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SUMMARY

STUDY OF USING ATR-FTIR SPECTROSCOPY AND MULTIVARIATE
STATISTICAL (MSA) TECHNIQUES TO CLASSIFY SESAME PRODUCTS IN VIETNAM

The research objective of this paper is to find a fast and reliable method for classification of sesame
products, with the aim of trademarks protection. The Fourier-transform infrared spectroscopy (FTIR)
and the multivariate statistical techniques including Principle Component Analysis (PCA) and Linear
Discriminant Analysis (LDA) were used. The spectral band data were simplified by selecting peak
coordinates prior to being processed by the multivariate statistical techniques. This method has
classified 15 samples of whole-seed sesame products in Vietnam markets, including 8 white sesame
samples and 7 black sesame samples collected from supermarkets, local markets and food suppliers in
Hanoi. Research results showed that the task of evaluating and classifying sesame products on the
market of each sesame brand has been successful. Two principle component analysis (PCA) and linear

discriminant analysis (LDA) methods supported each other in this task.
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1. MO PAU

Hat ving (Sesamum indicum L.) véi huong
thom ddc trung cung vi béo bui, mang gié tri
dinh dudng cao 14 “diém nhan huong sic” cho
cac mon in n6i chung [1] va ddi véi nguoi dan
Viét Nam la thanh phan khong thé thiéu dé tao
nét dac sic trong viéc dung dé trang tri cac
mon an tir thoi xa xua.

Dugc coi 1a loai hat cho dau lau doi nhat cua
nhan loai. Cy virng c6 nhiéu loai (v6i khoang
30 loai), va nhitng loai hoang da dwoc khai
thac 1au doi nhat & Chau Phi va An Do. Hb so
tr Babylon va Assyria, c6 nién dai khoang
4.000 nam trude da dé cap dén ving [2]. O cac
nude chau A trong vai nghin nim hat vimg da
dugc sir dung nhu mot loai thuc phiam sic
khoe dé phong chéng bénh tat. Chung lam ting
dang ké g-tocopherol trong huyét tuong va

tang cuong hoat dong cua vitamin E rat tét cho
sic khoe [4]. Nhiéu loai khach nhau nhung
hién nay dugc trong phd bién nhat 1a vimg den
va virng trang. Vimg den con goi 1a hd ma, hic
chi ma, cy thang, cu thang tir, 6 ma, 6 ma tu,
du ma, giao ma, tiéu hé ma. Ving tring con
goi 1a bach du ma, bach hé ma [3].

Trong hat virng c6 chira du cac thanh phan
dinh dudng nhu protid, lipid, glucid, xo,
vitamin B, By, PP, E, c4c chit khoang nhu:
Ca, P, K, Na, Mg, Fe, Zn, Se, Cu, Mn... Cac
nghién ctru da chi ra rang dau virng c6 thé wc
ché sy phét trién ung thu & ngudi, giam huyét
ap, giam qua trinh peroxy hoéa lipid va ting
tinh trang chéng oxy héa & bénh nhan cao
huyét p [2]. Theo Y hoc cé truyén, hat virng
6 Vi ngot, béo, tinh binh, quy 4 kinh phé, ty,
can, than. C6 tac dung nhuan trang, bod khi



huyét, bd ngii tang, ich khi lyc, bd ndo tay,
manh gan cdt, sang tai mat, ich ldo truong tho.
Nén virng c6 thé duoc ding don doc hoac két
hop cling cac vi thudc khac chira tri bénh. [4].
Tiéu thy hat virng trén toan thé gigi 1a 6559,0
triéu USD vao nam 2018 va s& dat 7244,9 triéu
USD vao nam 2024, véi tbec d6 CAGR (téc do
tang trudng kép hang nam) la 1,7%. Tiéu thu
ving trén toan cau dang tang déu dan chu yéu
do ngudi tiéu ding thay ddi cach tiéu dung va
nang cao nhan thic vé sic khoe. Khoang 70%
hat virng trén thé gi¢i dwoc sir dung dé san
Xuit dau va bot. Tong luong tiéu thu dau va
thuc phdm hang nam 1an luot 1a khoang 65%
va 35% [7]. Tai Viét Nam nam 2019 gia ving
den 40.000-45.000 d/kg, dén vu virng nim nay
(2020) tang 1én 50.000-52.000 d/kg. Tinh toan
chi phi san xuit theo thoi gia hién nay, ndng
dan tréng vimg dat niang suat binh quan trén
1,4 tan/ha l4i khoang 60-70 triéu dong/ha.
Ning suét virng tang 1én, c6 thi truong tiéu thy
t6t nén mang lai gia tri kinh té I6n cho ngudi
dan [5].

Khao sét thi truong gid ving hién giao dong tur
40.000 vnd dén hon 50.000 vnd d6i véi 1kg
vung, nhung véi mot vai gian hang chi ban
khoang 20.000vnd/1kg va cling c6 nhung gian
hang dé gia 1én dén 480.000vnd/ 1kg [6].
Chinh vi sy da dang vé chung loai va gié tri
kinh t¢ ma Hat virng mang lai, nén ngudi ta
thuong lam gia thuong hiéu, chung loai dé co
lgi nhuan cao hon. Nghién ctru nay dugc thuc
hién nham sir dung quang phd hong ngoai
(ATR-FTIR) két hop véi cac thuat toan théng
ké da bién dé phan biét cac loai virng Viét
Nam ban trén thi trudng. Theo do, cac két qua
nghién ciru c¢d thé xay dung thanh phuong
phép phan tich héa hoc dé phan biét ching
loai, thuong hiéu virng, nham bao vé thuong
hiéu san pham.

2. THUC NGHIEM

2.1. Thu thap va xir Iy mau

Cac mau duoc thu thap tai cAc chg dia phuong
va c4c siéu thi trong pham vi quan Cau Gidy va
quan Ba Dinh, thanh phd Ha No6i gdm15 mau
hat virng (ca tring va den) dwoc chia lam 9
thuong hiéu khac nhau. Trong dd, céac san

pham duoc mua tai siéu thi dugc dong goi va
¢6 thuong hiéu rd rang va mot vai san pham
duoc lay tén dia diém ban hang, coi 1a mot
thuong hiéu riéng biét.

Bang 1. Thong tin 15 mdu hat ving

. Cac loai san phé‘im
Thuong hi¢u <
Trang Den
PMT VT1 VD1
Thu Dung VT2 VD2
VANA VT3 -
Chg Nghia Tan Q1 VT4 VD4
Chg Nghia Tan Q3 VTS VD5
Chg 800A VT6 -
Danavi V17 vbr
VT8 -
buc Trung Tin - VD9
3D - VD10

Mau ving thu thap ¢ dang hat dugc nghién
nhé va ddng héa bang may xay mau thuc pham
khd (Sunhouse), duoc sdy khd tai nhiét do
45°C trong vong 2h ddng hd trong tu sy
(Memmert UN110). Sau d6 mau duoc do truc
tiép trén thiét bi quang pho.

2.2. Phén tich quang pho hong ngoai

Cac mau sau cong doan xay nho va siy khd
thanh dang bot dwgc phan tich truc tiép trén
thiét bi ATR-FTIR (Nicolet™ iS50, Thermo
Scientific, My). So lugc cac budc tién hanh:
Lay khoang 2 mg bot vimg dugc dat trén bé
mit tinh thé kim cuong-ZnSe. Cong cu nén
mau tich hop trén thiét bi duoc sir dung dé ting
dién tich tiép xuc giira mau va cam bién ciing
nhu dam bao thiét bi cho tin hiéu dai phé tét
nhat bang céch 4p dung mét luc nhat dinh Ién
trén nén mau kho. Két qua Ia tin hiéu phé dwoc
thu thap trén phan mém OMNIC da cai trong
may tinh. Céc giai phd thu thap dugc c6 budc
séng nam trong khoang tir 4000-400 cm™, bao
gom 70 lan quét mau va co do phan giai 4 cm
1 M3i miu duoc phan tich lap di lap lai 5 lan
nham mang lai két qua chinh xac nhét can dat.
2.3. K§ thuit thong ké da bién

Codng cu The Unscrambler® X 10.4: cong cu
gilp hiéu chinh duong co so (baseline) va
chuyén héa thanh dang du liéu trén Excel tir
céc du liéu phd thu dugc. Tir d6 thong tin




chinh trén dai phdé dwoc sang loc va rat gon
dwa trén cac dinh peak khac nhau dé tao nén
mot tép dir liéu méi. St dung nén tang thong
ké XLSTAT 2016.02.28451 thdong qua cac
phép phan tich nhu PCA - Phan tich thanh
phan chinh va LDA- Phan tich phan biét dugc
tién hanh trén tép dir liéu méi tich hop trén
Microsoft Excel va STATISTICA 12.

3. KET QUA VA THAO LUAN

3.1. Khio sat phan tin PCA ciia 15 miu
virng

PCA duoc sir dung dé trich xuat thong tin quan
trong tir bang dit liéu da bién va biéu thj thong
tin nay dudi dang mot tap hop mot vai bién
méi duoc goi 1a thanh phan chinh (PC) [7]. T
d6 xem xét tac dong cua ngudn gbc va tinh
phan biét cua 15 mau virng. Cac bién moi nay
trong wng voi sy két hop tuyén tinh cua céc
bién ban dau, s6 lugng cac thanh phan chinh
nhé hon hodc bang sb luong cac bién ban dau.
PCA giam kich thudc cua dir liéu da luong
bién thanh hai hodc ba thanh phan chinh, c6
thé duoc truc quan hda bang do thi, véi sy mat
mat thong tin t6i thiéu. Két qua thu vé cac sé
lieu s& dugc sip xép lai, cac diém thanh phan
chinh dau tién s& dugc dai dién dé mo ta thong
tin, PCA gia dinh rang cac hudéng c6 phuong
sai 16n nhat 1a “quan trong” nhit [7]. Qua khao
sat phan tan PCA cua 15 mau virng ta thiy qua
hinh 1 c4c buéc séng phan tan tap trung nhiéu
& 2 PC nhung van can bét lai 1 vai buéc song
dé c6 thé thiy su phan tan duoc rd rang hon.

Loading scatterplot (p1 vs. p2)
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Hinh 1. Khdo sat phan tan PCA cua 15 mau viing

3.2. Phén tich pho hong ngoai

Dung hat virng lam thuc pham 1a cach phé bién
nhit & tit ca cac nudc. Trong hat ving c6
chira: 45 - 55% chat béo, 19 - 20% Protein, 8 -
11% dudng, 5% nudc, 4 - 6% chat khoéang.
Thanh phan chtra lignans  pinoresinol  va
lariciresinol. Bén canh mot sb thanh phan ciu
tao chinh dugc xac dinh, c6 rat nhiéu céc hop
chat nho 1é khac chwa duoc lam rd, nhung
ching chic chin s& dong gop vao dai pho hong
ngoai [8, 14].

0.1

‘Wavenumbers (cm")

Hinh 2. Téng hop ddi phé ciia 15 mau hat vimng
Hinh 2 m6 ta dd thi cac dinh cia 15 mau ving.
Két qua cia mdi mau dugc do 1ap lai 5 lan dé
xac dinh sai s6 cua phuong phap. Tuy nhién
trong d6 khong nhiéu sy chénh léch tai mdi két
qua cho thiy do6 léch chuén twong dbi. Sai s6
ctia phép do duogc ldy trung binh tai moi dinh
cua phd hong ngoai khéng nam ngoai khoang
cho phép.
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Hinh 3. Pinh peak cuia 15 mau hat virng
Dé giam thiéu cac dix lieu khong can thiét, chi tong
hop cac dinh cuc dai cua phd hong ngoai cua tat ca
c4c mau. Hinh 3 mé ta dd thi 16 dinh cua 15 mau
vimng. tir budc séng 3300 dén 2500 va tir budce
song 1390 dén 1310 (dao dong ciia nhdm O-H); tir
budc séng 1648 dén 1638 (dao dong cua nhom
C=C); tir budc séng 1550 dén 1500 (dao dong cua
nhom N-0); tir buéc séng 1465 dén 1450 (dao



dong ciia nhém C-H); tir bude song 1000 dén 500
(dao dong bién dang) [9].
3.3. Ung dung phén tich thanh phén chinh
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Hinh 4. So d6 sang loc cia thanh phan chinh
Hinh 4 cho thiy so dd sang loc dugc sir dung dé
minh hoa sy dong gdp cua cac thanh phan chinh
dbi voi gia tri riéng va vector riéng. C6 thé thay
rang 2 PC dau tién chiém dén gan dén 90% luong
thdng tin chinh trén tong sé bién thién cua cac
mau. Do d6, c6 thé ndi rang nhitng PC nay mang
théng tin chinh cua cac bién.

Observations (axes F1 and F2:95.34 %)
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Hinh 5. Ap dung PCA phan biét ching logi
Két qua PCA cho phan biét chung loai ving
chi ra rang hai thanh phan chinh dau tién (F1
va F2) nam giir phan I6n cac thong tin dir liéu
mau, chiém 95,34%, trong d6 78,27% va
17,08% la tong sé bién thé lan luot thudc vé
thanh phan chinh dau tién (F1) va tha hai (F2).
Tuy nhién, c6 thé thiy ring khéng thé phan
biét duoc hai chung loai virng do khéng quan

sat dugc su phan nhom gitra hai chuang loai va
su phan b miu kha roi rac va xen k& nhau
(Hinh 5). C6 thé thiy dwoc dau hiéu tich cuc
hon khi ap dung PCA cho nhan biét thuong
hiéu trén ca hai loai ving (khéng tach riéng
ting loai). B3 c6 su phan nhom cho ting
thuong hiéu, nhung lai quan sat duoc sy tich
nhém riéng trong mdi thwong hiéu dwoc biéu
thi trén biéu d6 PCA (Hinh 6). Pay la bang
chitng cho sy khéc nhau cua hai chang loai
ving den va trang. Do vdy, khao sat sau hon
duoc tién hanh trén tung chung loai vimng

nham quan sat rd hon su khac biét thuong hiéu.

Observations (axes F1 and F2:85.21 %)
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Hinh 6. Ap dung PCA phan biét thirong hiéu
Két qua st dung mo hinh PCA khdng thanh
cbng trong viéc phan biét chung loai virng, tuy
nhién lai kha hiéu qua khi ap dung phén biét
thwong hiéu trén ting chung loai ving. Céc
thuong hiéu nhin chung da dugc phan nhém ré
rang hon do cac diém thudc timg thuong hiéu
dugc phan bd tap trung va tach bigt hon. Hinh
7a cho thiy véi virng den, cac mau cua thuong
hiéu Thu Dung va Nghia Tan c6 vi tri kha sét
nhau. Nguyén nhan giai thich diéu nay dugc
cho ring c6 lién quan t6i sy tuong dong trong
thanh phan héa hoc cia miu virng thudc hai
thuong hiéu trén. Ngoai ra, sy phan tach giira
cac nhoém thwong hiéu con lai dugc biéu thi
kha r3 trén biéu d6 PCA.



Observations (axes F1and F2:79.68 %)

5

- * TH-PMT

4 L s TH-Thu Dung

.. °THID
3 - . * TH-Bic Trung Tin
* TH-Danavi

-2 - TH-Nghia Tén Q3
RS ‘e +*  TH-Nghia Tin Q1
w 1 . L
= o
- K
S .
Bl | ! .

-2 L ‘e

3 L

S5 4 -3 -2 -1 01 2 3 4 5 6 7

F1(66.50 %)
Observations (axes F1and F2:91.77 %)
3
2
1 D . .
=’\? rd .-,. L o
g 0 Lt - .'.‘ ,
~
< -1
- « TH-PMT
= ) « TH-Thu Dung
- o TH-Danavi 1
3 « TH-Danavi 2
b » TH-Ngha Tén Q3
4 : TH-Nghia Tén Q1
K TH-800A
5 * TH-Vana
S5 04 32 -1 01 2 3 4 35 6 7
F1(74.29 %)

Hinh 7. Ap dung PCA cho phan biét thirong
hiéu virng: (a) — Vitng den; (b) — Vimg trdng
Sy phan nhém ciing dugc thé hién rd rang khi
quan sat két qua phan biét thuong hiéu trén
virng trang (Hinh 7b). Trong d6, su khéc biét
I6n nhat thay dugc ¢ thuong hiéu Thu Dung,
Danavi 1 va PMT khi 3 nhém nay niam & vi tri
riéng biét va tach hin so véi cac nhém con lai.
Trong khi nhom Danavi 2-Nghia Tdin Q3-
Nghia Tan Q1 va Vana-800A la hai nhém cé
phan bd sat nhau. Téng hop cac két qua thu
dugc cho thiy phuong phap phan tich thanh
phan chinh — PCA mang lai hiéu qua kha rd
rang ddi véi viéc phan biét thuong hiéu. Ching
minh cho diéu ndy 1a sy phan nhém theo
thuong hiéu ciia cac théng tin biéu thi trén biéu

d6 PCA.

3.4. Ung dung phén tich phén biét

LDA (Linear discriminant analysis) la mét
cong cu phan loai bao gom tinh toan tuyén tinh
két hop (ham phan loai) cua cac bién ban dau
c6 thudc tinh, t6i da hoa sy khac biét va giam
thiéu sy khac biét trong cac nhém [10,11]. Ap
dung cho 15 mau virng (bao gdm ca virng tring
va vimg den), c6 thé thiy dwoc su phan biét
thwong hiéu ctia cAc mau vimng chua hiéu qua
(Hinh 8), cac khoang tin cdy (Confidence

ellipse) cua cac mau co sy tring lip, ngoai trir
mau thuong higu PMT. Két qua xir ly LDA
cho thay cac thwong hiéu dugc phan nhém va
duoc phan b & cac toa do kha tach biét véi
nhau. Duy chi d6i véi vimg den (Hinh 9a),
thuong hiéu Nghia Tdn Q1 va Thu Dung cd sy
trang lap tai khoang tin cay va d6i véi ving
trang (Hinh 9b), Nghia Tdn Q3 va Danavi 2 la
hai thuong hiéu duy nhat phan b st nhau, thé
hién sy giéng nhau trong thanh phan héa hoc.
Ngoai ra, PMT la thuong hi¢u biéu thi sy phan
b xa nhat so v&i cac nhom thuong hiéu con lai
(Hinh 8b).

Observations (axes F1 and F2: 55.28 %)
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Hinh 8. Két qua &p dung phan tich phan biét

thuong hiéu
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Hinh 9. Két qua ap dung phan tich phén.biét
(LDA) doi véi virng: () — Vieng den; (b) —
Ving trang



Vay c6 thé thdy khi phan biét thwong hiéu &p
dung trén ca hai loai ving tring va den thi
phuong phap LDA khong thé hién rd rang nhu
PCA (Hinh 5). Tuy nhién khi 4p dung phuong
phap phén tich LDA dé phan biét thuong hi¢u
dbi véi ting chung loai cu thé lai mang lai két
t6t hon (Hinh 9a, 9b).

4. KET LUAN

Két qua nghién cau cho thay viéc &p dung
Quang phé hong ngoai (ATR-FTIR) két hop
v6i ky thuat théng ké da bién bao gom: Ky
thuat phan tich thanh phan chinh (PCA);
Théng ké phan tich phan biét (LDA) c6 thé
dung dugc cho viéc phan loai Vung cua 9
thuong hiéu vung trén thi truong. Qud trinh
chay s6 liéu bao gém PCA, theo sau la phuong
phap LDA dua trén cac diém PC la kha quan.
Qua khao sat va danh gia két qua 2 phuong
phép thdng ké da bién khac nhau, cé thé khang
dinh riang ching bd trg dwgc cho nhau trong
nghién ctru phan loai thuong hiéu cua cac mau
virng trén thi truong. Cu thé ddi véi PCA cac
thuong hiéu virng khi khdng phén tach chuang
loai virng dugc phan biét tét hon LDA, nhung
khi phan tach riéng chung loai vung thi
phuong phap LDA lai mang lai két qua rd rang
hon so voi PCA. Téong két nghién ctru cho thiy
nhiém vu danh gia viéc phan loai céc san phim
ving trén thi truong cta tung thuong hiéu
vimng da hoan thanh, song van can phai c6
nhitng nghién ciru xa hon dé c6 thé mang lai
két qua nhanh va hiéu qua hon.

Cam on:

Nghién cizu nay do Vién Han 1dm Khoa hoc va
Cong nghé Viét Nam tai tro, md so:
TPNDTP.01 / 19-21 va sé cdp: QTCZ01.01 /
20-21.
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