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SUMMARY

APPLICATION OF ATR-FTIR AND MULTIVARIATE STATISTICS ANALYSIS (MSA)
ON CLASSIFICATION OF PEPPER PRODUCTS IN VIET NAM

Chemometrics, particularly Multivariate Statistics Analysis techniques including Principle Components
Analysis (PCA) and Linear Discriminate Analysis (LDA) were employed to process spectral data, in
order to classify Pepper products in Vietnamese commercial market. 14 peppercorns (Piper nigrum)
samples (black and white), corresponding to 07 different trademarks were collected in supermarkets,
local markets and food suppliers within Hanoi and then analyzed directly by ATR-FTIR instrument.
Spectral information was simplified by peak selection, before being processed by MSA techniques. In
comparison with other conventional spectroscopy methodologies, ATR-FTIR is considered a rapid and
convenient method due to its non-wasting time of sample preparation. Results obtained have confirmed
the success of trademark identification and classification of pepper products. An obvious separation
between trademark groups was presented on LDA observation although there was still certain
overlapping occurred on the graph; while with PCA, classification between the two sorts of peppercorn
is still an issue that needs further study.
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1. MO PAU phoi ning ngay sau khi héi khién vo san lai va
Puoc coi 1a loai gia vi hang dau trong thuc chuyén thanh mau den; con hd tiéu tring I cac
phdm, hé tiéu (Piper nigrum) la cay gia vi Qué da that chin, duoc ngadm nudc cho mém va
guan trong nhat va duoc sir dung nhiéu nhit loai bo phan vo trude khi dem phoi ning [2]. O
trén thé gisi. C6 rat nhiéu quéc gia ving nhiét Viét Nam, ho tiéu 1a cay cong nghiép cé gia tri
dai sir dung h tiéu 1a cay canh tac trong diém kinh té cao, dem lai nhiéu lgi nhuan cho nguoi
phuc vu phét trién kinh té, trong d6, An D9, trdng trot va dwoc canh tac cha yéu tai ving
Viét Nam va Indonesia 1a 3 quéc gia san xuit Tay Nguyén. Nam 2017, theo Dwong Thi Oanh
hé tiéu chinh trén thé gisi [1]. Hién nay trén thi va Nguyén Quang Ngoc — Trung tdm nghién
truong, ho tiéu nguyén hat duoc tim thay dudi ciu va Phét trién cay hd tiéu (PRDC), kim
2 dang chinh: hd tiéu tring va hd tiéu den. ngach xuat khdu hd tiéu nim dat 1.117 triéu
Cang ¢6 ngudn goc tir cay hd tiéu, nhung phu USD, dua Viét Nam tré thanh quéc gia hang
thudc vao quy trinh ché bién, ho tiéu den 1a cac dau thé gioi vé san xuat va xuit khau ho tiéu
qua con xanh hoac vang (chwa chin), dugc [3].
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Vi uy tin vé chat lugng cua ho tiéu cling nhu
gia tri kinh té ma n6 dem lai, da c6 khong it co
s san xuat da loi dung nhiing loi thé trén dé
lam gia ho tiéu phuc vu muyc dich kinh té. Tai
Viét Nam, tinh bt bap, bot gao nép va mot
loai tinh bot khong rd ngudn géc da dugc ché
bién va pha tron cling véi hat tiéu Iép nham tao
ra san pham hat tiéu chac, c6 trong luogng nang
hon va mau sic den hon [4]. Ciing d4 c6 nhiing
bdo cdo khoa hoc vé viéc lam gia ho tiéu trén
thé gi6i. Dhanya, Syamkumar va Sasikumar da
chi ra rang nho vao su giéng nhau vé hinh
dang va kich thuéc, gid thanh ré va ngudn
nguyén liéu ddi dao, hat du du (Carica papaya
L.) 1 san pham duoc sir dung 1am ho tiéu den
gia nhiéu nhit [5]. Thém vao do6, hat ké
(Pennisetum glaucum) va lda mach den
(Fagopyrum esculentum) ciing d3 dugc tim
thdy dudi dang thuc phiam ding dé pha tron
vao ho tiéu [6]. Chinh vi vay, ho tiéu duoc
danh gia 12 mot trong nhiing loai thyc pham rat
dé pha tron va lam gia trong qué trinh ché bién
va rat kho c6 thé nhan biét bang mat thuong
[l]l 1 1

Dudi thuc trang vé ho tiéu gia ndi riéng cling
nhu vin d& an toan thuc phdm néi chung, dat
ra nhimg nguy co anh huong tiéu cyc téi stc
khoe nguoi tiéu ding, viéc phét trién céc
phuong phap dé danh gia chat lwong ciing nhu
phan loai chinh xac ho tiéu l1a mot diéu rat can
thiét. Cac té chuc quéc té uy tin nhu TH chic
tidu chuan héa qudc té (1S0), Hiép hoi Thuong
mai gia vi My (ASTA) hay Hiép hoi cac nha
Hoa hoc phan tich chinh théng (AOAC) da
céng bd nhiing nghién ctu, wng dung quang
phd trong viéc xac dinh Piperine — mét hop
chét tao nén vi cay chinh trong hd tiéu xanh —
s dung UV-Vis do d6 hip thu quang cua
Piperine cao nhét tai 343 nm [7]. Tuy nhién,
cac phuong phap ké trén déu can phai sir dung
dung méi phan tich va thuong ton thoi gian.
Bén canh do, ciing di c6 nhidu phuwong phap
dugc dua ra nhdam phan loai cac miu hat tiéu
den xay, nhung cac phwong phap nay tn nhiéu
chi phi cling nhu thoi gian (Aurich, 2009) [8].
Mt khéc, phuong phap quang phd hong ngoai
Fourier (FTIR) 1& mét ky thuat da duoc tng
dung nhiéu va thanh cong dé phan loai va xac
thuc mau ca phé nguyén ban [9-11]. Loi thé
I6n ciia phuong phap do phd két hop véi hoa
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tin (chemometrics) nay nam & diém mot khi co
so dir lidu duoc thiét 1ap va mot phuong thirc
phan tich dir liéu phd hop dugc xac dinh, mau
phén tich s& dugc quét chi trong vai phat.

Do vay, muc tiéu nghién cau trong bai bao nay
caa ching téi tap trung vao viéc tng dung va
st dung FTIR nham xac dinh va phan loai hd
tiéu Viét Nam, khi thuc trang ho tiéu kém chat
luong c6 nguy co duoc phan phdi rong trén thi
truong. Qua d6, két qua phan tich s& duoc
dung dé nhan dang va phan biét ho tiéu chinh
thdng, co thwong hiéu va cung cép co so dir
liéu cho viéc tham dinh chat wong ho tiéu cua
Viét Nam.

2. THUC NGHIEM

2.1. Thu thap va xir Iy miu

14 miu hat tiéu (ca tring va den), bao gom &c
thuong hiéu khac nhau, duoc thu thap tai cac
cho dia phuong va cac siéu thi trong pham vi
quan Cau Gidy va quan Ba Dinh, thanh phd Ha
Noi. CAc mau dugc chia thanh 07 thuong hiéu
khac nhau. Trong d6, cac san pham duoc mua
tai siéu thi dugc dong goi va co thuong hiéu ré
rang, cac san pham con lai, tén dia diém ban
hang duoc coi la mét thuong hiéu riéng biét.
Thong tin 14 mau hat tiéu duoc trinh bay cu
thé tai bang 1.

Bdng 1. Thong tin thuong hig¢u va ky hiéu cua

14 mau hat tiéu

Thurong hiéu Cé? loai san phidm
Trang Den
Vipep T1 D1
Choice L T2 D2
Vinmart GOOD T3 D3
Cho 800A T4 D4
Cho Nghia Tan Q1 ™ DS

T6 -

Chog Nghia Tan Q3 T7 D7
Cho Linh Lang - D8

Cac mau tiéu dang hat duoc nghién nho va
ddng héa bang méay xay mau thuc phim kho
(Sunhouse) trudce khi duoc sdy kho tai nhiét do
45°C trong vong 2h dong hd trong ti sdy
(Memmert UN110). Sau d6 mau dugc do truc
tiép trén thiét bi quang phd.

2.2. Phan tich quang phd hong ngoai

Sau cong doan xay nho va say kho, cac mau hat
tiéu bot dwoc phén tich tryc tiép trén thiét b
ATR-FTIR (Nicolet™ iS50, Thermo Scientific,




M¥). Khoang 2 mg tiéu bot duoc dat trén bé mat
tinh thé kim cuong-ZnSe. Bé tang dién tich tiép
x(c gitta mau va cam bién ciing nhu dam bao
thiét bi cho tin hiéu dai phé tét nhat, cong cu nén
mau tich hop trén thiét bi duoc sir dung dé ép
dung mét hec nhét dinh 18n trén nén mau khd. Tin
hiéu phd thu duoc trén phan mém OMNIC duoc
cai trong may tinh, ¢6 dai budc séng nam trong
khoang tir 4000-400 cm™, bao gom 70 lan quét
mau va c6 do phan giai 4 cm™. Mau duoc phan
tich 1ap lai 5 1an nham xéac dinh do lap lai va do
tin cay.

2.3. Ky thuat théng ké da bién

Dit liéu phé thu dugc duoc hiéu chinh duong
co so (baseline) va chuyén héa thanh dang di
liecu s6 trén Excel qua cong cu The
Unscrambler® X 10.4. Céc thong tin chinh
trén dai phd duoc sang loc va rit gon dya trén
cac dinh peak khac nhau, tao nén mot tép dix
liéu mai.

Dwa trén nén tang thong ké XLSTAT
2016.02.28451, cac phép phan tich nhu PCA —
Phan tich thanh phan chinh va LDA — Phan
tich phan biét duoc tién hanh trén tép dit liéu
mai: (1) PCA la mot céng cu toan hoc duoc
phét trién nham trich xuit cac dac diém chinh
tir tép dit liéu da chiéu va chuyén héa ching
thanh mot tép dir liéu méi it chiéu hon, dwoc
sap xép theo thir ty giam do bién thién hay
phuong sai. Qua do, tir mot tép dir lieu goc da
chiéu ban dau, thong qua su két hop tuyén tinh,
tép dir liéu mai dugc tao ra, co kich thudce nho
gon hon ma van dam bao duoc nhitng thdng tin
chinh va can thiét [12]. (2) Trong khi PCA Ia
cong cu trich xut, chuyén déi va nén dir liéu,
LDA c6 thé trich xuat nhitng théng tin khac
biét cua dir liéu va két hop tuyén tinh cac théng
tin d6, cung cAp gia tri trung binh khac biét 16n
nhét trong tép dir liéu. Trong nghién ciru nay, 2
phuong phap néu trén sé dugc khao sat va so
sanh dé tim ra phwong phap t&i wu cho viéc
phan loai cac mau hb tiéu.

3. KET QUA VA THAO LUAN

3.1. Khio sat phan tan PCA ciia 14 miu hd
tiéu

Ky thuat phan tich thanh phan chinh (PCA)
duoc thuc hién dé xem xét tac dong cia ngudn
gdc va tinh phan biét cua 14 miu hat tiéu. Cac
bién trong tép s6 lidu gbc thong thuong sé
twrong quan v6i nhau, & mirc d Ion hoic thap
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hon; PCA loai bo su du thira ndy bang céch
chuyén do6i tuyén tinh céc sb liéu gbc thanh
mot tép mai, cac bién khong tuwong quan va
dugc goi 1a cac diém thanh phan chinh (PC).
Do vay, c4c sb liéu s& dugc sap xép lai, va cac
diém thanh phan chinh dau tién duoc dai dién
dé md ta phan Ion céc thong tin co trong rat
nhiéu céac bién gdc. S6 diém PC c6 nghia lun
ludn it hon sb luong biéu thi, va phwong phap
da bién c6 thé duoc thyc hién [10]. Khao sat
phén tan trén mé hinh PCA chi ra rang phan
I16n budce song dong gop vao su phan tach cac
mau ca phé trén ca 2 PC. Tuy nhién can tién
hanh luoc bd 1 vai bude song dé cac mau hd
tiéu duoc phan biét ro rang hon (Hinh 1).

Loading scatterplot (p1 vs. p2)
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Hinh 1. Khdo st phan tan PCA cuia 14 mdu ho tiéu
3.2. Phan tich pho hong ngoai

Dit liéu phd caa 14 mau hat tiéu duoc dién giai
trén phd db (Hinh 1), bao gém mét phd dd dai
dién biéu din cho cac mau hat tiéu va mot phd
d6 tong hop cac dinh peak (da hiéu chinh
dudng co so) cua tat ca cAc mau hat tiéu (bao
goém ca 5 lan do 1ap lai). Pac diém chinh biéu
dién trén “ving van tay” - finger-print cta dai
phé 1a do sy dao dong cia nhém =CO-C tai
diém 1194 cm™ va 1252 cm't ciing nhu CH;, tai
diém 996 cm™ c6 trong Oleoresin — loai tinh
diu tao nén vi cay trong hat tiéu ciing nhu cac
loai gia vi co tinh cay khac [13]. Su dao dong
nay twong tng vai céc tin hiéu dic trung trén dai
phd tai cac vi tri 1633 cm'?, 1446 cm?, 1252 cm'?
va 996 cm™,
C6 thé thiy rang néu chi dya vao thong tin dai
phd qua phan tich FTIR, rat kho c6 thé nhan
biét sw khéc nhau gitra cac loai hat tiéu, cho du
su khéac nhau nay c6 ton tai. Do vay, su két hop
gitta dir lieu phd thd véi cac phép phan tich
héa tin (chemometrics) dé tién hanh xac dinh
va phan loai hd tiéu 1a hoan toan c6 co s& [14].
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Hinh 2. Dinh peak va tong hop dai phé ciia 14
mau hat tiéu
3.3. Ung dung phan tich thanh phén chinh
Hinh 3 miéu ta so dd sang loc, minh hoa sé
bién cac thanh phan chinh (PCs/F) nam giir va
so d6 PCA, miéu ta sy phan nhom trén hai loai
ho tiéu den va tring. C6 thé thay rang, hai
thanh phan chinh dau tién (F1 va F2) nim giit
phan Ién cac thong tin dir lieu mau, chiém
88,62% luong thong tin chinh; do do, ¢ thé
n6i rang, két qua phan loai hd tiéu trén do thi
PCA la dang tin cay. Két qua nhan dang ho
tiéu dua trén chung loai chi ra rang kho c6 thé
nhan biét hoan toan hai loai tring va den qua
phuong phap PCA. Tuy nhién, sy tach nhém
gitta hai loai phan nao d6 c6 thé nhan biét dwoc
dwa trén sy phan bb cua cac mau hat tiéu trén
biéu d6 PCA. Su twong dong vé thanh phan co
trong hai loai hat tiéu nay duoc cho la nguyén
nhan giai thich hién tuong trén.
Ngoai viéc xac dinh va nhan biét cac chung
loai hd tiéu, PCA con dugc dung dé phan biét
cac thuong hiéu trén tirng loai hé tiéu. Cho du
hai PC dau tién cua ca hai biéu @b (Hinh 4a va
4b) déu dién giai phan 16n cac thong tin mau,
lan luot 12 91.51% va 89.13%, su phan nhém
thuong hiéu trén ca hai loai ho tiéu tring va
den 1a khong rd rang. Su phan bd cua cac diém
tuong ung voi tung loai thuong hiéu kha rai
rac va khong tap trung. Duy chi c6 nhém tiéu
trang c6 thuong hiéu Nghia Tdn Q1 nam tach
biét véi cac nhom thuong hiéu con lai (Hinh
4b). Piéu nay ching té rang thanh phan héa
hoc cua loai hat tiéu c6 thuong hiéu néu trén co
su khac biét so voi thuong hiéu cung chung
loai khac.
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Hinh 4. Ap dung PCA trong nhdn dang thiong

hiéu ho tiéu: (a)-Ho tiéu den, (b)-Ho tiéu trang




Céc két qua thu dwoc cho thay hiéu qua cua
PCA chua duoc rd rang. Chung minh cho diéu
nay la su phan b rai rac va sy tring lap cua
céc thong tin duoc biéu thi trén biéu d6 PCA.
3.4. Ung dung phén tich phan bigt

Vi phép phan tich LDA, biéu db phan biét
cho két qua rd rang hon so vi PCA. Ching
ti tién hanh phan biét thwong hiéu trén ca
hai chang loai mau (Hinh 5) va trén tung
chung loai miu (Hinh 6) dé c6 duoc su
danh gia tong quan va chinh xé&c nhét. Qua
d6, co6 thé quan sat thdy su phan nhém
thuong hiéu dwoc biéu thi kha rd trén biéu
dd LDA. Hat tiéu dugc thu mua caa cac
thuong hi¢u 800A, Nghia Tan Ql va
Vinmart Good c6 sy twong dong nhit dinh
vé thanh phan héa hoc (Hinh 5). Béi véi hat
tiéu den (Hinh 6a), cé xay ra sy trung lap
gitta khoang tin cdy cua thuong hiéu 800A
va thuong hiéu Nghia Tan QI. Diéu nay
ciing duoc biéu thi trén biéu d6 LDA ddi
véi mau hat tiéu tring (Hinh 6b) cua ba
thuong hiéu Nghia Tan Q1, Nghia Tan Q3

va Vinmart Good.
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Hinh 5. Nhégn dién thwong hiéu trén ca 2 ching

logi ho tiéu, siz dung mo hinh LDA
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Hinh 6. Nhdn dién thieong hiéu trén hé tiéu den
(a) va ho tiéu trang (b)

4. KET LUAN

Két qua nghién ctu cho thiy viéc &p dung
Quang phé hdng ngoai (ATR-FTIR) két hop
voi ky thuat thong ké da bién bao gébm Phan
tich thanh phan chinh (PCA) va Phan tich phan
biét (LDA) nham phan loai va nhan biét cac
san pham h tiéu 1 kha thi. Qua viéc khao sat
va danh gia 2 phwong phéap théng ké da bién
khéc nhau, c6 thé khing dinh rang LDA la
phuong phéap hiéu qua hon khi duoc dung dé
nhan biét thwong hiéu cua cac san phim ho
tiéu. Két qua nhan dang thuong hiéu duoc thé
hién rd rang hon trén biéu dd LDA, trong khi
dbi véi PCA, sy phan nhom khoéng rd rang chi
ra rang can phai ¢ nhiing k§ thuat t6t hon méi
c6 thé phan biét r5 dwoc sy khac nhau giira 2
ching loai hd tiéu. Nhin chung, muc tiéu dé ra



da dugc hoan thanh; tuy nhién, van can phai c6
nhiing nghién ctru xa hon dé lam rd cling nhu
t6i wru hoa hon nita phuwong phap thuc nghiém.
Loi cdam on. Nghién ciru nay dwoc hé tro thyc
hi¢n bgi cac nhiém vu khoa hoc céng nghé co
mé so: TDNDTP.01/19-21 va QTCZ01.01/20-2
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