan toan c6 thé nhan dang xem ching thudc
nhém nao trong cac nhom da dugc phéan loai.
Mot sb phuong phap théng ké da bién
thuong dugc s dung trong phan nhém mau
gom: phan nhom khéng chi dan (PCA, CA)
va phan nhém cé chi din (PLS-DA, LDA,
kNN, SIMCA) [10-11]. Déi véi cac phuong
phap phan nhém khéng chi dan, dir liéu dau
vao khong dwoc dan nhan va khong cé két qua
da biét, mot mo hinh phan cum s& duoc dé xuat
dua trén thong tin thu duoc c6 trong dir liéu
dau vao. D4i voi cac phuong phap phan nhom
c6 chi dan, dir liéu dau vao (goi 1a dir licu
luyén) c6 nhan hoic két qua da biét, mot md
hinh phan nhém s& dugc dé xuit dya trén dix
lieu luyén d6, va c6 thé dwa ra du doan vé
nhom déi vai nhiing dir ligu can kiém tra [6-7].
Tir thyc tién su da dang vé nguon gbc ciia mat
ong & Viét Nam, cing véi thuc trang chit
lugng mat ong trén thi truong Viét Nam con
nhiéu ton tai, chua dugc kiém soat chat ché.
Nghién ctru nay dugc thuc hién tién hanh ap
dung md hinh thdng ké da bién két hop cac dir
ligu ho& hoc dé bude dau phan loai nguon gbc
mat ong ¢ Viét Nam.

2. THUC NGHIEM

2.1. Héa chit, thiét bi

2.1.1 Hoéa chat

Dung modi do NMR 1a hon hop cua D,O va
nudc cat 2 lan (ty 1¢ 90:10, v/v); acetonnitrin
(ACN), magie sunfat (MgSQs), natri acetat
(CHsCOONa).
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2.1.2 Thiét bi, dung cu

Thiét bi phd cong huong tir hat nhan cua hing
Bruker, Advance 500 MHz; cac dung cu gom
c6: micropipet 100ul; éng do NMR kho va
sach; 6ng fancol dung tich 15 ml.

2.2. Poi twong nghién ctru

Cac mau mat ong duoc thu thap tir thi truong 1a
céc ctra hang, siéu thi, hodc truc tiép lay trong
kho cong ty va nha dan... Cac mau sau khi thu
thap dugc chuyén vé phong thi nghiém va bao
quan trong ta mét (20°C). Quy trinh 1y mau: 57
mau mat ong dwoc thu thap tir cac ngudn khéc
nhau, trong d6 c6 18 mau mat ong nhén, 10 mau
mat ong tir hoa khéc va 29 mau chua biét rd
ngudn goc. Sau khi lay mau, tién hanh tach tap
mau nay ra lam 2 phan: mau luyén gdm 49 mau
mat ong da c6 ngudn gdc, va mau kiém tra gom
8 mau chua 15 ngudn géc.

2.3. Phwong phap nghién ciru

2.3.1. Phwong phdp phé céng hwong tir hat
nhan (NMR) phan tich mdu mgt ong

Mau do duoc chuin bi bang cach hoa tan 0,10
ml mau mat ong trong 0,3 ml hdn hop dung
mdi do NMR. Tién hanh do phd H-NMR trén
thiét bi Bruker Advance 500 MHz 11,7T; s
diém dir lieu: 32K; thoi gian: 2,04s; do rong
phd: 8012,820 Hz. Phép chuyén héa Fourier
cac phd va trir nén duoc tién hanh ty dong
bang phan mém Topspin. Dé so sanh cuong do
pic cua cac mau, ta dich chuyén pic cua a-
glucose vé vi tri 5,12 ppm (vi tri chuan véi phd
!H-NMR), khi d6 cac pic con lai s& duoc dich
chuyén twong dbi. Ghi toan bd phd tir 0,2- 5,4
ppm. Tu thiét bi NMR, ma tran sé liéu xuét
duéi dang .txt va nhap vao Matlab.

2.3.2. Phan nhém mdu dwa trén cdic phwong
phap théng ké

Trong nghién ciru ndy, cic phuong phap théng
ké (PCA, kNN, SIMCA, LDA) déu duoc thuc
hién trén phin mém “PCA toolbox for
MATLAB?”, lasan pham mién phi caa Milano
Chemometrics and QSAR Research Group [8-
9] bao gébm mét tap hop cac modun MATLAB
dé phan tich cau tric dix liéu.

Phan tich thanh phan chinh (Principal
Component Analysis, PCA): PCA la mot



phuong phap théng ké thudng duogc sir dung dé
phan nhém khong gidm sit cdc mau trong mot
tap mau.

Thao tac: Chon duong dan dén thu muc PCA
toolbox for MATLAB => M¢ giao dién sir
dung cua PCA toolbox bang lénh: pca_gui;
Trong thé File, load cac ma tran dit liéu goc
(X_train), ma tran nhom(Class_train) va cac
ma tran nhan (Labels); Trong thé Calculate, ta
chon phuong phap phan tich can dung, cu thé
la PCA; S6 PCs ciing nhu cach tién xir Iy sd
lieu c6 thé lra chon khao st.

Dé xem cac dd thi két qua, vao thé Results; dé
Xuit mot dd thi, chon Export. Bé kiém tra mot
bo s6 lieu méi, luu lai mod hinh da 1ap duoc
biang File — Save Model sau dé load data bang
ma tran sd lieu méi. Vao thé Predict, chon
Predict Sample. Xem két qua dy doan véi bo
sb liéu mai & Results.

B6 cong cu ICOSHIFT: B§ cong cu
ICOSHIFT cho Matlab 1a mét chuong trinh ma
ngudn mé duge thiét ké dic biét dé giai quyét
céc van d¢é lién két tin hiéu trong phén tich dir
liéu NMR. Trong nghién ctru nay, ICOSHIFT
duogc xir dung dé xac dinh céac pic va cac ving
pic trong phd, tir 46 dua ra cac hiéu chinh can
thiét cho ma tran tin hiéu do.

Thao tac:

Budc 1: Nhap bo cong cu ICOSHIFT va cac
ma tran phé NMR.

Buac 2: Nhap cau lénh caa ICOSHIFT

Budc 3: Xuit két qua

Cac phuong phap khac kNN, LDA, SIMCA:
Thao tic: chon dwong dan dén thu muc
Classification toolbox for MATLAB; m¢ giao
dién sir dung cua Classification toolbox bing
Iénh: class_gui; Trong thé File, load cac ma
tran dir lieu gdc (X_train), ma tran
nhom(Class_train) va cac ma tran nhén
(Labels). Bé thyc hién thuat toan nao, chon
thuat toan do ¢ thé Calculate. Sau khi khao sat
s6 PCs can thiét ciing nhu cic phwong phap
tién xir 1 s6 liéu, chon Calculate. Xem két qua
& thé Results, kiém tra voi b s lieu méi sau
khi da load & thé Predict.

3. KET QUA NGHIEN CUU
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3.1. Phan tich dir liéu 'H-NMR ciia cAc miu
mat ong

Tién hanh do phd 'H-NMR theo diéu kién trinh
bay trong muc 2.3, thu dugc phd *H-NMR cua
1 miu mat ong (Hinh 1) va hinh anh chdng phé
'H-NMR cua 57 mau mat ong thu thap duoc
(Hinh 2).
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Hinh 1. Phé H-NMR ciia mét mau mdt ong
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Hinh 2. Phé 'H-NMR cia 57 mau mdt ong khi
xép canh nhau

Nhin vao phé d6 Hinh 2, ¢6 thé chia pho H-

NMR cua cac mau mat ong thanh 3 viing khéac

nhau theo d6 dich chuyén hoa hoc (s ppm)

nhu Hinh 3.
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Hinh 3. Ba viing phé chinh cua trong *H-NMR
ciia mau mdt ong



3.2. Phian cum cac miu mat ong dwa trén
mod hinh PCA két hop cong cu ICOSHIFT
Sau khi thu nhan tin hiéu 'H-NMR va thuc
hién thuat toan PCA véi lan luot 3 ving phd,
thu duoc két qua nhu Hinh 4.

Viing phé CARBOHYDRATE
score plat

Viing phd axit ACETIC va axit LACTIC

Viing phé céc hop chit thom

Hinh 4. D6 th; c&c trong so (score plot) trong
PCA cua 3 ving pho

Két qua thu duoc cho thiy ving tin hiéu phd
H-NMR tuong ng véi cac nhém chat
carbohydrat ¢6 ¥ nghia vé mat phan loai nhit.
Tuy nhién, &6 chum cta cAc mau van con chua
cao, Vi vy, can t6i uu hoa tap sé liéu biang
céch sip xép lai dir liéu, sir dung bd cong cu
ICOSHIFT (Hinh 5).

Tu tap sb lieu sau khi hiéu chinh bing
ISOSHIFT, thuc hién lai thuat toan PCA véi
49 mau luyén nay, thu dugc do thi trong sé nhu
Hinh 6.

(@)
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Hinh 5. Phé *H-NMR sau khi tién xiz 1y s6 li¢u
bang ICOSHIFT
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Hinh 6. P6 th; PCA phan nhém 49 mau luyén
Nhan thay phan trim phuong sai ciia 2 PC dau
tién da duoc cai thién, tong gia tri 16n hon 55%
nén két qua phan loai 1a c6 ¥ nghia. Bong thoi,
tir két qua thu dugc & Hinh 6, c6 thé thay 49
mau caa bo sé liéu luyén duoc chia thanh 3
nhom rd rét (ky hiéu lan luot 1a cac nhém 1, 2,
3), trong d6 1 c6 kha nang cao la nhém mat
ong nhan.

3.3. Phan nhém mau dwa trén cac thuat
toan théng ké da bién khac

Két qua phan nhém bang SIMCA

Sau khi khao sat cac diéu kién tién xu ly s6
liéu, s6 PCs can thiét dé chon phwong an thuc
hién tdi wu, thu dugc dd thi SIMCA-score nhu
Hinh 7.

<107 sample plot
4
© class 1
o 08 © class 2
& H O class 3
(=} OO v
s o6 o 2 goe
; 0.4 ° (<] ®
11} o%e
v 0.2 ° o
o~ o
O e
a 0 )
5 % o e
A e
8 02 @ e ° ° ®
8 .04 ® o
& °
a 06 ° °
©
© 08
o
-1 °
15 -1 0.5 0 05 1
class 1 scores on PC 1-EV =53.22% x107
Hinh 7. Do thi SIMCA-score phan nhém 49
mau luyén

Vi tong phan trim phuong sai 16n hon 65%,
két qua nay 1a hoan toan chap nhan dugc. Tur
biéu d trén, d& thiy cac nhém c6 su phan biét
kha rd rét, dac biét sy phan nhom cua cac mau
theo SIMCA ¢6 su tuong ddng so véi sy phan
nhém theo PCA. Ap dung d6 thi SIMCA dé



kiém tra 8 mau chua biét, thu duoc két qua nhu
Hinh 8.
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Hinh 8. Do thi SIMCA kiém tra mdu
Két qua thu dugc cho thiy trong s6 8 mau nay
mat ong chua c6 ngudn gbc, c6 3 mau co
ngudn gbc 1a mat ong nhan va 5 mau khong
phai mat ong nhan.
Két qud phan nhém bang KNN
Sau khi khao sat cac diéu kién tién xu ly sb
liéu, gia tri K can thiét & chon phuong an thuc
hién t6i wu, ta duoc két qua phan nhém kNN
nhu Hinh 3.9.

— fitting

error rate: 0.08
non-error rate: 0.92
accuracy: 0,92

vigw confusion matrix

wiew calculated class

Hinh 9. Két qud phdan nhém kNN
Gia tri sai s6 1a 0,08 1a mot gia tri chap nhan
duoc. Két qua kiém tra 8 mau mat ong chua
biét nguon gdc cho thay 4 mau ¢ nguon goc la
mat ong nhan, 4 miu con lai khdng phai mat
ong nhan.
Két qud phan nhém bang PLS-DA
Sau khi khao sat cac diéu kién tién xu ly sé
lieu, sb LVs can thiét dé chon phuong an thyuc
hién téi wu, thu duoc dd thi PLS-DA phan
nhém mau luyén va mau kiém tra nhu Hinh 10
va Hinh 11.
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Hinh 11. D6 thi PLS-DA kiém tra mau

Vi téng phan tram phwong sai 16n hon 55%,
két qua nay la chap nhan dugc. Tir biéu d6
Hinh 3.10, d& thdy cac nhém cé su phan biét
kha rd rét.

Két qua thuc hién LDA dya trén dir liéu phan
cum PCA

Tir két qua phan cum 49 mau luyén bang PCA,
tién hanh kiém tra 8 mau chua rd nguon goc
bing thuat todn LDA thu nhan dugc ma tran P

nhu Bang 3.1.
Bang 1. Két qua phan tich LDA

Mau  Nhom1 Nhom 2 Nhém 3
1 0 0 1
2 1 0 0
3 1 0 0
4 0 0 1
5 0 0 1
6 0 1 0
7 1 0 0
8 1 0 0

Két qua kiém tra 8 mau mat ong chua biét
ngudn gdc cho thay 4 mau c6 ngudn goc la mat



ong nhan, 4 mau con lai khdng phai mat ong
nhén (khéng thugc nhém 1).
3. 4 So sanh két qua phan loai ngudn gbc cac
miu mit ong Kiém tra
Két qua phan loai ngudn gdc cac miu mat ong
kiém tra bang 4 phuong phap khac nhau
(SIMCA, kNN, PLS-DA va LDA) duoc trinh
bay tom tat trong Bang 2.
Bdng 2. S0 sanh két qua phan logi nguon goc
cdc mdu mdt ong kiém tra bang cac phwong
phap thong ké da bién khéc nhau

Miau SIMCA kNN PLS- LDA
DA
1 3 3 3 3
2 1 8 1 1
3 1 1 1 1
4 3 3 3 3
5 3 3 3 3
6 2 2 2 2
7 1 1 1 1
8 1 1 1 1

Két qua thu dugc tir bon phuong phap la ‘tuong
d6i phi hop voi nhau, chi riéng mau sé 2 ¢6
két qua phan nhom khac nhau. D6i chiéu lai
két qua & Hinh 9 va Hinh 12 cho thdy, mau nay
nam ¢ ving bién, c6 nghia 1a x4c sudt thugc
nhém 1 hodc 3 1a twong ddi xap xi nhau; sai sd
nay la chap nhan duoc.

Ban ludn

Viéc s dung bén phwong phap phéan tich
nhém SIMCA, kNN, LDA va PLS-DA dé
kiém tra sy phan nhém khong chi dan cuia PCA
cling nhu kiém tra nhém cua cac mau chua biét
la thanh cong. Trong khi voi két qua PCA,
chiing ta chi c6 thé gan ngudn géc phan nhom
bang mét thudng (khong ¢ xéac suat thong ké),
céc phuong phap SIMCA, kNN, LDA va PLS-
DA cung cip két qua phan nhom c6 kém do thi
VA Xac Suét, tr d6 dua ra cac nhan xét chinh
x4c hon ciing nhu dé dang danh gia nguyén
nhan gay ra sai so.

Két qua thu dugc cho thdy c6 thé xay dung
mot cdng cu kiém tra nhanh cac mau mat ong
trén thi truong, 1a mot cong cu hitu hiéu cho
cac co quan quan li thi trudng ciing nhu cho
céc cong ty san suit mat ong tu kiém dinh chit
luong san pham dau ra — déu vao. Po chinh
xac cua phuwong phap c6 thé d& dang duoc cai
thién khi bo s liéu luyén duge ting thém $6
mau dén khoang vai nghin hoac I6n hon.

4. KET LUAN

63

Két qua thu duoc cho thdy viéc 4p dung céc
phuong phép théng ké da bién két hop phén
tich tin hiéu 'H-NMR cta cdc mau mat ong
kha thi, c6 thé phan loai cac mau mat ong ¢
Viét Nam. Tiur 49 mau luyén, théng qua su
phan nhom khéng chi dan bang PCA, da phan
duoc thanh 3 nhém I6n ¢ sy phan cum ro rét.
Két qua kiém tra sy phan nhém cua PCA va gan
nhém cho 8 mau kiém tra bang cac phuong phap
SIMCA, kNN, PLS-DA va LDA cho két qua phu
hop, chang t6 cac md hinh thong ké ap dung
trong nghién ciru ndy phi hgp dé phan loai nguon
gdc mat ong & Viét Nam.
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