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TOM TAT

Ca phe 1a mot mat hang quan trong, chiém 3% GDP ctia Viet Nam va kim ngach xuat khiu ca phé cua Viét
Nam da dat trén 3 ty do la My trong nhiéu nam. Trong nhitng nim gin day, mic du kinh té thé giéi trai qua
nhiéu giai doan kh6 khan dan dén sitc mua giam nhung xuat khiu ca phé cta Viét Nam van duy tri duoc toc
do tang trudong dang khich 1¢, do d6 dé dam bao chudi cung ting ca phé can cé bién phap bao vé thuong
hiéu ca phé va ngan chan cac hanh vi gian 1an vé chat luong san phdm. Nghién cttu nham sit dung phd can
hong ngoai NIR cung véi cac phuong phap xit ly so liéu Chemometrics dé xac thuc va bao vé thuong hiéu
ctia ca phé dat chi dan dia ly (GI) viing Buén Ma Thuét. Trong nghién cttu, s6 mau ca phé nhandat chudn
GI (n = 49) va ca phé nhan khong dat chudn GI (n = 103) bang cach phan tich truc tiép ma khong can pha
hily mau. Sau d6, PLS-DA va SIMCA duoc st dung dé xay dung cac mo hinh. M6 hinh két hop PLS-DA véi
tién xtt Iy MC, SNV cho két qua tot nhat, @6 chinh xac ctia mo hinh 87,96%, do nhay 81,25% va do dic hieu
95,23%. Dong thoi, mo hinh két hop SIMCA véi tién xtt Iy MC, 2nd Der, SNV dat duoc do chinh x4c ctia mo
hinh chi 85,76%. Do d6, cac phuong phap dé xuat c6 thé hiru ich cho ca nguoi tiéu ding va co quan quan ly
trong viéc dang ky GI cho san phdm vi né khing dinh tiéu chudn chét luong ctia ca phé dic san Dak Lik
(GI), ngan ngtra gian 1an nhan mac, phuong phéap than thién voi moi truong, ky thuat nhanh chéng, tiét

kiém thoi gian va tién bac.

T khoa: Ca phé, chemometrics, chi dan dia Iy, pho can hong ngoai.

1. BAT VAN BE

Viét Nam 1a nudc ding thit hai trén thé gioi vé
san xuat ca phé, dong gép 3% GDP ca nudc, xuat
khau trung binh 3 ti USD méi nam. Ca pheé Viét Nam
da xuat khiu dén hon 80 dat nuoc va ving lanh thd,
chiém 14,2% tong khoi luong ca phé nhan xuat khau
trén toan thé gioi, ding thit hai sau Brazil. Da phan
ca phé & Viet Nam 1a ca phé Robusta, c6 vi dang hon,
mau sam hon so v6i Arabica. Chat lwong ca phé chiu
anh hudng boi giong, cach canh tac va cach thu
hoach [1].

O mot qudc gia ¢6 nhiéu loi thé vé cac mat hang
nong san nhung lai chua c6 nhiéu phuong thic ché
bién da dang nhu Viét Nam, chi dan dia ly da tré
thanh moét trong nhimg yéu t6 quan trong gidp nang
cao gia tri cho nong san trén thi truong quoc té. Chi
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dan dia ly (Geography Indicator - GI) chira thong tin
vé nguodn goc ctia hang hoa: tir ngir, dau hiéu, biéu
tuong; hinh anh dé chi: mot qudc gia, mot vung lanh
thé, mot dia phuong ma hang hoa duoc san xuat ra tir
d6. Chat luong, uy tin, danh tiéng ctia hang hoa la do
ngudn goc dia ly tao nén. Tinh dén thang 1 nam
2019, 346 GI da duoc dang ki & cac nuéc Dong Nam
A, Viet Nam da dang ki 69 GI cho cac san phim, vi
du nhu: ca phé Buon Ma Thuot (2005), tra tuyét san
Moc Chau (2010), nuéc mam Phu Quéc (2012), ca
phé Son La (2017), hat diéu Binh Phuoc (2018)...[2].

bé duoc bao ho chi dan dia ly thi cac san pham
phai c6 danh tiéng, chat luong hodc dic tinh ma chu
yéu la do diéu kién dia ly mang lai. DPién hinh nhu
chat luong ca phé Buon Ma Thuot dang ki GI phai
dam bao cac yéu t6: mau hat: mau x4m, mau xanh
hoiac xam luc nhe; c& hat: dai 10-11 mm, réong 6-7
mm, day 3-4 mm; do axit thap, ham luong caffein ti
2,2-2,4%. Chi cac hat ca phé dat chuén vé tréng trot
va thu hoach & khu vuc Cu M’gar, Ea H’leo, Krong
Ana, Cu Kuin, Krong Buk, Krong Nang, Krong Pak,
Buon Ho; thanh pho Buon Ma Thuét (Cu Kuin duoc
tach tir Krong An; Buon Ho6 duoc tach tir Krong Buk)
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dat chudn vé chat luong néu trén maéi duoc cap chi
dan dialy GI [3].

Tuy nhién, chat luong ca phé c6 chi dan dia ly c6
thé bi gia mao trong qua trinh thuong mai va nham
hé tro nhanh trong budc dinh danh cac hat ca phé
thudc cac vung dia ly trén trong qua trinh ding ki
lam ho so chi dan dia ly, can c6 mot phuong phap dé
xay dung mo hinh xac dinh nhanh ca phé dat chuin
GI so voi cac loai ca phé khac.

Viéc stt dung ky thuat phé hong ngoai dé giai
quyét van dé xac thuc nguon goc va phat hién thuc
phim giad mao c6 duoc vu thé nho nhanh chong, ré
tién, khong st dung hoa chat nén khong anh huéng
dén moi truong, ciing nhu khong doi hoéi viéc chudn
bi mau [4].

Muc tiéu ctia nghién ctu la st dung thiét bi
quang phd can hong ngoai cim tay két hop voéi
phuong phap xtr ly da bién dé xac thuc nhanh, phan
biét ca phé dat tiéu chudn chat luong GI so voi cac
loai ca pheé trén thi truong trong qua trinh dang ki chi
dan dia ly va trong qua trinh thuong mai. Pay 1a mot
nghién cttu hoan toan méi ¢ Viét Nam va c6 thé ho
tro cho viéc xay dung thuong hiéu ca phé Viét, gop
phan gia tang gia tri cia ca phé Viet Nam.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu nghién ctru

2.1.1. Vit liéu thi nghiém

Lay 152 mau ca phé nhan kho Robusta dai dién
cho cac vung dia ly ctua cac tinh & Tay Nguyén nhu:
bék Lak, Bak Nong, Gia Lai, LAm Dong. Cac mau lay
trong khu vuc dia phuong rai déu cac thon trong xa,

khoang cach gitta cac diém ldy mau phai cach nhau it
nhat 2 km, tai méi diém 14y 3 mau lap lai. Diéu kién
vé phuong phap ché bién, cong doan phoi/sdy
nguyeén liéu, qua ca phé (d6i véi phuong phap ché
bién kho)/hat ca phé nhan (déi véi phuong phap ché
bién ntta u6t) duoc phoi trong thoi tiét nang nhe, troi
lam ram, khong mua, nhiét d6 khong khi duwdi
35°C/hodc sdy khong qua 75°C va diéu chinh trong
qua trinh siy cho dén khi dat do6 4m khoang tir 12-
12,5%. Dung may xat dé loai bo vo qua ca phé sau khi
phoi/say va thu phan hat ca phé nhan. Dé biét hat ca
phé nhan c6 dat do 4m muc nhu trén, tién hanh lay
mau, dem xay va dua vao may do do 4m nong san dé
do. Cac mau ca phe c6 diéu kién xtr ly tuong tw nhau,
khac nhau dén tir phuong phap canh tac: diéu kieén
dat, nuoc, khi hau & dia phuong...Diéu kién mau ca
phé nhan thu thap: gidng ca phé Robusta, thu hoach
tir thang 10/2021 dén thang 1/2022, dat tieu chuin
vé bé ngoai: kich c& 7 mm, c& sang 18, 16i loai 2 duoi
10 (phan loai theo hat 16i). M6i mau ldy lap lai 3 14n,
moi 1an 14y 300 g ca phé nhan, bdo quan trong tti hut
chan khong tranh anh sang, bé thém silicagel dé
tranh hut 4m. Danh sach s6 luong mau duoc trinh
bay & bang 1. Mau duoc chuén bi trong vong 2 thang
va trong vong 7 ngay chuyén dén Phong thi nghiém
Cong nghé thuc phdm, Truong Dai hoc Bach khoa
thanh pho Ho Chi Minh. Ca phé giti dén duoc bao
quan ¢ nhiét do phong, dao dong tir 25-30°C. Mau
duogc chia theo 2 nhém, mau chudn va mau kiém
chtmg tuong tmg voi ti 1é 3:1, s6 mau chuén 1a 115
mau, s6 mau kiém chimg 13 37 mau.

Bang 1. S6 ltong méu ca phé thu thap duoc

STT Tinh Huyeén S6 mau chuin S6 mau kiém chimg
1 bik Lak Buon Ma Thuét 30 10
Ea Hleo 7 2
2 bik Nong bak Mil 10 3
3 Gia Lai Chu Prong 5 1
Chu Se 14 4
Pleiku 15 5
4 Lam bong bc Trong 17 6
ba Lat 18 6
Téng cong 152 mau 115 mau 37 mau

2.1.2. Thiét bi nghién cuu

Thiét bi cam bién phé can hong ngoai SCiO™
duoc dung dé quét phd can hong ngoai ctia cac mau,
duoc Cong ty Consumer Physics (My) ché tao voi
dai phé tit 740 nm dén 1070 nm ¢ do phan gidi 1 nm.

Thiét bi da duoc Moli va cs (2018) [5] dung dé xay
dung cac mo hinh du bao chat lugng ctia cac loai qua
kiwi, tdo, bo..., két qua cho do chinh xac lén dén
100%. Bang cach stt dung nhitng nguén btc xa c6 do
chon loc cao va cac dau do da nhay, phé can héng
ngoai da thé hién duoc vai tro ctia no trong phan tich
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v6i nhimg uvu diém vé dinh luong, dinh tinh va ca
nghién cttu ciu tao cta vat chat. Thiét bi SCIO™ cé
gia thanh ré, nho gon dé st dung, tao ra tiém ning
ung dung ky thuat NIR trong céng nghiép rong rai
hon, c6 kha nang phan loai va sang loc nhanh chéng
dé ho tro trong viéc du doan chat luong, gop phan
vao quy trinh ra quyét dinh trong toan b6 chudi cung
ung.

Nguyen ly hoat dong cua thiét bi do phd can
hong ngoai SCiO™: anh sang tir nguén sang duoc
chiéu xuyén qua bo loc. Bo loc tach anh sang thanh
cac bude séong ving can hong ngoai. Anh sang can
hong ngoai sau do duoc chiéu tryc tiép lén san pham
duoce do & bo phan den chiéu nhu hinh 1. Anh sang
phan chiéu cta san phidm sé duoc thu boi by cam
bién phan tixr SCiO va dugc chup bang mot tim
guong cau tich hop (intergrating sphere) va duoc tap
trung vao mot dau do (detector). Tin hiéu phd ra tix
dau do sau do duoc xtt Iy nhd vao mo hinh hiéu
chuén cta thiét bi va sé duoc hién thi trén man hinh
& dang so6 hay dang phé.

B0 cam bien

Bendhiey phén 0k SCIO

Nut chire nang
(BavTat/Higu chuan)

Vo SCiO

Cong sac USB Dén LED

Hinh 1. Thiét bi quang phé can
hong ngoai cam tay SCiO™

2.2. Phuong phap nghién ctru

22.1. Nguyén ly ung dung pho can hong ngoai
NIR

Ving quang phd can hong ngoai 1a viing quang
phd ton tai tir cudi tia do trong viing anh sang nhin
thay va bat dau ving trung héng ngoai, c6 budc séng
tee 750- 2500 nm (12500-4000 cm™). Quang phd can
hong ngoai (NIRS) dua trén nguyeén tic do su hap
thu, truyén qua va phan xa khuéch tan toan bo ving
budc song 750-2500 nm. Phuong phiap st dung
quang phé can hong ngoai 1a mot phuwong phap phan
tich da duoc tng dung trong phan tich thuc phim,
hoa chat tir nhitng nam 1950 [6].

Ving phé can hong ngoai (NIR) x4y ra su hap
thy, 1a mot chudi cac rung dong & tan so thich hop
hoac két hop cta sy hap thu co ban. Do do, viing NIR
thuong duwoc goi la viing am boi (overtune). Cac loai

hap thu chi phéi NIR 1a céc loai hap thu hydro nhu
rung dong —OH, -NH va —CH. Nhimg loai hdp thu
nay duoc chi phoi béi dd0 4m va hau nhu tat ca cac
thanh phan chinh khéc cta thuc phdm. Do cac nhém
phan tt khac nhau duoc tao thanh tir cac nguyén tix
c6 khoi luong va cuong do lien két khac nhau nén
modi phan tir thé hién mot tap hop hap thu duy nhat &
tan s6 dao dong hodc budc song cu thé [6].

Ky thuat nay két hop voi su phat trién cua ky
thuat chemometrics da tré thanh cong cu phan tich
hiéu qua, nhanh choéng, c6 do chinh xac cao va dac
biét khong pha hity mau, c6 thé dung dé nghién ctru
tinh chat, cau tao hoic dinh lwong cac hop chat hitu
co.

222 Chemometrics

Chemometriscs 1a mot ky thuat thong tin chiét
xuat héa hoc c6 lién quan dén cac dix liéu duoc tao ra
trong cac thi nghiém hoa hoc véi viéc st dung cac
phuong phap toan hoc va thong ké. Trong ky thuat
nay, st dung phuong phap xit ly dix lieu da bién nhuw
s¢ phan tich thanh phan co ban (Principal
component analysis-PCA), phuong phap hoi quy binh
phuong toi thiéu timg phan (Partical least square
regression-PLS), phuong phap hoi quy da bién
(Multiple linear regression-MLR) dé xac dinh moi
lien quan gitta phé hong ngoai va cac dac tinh cta
thuc phdm.

2.2.3. Phuong phdp tién xir Iy phd cin hong
ngoai

Mot s6 phuong phép tién xit Iy phd hong ngoai:

Trung binh (Mean centering — MC): phuong
phap nay tién hanh tinh toan bang cach trung binh
hoa cac phé caa bo dir liéu, sau dé tién hanh loai trir
gia tri trung binh nay cho méi phé dac thu [7].

Bién d6i chuin héa (Standard Normal Variate-
SNV): stt dung @€ loai bd su hap thu hoa hoc ctia anh
sang tan xa. SNV thay d6i duong nén pho va khoang
cach anh sang hdong ngoai di qua mot mau trong qua
trinh phan tich. Phép bién d6i SNV da duoc chimg
minh 14 mot phuong phap hiéu qua, c6 thé loai bo
cac pho va do doc gay ra boi su tan xa anh sang bén
trong d6i voi cac mau ran [8].

Pao ham Savitzky Golay: duoc 4p dung nham
muc dich 1am min dit liéu, nghia 1a dé ting do chinh
xac cua dir lieu ma khong lam sai léch xu hudng tin
hiéu. Diéu nay dat duoc trong mot qua trinh duoc goi
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la tich chap, bang cach lap cac tap con lién tiép cta cac
diém dir liéu lién ké voi mot da thie bac thap bang
phuong phap binh phuong tuyén tinh nhé nhat. Khi
cac diém dir lieu cach déu nhau, c6 thé tim thdy mot
giai phap phéan tich cho cac phuong trinh binh phuong
nho nhat, duéi dang mot tap hop "hé s6 tich chap" duy
nhat c6 thé duoc ap dung cho tat ca cac tap con dir
lieu, dé dua ra cac uoc luong cua tin hiéu tai diém
trung tAm ctia moi tap con. Phuong phap nay da duoc
mo rong dé xirly dix lieu 2 va 3 chiéu [9].

2.2.4. Phuong phap xuir Iy so6 liéu
- Xay dung mo hinh bang SIMCA:

boi voi phuong phap xay dung mo hinh phan
loai SIMCA, dua vao tim cac dic tinh giong nhau cta
cac thanh phan trong bo mau, diéu nay c6 nghia la

" Class 2 and
Class 3

Class 2

mo hinh sé tap hop nhitng mau co6 cung dac diém va
goi d6 1a mot nhom. Do do, cong thie dé phan ving
cho méi nhom sé duoc xay dung bang thuat toan dac
biét va phan hoéi liéu mau co6 thuoéc nhom duoc xem
xét hay khong. Diéu nay sé dan dén viéc mot sé6 mau
xuat hién trong cac nhom khac nhau ciing mot luc
(c6 nhiéu diém chung voi nhiéu nhém mau) hoic
tham chi khoéng c6 nhém nao ca (khong c6 cung dic
diém voi bat ky nhom nao duoc liet ké, vi moé hinh
phan loai chi tap trung vao viéc nhom cac mau co
cung dic diém; so voi phuong phap xay dung mo
hinh phan biét, trong d6 cac mau thudéc mot nhom va
khong gian mau duoc chia hoan toan riéng biét va
khong xay ra su chong chéo [10].

Class 3

Hinh 2. M6 hinh phén loai SIMCA va mé hinh phan biét PLS-DA

SIMCA (Soft Independent Modelling of Class
Analogies) la qua trinh xay dung khoéng gian mo
hinh bang céach tinh khoang cach d cta mdi doi
tuong dén khong gian nhom, téng hop hai yéu to
khac nhau: khoang cach tir khong gian mé hinh
(khoang cach truc giao) va khoang cach vao khong
gian diém (khoang cach diém). Khoang cach truc
giao va khoang cach diém tuong tng voi Q va T2,
duoc tinh bang téng binh phuong ctia phan du mo
hinh va khoang cach Mahalanobis tit tAm ctia khong
gian diém [11].

- Xay dung mo hinh bang PLS-DA:

boi voi phuong phap xay dung mo hinh phan
biét, phuwong phap nay tap trung vao viéc moi nhoém
duoc chi dinh khac nhau nhu thé nao, tir do thuat
toan sé duoc ap dung dé tim cac duong phan biét
(thdng hoac cong) dé chia khong gian mau cia
chung thanh cac nhém. Phan héi sé cho biét lieu
mau thuoc nhom nao, & phia nao ctia ranh giéi phan
biét, c6 nghia 1a méi mau chi cé thé thuoc mot nhom.
Vi du cho cac phuwong phap nay la phan tich phan
biét tuyén tinh ctia Fishers (1936) [12], hodc phuong
phap phan biét binh phuong cuc tiéu timg phan

(PLSDA),
phuwong phap phi
Neighbor...[14].

Phan tich phan biét binh phuwong cuc tiéu timg
phan (PLS-DA) 1a mot cong cu phan loai tuyén tinh
ung dung ctia thuat toan hoi quy binh phuong cuc
tiéu (PLS). Ky thuat chinh dang sau 1a tim s6 luong
bién tiém 4n (LVs) t6i uu, su két hop tuyén tinh cta
cac bién quan sat, duoc goi 1a bién biéu hien (MV),
phuong sai cuc dai voi phan hoi Y. Diéu nay duoc
biéu dién trén mot biéu do truc quan hoa va hiéu mo
hinh dir lieu theo diém T tiém 4n va P tai trong. Cac
P tai trong dai dién cho cac hé s6 ctia két hop tuyén
tinh xac dinh LVs va diém T dai dién cho toa do cta
cac mau trong khong gian chiéu LV [15].

2.2.5. Panh gid mo hinh

Trong viéc xay dung mo hinh, can phai xac thuc
mo hinh hiéu chudn dé do luong kha ning du doan
ctia mo hinh. T4p di lieu duoc chia thanh hai tap: tap
huén luyén dé xay dung mo hinh hiéu chuédn va tap
thr nghiém dé kiém tra kha nang du doan ctia mo
hinh da xay dung. Tuy thudc vao viéc cac bién duoc
kiém tra co khac vo6i cac bién trong mo hinh hiéu

Orthogonal PLS-DA [13], hoidc cac
tham s6 nhu K-Nearest
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chuan hay khong, c6 2 loai danh gia: danh gia noi bo
bang mau huin luyén va danh gia kiém ching bang
mau thtr nghiém (hoéc danh gia chéo) [10].

2.3. Trinh tu thi nghiém

Céac mau ca pheé tir cac tinh: Pak Lak, ik Nong,
Lam DPoéng va Gia Lai duoc 1y tir thung bao quan.
Mau (50 g) dugc dung trong vat chira bang thiy tinh
(dia Petri) va quét 6 lan. Phé cta timg mau ca phé
duoc thu thap bang cach st dung mdy quang phé
cam tay (SCiO™). Toan bo qua trinh duoc thuc hién
& moi truong nhiét do phong. Sau do di lieu phé se
duoc trich xuat tir hé thong dir lieu dam may caa
SciO va tién hanh cac qua trinh tién xtt ly theo
phuong phap Chemometrics véi phan mém SIMCA
15 cta Cong ty Sartorius (Ptrc).

Phé xtt Iy 1a phé trung binh ctia 6 1an 14p lai. Cac
phé thu duoc sé duoc tién hanh tién xit ly theo cac
phuong phap tién xt Iy khac nhau ctia phan mém
SIMCA. Str dung PLS-DA va SIMCA trong phan mém
SIMCA dé xay dung mo hinh phan biét nguén géc va
tach loai cac loai ca phé bang dir liéu phé can hong
ngoai thu duoc tir may do quang phd can hong ngoai
Scio; so sanh cac phuong phap tién xit ly phé can
héng ngoai 1a phuong phap trung binh trung tam,
bién d6i chuan hoa va dao ham theo Savitzky- Golay
két hop.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Tién xtt ly phé can héng ngoai

Khi stt dung mdy quang phd can hong ngoai
quét lén hat ca phé nhan tao ra cac dai quang phé va
cac dinh phé, cac dai nay tao thanh cac am boi va két
hop cac rung dong co ban twong tng voi tinh chat
hoa hoc, tir d6 cung cdp dac tinh riéng biét hoac
“finger-print” cho cac mau ca phé khac nhau. Hinh 3
cho thdy, nhom phé thu duoc chia sé nhu biéu d6
hap phu trong budc song tir 740 - 1070 nm. Viéc phan
biet cac biéu d6 hap phu nay 1a khong dé dang néu
stt dung di liéu tho. D€ tmg dung phan tich dir lieu

a) Mean centering (MC) (Z1)

da bién doi voi cac dix lieu tho nay, dau tién can tién
xtt ly trudc bang phuong phéap phu hop. Cac phé thu
duoc sau khi quét mau bang thiét bi can hong ngoai
cho ra rat nhiéu dai bang tan (Hinh 3). Cac dai bang
nay duoc tao thanh tir su két hop cta cac song bac
cao, su rung dong tuong tmg voi cac thanh phan hoa
hoc ctia thuc phdm nhu caffein, axit chloroganic,
nudc. Do d6, nghién ctu tién hanh danh gia thi
nghiém so bo voi nhiéu ky thuat xit Iy phé khac nhau
va cudi cung chon duwoc 3 ky thuat tién xi ly la:
Standard Normal Variant (SNV), dao ham theo
Savitzky Golay, Mean Centering (MC) st dung két
hop cac phuong phap, sau dé tién hanh phan tich
SIMCA va PLS-DA. Du c¢6 st dung bat ki phuong
phap tién xtt ly nao, tat ca dit lieu déu duoc tinh trung
binh (Mean centering) trudc khi duwa vao xtt ly so6 lieu
da bién.

NIR. 3 coffea. 51 Traiming set =

Hinh 3. Phé NIR thu dugc tir may Scio cAm tay

bac diém ctia phé NIR 1a cac anh huong nhiéu
va co thé tao ra su gia ting dang ké ctia cac budc hap
thu cta timg day song don, diéu nay co thé gidu di
cac thong tin quan trong tir dit lieu tho. Do @6, cac
phuong phap tién xir ly duoc dung dé giam di cac
song nhiéu va cho thay hiéu qua giam thiéu dang ké
so voi di lieu tho (Hinh 4).

b) Ist Der + MC (Z2)
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¢) Znd Der + MC (Z3)

o E m we T I T

BI B0 4R B0 W0 HD SE MO0 W00 W ME T W

e) SNV+ 1*t Der + MC, f) SNV + 2" Der+MC

boi voi phé duoc tién xit Iy SNV va MC, phé
duoc loai bo su hap thu héa hoc ctia anh sang tan xa,
thay d6i duong nén phd, loai b cac yéu t6 nhiéu, dua
cac di lieu vé cung 1 ti lé.

Dai voi dao ham bac 1 va bac 2 dit lieu phé duoc
loai bo cac dinh bi trung, ting do cao cua cac dinh
hap thu va loai bé do doc ctia dudng co so.

Nghién ctu tién hanh két hop cac phuong phap
tién xtt ly d€ loai bo nhiéu va danh gia cuc bo dé
chon ra mo hinh c6 phuong phap tién xi Iy hiéu qua
nhat.

3.2. Xay dyng moé hinh phan biét ca phé dat
chuén chit lwong GI va non- GI bang SIMCA

3.2.1. Mo hinh phan biét ca phé dat chudn chat
lirong GI vd non- GI

M6 hinh xay dung bang SIMCA dugc danh gia
chéo noi bo bang 7 b6 mau con lai, twong tng voi 7
dia diém giri mau dén. Bang 2 cho thdy, so sanh két
qua phan biét ca phé GI va non - GI trén 8 mau hon
hop, tat ca cac tién xit ly duoc thir nghiém trén cac
mau chuén, két qua duoc thé hién trén s6 luong bién
tiém an (LVs), thong tin bién tiém 4n thé hién cho
tap dir lieu (Explained Var) va ti lé % phan loai 16i
(Error rate CV) ctia mo hinh.

Két qua cho thay, khi stt dung SIMCA két hop
vo6i phuong phép tién xtt Iy MC, dao ham bac 2 (Z3)
va MC, dao ham bac 2, SNV (Z6) cho ti l¢ 16i thap
nhat tuong tng voi 14,54% va 10,34%. Mo hinh Z6 c6
phuong phap tién xt ly tot nhat voi ti 1é 16i thap nhat,
chi 10,34%, thé hién bdi 7 bién tiém 4n giai thich
duoc 91,47% thong tin cua bién dau vao. Bén canh do,

mo hinh Z3 ciing cho ti 1 16i chi 14,54%, thé hién boi
21 bién tiém 4n (LVs), giai thich duoc 98,92% thong
tin bién dau vao. Tuy nhién, dé t6i vu, sé chon mo
hinh co6 ti 1é 16i thap nhat

Bang 2. Banh gia noi bo moé hinh phén loai cac loai

ca phé biang SIMCA

| Tie Glal'Ehl

A a1 SO . ch tap
Tién xtt ly v 16 s

bién % dwr lieu
" %)
Z1 | MC 8 47,23 | 99,76
Z2 | 1st Der + MC 6 49,12 | 99,43
Z3 | 2nd Der +MC 21 14,54 | 98,92
Z4 | SNV + MC 8 41,32 | 99,64
Z5 | SNV+1st Der + MC | 9 37,98 | 99,22

SNV+ 2nd Der +

76 MC 7 10,34 | 91,47

3.2.2. Kiém dinh moé hinh phan biét ca phé dat
chuin chat hrong GI va non-GI bang mau kiém
ching bang SIMCA

bé kiém chimg mo hinh xay dung bang SIMCA
két hop voi cac phuong phap tién xit Iy MC, dao ham
bac 2 (mo6 hinh Z3) va phuong phap tién xit Iy MC,
dao ham bac 2, SNV (mo6 hinh Z6), st dung dix liéu
ctia mau kiém ching dé danh gia mo hinh, két qua
duoc thé hién qua cac thong s6 vé ti 1é 16i (Error
rate), do nhay (Sensitivity- thé hién kha nang ctia mo
hinh nhan dung cac mau thudc vao nhom) va do dac
hiéu (Specificity-mo6 ta khéa ning ctia mo hinh loai bo
dung cac mau khong thudc vao nhom) nhu bang 3.
Do nhay duoc tinh dua trén ti 1&é dwong tinh thuc sy
trong mau ca phé GI. Do dac hiéu cia mo hinh thé
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hién boi kha nang xac dinh cac mau non-GI moét cach
chinh x4c. Do chinh xac duoc tinh toan dua trén ti lé
gitta duong tinh thuc su va am tinh thuc su trong tat
ca cac mau duogc danh gia.
Bang 3. Panh gia mé hinh phan loai cic loai ca phé
bing SIMCA sit dung mau kiém chimg

Tile 16i | Do nhay Po dac hieu
(%) (%) (%)
73| 23,22 78,01 82,23
76| 16,78 82,56 89,08

Két qua mo hinh Z6 cho do chinh xac 85,76%, voi
d0 nhay la 82,56% va do dac hiéu la 89,08%. Trong khi
d6, mo hinh Z3 cho do chinh xac thap hon: 80,09%,
voi do nhay ciia mo6 hinh la 78,01% va d6 dac hiéu la
82,23%. Voi @0 nhay ctaa phép thir 1a kha niang xac
dinh chinh xac mau ca pheé GI.

G

Colored according se-CEsses in Training st PS

™

Doi v6i 37 mau kiém chimg bao gom 12 mau GI
va 27 mau khong phai GI, mo hinh Z6 nhan dung 10
mau/12 mau GI va 24 mau/27 mau, ti lé 16i cia mo
hinh khi nhan mau GI 1a 16,78% va khi trén mau
khong GI 1a 11,11%; c6 thé thdy moé hinh phan nhom
hiéu qua cac mau c6 dac trung hoa hoc giéng nhau.

Két qua cia mo hinh phan loai dugc thé hién
bang biéu do ctia Cooman cho thay khoang cach truc
giao binh phuong tir cac diém dit liéu dén mo hinh
SIMCA (Z6) da chon, ciing nhu cac giéi han khoang
cach t6i han cho cac diém thuoc mo hinh. Khoang
cach t6i han duoc xay dung bang cach stt dung phan
phai chi binh phuong cta cac gia tri khoang cach cta
cac diém trong cung nhom, voi mo hinh Z6 khoang
cach toi han ctia cac diém thuoc nhom ca phé GI 1a
1,276, nhom ca phé non- GI 1a 1,21.Trong d6, cac da
liéu cung mot nhom, tap trung & cung 1 khu vuc va
duoc thé hién cting mau voi nhau.

IDCrit{0.05)

e

M13.0ModXPS+[2](Mormi, Weighted residuals

05 ¥ 135
M12.DModXPS+[1]iNorm), Weighted residuals

25

Hinh 5. Biéu d6 Cooman’s thé hién cac nhém phan biét bing mé hinh

Két qua thu duoc ctia nghién ctru ciing twong
thich v6i nghién ctu phan loai ca phé nhan chat
luong cao (Gourmet) so voi cac loai ca phé truyén
thong (Traditional) ctia Taynna Kevla va cs
(2021) [16], voi muc tiéu phan biét, ddm bao gia tri va
chat luong cua cac loai ca phé cao cap nhat Brazil
khong bi gia mao, bao vé thuong hiéu ca phe ¢ dat
nudc co ti trong xuat khau ca phé cao nhat thé gioi.
V6i s6 mau ca phé chat luong cao (Gourmet) 44, cac
loai ca phé con lai (Traditional) 46 mau, tién hanh
thu thap phé can hong ngoai khong pha hiy mau.
Nghién cttu da thanh cong stt dung SIMCA két hop
voi cac phuong phap tién xit Iy s6 lieu va cho ra duoc
mo hinh SIMCA két hop vdi dao ham va SNV véi do
nhay 100% chi 7 bién dai dién.

3.3. Xay dung m6 hinh phan biét ca phé dat
chudn chit lwong GI va non- GI bang PLS-DA

3.3.1. Mo hinh phan biét ca phé dat chudn chat
luong GI vd non- GI

72

Khi st dung phuong phap xit Iy bang PLS-DA,
két hop voi cac phuong phap tién xtt ly, mo hinh
duoc danh gia noi bo chéo (LOO-CV) boi 7 nhém
con lai, thi ti 1¢ 16i cia mo6 hinh Z4 1a thap nhat
(11,44%) va thé hien duwoc nhiéu thong tin caa dit liéu
tot nhat (94,92%).

Bang 4. BDanh gia n6i b mé hinh phan loai cac loai

ca phée bang PLSDA
Giai
Tién xit Iy S(j)' Ti lé 16i | thich tap
bien| (%) dwr lieu

%)
Z1 |MC 8 29,80 83,20
72 |1st Der + MC 8 44,83 69,34
Z3 |2nd Der +MC 8 25,89 60,88
Z4 |SNV + MC 8 11,44 94,92
Z5 |SNV+ 1% Der + MC 3 26,78 74,98
76 |SNV+ 2" Der + MC 6 47,61 51,37
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3.3.2. Kiém dinh mo hinh phan biét ca phé dat
chuin chat lwong GI va non-GI bang mau kiém
ching

Voi mo hinh Z4 duoc xay dung bang PLS-DA két
hop voi tién xt Iy SNV, mo hinh duoc danh gia trén
mau kiém ching: v6i 14 mau GI, mo6 hinh nhan diang
13 méau, khong nhan ra dugc 1 mau; véi 23 mau non-
GI, mo6 hinh nhan dung 20 mau, khong nhan duoc 2
mau va sai 1 mau. M6 hinh phan biét hiéu qua hon
doi voi cac mau ca phé dat GI véi ti 1é nhan 16i
(7,14%) thap hon so voi cac mau ca phé khong dat GI
(13.04%). Diéu nay ching to, cac mau ca phé GI c6

Predicted Scc

tinh dac trung twong tac kha chat ché hon cac mau
ca phé khéng dat GI.
Bang 5. Két qua phan loai céc loai

ca phé bang PLS-DAs
Kiém chitng GI non-GI | Khong nhan
duoc
GI 13 0 1
Non-GI 1 20 2

Két qua mo hinh duoc chiéu lén mat phang nhu
hinh 6, cac mau kiém chimg duoc phan bo thanh 2
nhom thuoc vé khu vuc nhém GI va non-GI nhu da
khoanh tron.

5
S]]

10 15 20

Hinh 6. Két qua phan loai cac loai ca phé biang PLS-DA sit dung mau kiém ching

Mo hinh Z4 cho két qua do nhay 81,25%, do dac
hiéu 95,23%, ti 1é 16i 12,03% va do chinh xac 87,96%.
Béang 6. Panh gia mé6 hinh phan loai cac loai ca phé
bang PLS-DA st dung mau kiém ching

Tileloi |Ponhay %) | Do dac
(%) hiéu (%)
74 12,03 81,25 95,23

Két qua nay phu hop véi nghién ctu ctia A.
Giraudo va cs (2018) [17] vé xac dinh nguon goc dia
ly ctia ca phé nhan st dung dir lieu phd can hong
ngoai két hop voi cac phuong phap xit ly so lieu da
bién. Véi s6 mau téng cong 191 mau tir 2 chau luc va
9 quoc gia, nghién ctu da st dung PLS-DA két hop
v6i MC va SNV cho ra mé hinh véi do nhay lén dén
98% khi phan biét theo chau luc va 100% khi phan
biét theo quoc gia.

Gitra cac chau luc cach xa nhau vé dia ly, nén mo
hinh phan biét dix lieu dau vao co6 thé cho két qua cao
khi phan biét cac mau. Trong khi do, cAc mau cung
tap trung & khu vuc Tay Nguyén, diéu kién khi hau
khac biét khéng qua 16n, vi vay mo hinh c¢6 kha nang
phan biét voi do nhay 87,96%, 1a cong cu dé giup
phan loai nhanh cac loai ca phé theo chat luong.

3.4. So s4nh mo6 hinh phan biét ca phé dat chudn
chit lvong GI va non-GI béng SIMCA va PLSDA

Dau tién, so sanh vé cac phuong phép tién xtt 1y,
do6i voi phuong phap stt dung SIMCA, phuong phép
tién xit ly tot nhat 1a két hop dao ham bac 2, SNV va
MC, sé trich xuat nhiéu thong tin quan trong va giam
nhiéu d liéu tho hon so v6i cac phuong phap tién xt
ly khac. Trong khi dd, phuong phép tién xtt Iy SNV
két hop trung binh hiéu chuidn (MC) két hop voi
PLS-DA tile 16i chi 11,44%. C6 thé giai thich boi ban
chat ctia xtt Iy SNV trén dit lieu phé 1a su thay doi
duong co s& chinh xac theo maic do diac hiéu caa
ting pho hép thu, dac biét 1a doi voi mo hinh PLS;
trong khi doi voi mo hinh SIMCA, SNV loai bd cac
yéu t6 1a dac diém chung cia cac mau dé can ctr
phan loai nhém. Déi voi dao ham bac nhat, phuong
phap loai bo cac xu huong tuyén tinh, gidm tinh dac
trung va giam ti 1é 16i tir 10-20% phu thudc vao mo
hinh. D6i véi dao ham bac 2, phuong phap nang cao
hiéu suat ctia mo hinh do gidm nhiéu tin hiéu, do d6
gia tri cta ty le 16i ciing thay d6i nhiéu hon. Do do,
SNV két hop MC cho két qua t6t & mo hinh PLSDA
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va can két hop voi dao ham bac 2 dé tang dinh hap
thu ctia pho dé hiéu qua hon & SIMCA.

bé so sanh hiéu qua ctia viéc xay dung moé hinh
bang 2 phuong phap trong chemometrics: SIMCA va
PLS-DA, nghién cttu thuc hién so sanh cac thong so
ti 1e 161, do nhay, do chinh xac, do dac hiéu ctia 2 mo
hinh sau khi danh gia bang mau kiém ching. Két
qua cho thdy, mo hinh xay dung bang PLS-DA két
hop véi cac phuong phép tién xtt Iy cho do nhay, do
chinh x4c, do dac hiéu tot hon, déng thoi ti 1é 16i thap
so voi SIMCA khi diung dé phan loai ca phé GI va
non-GI.

Bang 7. So sanh hiéu qua phén loai ctia 2 m6 hinh
x4y dung bing SIMCA va PLS-DA

SIMCA | PLS-DA
Tile 16i (EV) 16,78 12,03
Do chinh xac (%) 85,76 87,96
Do nhay (%) 82,56 81,25
bo dac hieu (%) 89,08 95,23

Két qua trén phu hop voi nghién ctu cia
O.Galtier va cs (2010)[18] vé so sanh cac phuong
phap chemometric: SIMCA va PLS-DA trén di liéu
phé can hong ngoai dé phan loai cac loai dau olive
nguyén chat bang NIR. Véi téng cong 317 mau dau
olive thu thap tai 5 tinh & Phap, nham phan biét chat
luong dau olive co it axit béo nhat va ham luong
tryglycerol nhat dén tir tinh Haute. Nghién ctu da
thanh cong xay dung mo hinh phan biét 5 loai dau
olive nguyén chat khac nhau bang PLS-DA véi do
nhay dat 100%. Nghién cttu ciing da so sanh gitta
SIMCA va PLS-DA, két qua cho thay PLS-DA cho ra
mo6 hinh c6 do nhay tot hon, trong khi mé hinh xay
dung bang SIMCA c6 do nhay chi léen dén 91%.

4. KET LUAN

M6 hinh x4y dung bing phuong phap xt ly s6
lieu PLS-DA két hop phuong phap tién xtt Iy MC va
SNV cho d¢ nhay dén 87,96%. Day 1a mot két qua rat
trién vong cho viéc phat trién phuong phap xac thuc
nhanh bang thiét bi quang phé cam tay dé ho tro cho
viéc chong hang giad mao, dam bao tinh xac thuc vé
chat luong cta ca phé da duwoc dang ki ho so chi dan
dia ly va gop phan ho trg danh gia nhanh nguon
nguyeén lieu dau vao trong qua trinh danh gia ho so
dang ki chi dan dia ly. Bén canh d6, ngoai phuc vu
cho quy trinh va san phim ca pheé, nghién cttu c6 thé
tmg dung vao cac loai san phdm khac nhu yén sao,
tiéu den.

TAI LIEU THAM KHAO

1. NguyenThi My Hang, Nguyen Thi Minh
Thuy (2020). The status quo and solutions for
developing Vietnam’s coffee industry. Industry and
trade magazine: 10-20.

2. Asean Intellectual Property Rights (2020). A
booklet on Asean geographical indications procedure
and products. Chapter 1.

3. UBND tinh bak Lak (2010). Quyét dinh ban
hanh “Quy ché quan ly, stt dung chi dan dia Iy ca phé
Buon Ma Thuot d6i voi san phdm ca phé nhan
Robusta”.

4. Mezza-Marquez, O. G., Gallardo, T. V.,
Osorio-Revilla, G. (2010). Application of mid-infrared
spectroscopy with multivariate analysis  soft
independent modelling of class analogies (SIMCA)
for the detection of adulterants in minced beef. Meat
Sciences 86: 511-519.

5. Li, M., Qian, Z., Shi, B., Medlicott, J., East, A.
(2018). Evaluating the performance of a consumer
scale SCiO™ molecular sensor to predict quality of
horticultural products. Postharvest Biology and
Technology, 145, 183-192.

6. Cozzolino, D. (2014). An overview of the use
of infrared spectrocospy and chemometrics in
authenticity and traceability of cereals. Food
Research International, 60: 262-265.

7. Rinnan, A., Van den Berg, F., Engelsen, S. B.
(2009). Review of the most common pre-processing
techniques for near-infrared spectra. 7rAC Trends in
Analytical Chemistry 28 (10): 1201-1222.

8. Dhanoa, M., Lister, S., Sanderson, R., Barnes,
R. (1994). The link between multiplicative scatter
correction (MSC) and standard normal variate
(SNV) transformation of NIR spectra. Journal of Near
Infrared Spectroscopy 2 (1): 43 — 47.

9. Savitzky, A., Golay, M.J.E (1964). Analytical
Chemistry journal. Chapter 1.

10. Banicollio, A., Ma°ge, I, Ns, T (2015)
Combining SO-PLS and linear discriminant analysis
for multi-block classification, Chemom. Intell. Lab.
Syst. 141, 58-67.

11. Wold, S., Sjostrom, M. (1977). SIMCA: a
method for analysing chemical data in terms of
similarity and analogy. In: Kowalski, B.R. (Ed.),
Chemometrics, Theory and Application, American
Chemical Society Symposium Series No. 52.
American Chemical Society, Washington, DC, pp.
243-282.

74 NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1 - THANG 8/2022



KHOA HOC CONG NGHE

12. Fisher, R.A. (1936). The use of multiple
measurements in taxonomic problems, Ann. Eugen.
7, 179-188.

13. Bylesjo, M., Cloarec, O., Rantalainen, M.
(2009) Comprehensive Chemometrics: Chemical and
Biochemical Data Analysis, Oxford, Elsevier, Vol. 2,
pp. 109-125.

14. Jiang, L, et al. (2007). Survey of improving k-
nearest-neighbor for classification. in Fuzzy Systems
and Knowledge Discovery, 2007. FSKD 2007. Fourth
International Conference on. 2007. IEEE.

15. Ballabio, D., & Consonni, V. (2013).
Classification tools in chemistry. Part 1: linear
models. PLS-DA. Analytical Methods, 5(16), 3790.

16. De Araujo, T.K. L, Nobrega, O., De Soussa
Fernandes, D.D., De Araujo, M.C.U., Dias Diniz,

P.H.G., Da Silva, E.C. (2021). Non- destructive
authentication of Gourmet ground roasted coffees
using NIR spectroscopy and digital images. Food
chemistry 135(2012) 1828-1835.

17. Giraudo, A., Grassi, S.,Savorani, F., Gavoci,
G., Casiraghi, E., Geobaldo, F. (2019). Determination
of the geographical origin of green coffee beans
using NIR spectroscopy and mulvariate data analysis.
Food control 78-80 (2019).

18. Galtier, O. Abbas, O., Y. Le Dreau, Y.,
Rebufa, C., Kister, J., Artaud, J., N. Dupuy, N. (2010).
Comparison of PLS-DA and SIMCA for classification
by origin of crude petroleum oils by MIR and virgin
olive oils by NIR for different spectral regions.
Vibrational Spectroscopy 55(2011) 132-140.

STUDY ON THE USING NEAR-INFRARED (NIR) SPECTROSCOPY COMBINE WITH
CHEMOMETRICS TO AUTHENTICATE THE GEOGRAPHY INDICATOR COFFEE IN BUON
MA THUOT.
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Summary

Coffee is an important commodity, accounting for 3% of Vietnam’ GDP, and the Vietnam’ export turnover of
coffee has reached over US $3 billion for many years. In recent years, although the world economy has
experienced many difficult times leading to a decrease in purchasing power, Vietnam’s coffee exports have
maintained a very encouraging growth rate, there is an unmet need to protect coffee brand and qualify to
prevent the frauds in coffee supply chain. Thus, this work proposed the suitability of NIR spectroscopy
coupled with chemometrics methods for the non- destructive authentication of Geography indicator coffees.
For this, GI coffees beans (n=49) and non-GI coffees beans (n=103) by directly analyzing without any
sample preparation. Then, PLS-DA and SIMCA were used to construct the models. PLS-DA combine with
MC, SNV pre-processing constructing model achieved the best result, model accuracy 87.96%, sensitivity
81.25% and specificity 95.23%. By the way, SIMCA combine with MC, 2™ Der, SNV pre-processing
constructing model achieved the model accuracy just 85.76%. Therefore, the proposed methodologies can
be useful for both the consumer and regulatory in registration GI for products because it confirms the
elevated standard of Dak Lak specialty coffees (GI), preventing fraudulent labeling, friendly with
environmental and quick technique, save time and save money.

Keywords: Coffees, chemometrics, geography indicator, NIR spectroscopy.
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