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A simple technique was developed to determine the geographical origin
of Vietnamese turmeric (Curcuma longa L.) using UV-Vis and FTIR
spectral data combined with machine learning models. A total of 160
turmeric samples collected from four northern provinces of Vietnam
were measured UV-Vis and IR spectra. Spectral data was preprocessed
using SNV, Savitzky-Golay and SPA algorithms to minimize
measurement variability and reduce data dimensionality. Both
supervised and unsupervised machine learning models were developed
for geographic classification. The results showed that supervised
models yielded high classification accuracy: the Linear Discriminant
Analysis (LDA) model achieved the highest accuracy with 97.92% for
UV-Vis and 95.83% for IR data. The SVM-LDA hybrid model also
performed well, with accuracies of 95.83% (UV-Vis) and 93.75% (IR).
The findings highlight the potential of spectral data and machine
learning in the traceability of medicinal herbs in Vietnam.
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Mot ki thuat don gian da dwoc phat trién dé xac dinh nguon goc dia 1y
nghé vang Viét Nam (Curcuma longa L.) thong qua viéc st dung dir
liéu phé UV-Vis va IR két hop vé6i cac md hinh hoc may. Cac dir liéu
phé UV-Vis va IR dugc do tir 160 miu nghé vang trdng tai bon tinh
khac nhau cua mién Bic Viét Nam. Cac dit liéu phd duoc thuc hién cac
thuat toan tién xtr Iy SNV, Savitzky-Golay, SPA dé giam cac yéu t anh
huong do phép do va lam giam chiéu cua ma tran tin hiéu, sau d6 phat
trlen cac md hinh hoc may c6 giam sat va khong giam sat dé xac dinh
ngudn gbc dia 1y. Két qua cho thay, cac mo hinh hoc may ¢ giam sat
cho kha niang phan loai tot: mo hinh phan tich phan biét tuyén tinh
(LDA) dat d6 chinh xac phan loai cao nhat véi ca hai bo dir liu UV-
Vis va IR lan luot 97,92% va 95,83%. M6 hinh SVM-LDA cling cho
két qua kha quan véi do chinh xdc tuong g 95,83% va 93,75%. Két
qua cua nghién ctru nay mé ra trlen vong ung dung dir liéu phd két hop
Vi hoc may trong viéc truy xuit ngudn géc duoc liéu tai Viét Nam.
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1. Pit van dé

Nghé vang (Curcuma longa L., ho Zingiberaceae) 1a mét trong nhimg duoc liéu dugc sir dung
pho bién ¢ nhidu nudc trong do co Viét Nam do ¢6 nhiéu cong dung nhu: khang viém, chéng oxy
hoa, khang khuén, khéng nam, bao v¢€ hé tim mach... [1]. Thanh phan héa hoc cia nghé vang chiu
anh huong boi cac yéu t6 mdi truong nhu thd nhudng, khi hdu va ky thuét canh tac, dan dén sy
khac nhau vé chat lugng cua dugce liéu ¢ nhimg ving trong khac nhau [2], [3]. Vi viy, viéc xac
dinh nguén gbc dia 1y cia ngh¢ vang 1a mot yéu cau cap bach trong viéc chi dan dia ly, bao ho
viing nguyén liéu va gop phan xay dung viing trong dic hiru duoc licu.

Viéc phan loai dugc li¢u thuong dya trén 2 phuong thirc: phan tich c6 muc tiéu va phan tich
khong muc tiéu. Dé phan loai nghé bang phan tich c6 muc tiéu, cac phuong phép hoa hoc kinh
dién nhu sic ky 16ng hiéu ning cao, sic ky khdi phd da duoc nghién ctru va ap dung trong viée
danh gia ham lugng curcuminoid trong nghé vang. Phan tich khong muc tiéu st dung cac dir li€u
phé nhu UV-Vis, IR, dién hoa... & phan loai ma khong can phan tich cy thé chat nao [4], [5].
Phuong phap nay don gian, nhanh va kinh té hon so véi cac phuong phap phan tich 6 muc tiéu.

Mot sé mé hinh hoc may phd bién c6 thé duge st dung trong phan loai bao gom phan tich
thanh phan chinh (PCA - Principal Component Analysis) [6], phan tich phan biét tuyén tinh (LDA
- Linear Discriminant Analysis) [7] va may vector hd trg (SVM - Support Vector Machine) [8].
Céc phuong phap nay cho phép phan loai va du doan ngudn gbc dia Iy cta duoc lidu tir cac dic
trung cua dit liéu phd UV, IR, dién héa... ma khong cin phai dua vao ham luong cac chat véi cac
phuong phap héa hoc phuec tap.

Pauzi va cong sy [9] da sir dung bo dir lidu thu duge bang mili dién tir két hop voi PCA dé
phan loai cac dugc liéu ho Zingiberacea, ket qua da phén biét dugc chin loai thao duoc véi do
chinh xac trén 95%. Dé nang cao hi¢u sudt cia md hinh phén loai, nhiéu mo hinh tién xur ly dir
liéu da dugc sir dung nham chuin hoa va chon loc cac thong tin déc trung cua dir liéu. Mgt s6 mo
hinh thuong duoc st dung 1 bd loc Savitzky-Golay, bién thién chuin (SNV - Standard Normal
Variate), m6 hinh chiéu lién tiép (SPA - Successive Projections Algorithm),... D. Yaoyao va cong
su [10] su dung SPA dé chon cac budc song dic trung nham dy doan ham lugng tanshinone va
phan loai ngu6n gdc dia 1y ciia Salvia miltiorrhiza. Khi st dung SPA, so luong budce song co gia
tri déu giam trén 90% so v6i toan phd, hidu suat ctia cac md hinh déu rat tot (RPD > 3). Rohaeti
va cong su [11] nghién ctru phén bi¢t Curcuma longa, Curcuma xanthorrhiza va Zingiber
cassumunar dya trén dir liéu pho FTIR. Két qua cho thay viéc sir dung SNV dé chuan hoa dir liéu
ph, loai bé anh huong cia tan xa dnh sang cho két qua t6i ru phan biét 3 loai.

Nghién ctru nay két hop dir li€u phd UV va IR véi k¥ thuat hoc may dé xac dinh ngudn gbc
dia ly cua ngh¢ vang trong tai Viét Nam. Déy la nghién ciru dau tién tai Viét Nam ung dung hoc
may vao viéc truy xut nguon goc ngh¢ vang, gop phén cung cap mot cong cu hidu qua cho kiém
soat chit lugng va truy xuit ngudn gc nghé vang.

2. Poi twgng va phuwong phap nghién ciru
2.1. Héa chiit va thiét bi

Dung méi methanol tinh khiét 99,7% cua hing Xilong (Trung Qudc). Nude cit 2 1an duogce loc
bang hé thong Milli - Q (My).

Hé théng UV-Vis U-3900/3900H (Hitachi, Nhat Ban), cuvet thach anh c6 chiéu day 1 cm,
phan mém PC OS WindowsTM.

Heé thdng quang phd hdng ngoai FTIR Cary 630 (Agilent, M), phian mém Microlab.

2.2. Lay méu va chudn bi mdau

Léy mau: 160 mau nghé tuoi djrqc thu thérz tr 4 tinh miér} Bég Viét Nam gém: Ha Néi, Bic
Ninh, Hung Yén, Tuyén Quang, moi tinh 40 mau. Thoi gian lay mau tir thang 11/2023 dén thang
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11/2024, mau dugce ldy theo tiéu chuan qudc gia TCVN 8958:2011 (ISO 5562:1983) va dugc mi
hoa véi cac thong tin vé thoi gian va dia diém ldy mau.

Xtr Iy mau: Sur dung cac cii nghé con nguyén ven, khong dap nat, khong thdi, hu hong, sau
bénh va c6 mui thom déc trung. Nghé twoi dugc rua sach, got vd, thai lat mong va dem séy kho o
nhiét d6 50°C, sau d6 nghién thanh bot thd, do ham 4m theo Duoc dién Viét Nam 5. Cac mau
dugc bao quan trong binh hiit am ¢ nhiét do phong.

Chuan bi mau: Can khoang 0,3000 g bot nghé vao binh dinh mirc 10 ml, dinh muc béng
methanol, tron déu bang thiét bi lic vortex khoang 10 gidy. Ngdm mAu trong 24 gid & nhiét do
phong, thinh thoang lic vortex, thu duoc dich chiét.

Po UV-Vis: pha lodng dich chiét 1250 lan vao binh dinh mirc 50 ml. Quét phd UV-Vis trong
dai budc song tir 200 nm dén 800 nm véi d6 rong khe phd 5 nm.

Do FTIR: Dich chiét duoc loc qua gidy loc 0,45 um rdi c6 dén cén. Tién hanh do FTIR trong
dai budc song tir 648 cm' dén 4000 cm™', khoang cach 2 cm™.

Dit liéu duge dan nhén theo 4 tinh: HN - Ha Ndi, BN - Bic Ninh, TQ - Tuyén Quang, HY -
Hung Yén.

2.3. Phén tich dir liéu
2.3.1. Tién xit Iy dir liéu

D liéu phé thuong chira nhiéu do mot sb yéu t nhu moi truong, thiét bi do, anh sang tan
Xa,... Vi vay, tién xu ly dir liéu gitip chuén hoa dir liéu, dong nhét cac mau vé cung mot thang do,
lam tang d6 chinh xac cia mo hinh phén loai. Cac m6 hinh tién xtr Iy dir liéu dugc sir dung trong
nghién ctru nay gom Savitzky-Golay lam mugt dir liéu ma Van gilt dugc cac dic trung quan
trong, diéu nay gitp giam nhidu ma khong 1am mat di hinh dang tong thé ctia tin hiéu. Thuat toan
SNV loai bé dnh hudng cua sy tan xa va khac biét vé d6 day mau, loai bo sy khac bi¢t khong
mong muon va lam nodi bat cac dac dieém quan trong trong dir li€u pho. SPA lam gidm hién tuong
da cong tuyén giira cac bién trong dir li€u da chiéu va nhung van gitt duoc thong tin chinh cuia tap
dir liéu goc.
2.3.2. M6 hinh hoc may

Dé phan loai ngudn gdc nghé, trong nghién ciru nay khao sat cac md hinh hoc may gom:

Phan biét khong giam sat: mo hinh PCA - phuong phap thong ké tuyén tinh duoc sir dung dé
giam chiéu dit liéu va tim kiém cac mau quan trong trong dit liéu phc tap.

Phén biét c6 giam sat, bao gdm 2 mo hinh: LDA 1a mét phuwong phap phéan loai giam chiéu di
liéu twong tu nhu PCA. LDA tim ra cac vecto va gia tri riéng dé xac dinh cac truc phan biét va
SVM dé xut cach tinh toan mot siéu phing (hyperplane) c6 kha ning phan chia cac 16p dit liéu.

Céc md hinh khéo sat dugc danh gia thong qua do chinh xac (1):

S6 méu phan loai dung %100 (D)

Do chinh xac =
Tong s6 miu

3. Két qua nghién ciru
3.1. Dir liéu phé va tién xir Iy

Phd dd cia 160 miu nghé dugc trinh bay trong Hinh 1. Phd hdng ngoai (FTIR) duoc do trong
khoang 648 cm™ - 4000 cm™ v&i khoang cach do 2 cm™ thu dwoc ma tran 160 mau x 1798 cuong
d6. Phd UV duoc quét trong khoang 800 nm - 200 nm, khoang cach do 5 nm thu dugc ma tran
160 mau x 121 cudng do.

Phé UV duoc quét véi khoang cach do 5 nm van thé hién rd céac cuc dai hép thu tai 265 nm
(vong phenolic) va 425 nm (hé lién hop n—7* ciia curcumin), phd d6 khong bi bién dang khi so
sanh v6i phép do c6 khe phd nho hon. Véi phd FTIR duge quét voi khoang cach do 2 em™, cac
dinh 1627 cm™ (nhém C=O0 lién hop), 1270 cm™ (nhém C-O aryl) va 3350 cm™ (nh6m O-H) déu
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dugc xac dinh chinh x4c, dong thoi hinh dang phd khong ¢ su khac biét voi cac phép do khac.
Phd IR clia cac mau nhidu dang ké trong ving ph6 648 cm* - 1600 cm . Pho UV it nhiéu hon,
tuy nhién sy phan tan vé cudong do gitra cac mau nhidu. Dé khic phuc, cic md hinh tién xur Iy da
duoc su dung dé chuén hoéa dir liéu, mé hinh SNV giup giam nhiéu, cac mau trd nén d?)ng nhét
hon, giam sy phan tan. M6 hinh lam min Savitzky-Golay ting cuong su khac biét giita cac mau,
gitip mo hinh hoi ty nhanh hon. Phé sau tién xir 1y dugc trinh bay ¢ Hinh 2.
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Hinh 2. Phé cdc mdu nghé sau tién xir 1y: (a) Phé UV-Vis, (b) Phé IR

Sau khi d3 lam min phd bang cac mé hinh trén, mé hinh SPA chon loc ra cac budc song chira
nhiéu thong tin nhat ma khong bi triang lap, loai bé cac ving phd khong can thiét, giup cac mé hinh
phan loai hoat dong nhanh va chinh xac hon, ma tran tin hiéu giam con 160 mau x 100 cuong do
dbi véi ca phé UV-Vis va phd IR nhu Hinh 3, ving phd dugc lwa chon biéu dién bing mau xanh
nhat. Budc giam chiéu biang SPA khong phai 1a phép nen ngau nhién dir liéu ma la qua trinh lya
chon bude song mang thong tin cao nhat, loai bo cac diém pho du thira hodc dong tuyén tinh cao, tir
d6 gitip mod hinh gidm hién tu(mg qua khép ma van gitr duoc cac dic trung hoa hoc chinh.
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(a) (b)
Hinh 3. Viing phé dwoc luwa chon sau khi ding SPA: (a) Phé UV-Vis, (b) Phé IR
Nhu vay, cac mo6 hinh phan loai dugc khao sat trén dir liéu phé da duoc tién xtr ly. Cac b0 tin
hiéu duoc chia ngu nhién thanh tap huén luyén va tap kiém tra theo ty 1€ twong rng 70:30, twong
tmg voi 112 mau huén luyén va 48 mau kiém tra d6 chinh xac ciia mé hinh.
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3.2. Phén biét khong giam sdt
3.1.1. Phdn biét khong gidm sat diea trén pho UV-Vis

Str dung m6 hinh PCA vao b¢ dir li¢u phd da tién xir 1y, bicu do biéu dién cac gid trj phuong
sai duogc giai thich (explained variance) theo sO lugng thanh phan chinh (PCs) thé hién trong
Hinh 4.

ez
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5

(@) (b)
Hinh 4. Két qua PCA tir dit liéu phé UV: (a) Gid tri phwong sai gidi thich theo s6 PC,
(b) Biéu d6 phan tan ciia 160 mau trén 2 PC ddu tién

Két qua cho thay, voi hai thanh phan chinh dAu tién gi4 tri phuong sai giit lai 1a khoang 85%.
Didu ndy c6 nghia la chi v6i hai thanh phan chinh dau tién, phén 16n thong tin dic trung cua dit
liéu phd da duoc bao toan, dam bao tinh dai dién khi biéu dién va phan tich trong khong gian hai
chiéu. Phén tich tai trong PCA cho thdy, cac budc song co hé so tai trong tuyét dbi cao nhét cua
PC1 tap trung tai ving 410 - 430 nm, trong khi PC2 tap trung tai ving 200 - 220 nm. Cac vung
nay tuong ung voi chuyén doi dién tir m—n* cia hé lién hop curcuminoid (ving kha kién) va
n—m* cia lién két C=0 trong cac nhém phenolic (ving tr ngoai), phan anh sy blen thién ham
luong gitra curcumin va flavonoid trong cac mau ngh¢ khac nhau. Phéan tich 160 mau trén hai
thanh phan chinh dau tién, bo dit liéu phan tich thanh boén nhém miu tuong tng véi 4 tinh. Cac
mau nghé tur bbn tinh khong phan tach rd rang voi nhau trén khong gian hai thanh phén chinh.
Cac mau cung mau (cung vung dia ly) khong tép trung thanh cum riéng biét ma phan b rai rac
va co su chdng 14n dang ké v6i cac nhom khac. Didu nay phan anh mirc do tuong ddng cao giira
cic mau hodc d6 bién thién 16n trong ciing mdt ving. Pidu nay khing dinh rang su khac biét dia
1y ctia mau nghé chil yéu xut phat tir bién thién ham lwong curcuminoid va mic do lién hop

C6 thé thay, sir dung PCA dua trén phd UV-Vis di c6 thé chia thanh 4 nhom theo ving dia 1y,
tuy nhién kha ning phén loai riéng biét bdn nhém miu dat hiéu qua khong cao.

3.1.2. Phan biét khéng gidm sat diea trén phé IR

Két qua str dung mb hinh PCA véi pho IR, két qua dugc biéu dién trén Hinh 5.

12345678 8 WNRBUSETEEAL
54 tiraphin

(a) (b)
Hinh 5. Két qua PCA tur dir liéu phé IR: (b) Gia tri phwong sai gidi thich theo so PC,
(b) Biéu do phan tan ciia 160 mau trén 2 PC ddu tién

6272829 30310 3334 35363 3 94 —iel

Két qua PCA véi tap dit liéu IR cho thdy, voi hai thanh phn chinh c6 thé giit lai hon 88% gia
tri phuong sai duoc giai thich. Phén tich tai trong PCA cho thay, cac s6 song c6 h¢ so tai trong
16n nhat cua PC1 nam tai ving 650 — 810 cm™ (dao dong udn ngoai mat phang =C—H trong hé
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thom lién hop), trong khi PC2 ¢6 hé sb tai trong cao nhét tai ving 1503-1511 cm™ (dao dong kéo
gidn C=C trong vong thom). Nhu vay, hai thanh phan chinh dau tién cht yéu phan anh sy khac
biét vé muc do lién hop va ham luong curcuminoid gitra cac ving dia 1y, thay vi dao dong C=0
riéng 1¢ ¢ 1620 cm™ . Biéu dién dir liéu pho FTIR trén hai thanh phan chinh dau tién cho thay cac
mAu nghé tir bdn tinh khong hinh thanh cac cym rd rang. Tuong ty két qua cua phd UV-Vis, cac
diém dir liu cung mau dai dién cho cac mau cung vung dia ly phan bd rai rac, khong tap trung va
bi chong l4n nhiéu véi cac nhom khac. Su chong lan ndy phan anh phd FTIR giita cac ving c6
mirc d6 twong dong cao hodc co sy bién thién 16n trong nodi b ting ving, lam giam kha ning
phan biét ngudn gbc dia 1y chi dya trén PCA.

3.3. Phén bigt c6 gidm sdt dwa trén phé UV-Vis
3.3.1. M6 hinh LDA

] )

I~ & . ‘

. &
3 ) o 3 £ 6

pC1 2
Q = 4

pc2
2
0
I O
(a) (b) Nhan dy doan

Hinh 6. Biéu do phdn tdn mé hinh LDA dua trén phé UV: (a) Tdp hudn ~ Hinh 7. Ma trdn nhc?m lan mé
luyén, (b) Tap kiém tra hinh LDA trén pho UV-Vis

Hinh 6 thé hién khi sir dung md hinh LDA két hop v&i két qua giam chiéu cia PCA trén bo dit
liéu phd UV, su phan tach thanh cic cum rd rang O ca tap huén luyén va tap kiém tra cho thdy mo
hinh d4 hoc dugc cac thanh phan phan biét tot tir tap | huén luyén va co the ap dung hiéu qua cho tap
test. Dong thoi, trén tap kiém tra, cic cum dir liéu van duy tri dugc sy sap xép twong dong voi tap
hudn luyén, chimg td mé hinh c6 kha ning téng quat hoa t6t. Mot s6 diém dit lidu trong tap kiém tra
c6 sy phan tan nhe, diéu nay co thé 1a do su bién thién ty nhién cua dit liéu chua dugc quan sat
trong qué trinh huén luyén. Tuy nhién, sy phan tan nay khong quéa 16n va khong 1am giam dang ké
d6 phan tach giita cac nhom, c6 thé két luan rang md hinh LDA hoat dong 6n dinh va khong gip
hién tuong chéng 14n. Ma trAn nham lan cua mé hinh LDA dugc biéu dién trén Hinh 7.

Két qua phan loai trén 48 mau kiém tra cho thdy mé hinh phén loai bang LDA cho d6 chinh
xéc 1én dén 97,92% (47/48 miu dang). Cu thé, hdu hét cac ving déu duoc phén loai chinh xéc,
ngoai trir mot trudng hop nham 13n miu Tuyén Quang thanh Bic Ninh. Piéu nay cho thiy LDA
da t6i wu hoa khong gian dic trung hiéu qua, giup phan tach cac nhom dir liéu mot cach 16 rang.

3.3.2. M6 hinh SVM-LDA

Mo hinh SVM dugc huin luyén trén khong gian didc trung giam chiéu bing LDA dé thyc hién
phan loai nhiéu ving. Qua trinh huan luyén str dung phuong phap one-vs-one (OVO) v6i ham
nhan tuyén tinh, cho phép xéc dinh cic mit phiang phan tach giira cac nhom dit liéu. Sau khi hudn
luyén, md hinh duoc danh gia bang cach tao mot ludi diém 3D bao phu khong gian dac trung va
cac bé mit quyét dinh dugc biéu dién bang phuong phép bé miat dang mirc, gitp hién thi truc tiép
cac ving bién giita cac ving. Két qua dugc chi ra trén Hinh 8.

Két qua cho thdy cac diém dit liéu trong tip huén luyén va kiém tra déu dugc phan tach rd
rang trong khong gian 3D, cac dir li€u tap trung thanh ting cum theo vung dia 1y. Viéc sir dung
kernel tuyén tinh trong SVM trén khong gian LDA di ddm béo qua trinh phan loai hi¢u qua.

Ma tran nhiam 14n cho théy, hau hét cac miu duoc phan loai chinh xac, chi c6 mot mau nghé
Tuyén Quang bi du doan sai thanh Bic Ninh va mot mau nghé ctia Ha Noi bi nham thanh Hung
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Yén. Do chinh xac cia m6 hinh dat 95,83%, chiing t6 hi€u qua cﬁarviéc Kkét hop SVM voi LDA
trong phan loai ngh¢ theo vung dia 1y. Tuy nhién, d¢ chinh xac thap hon so v61i md hinh LDA
(97,92%), cho thay st dung LDA dé phan loai dir liéu UV c6 vé phu hgp hon.

BN

o~
Nhan thuc té

TQ A

(a) ) .
Hinh 8. M6 hinh SVM-LDA dva trén pho UV - Vis: (a) Ranh gioi quyét dinh, (b) Ma trdn nham lan

3.4. Phén bigt c6 gidm sdt trén phé IR
3.4.1. Mo hinh LDA

Tuong ty voi dir liéu ph6 UV, ap dung LDA két hop véi két qua giam chiéu ciia PCA cho di
liéu pho IR thu dugc két qua nhu Hinh 9.

+ hudn luyén )
. *  kiém tra

®s.
%
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Nhan thuc té
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Nhan dy doan

(a) () . . Xz
Hinh 9. Biéu dé phan tén mé hinh LDA dua trén phé IR: (a) Tap hugn ~ Hinh 10. Ma tran nham lan
; mo hinh LDA trén pho IR

luyén, (b) Tap kiém tra
Trong tap huén luyén, cac cum dir liéu duge phéan tach rd rang, cho thdy LDA da thanh cong
trong viéc giam chleu dir liéu va t01 uu hoa kha nang phan biét gilta cac vung. Déi véi tap kiém
tra, phan bd dit lidu van giit duoc cau trac twong t nhung c6 mot s6 diém bi phan tan.
Ma trin nham 13n ciia mé hinh LDA trén phd IR dwogc thé hién trén Hinh 10. Két qua phan
loai 48 mau kiém tra cho thiy mo hinh phan loai ding phan 16n cic mau, tuy nhién van con hién
tuong du doan nham giira nghé ctia Hung Yén va Ha Noi. M6 hinh c6 d6 chinh xéac dat 95,83%.

3.4.2. M6 hinh SVM-LDA
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Hinh 11. M6 hinh SVM-LDA dva trén pho IR: (a) Ranh gioi quyét dinh, (b) Ma tran nham lan
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Két qua ap dung mé hinh SVM-LDA cho bd dit liéu phd IR dugc thé hién trén Hinh 11.

Trén khong gian ba chiéu ctia mo hinh SVM-LDA, cho thay dir li¢u thugc cac vung khac nhau
dugc phan tach tuong d01 16 rang. Tuy nhién van c6 mot s6 diém dit lidu gan ranh gioi phan tach,
kha nang ton tai mot sd 16i phan loai. Ma tran nham 14n cia md hinh cho thay, ¢6 3 mau du doan
nham, do chinh xac cua md hinh dat 93,75%. Do chinh xac thép hon so v&éi mdé hinh LDA
(95,83%), chimg t6 mo hinh LDA phu hop hon dé phan loai cho bo dit liéu IR.

4. Két luan

Dir liéu phé clia cac mau nghé bao gém phé UV-Vis va IR thé hién su khac biét vé cuong do va
hinh dang giita cac ving dia 1y. Sau khi xtr 1y dit liéu phd bang cac mo hinh tién xtr Iy nhu
Savitzky-Golay, SNV va SPA, ma trén tin hiéu da giam tor 160 mau x 1798 cuong do IR va 160
mau x 121 cuong d6 UV con 160 mau x 100 cuong d6 voi ca hai loai phd. Phan tich thanh phan
chinh (PCA) cho két qua phan tach giita cic cum mau tir cac tinh chua rd rang, cho thdy PCA chi
phu hop dé giam chiéu dir liéu va kham pha cau tric phan bd so bd, chua di manh dé thuc hién
phan loai doc lap theo tinh. Tuy nhién, PCA gbép phan xac dinh hai viing pho c6 gié tri phan biét cao
nhét 1a 420 — 425 nm ctia phd UV-Vis va 15031511 cm™ cua phd IR. Hai ving nay lan luot dic
trung cho chuyén doi dién tir m—n* trong hé lién hop curcuminoid va dao dong kéo gidn C=C thom
trong khung polyphenol. Su khac biét cudong do tin hidu & cac ving ndy phan anh thay d6i vé ham
lwong va ty 18 giita cac dang curcuminoid trong mau nghé. Cu thé, nghé Hung Yén c6 tin hiéu hip
thu manh hon tai 420 nm, cho thdy ham lugng curcumin cao hon, trong khi nghé Tuyén Quang thé
hién tin hi€u manh hon tai 1507-1511 cm™, phan anh ty 1€ demethoxycurcumin lén hon. Nhitng
khéac biét nay nhiéu kha nang xuét phat tir diéu kién thé nhudng va khi hau khac nhau.

Hai m6 hinh hoc may c6 giam sat 1a LDA va SVM-LDA cho thiy hiéu qua phan loai cao. M6
hinh LDA trén bd dit li¢u UV - Vis va IR dat d§ chinh xac twong tng 97,92% va 95,83%, cho
thdy kha nang phan biét tt giita cic nhém miu nghé theo tinh thanh. M6 hinh SVM-LDA ciing
cho két qua kha quan véi d6 chinh xac dat 95,83% voi dir liéu UV-Vis va 93,75% voi dir liéu IR.
Tuy c6 do chinh xac thdp hon mét chut so véi LDA, nhung SVM- LDA van chimg minh kha
nang xir 1y dit liéu phd sau khi tién xt 1y dit lidu.

Nhu vay, dé phan loai nghé theo ving dia 1y, phuong phép t6i uu 1a sir dung bo dit liéu pho UV-
Vis két hop voi mé hinh LDA. Trong thoi gian toi, dé tang thém d6 chinh xac cua m6 hinh can xay
dung mot tap dir liéu pho phong phti hon bang cach thu thap sé lwong miu 16n va tir nhiéu ving
khac dé kiém chung tinh 6n dinh va kha nang (mg dung cuia phuong phap trong thyc te

Nhin chung, nghién ctru ndy d phat trién mé hinh xac dinh ngudn gbc dia 1y trong nghé vang
(Curcuma longa L.) dya trén dit liéu phd UV- -Vis va IR két hop v6i cac phuong phap hoc may.
Phuorng phap nay giup xac dinh chinh xac ngudn gbc dia 1y ctia ngh¢ vang, mang lai hiu qua cao
v6i chi phi thap, thoi gian phan tich nhanh va d6 chinh xac cao. Két qua cua nghién ctru nay cho
thay su két hop gitra pho UV-Vis va hoc mdy mang lai mot hudng tiép can moi trong danh gia
chat lugng va truy xuat ngudn gdc nghé va cé thé trién khai trén cac dugc liéu khac.
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