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dan khoa hoc ctia PGS.TS. Ta Thi Thao va PGS.TS. Lé Thi Héng Hao. Céc s6 liéu,
két qua trinh bay trong luan an 13 trung thuc va chua timg dugc cong bd trong bt ky
cong trinh nao khac.
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LOI CAM ON

Luan an nay dugc hoan thanh tai cac phong thi nghiém cua Vién Kiém nghiém
an toan vé€ sinh thuc phém Qubc gia, Hoc vién Quan Y, Hoc vién Y Duoc hoc )
truyén Vi¢t Nam, Vién Khoa hoc va Cong nghé Quan sy va Khoa Hoéa hoc, Truong
Pai hoc Khoa hoc Tu nhién - Pai hoc Quéc gia Ha Noi.

Cam on sy hd tro kinh phi tir nhiém vu khoa hoc va cong nghé cép DHQGHN:
“Nghién ctru xay dung hé thdng tri tué nhan tao phan loai chit lugng cam trong cong
doan so ché va phat trién ché pham bao quan, tich hop trén day chuyén ché bién
hudng toi xuat khdu” ma sb QG 23.68.

Dé hoan thanh luan 4n nay, t6i bay to long biét on sau sic t6i:

PGS.TS Ta Thi Thao, Gidng vién B mén Hoa hoc Phan tich, Khoa Hoa hoc
Truong Pai hoc Khoa hoc Ty nhién - Pai hoc Quéc gia Ha Noi va PGS.TS Lé Thi
Héng Hao, Vién trudng Vién Kiém nghiém an toan v¢ sinh thuc phém Qubc gia, hai
ngudi thay da gitp dd, dinh hudng cho t6i dén mot hudng nghién ctru rt méi, gin
lién nghién ciru co ban véi tng dung thyc tién.

Céc thiy c6 Bo mon Hoa hoc Phan tich, Khoa Hoa hoc, Trudng Pai hoc Khoa
hoc Tu nhién - Pai hoc Quéc gia Ha N¢i da giap do, tao diéu kién thuan loi cho t61
trong qué trinh hoc tdp va nghién ctru. Cac anh, chi can b, gidng vién, nhan vién
Vién Kiém nghiém an toan v¢ sinh thyc phém Qubc gia, Khoa Dugc - Hoc vién Y
Dugc hoc ¢6 truyén Viét Nam, Vién Khoa hoc va Cong nghé Quan su, cac sinh vién,
hoc vién d4 hd tro va phdi hop vdi t6i trong qué trinh thye nghiém.

Léanh dao, Ban Giam déc Hoc vién Quan Y, lanh dao chi huy va tap thé Khoa
Héa - Hoc vién Quan Y di tao diéu kién giup d&, dong vién trong cong viéc dé toi co
thé hoan thanh luan an.

Cubi cuiing, t6i xin guri 101 cam on sdu séc t6i gia dinh, nguoi than, ban bé da quan
tam, dong vién, khich 1€ va ung hd t6i trong subt qua trinh hoc tap va nghién ctru.
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MO DAU

Gian lan thuc phém 1a mot van dé mang tinh toan clu, anh huong truc tiép dén
quyén loi ngudi tiéu dung, tinh minh bach cta thi trudng va hidu qua quan 1y chat
luong san pham. Trong bdi canh d6, nudc ép trai cay duge xép vao nhom thyc pham
¢ nguy co gian l4n cao do mirc tiéu thy 16n, gia tri thuong mai dang ké va kha ning
bi pha tron, thay thé hodc mé phong thanh phan twong ddi dé& dang. Cac hinh thirc
gian 1an thudng gip nhu: pha lodng bang nudc, bd sung dudng, acid, huong liéu tong
hop hodc pha tron véi cac loai nude ép khac co gia thanh thip hon nhung dic tinh
cam quan tuong tu [106, 132].

Vé ban chit hoa hoc, nude cam ty nhién 1a mot hé phtrc hop chira nhiéu nhom
hop chat, trong d6 quan trong nhat 1a cac acid hitu co (acid citric, malic, ascorbic...),
cac flavonoid dac trung cua ho Citrus (hesperidin, naringin...) va cac carotenoid (j3-
carotene, lutein...). Cac hop chat nay khong chi quyét dinh cac dic tinh cam quan
nguyén ban nhu mau sic, mui vi ma con phan anh dic trung cia gidng cam, diéu kién
khi hau, thd nhudng va ky thudt canh tac [58, 64]. Nhiéu nghién ctru da chi ra rﬁng,
thanh phan héa hoc cta nudc cam tu nhién bién thién rd rét theo giéng va ving dia
1y; trong khi d6, nudc cam nhan tao hodc nudc cam pha tron - dit duoc san xuat thong
qua cac quy trinh c6ng nghiép nhu hoan nguyén tir nudc cam cb dic, bo sung phu gia
nham ti tao dic tinh cdm quan - van khong thé bao toan day du cdu tric thanh phan
hoa hoc tu nhién [40, 55]. Su khac biét c6 hé théng nay chinh 1a co s¢ khoa hoc cdt
161 cho céc nghién ctru phat hién gian 1an va phan loai nudc cam.

Trudc nhitng han ché vé yéu cau cong bd cac thanh phan don 1é, xu hudng hién
dai trong kiém nghiém thuc pham 1a két hop giita cac dir liéu héa hoc va may hoc.
Céc k¥ thuat phan tich nhu HPLC, GC, GC-MS cho phép dinh lugng va dinh tinh
chinh xac cac hop chét dic trung trong nudc cam, tao ra bd dir li¢u hoa hoc c6 do tin
cdy cao [42]. Trén co sé do, cac phuong phap chemometrics va may hoc da dugc ap
dung dé khai thac mbi quan h¢ da bién gitra ham luong cac chét hodc tin hiéu do trén
thiét bi phan tich va thong tin ngudn gc mau, phuc vu phan loai va xac thuc nudc

cam [57, 91]. Song song v&i dit liéu thanh phan hoa hoc, cac dit liéu tin hiéu phan
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tich tong thé nhu phoé UV-Vis, pho hong ngoai gan (NIR), pho khdi va tin hi¢u dién
héa ngay cang dugc st dung rong rai trong cac nghién ctru xéac thuc theo hudng khong
muc tiéu. Cac nghién ctru gan day cho thiy dit liéu phd va dau vén tay dién hoa két
hop voi chemometrics cho phép phat hién nudc cam bi pha trdn vdi d6 chinh xéc cao,
ddng thoi phu hop cho sang loc nhanh trong kiém nghiém thuc té [95, 112].

Tai Viét Nam, mic du cam 1a loai ciy dn quéa quan trong voi nhiéu gidng va ving
tréng dac hiru, cac nghién ctru vé phat hién gian 1an va phan loai nudc cam van con
han ché va thiéu tinh hé thong. Cho dén nay chua cé cong trinh nao xay dung dong
b0 co s& dir liéu thanh phﬁn héa hoc két hop dir liéu tin hi€u phan tich ctia nudc cam
Vi¢t Nam phuc vu cho muc tiéu phat hién gian lan, phan loai giéng va truy xuét nguén
gbc san pham.

Xuat phét tir thyc tién d6, luan 4n “Nghién ctru phan biét va phan loai cic sin
phim nwée cam trén co sé phén tich thanh phan héa hoc, tin hi¢u do két hop
v6i may hoc” hudng dén muc tiéu tong quat 1a xay dung duoc phuong phap phan
biét nudc cam theo vung dia 1y, theo giéng cam, nudc cam tu nhién voi nudc cam
héa hoc, véi cac muc tiéu cu thé nhu sau:

1. Phat trién phuong phap dinh luong mét sb chat chinh thudc cac nhom chat
flavonoid, carotenoid, acid hitu co trong cac mau nudc cam.

2. Nghién ctru xay dung phuong phap phéan loai nuéce cam theo gidng cam va
theo ngudn gdc dia 1y dua trén thanh phan hoa hoc két hop may hoc.

3. Nghién ctru xay dung phuong phap xac thuc ngudn goc dia 1y ctia nude cam
dua trén dir liéu phd UV két hop méy hoc.

4. Nghién ctu xay dung phuong phép phan biét nudc cam ty nhién véi nudce
cam pha ché dya trén dau van tay dién hoa két hop may hoc.

Nhiing diém mdi ciia ludn dn:

Di x4y dyng va tham dinh duoc phuong phap dinh lugng cac thanh phan hoa
hoc chinh c6 trong nudc cam (acid hitru co, carotenoid, flavonoid). Pay la nghién ctru

toan dién, déng gop nang cao chat lugng cong tac kiém nghiém an toan thyc pham.
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Ung dung may hoc xdy dung duoc cac mo hinh phéan loai ngudn gdc dia 1y
ctia mau cam, phan biét duoc nudc cam ty nhién va nudc cam pha ché duya trén thanh
phﬁn hoa hoc va céc dir li¢u phan tich (UV, Volt-ampere). Cac m6 hinh nhan dang,
phan loai duoc xdy dung trén phan mém Visual Studio Code v6i ngén ngit Python
phién ban 3.12, phién ban méi nhat hién c6. Pong thdi ngudn dit liéu dau vao da dang
tir nhirng k¥ thuat don gian nhu UV dén LC.

Y nghia khoa hoc va thwe tién ciia ludn dn:

Luan an da xay dung duoc cac phuong phéap dinh lugng 3 nhom hop chét chinh
c6 mit trong nuéc cam bao gdm: acid hitu co, carotenoid, flavonoid, cac phuong phap
nay dang dugc trién khai thuong quy tai Vién Kiém nghiém an toan v¢ sinh thuc
pham Quéc gia. Trong d6 c6 02 phép thir (acid, carotenoid) da duoc cong nhan phu
hop theo tiéu chuan ISO 17025:2017. S hiéu phong thir nghiém VILAS 203.

Két qua luén an mo ra co hdi tng dung cho cac co s& kiém nghiém trong viéc
xay dung dugc bd dir li¢u nhan dang, phan bi¢t cac san phém nudc cam trén thi truong
nham dénh gia tinh xac thuc cic cong bd cua nha san xuat. Dong thoi, viée truy xut
ngudn gdc ciia cac san pham cam twoi co thé trién khai theo nhiéu cach tiy thudc didu
kién phong thi nghiém. Hon nira c6 thé mé rong img dung cho nhiéu loai thyc pham,
duogc liéu, dugc pham..., gop phan giai quyét cac van dé thuc té hién nay tai Viét
Nam.

Két qua cua luadn an cé thé ap dung trén thuc té kiém nghiém & nhiéu don vi,
do dé tai tién hanh thir nghiém trén nhiéu loai thiét bi nhw UV, HPLC hay cuc ph.
Céc co s co thé lira chon phuong phap phi hop vai diéu kién thuce té tai don vi minh.
Hon nita, cac thuat toan duoc xdy dung trén phan mém md Python nén khong bi gidi

han béi ban quyén, kinh phi va dé dang thay d6i thuat toan cho ngudi st dung.

13



Chwong 1. TONG QUAN

1.1. Tong quan vé cam va cac sain phAm nuwée cam trén thi truong

1.1.1. Cdc giong cam & Viét Nam

Cam la cay an qua lau nam, cung ho véi budi, 6 qua nho hon qua budi, vé mong,
khi chin thuong c6 mau da cam hodc xanh bong, sinh truong rat tot & didu kién khi
hau nhiét doi hodc can nhiét déi dé cho qua ngot. Cam 13 mot cay lai duoc trong tir
xa xua, c6 thé lai giéng giita loai budi (Citrus maxima) va quyt (Citrus reticulata)
[19]. Pay 1a cdy nho, cao dén khoang 10m, c6 canh gai va 1a thuong xanh dai khoang

4 - 10 cm, vi c6 thé bién doi tir ngot dén chua.

Hinh 1.1. Cay cam

Viét Nam c6 thé dugc coi 1a mot trong nhitng trung tdm da dang cao véi nhiéu
gidng cam ban dia quy. O nudc ta cac gidng cam chii yéu dwoc dit tén theo ving,
mién tréng nhu cam Xa Poai, cam Cao Phong, cam Vinh, cam Van Du, cam Song
Con,... hodc dugc goi trén theo dac diém ting loai nhu cam Sanh, cam Mat,... Tuy
thudc vao diéu kién dija 1y, khi hau cua timg noi dé phét trién mdi giéng cam khac
nhau. Mot s6 gidng cam duoc trong phd bién ¢ nudc ta gdm [4, 8]:

s Cam Xd Doai

La gidng cam c6 ngudn goc & viung Nghi Loc - Nghé An, ¢6 14 mau xanh dam,
hinh thai 14 thudn dai, canh c6 gai, 1a dliing, eo 1a rong. Cam Xa Doai thich tng rong,
c6 2 dang qua: dang c6 qua tron va dang c6 qua tron dai. Dang c6 qua tron dai cho
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ning suit cao hon, trong lwong qua trung binh 180 - 200g, huwong vi thom ngon nhung

c6 nhuoc diém la nhiéu hat, xo ba nhiéu.

A o

Hinh 1.2. Cam Xa Poai

s Cam Sanh

Cam Sanh 13 mét giéng ciy dn qua thudc chi cam chanh, c6 ngudn gdc tir Viét
Nam. Cam Sanh dugc gin nhiéu tén khoa hoc khac nhau nhu Citrus nobilis, Citrus
reticulata, hay Citrus sinensis, trén thuc té n6 13 giéng lai tu nhién gitta C. reiculata
va C. sinensis. Qua cam Sanh rat dé nhan ra nhd 16p vo day, san sui giong bé mat
manh sanh, cdc mai thit c6 mau cam, nhiéu nuéc, huong vi chua ngot. Chu ky khai
thac 10 - 15 nam. Cam Sanh nudc ta hién trong chil yéu ¢ khu vuc Dong bang song

Ctru Long nhu: Vinh Long, Can Tho,...

Hinh 1.3. Cam Sanh
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s Cam Vinh

Cam Vinh duoc trong trén chat dat ¢ cia ving mién tdy Nghé An, thudc chi cam
chanh, qua tron déu, nho, nhiéu nudc, it hat, mau xanh vang déu, vo mong, thuong bi
nam, thom co6 vi ngot thanh, dam da. Mau vang ctia cam Vinh 1a mau vang tuoi chanh
pha véi mau xanh, chir khong phai mau vang da cam. Ké ca phan tép cam ciing vang

nhe khong phai mau vang cam.

Hinh 1.4. Cam Vinh

s Cam Cao Phong

Loai cam nbi tiéng & thi trAn Cao Phong - Hoa Binh. Cam Cao Phong bao gém 4
giéng: cam CS1 (cam 10ng vang), cam X& Doai ltn, cam X4 Poai cao va cam Canh.
Trong d6, giéng cam Xa Poai dugc di thuc va trong tai Cao Phong. Cam Cao Phong
ndi tiéng boi vi ngot thanh, thom dédc trung, vé mong, mau vang xanh. Cam Cao

Phong bt dau thu hoach vao giit thang 10.
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s Cam Xoan

Cam Xoan 1a gidng dugc trong 1au doi & mot s6 tinh dong bang song Ciru Long.
Cam Xoan c6 dic diém 1a trai cam cang nho thi vi cang ngot thanh, ¢ mui thom nhe.
Tuy nhién, dya vao timg ving dat va timg do tudi ma cho nhiing cdy cam Xoan c6

dd ngon ngot khac nhau.

Hinh 1.6. Cam Xoan

B6 phdn dung quan trong nhat cua loai cam 14 qua cam. Nudc cam c¢6 gia tri dinh
dudng cao dung dé boi bd va 1am mat co thé. Ngoai ra vo qua, hoa va 14 cam déu c6
chtra luong tinh dau 16n nén dé cét tinh dau dung dé lam thom, xua dudi con tring. ..
[5]. Cam dugc sir dung nhiéu do gia tri dinh dudng cao va nhiéu hoat tinh sinh hoc
quy [9]. Trong nudc cam cé thanh phan acid ascorbic (vitamin C) ting tong hop
collagen gitp tranh cdc bénh nhu: bénh co1, gdy rung rang, chay mau chan rang, chay
mau da va 16 10ét [2]. Vitamin C trong cam c6 tac dung chéng ung thu do né co thé
trung hoa cac gbc ty va vo hiéu hoa cac gbe ty do ndy trong co thé [2]. Carotenoid,
dic biét 1a B-caroten co thé chuyén d6i thanh vitamin A trong co thé. Vitamin A dong
vai tro quan trong trong viéc duy tri strc khoe thi luc, dac biét 1a trong diéu kién 4nh
sang yéu [37]. Hoat chét flavonoid chinh trong nuéc cam 14 hesperidin va naringin
c6 tac dung anh huong dén mot s6 con duong trao ddi chét giup cai thién kha ning
chéng oxy hoa trong huyét thanh va hi¢u qua chéng viém. Ngoai ra, nudc cam cung

cap du chét dinh dudng, gitip no 1au lam duy tri can nang phu hop [43].
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1.1.2. Thanh phan héa hoc cé trong nwéc cam tw nhién

Thanh phan héa hoc ctia nude cam rat phong pht bao gom: Céc loai dudng , acid

hiru co, flavanoid va dac biét tat ca cac loai trai cady ho cam quyt déu chira nhiéu chat

chong oxy hda carotenoid, ddy ciling 1a nguyén nhan tao ra mau cam, d6 va vang

phong phu ciia chung [16, 59, 60]. Ngoai ra con ¢ cac nguyén td vi lugng nhu sit,

phét pho, kém ...

1.1.2.1. Mét s6 acid hitu co chinh trong nuwée cam

Nudc cam chura nhiéu acid hitu co tuy nhién chi c6 5 acid hiru co 1a acid oxalic,

acid ascorbic, acid malic, acid citric, acid fumaric dong vai trd quan trong nhat vi

chung dem lai nhiéu loi ich dén stc khoe con nguoi [108]. Mot s6 acid hitu co chinh

trong nudc cam dugc trinh bay trong Bang 1.1.

Bdng 1.1. Mét s6 acid chinh trong nwéc cam

Acid Cong thirc ciu tao Ly tinh Tdac dung sinh hoc
Tinh thé khong mau |- Tong hop collagen,
. hay bot két tinh trdng | norepinephrin [96, 62]
Ascorbic o SN hodc gan nhu trang. | - Hoat hda hormon [62]
CsHsOs — tnong chay: 190°C - Bong vai tro nhu mot
” " chat chéng oxy- hoa khir
[46]
Bot két tinh tring | - Giam quéa trinh viém
O OH O .
Citric hodc tinh thé khong | [123]
CsHs07 | % | mau - Chéng oxy hoa [17]
0~ “oH
tn(’)ng chay: 153°C
) o Bot mau trang Tang tong hop
Malic ‘
HO OH thong chay: 130°C glycosaminoglycans va
C4HeOs
© OH lam day da [106]
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Acid Cong thirc cdu tao Ly tinh Tac dung sinh hoc
Chat rin két tinh |- Chéng bénh vay nén
. O A Y
Fumaric HONOH khéng mau [19]
C4H404 5 tnong chay: 287°C - Gidm qué trinh viém
bach cau 4i toan [48]
‘ o Chat ran két tinh | Diéu tri cic ton thuong
Oxalic
HO\H)J\OH khong mau khong sau cua nga rang
C2H204
© tnong chay: 101°C [142]

Céc cong bd di khiang dinh trong nudc cam tu nhién c6 chira cac acid hitu co voi
ba acid chinh: acid citric, acid malic va acid ascorbic (vitamin C) [75, 108]. Bén canh
d6, nudc cam cling chtra cac acid tha cép 0 dang vét nhu acid oxalic, fumaric va
succinic [75]. Trong d6, acid citric déng vai trd 1a thanh phan chu dao, quyét dinh
truc tiép dén do chua va tinh tuoi mat dic trung cua nudc cam. Ham luong cua céac
acid nay c6 su bién thién nhét dinh phu thudc vao giéng va diéu kién thd nhudng.
Acid citric chiém wu thé tuyét dbi v6i khoang ham luong thuong dao dong tir 6,05
g/L dén 73,93 g/L ddi véi cac dong cam quyt nodi chung, trong d6 trung binh dat
khoang 13,28 g/L ddi véi cac gidng cam ngot [75, 108]. Ping thi hai 1a acid malic,
gop phﬁn tao nén vi chua diu va huong vi trai cay, véi ham lugng phan bd trong
khoang tir 1,27 g/L dén 12,15 g/L [75]. Méc du chiém ty 1¢ nho hon, acid ascorbic lai
co tac dung chéng oxy h6éa manh, murc néng do tur 0,215 g/L dén 0,718 g/L [108]. Sy
6n dinh tuong dbi vé ty 1& va khoang phan bb néng d6 ciia cac acid hitu co chi dao
nay duoc xem nhu mét "ddu van tay" hoa hoc quan trong, cung cip co sd dir liéu tin
cay phuc vu cong tac xac thuc gidng va phat hién gian 1an pha trén trong nudc cam
thuong mai [137].

1.1.2.2. M4t s6 carotenoid chinh trong nuée cam

Cho dén nay, céc carotenoid dugc biét dén nhu 1a mot nhom chét 6 vai tro trong
viéc phong tranh mot s6 bénh nhu thoai hoa diém vang, viém hong, duc thuy tinh thé,

ung thu ¢6 tir cung, nhiém khuan, cac bénh vé tim mach, ung thur phoi, viém phoi,
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ung thu thanh quan, viém khép, ung thu tuyén tién liét, ung thu da, AIDS [101, 140]...

Mot s6 carotenoid chinh trong nuéc cam duoc trinh bay trong Bang 1.2.

Bdng 1.2. M4t s6 carotenoid chinh trong nuéc cam

Chit

Céng thirc cdu tao

Ly tinh

Tdac dung sinh hoc

Lutein

Cs0Hs602

W,owd e

T g "o 1B W 1 W o | 2
: | B ow o1 owow [T | T \

B0t vo dinh hinh

hoac tinh thé
mau doé cam

tn(')ng chéy: 1900C

- Ngan ngura ung thu
da, thoai hoa diém
vang [1]

- Han ché su suy
giam kha niang mién

dich [35]

Lycopen
CaoHse

CHy  CHy  CH,
NAUALAUA

0

HC” CH,

YR

Bot hodc tinh thé
hinh kim mau do
167 -

thong chay:

168°C

- Kim ham sy phat
trién cia mot sd can
bénh ung thu va nhoi
mau co tim [6, 33]

- C6 tac dung nhu
mot chat chéng oxy

héa [33]

B-caroten

Ca0Hs6

VA MAAAAA

Bot mau do tia
180 -

thong chay:

182°C

- Phong tranh duoc
tinh trang  thiéu
vitamin A [7]

- Chéng oxy hoa va
ting cudng mién
dich [3, 93]

- Phong tranh duogc
cac van dé vé tri nhé
nhu Alzheimer va
cic bénh mét tri nhé

khac [47].
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Céc nghién ctru di chi ra rang, hé carotenoid trong nudc cam la mot hon hop
phic tap, trong d6 ndi bat 1én vai tro cdt 16i ciia cac hop chat chi yéu bao gdm pB-
caroten, lutein va lycopen [82]. Sy hién dién va ty 1& phan bd cua cac hop chat nay
khong chi quyét dinh dai mau sic da dang tir vang twoi, cam dén do ruc cia san pham,
ma con mang lai gia tri sinh hoc cao. Ham luong cuia cac chat ndy c6 sy phan hoa sau
sdc va mang tinh ddc thu sinh hoc rat cao. Pdi v6i cac gidng cam ngot truyén thong
(Citrus sinensis), lutein va B-carotene 1a nhitng thanh phan nén tang. Lutein thudng
duy tri & khoang ndéng do dang ké, dao dong tir 0,1 dén 0,3 mg/L [36, 50], dong gop
quan trong vao sic vang twoi ciia nudc cam. Trong khi d6, B-carotene chi chiém mot
ty 1¢ khiém tén, tdn tai & mirc néng do dang vét, thuong nam trong khoang tur 0,02
dén 0,08 mg/L [50]. O cac gidng cam ngot thong thuong, lycopen hau nhu khong
duoc phat hién hodc chi ton tai & mirc vét [50]. Lycopen c6 thé chiém ty 1¢ dang ké
trong cac gidng cam dot bién, dién hinh 1a gidng Cara Cara gop phan tao nén mau
d6 cam dén do ruby cua thit qua [50, 113].

1.1.2.3. Mét 56 flavonoid chinh trong nwéc cam

Cac flavonoid 1 hop chét chinh va ¢ nhiéu trong vo qua hay nudc qua cia cac
loai Citrus [11]. Trong d6, hesperidin dugc xac dinh 1a flavonoid dac trung cho ho
cam quyt. Ngoai ra mot s6 flavonoid khic cling duoc tim thay trong cam nhu
naringin, narirutin, neohesperidin. O mot sé nghién ctru khac, quercetin ciing duoc
xac dinh 1a c6 mét trong nudc cam dudi dang rutin mac du day 1a flavonoid dédc trung
ctia loai budi [135]. Mot s carotenoid chinh trong nudc cam dugc trinh bay trong

Bang 1.3
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Bang 1.3. Mt s6 flavonoid chinh trong nwéc cam

Chit Céng thirc cdu tao Ly tinh Tac dung sinh hoc
Hesperidin Tinh thé | - Giam phu né sung tay [117]
C2sH34015 mau vang | - Chéng viém [39]

taong  chay: | - Ha huyét ap [66]
262°C - Bao v¢ da day do ruou [34]
b ]
Naringin taong  chay: | - Tac dung lam gidm md mau,
C27H3:014 o g . i T | 166°C ha huyét ap, bénh tiéu duong,
L m chéng viém [111]
Ho m,n { °
Neohesperidin o o1 o taong  chay: | - Chong viém [12]
C2sH23015 :(1)(1 156 -
° 158°C
Quercetin Tinh thé | - Tac dung khang virus [148]
Ci5H1007 hoic bot | - Tac dung ddi voi béo phi va
mau vang | bénh tiéu dudng [110]
thong  chay:
316°C

Flavonoid trong nude cam ty nhién chu yéu ton tai dudi dang céc glycosid cua

flavanon va flavonol. Trong d6, bon hop chat hesperidin, naringin, quercetin va

neohesperidin dugc xem la co s& dir li€u quan trong nhat dé xay dung cac mo hinh

xac thuc ngudn gdc va kiém soat gian lan thuc pham [53, 111]. Hesperidin 1a

flavonoid dic trung va chiém ham luong cao nhat trong nudc cam, thuong dao dong

trong khoang tir 200 dén 600 mg/L [53, 44]. N@)ng dd hesperidin phu thudc chat ché
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vao k¥ thuat chiét tach va giéng cam [44]. Trong cac gidng cam ngot truyén thong
naringin va neohesperidin chi ton tai & ndng d6 dang vét (< 5 mg/L) hodc hoan toan
Véng mat [111]. Tuy nhién, naringin lai la thanh phﬁn chu dao tao vi déng trong budi
(C. paradisi), va neohesperidin chiém wu thé trong cam dang (C. aurantium) [111,
72]. Quercetin dai dién cho nhém flavonol, du chi hi¢n dién & ham lugng thép (thuong
< 10 mg/L) nhung lai mang gia tri cao trong viéc danh gia hoat tinh chéng oxy hoa
va d6 tuoi cta san pham [72]. Ty 18 twong quan giita quercetin va nhom flavonoid
chinh giup lam giau thém bd dir liu da bién, tang cuong do chinh xéac cho céc thuat
toan may hoc trong viéc phan biét gitra nuéc cam ty nhién va cc san phdm hoéa hoc.
Vi¢e sir dung dit li¢u dinh lugng cua bdn hop chét nay vao cac moé hinh may hoc (nhu
PCA, SVM hay ANN) cho phép thiét lap nhiing "ddu van tay" hoa hoc (chemical
fingerprints), gitp phan loai cac gidng cam va truy xuat ngudn gbc dia 1y cia san
pham nudc cam trén thi truong [53, 111].

1.1.2.4. Mét 56 dwong chinh trong mede cam

Puong 14 nhom hop chét chiém ty 18 16n nhét trong nudc cam, dong vai tro quyét
dinh dén vi ngot ctia san pham, chu yéu bao gém cic monosaccharid va disaccharid,
trong d6 ba duong chinh 13 glucose, fructose va sucrose. Ngoai ra, c6 thé co mot sd
oligosaccharide va polysaccharide véi ham lugng thap [128]. Téng ham luong duong
trong nudc cam thudng dao dong trong khoang 80 - 120 g/L [121]. Mot s6 dudng
chinh trong nudc cam dugc trinh bay trong Bang 1.4.

Badng 1.4. Mot s6 dwong chinh trong nudc cam

Chit Cong thirc ciu tao Ly tinh Tdc dung sinh hoc
Glucose CH>OH-(CHOH)4- Tinh thé - Ngudn ning luong chinh
CsH1206 CHO khong mau; | cua té bao; tham gia chu

tnong chay: 146 | trinh Krebs [67]
-150 °C - Duy tri chuyén héa ning
luong trong co thé [68].
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Chit Céng thirc cdu tao Ly tinh Tdc dung sinh hoc

Fructose CH20H-CO- Tinh the - Tham gia chuyén hoa
CesH1206 (CHOH);-CH20H khong mau; | carbohydrat tai gan [98].
tnong chay: 103- | - Ti€u thu cao lién quan
105 °C dén r6i loan chuyén hoa,
khéang insulin va bénh gan

nhiém m& [138].

Sucrose G- Tinh thé - Bi thity phan thanh
O o .
C12H2011 i HO trang; tnong glucose va fructose [67].
OH o CH,OH ‘ ‘
OH  oOH chay: 185 - - Tiéu thu qua muec lién
189 °C quan dén béo phi, dai thao

duong va sau rang [122,

138].

Trong nudc cam, sucrose thudng chiém wu thé, trong khi fructose va glucose co
ham luong thap hon; tuy nhién, ndong do cua ba dudng nay bién thién dang ké tuy
theo gidng, diéu kién canh tac va do chin cua qua [83, 103]. Cac nghién ctru chi ra
rang ham luong sucrose thuong nam trong khoang 30 - 60 g/L, con fructose va
glucose 1an luot dao dong khoang 15 - 30 g/L va 15 - 25 g/L, v&i tong chét ran hoa
tan (°Brix) thuong ¢ murc 10 - 14° [83, 103]. Su gia ting bat thudng cua sucrose cd
thé lién quan dén viéc bd sung duong mia, hodc su sai 1éch dang ké cua ty 1€
fructose/glucose co thé phan anh viée sir dung siro ngd giau fructose [111].

1.1.3. Céc sin phdm nwéc cam

Hién nay, trén thi truong hau nhu khong co tiéu chuan vé viéc ghi nhin céc san
pham nuéc cam. Nude cam thuong mai thudng duoc phan thanh hai nhém chinh 1a
nudc cam ép truc tiép (Not From Concentrate - NFC) va nudc cam hoan nguyén tir
dich ¢6 dic (From Concentrate - FC), khac nhau chu yéu & quy trinh ché bién va mirc
d6 xtr Iy nguyén liéu. NFC 1a loai nudc cam dugc ép truc tiép tir qua tuoi va co thé
trai qua mat sb budc xu 1y co hoc nhu loc tho, loai bé ba hodc déng héa nham 6n

dinh cdu trac san pham. Do nudc cam c6 the chira vi sinh vat tir nguyén liéu va trong
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qua trinh ché bién, san pham thudng dugc ap dung cac bién phap xir 1y thich hop nhu
thanh tring hodc cac cong nghé hién dai nhu xur 1y 4p suat cao (High Pressure
Processing - HPP) nham tiéu diét hodc lam giam s lugng vi sinh vat gay bénh xudng
mirc an toan theo quy dinh. Sau khi xtr Iy, san pham duogc bao quan trong diéu kién
thich hop, thuong 1a bao quan lanh, dé duy tri chét luong va kéo dai thoi gian str dung
[45, 54, 78]. Cac phuong phéap xtr Iy khac nhau c6 thé anh huong dang ké dén thanh
phan hoa hoc va dic tinh cam quan ctia nuéc cam. Cac qué trinh xir Iy nhiét nhu thanh
trung hodc ti¢t trung thuong dugc thyc hién ¢ nhiét do cao, co6 thé gay bién ddi hodc
1am suy giam cac hop chit bay hoi nhay nhiét, nhitg thanh phan quan trong tao nén
huong thom déc trung ctia nudc cam, tir d6 lam gidam murc d¢ tu nhién cua huong vi
san phém. Nguoc lai, cong nghé¢ xur ly ap suét cao HPP duoc thuc hién & nhiét do
thép hon nén han ché sy bién ddi cua cac hop chét tao huong va cac thanh ph?m dinh
dudng. Sy khac biét nay duoc nhan dién béng dit liéu cac chat
chuyén hoa dua trén cac ki thuat phan tich két hop cac thuét toan thay vi chi sir dung
céc théng s6 hoa hoc truyén théng nhu danh gia cam quan, pH, chit kho hoa tan tong
sb (°Brix)... [32, 78, 81]. FC Ia loai nu¢c cam dugc ép tir cam tuoi, c6 didc, sau do
hoan nguyén trude khi dong goi. Qua trinh cd dac - hoan nguyén va xtr Iy nhiét kém
theo c6 thé lam thay d6i nhiéu chat kém bén nhiét, ddc biét 1a cac chat bay hoi. Vi
vay, can thiét phai xdy dung dugc cac phuong phap phan biét NFC va FC phuc vu
cho nghién ctru va giam sat thi truong. Phuong phép phan tich khong muc ti€u cac
chét chuyén héa da x4c dinh dugc cac marker tiém niang giup phan biét NFC va FC
[84]. NIR két hop cac thuat todn may hoc dugc s dung dé xac thuc cac mau nude
cam va phat hién sy hién dién cua cac chat pha tron, phit hop cho sang loc hién truong
[102]. Viéc phan biét cac phuong phap xir Iy mau nuéc cam (nhiét do cao va khong
dung nhiét) bang ddu vén tay cac chat bay hoi ciing di duoc chirng minh hiéu qua
bang GC-MS két hop phan tich da bién, két qua cho thdy co6 sy thay doi dang ké &
cac nhom terpenoid, ester, aldehyd... [131, 132].
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Hinh 1.7. Cac san pham nudc cam tw nhién

Trén thi truong, khong phai tat c cac san pham mang tén d6 udng tir cam déu la
nudc ép cam nguyén chét; nhiéu san pham duoc pha ché tir nude, dudng, acid hiru
co, huong liéu, chat diéu chinh d6 duc, vitamin va déi khi bd sung dich qua khéac. Cac
san pham nay thuong dugc xép vao nhém dd udng huong cam hoic d6 udéng pha ché
tir nudc cam, trong d6 ham lugng nudc cam ty nhién cé thé khac nhau tity theo cong
thirc san pham. Do thanh phan phirc tap va c6 thé dugc diéu chinh dé dat cac chi tidu
cam quan hodc hoa Iy twong ty nuwdc cam tu nhién, nhém san pham nay tiém 4n nguy
co gian 1an nhu mao danh nudc cam 100% hodc pha tron nhung khong ghi nhin day
du. Vi vay, viéc xac thuc ngudn gde va thanh phan ciia cic san pham nay can dua trén
cac phuong phap phan tich tién tién, bao gdm phan tich da bién va cac phuong phap
phan tich khong muc tiéu, thay vi chi dua vao cac chi tiéu héa hoc truyén thdng [66].
Céc nghién ciru gan day cho thdy mic du cac d6 udng tir cam c6 thé duge diéu chinh
dé dat céc chi tiéu hoa Iy co ban tuong ty nudc cam ty nhién (pH, ham lugong chat
kho hoa tan téng sb, chét lugng cam quan vé& mau sdc, mui, vi, va trang thai) nhung
thanh phan cac hop chét bay hoi cta chung van c6 su khéac biét dang ké. Khi két hop
phan tich da bién v&i cac thanh phan bay hoi, ¢6 sy phan cum rd rang giita cic san
pham d6 udng tir cam va nudc cam hoan toan ty nhién du khi st dung cac dir liéu
phan tich truyén théng khong c¢6 sy khac biét rd rang. Két qua nay cho thay cac phan
tich thanh phan héa hoc don 1¢ khong du d6 nhay dé phan biét nhém san phdm nudce

cam nhan tao véi nude cam tu nhién [24]. Pho Raman két hop phan tich da bién ciing
26



cho kha ning phat hién va dinh luong pha tron nudc ép khac trong nén san pham cam,
ké ca khi c6 sy hién dién cua hwong lidu bd sung. Diu nay cho thdy cac phuwong phap
pho ¢ vu thé 1 rét trong viéc phat hién pha tron & cac hé san pham co cong thirc
phuc tap [144]. Phuong phap phd hong ngoai gan (NIR) c6 thé phat hién viéc bo sung
cac chit ciing nhu phat hién bat thuong trong cac san phim d6 udng cam trén thi

truong [41].

Hinh 1.8. Cdc san pham do uong tir cam

Nhu vay, cac kiéu gian 1an phd bién cua cac san pham nuéc cam bao gdm: pha
lodng sau d6 bo sung duong va acid, bo sung phu phdm nham ting san lugng, pha
tron dich qua khac, cong bd sai loai san pham (NFC/FC) hodc sai ngudn goc. Cac
nghién ctru gan day cling da str dung H-NMR ciing may hoc dé dinh lwong nhiéu ciu
tlr va phan loai ngudn gdc ctia nude cam [71]. Su khac biét giéng ciing tao ra sai khac
dang ké vé ham luong flavonoid va hop chat bay hoi, do d6 khi danh gia ngudn gbc
dia 1y hay sy pha tron can phai kiém soat hodc mo hinh hoa dong thoi yéu té giéng
dé tranh nham 13n tin hiéu ty nhién véi tin hiéu gian 1an [100].

V& cong nghé ché bién, cac cong nghé khong dung nhiét c6 xu hudng gitr dic
tinh cam tuoi tot hon so véi dung nhiét, c6 cac khéc biét du dé tao dau van tay phan

biét gitra cac loai [45, 54, 78].
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1.2. Cac phuwong phap xac dinh thanh phin héa hoc chinh ciia nuwéc cam

1.2.1. Mt sé nghién ciru dinh lwong cdc acid hivu co trong nwéc cam

Hasim Kelebek va cong su da dinh luong 3 acid hiru co trong nudc cam gom:
acid ascorbic, acid malic, acid citric bang phuong phap HPLC. Cét sic ky dugc sir
dung 1a Aminex HPX-97 (300 x 7,8mm), pha dong 1a 0,045N H2SO4 v6i 6% ACN.
Téc d6 dong 1a 0,3ml/phit, detector UV-Vis ¢ budc song 210nm. Mau nude cam
duoc ly tam véi tde do 4000 vong/phut trong 20 phut, phé‘ln dich trén duogc loc qua
mang loc ¢ kich thuéde 16 loc 0,45 pm va bao quan & -18°C cho dén khi phan tich.
Két qua cho thdy acid citric 1a acid hitu co chiém ti 1& 16n nhat trong téng ham luong
acid, xap xi 12,66 g/L trong 14,21 g/L tong acid (twong dwong hon 85%). Diéu nay
khang dinh vai tro chil dao ctia acid citric trong dic tinh hoéa hoc ctia nude cam [60].
Dé bd sung viéc dinh luong acid tartaric, Rodrigo Scherer va cong su str dung cot sic
ki RP- C18, pha dong gom 0,01ml/L dung dich dém KH,PO,, pH= 2,6 (diéu chinh
bang acid o-phosphoric). Téc do dong 0,5ml/phut, thé tich tiém mau 20ml, detector
DAD, budc séng 210nm voi acid tartaric, malic, citric, 250nm v6i acid ascorbic. D
1éch chuén tuwong d6i ciia phwong phap tir 0,4% dén 2,3% (n = 10), do lap lai tir 1,2%
dén 5,0% (n = 18) dbi voi d6 thu hoi, gidi han phat hién (MDL) nam trong khoang tir
0,03 dén 3,31 ug/mL va dinh luong (MQL) nim trong khoang tir 0,10 dén 11,03
ug/mL, d6 thu hoi nam trong khoang tir 82% dén 110%. Nghién ciru nay chimg minh
phuong phéap c¢6 do chinh xac cao va phu hop cho phan tich dinh lugng acid hitu co
trong nude cam [123]. Tuong tu, Nour va cong sy tién hanh dinh luong cac acid hitu
co trong nudc cam bang sic ky pha dao véi cot Hypersil Gold Aq, pha dong chuan
bi bang cach hoa tan 6,8 g Kali dihydro phosphate thanh 1L, pH = 2,8 (diéu chinh
bang acid phosphoric). Téc d6 dong 0,7ml/phut, detector DAD v&i bude séng 254nm
dbi véi acid ascorbic va 214nm véi cac acid hitu co khac. Phuong phap c6 RSD nam
trong khoang tir 0,154 dén 3,18%, dic biét d6i véi acid citric, ascorbic, lactic va oxalic
(RSD <2%). Nghién ctru ciing khang dinh acid citric 12 thanh phan chiém uu thé trong
tat ca cac mau khao sat [108]. Dé khang dinh vai trd quan trong cua acid citric trong

kiém soat chat lugng nudc cam, Katie Weikle va cong su tién hanh dinh lugng acid
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citric trong nudc cam bang HPLC: cot Kinetex XB-C18, pha dong 1a dung dich dém
100% 50 mM phosphate & pH = 2,80. Tdc do dong 0,5 mL/phut, detector UV-Vis &
214nm. Phuong phap ndy cho phuong trinh tuyén tinh 1a y=0,5551x v6i R%=0,99909,
ching minh d9 tin cay cao trong dinh lugng acid citric, mot chi thi quan trong trong
kiém soat chat luong nudc cam [76].

Céc nghién ciru déu cho thay acid citric ludn 14 acid chiém wu thé, chiém luong
16n trong tong luong acid hitu co trong nude cam, bat ké phuong phap phan tich hay
gidng cam khao sat, & nhiéu vung dia 1y khac nhau. Phuong phap HPLC duoc sir
dung phd bién, va thuan lgi cho qué trinh dinh luong véi pha dong trong méi trudng
acid manh. Tuy nhién, sy khéac biét vé pha dong, tdc do dong va cot sdc ky dan dén
su khac biét vé thoi gian phan tich va d6 nhay ctia phuong phap.

Cac nghién ctru chi yéu xay dung cac quy trinh dinh lugng nhom acid hitu co,
rat it nghién ctru két hop dir li¢u dinh lugng acid hitu co véi cac mo hinh may hoc dé
phuc vu phan loai giéng, truy xuét nguén géc hoac phat hién pha tron. Va dac biét
céc nghién ciru déu trén cac gidng cam & cac nude khéac, chua co bat ky nghién ctru
nao trén cac gidbng cam Viét nam. Trong bdi canh d6, viéc xdy dung mot co s dir
liéu dinh luong acid hitu co trén bo mau da giéng, da vung tai Viét Nam, déng thoi
tich hop v6i cac nhom hop chit khac va cac thuat toan may hoc nham xay dung bd
dir liéu cho Cam Vi¢t Nam cling nhu phuc vu muc dich kiém soat chét lugng, 1a mot
hudng nghién ctru can thiét va c6 ¥ nghia thuc tién cao.

1.2.2. Mt s6 nghién ciru dinh luong cdc carotenoid trong nwéc cam

Pupin va cong su di dinh luong carotenoid trong nudc cam bang phuong phap
HPLC pha do st dung cot C18 Vydac (4,6 x 250 mm; 5 um). Pha dong 1a hon hop
acetonitril:methanol: 1,2-dichloroethan (60:35:5), tdc d6 dong 1,0 mL/phut, detector
UV-Vis budc song 450 nm. Mau nude cam duoc chiét bang ethyl acetat, co quay va
hoa tan lai trong pha dong trude khi bom mau. Két qua cho thiy tong ham luong
carotenoid dao dong tir 0,11 - 1,21 mg/L. Phuong phap c6 khoang tuyén tinh trong
khoang 0,03 - 0,4 mg/L, gidi han phat hién 0,01 - 0,02 mg/L nhung d¢ thu hoi chi dat

khoang 71 %, cho thay anh hudng déng ké ciia qué trinh chiét mau dén hiéu suat thu
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hdi ctia phuong phap dinh luong [14]. Gama va cong sy da phat trién phuong phap
HPLC-DAD v6i cot C18 (4,6 x 250 mm; 5 um) va h¢ pha dong gradient gém
acetonitril, methanol va ethyl acetat. Detector dugc dat tai budc séng 450 nm, tde do
dong 0,7 mL/phut. Mau nuéc cam duoc chiét bang aceton, c¢o quay va hoa tan lai
trong methanol trude khi phéan tich. Két qua cho thiy tong ham lwong carotenoid
trong nudc cam dat khoang 12 = 6,7 mg/L. Phuong phap cho d6 thu hoi dat 91 - 99%,
ching minh d tin cdy t6t hon so véi cac phuong phap chiét don gian. Nghién ctru
chi ra ring c6 su khac biét rd rang vé ham luong carotenoid giita cac loai cam [65].

Céc nghién ctru déu cho két qua HPLC pha dao véi cot C18 phu hop dé dinh
lugng carotenoid. Tuy nhién, do carotenoid 1a cac hop chét nhay voi anh sang, nhiét
d6 va oxy, qué trinh xir Iy mau (chiét, c¢6 quay, bao quan) c6 anh hudng rat 16n dén
két qua dinh luong. Do d6, viéc tdi uu hoa diéu kién chiét va bao quan méu 1a yéu to
quan trong quyét dinh dg chinh xéc cua phuong phap. Pac bi¢t, chua c6 nghién cuu
nao xay dung co s& dit liéu carotenoid v&i mau cam Viét Nam va tich hop v6i may
hoc dé phuc vu phan biét va xac thuc nudc cam.

1.2.3. Mét 56 nghién civu dinh lwong cdc flavonoid trong nwéc cam

Belajova va cong sy da dinh lugng flavonoid trong nudc cam béng HPLC-DAD
v6i cot C6-phenyl (3 x 150 mm; 5 pm). Pha dong gom kénh A 14 acid phosphoric
0,01 M/methanol (80:20, v/v) va kénh B la methanol, chay gradient trong 55 pht,
tdc do dong 0,8 mL/phiit. Cac mau duge loc qua giéy loc rdi tiém véo hé théng. Két
qua cho thy hesperidin ¢4 ham luong cao nhét (92,7 mg/L), trong khi naringin (7,0
mg/L), neohesperidin (11,5 mg/L) va quercetin (23,0 mg/L) ¢6 ham luong thap hon
dang ké. Diéu nay khang dinh vai tro dic trung cia hesperidin trong nuwéc cam. Mot
s6 mau nudc cam thuong mai khong phat hién naringin va quercetin [22]. Silva va
cong sy dd chiét mau nudc cam bang ethyl acetat, c6 quay chan khong & nhiét do
40°C, hoa cin béng methanol, loc qua mang loc 0,22 um, roi bom mau vao hé HPLC-
DAD véi cot C18 (4 x 55 mm; 3 pm). Pha dong gom methanol va acid acetic 1%,
chay gradient trong 50 phut véi toc do dong 0,3 mL/phut. Két qua cho thdy ham lugng

hesperidin dao dong tir 18,80 - 139,00 mg/100 g, cao hon nhiéu so véi cac flavonoid
30



khac. Phuong phap nay cho do nhay cao v&i gidi han phat hién ¢ mac pg/100 g, phu
hop cho phan tich dinh Iuvgng chinh xac [130].

Céc nghién ctru cho thdy HPLC-DAD phu hop dé dinh luong flavonoid. Mau
nude cam duge chiét bang k¥ thuat phu hop cho dé nhay tét hon so véi dinh luong
tryc tiép. Cac nghién ctru déu thdng nhét rang hesperidin 1a flavonoid chiém wu thé,
trong khi cac flavonoid khac c6 ham lugng thip hon déng ké. Tai Viét Nam, chua c6
nghién ctru hé thdng nao xay dung co s dit liéu flavonoid nudc cam Viét Nam, ciing
nhu chua c6 nghién ctu két hop bo dir liéu nay véi may hoc dé phuc vu truy xuét
ngudn gbc va phat hién gian lan.

Téng hop cac nghién ctru dd cong bd cho thay HPLC 1a k§y thuat hiéu qua trong
phan tich dinh lugng cac nhém chét chinh ctia nudc cam nhu acid hitu co, carotenoid
va flavonoid. Pdi v6i nhom acid hitu co, phan 16n cac nghién ciru cho thdy mau nudc
cam c6 thé duoc phan tich truc tiép sau cac budc xir Iy don gian nhu ly tdm va loc
ma khong can chiét tach hay 1am giau mau, do cac acid hitu co ¢c6 ham luong twong
dbi cao va tan tt trong nudc. Dbi véi carotenoid va flavonoid, k¥ thuat chiét anh
hudng tryc tiép dén do nhay va hiéu suit thu hoi, do cac hop chat nay c6 do tan phirc
tap, tir tan tot trong nudc dén rat it tan trong nudc va ton tai & ham luong thap hon,
chiu 4nh hudng manh boi nén mau. Piéu nay cho thiy tuy theo dic tinh hoa hoc va
ndéng d6 cua tirng nhom hop can lwa chon phuong phap phi hop dé xir Iy mau.

Céc nghién ciru ciing cho thay ham lugng cac hop chit hoa hoc trong nudc cam
c6 sy bién thién dang ké theo giéng cam, ving dia 1y va mtc do ty nhién cua san
pham. Didu nay cho thay thanh phan héa hoc chiu anh huéng manh cua yéu té di
truyén, diéu kién khi hau, 4nh sang va k¥ thuat canh tac. Ngoai ra, nhiéu nghién ctru
vé kiém soat tinh x4c thuc cho thay thanh phan hoa hoc ciia nuwéc cam khong chi phan
anh dic diém sinh hoa cia timg gidng va ving trdng ma con c6 tiém nang 16n trong
truy xudt ngudn gde va phat hién gian 14n thue pham.

Hién chua c6 nghién ctru hé théng nao xay dung co s dif liéu tong hop vé thanh

phan hoa hoc trén cac gidng cam Viét Nam nham phuc vy phan loai giéng, truy xuat
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ngudn gdc va phat hién pha tron. Day 1a khoang trong nghién ciru quan trong va ciing
1a co s& khoa hoc cho hudng tiép can cta luan 4n nay.

1.3. May hgc trong phan biét va phan loai cam

1.3.1. Mt sé khdi niém vé tri tué nhén tao

Tri tué nhan tao (Al - Artificial intelligence): 12 mét linh vuc khoa may hoc tinh
rong 1on tap trung vao viéc tao ra cac tdc nhan thong minh, co thé suy nghi, hoc hoi
va hanh dong ty chii. Myc tiéu ctia Al 13 tao ra cac may moc c6 thé mod phong cac
kha nang nhan thirc cia con nguoi nhu hoc tap, 1y luan, giai quyét van dé, nhéan thie,
1ap ké hoach, di chuyén va thao tac voi méi trudng xung quanh.

May hoc (ML - Machine Learning): 1a mét nhanh con cua Al, tip trung vao viéc
cho phép may méc hoc héi tir dit 1iéu ma khong can duogc lap trinh rd rang. Céc thut
todn may hoc co thé phan tich dir liéu, nhan dang mo hinh va dua ra dy doan hoac
quyét dinh dwa trén nhitng gi da hoc dugc.

Hoc sdu (DL - Deep Learning): 1a mot nhanh con cia may hoc sir dung cac Bién
thé cua mang no-ron nhan tao (artificial neural networks) dé hoc hoi tir dit liéu, cho
phép mang hoc hoi cac moé hinh phire tap tir di 1i€u va dua ra du doan chinh xac hon

so v6i cac phuong phap may hoc truyén thong.

Hinh 1.9. Méi quan hé cua tri tué nhan tao, may hoc va hoc sau
1.3.2. Cac thudt toan mdy hoc wng dung trong phan loai va xdc thuc nwdc cam
1.3.2.1. Tién xir Iy dir liéu phé va dir liéu phan tich
Bién chudn héa (SVN - Standard Normal Variate) ¢ tic dung loai bo anh huong
cua sy thay doi cuong do tin hi¢u téng thé va céc sai léch do diéu kién do, dic biét
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pht hop véi dit liéu phé UV-Vis, NIR va IR [23]. SNV lam gidm cac bién thién khong
mong mudn, ting kha ning so sanh giita cic mau va cai thién d6 6n dinh cua cac md
hinh phén loai. Tuy nhién, SNV khéng xi Iy dugc cac nhidu phi tuyén hoic bién dang
nén phire tap, do d6 thuong duoc két hop vai cac ky thuat loc va bién doi khac .

B0 loc Savitzky-Golay két hop voi bién ddi dao ham bac nhat duoc st dung trong
truong hop dit liéu phd c6 nhidu cao hodc cac dinh hap thu c6 su chdong lan. Phuong
phap nay cho phép lam muot dit liéu, 1am nbi bat cac dic trung phd lién quan dén
thanh phﬁn hoa hoc, qua d6 nang cao kha nang phan bi¢t cia moé hinh. Vi¢c lya chon
ctra s loc va bac da thire can duoc tdi vu nham tranh 1am mat thong tin hoa hoc quan
trong [25].

1.3.2.2. Phuong phap may hoc khong gidam sat

Phan tich thanh phan chinh (PCA - Principal Component Analysis) dugc sir dung
dé giam chiéu dit liéu va khao sat cdu tric tong thé ctia bo dit liéu [70]. Trong nghién
ctru nudc cam, PCA déng vai tro thim do ban ddu, gitip danh gia mirc d6 phan tach
tu nhién ctia cac mau theo gidng hodc ngudn gbe va phat hién cac diém ngoai lai c¢6
thé anh huong dén do tin ciy ciia mo hinh. Tuy nhién, PCA khong truc tiép t6i uu
cho muyc tiéu phan loai do khong sir dung thong tin nhan.

Phén tich cum (Cluster Analysis - CA) va d twong dong cosin dugc str dung dé
danh gia mic do twong dong giira cac mau khi chua ¢ thong tin nhin. Cac phuong
phap nay hd tro kiém tra gia thuyét vé su dong nhét noi tai cia cac nhom mau, song
két qua phu thuéc manh vao thude do khoang cach va phuong phéap lién két, do dé
cht yéu mang tinh hd trg [77].

1.3.2.3. Cdc phwong phdp phdn logi tuyén tinh

Phan tich phan biét tuyén tinh (LDA - Linear Discriminant Analysis) la phuong
phap phan loai c6 giam sat dua trén gia thiét tuyén tinh, nham t6i da hoa khoang cach
giita cac 1p trong khi téi thiéu hoa d6 phan tan ndi 16p. LDA c6 vu diém vé kha ning
dién giai va 6n dinh khi sb bién khong qua 16n, nhung hi¢u nang c6 thé suy giam doi

v6i dit liéu phi tuyén hodc chong 14n manh [51].
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1.3.2.4. Céc phwong phdp mdy hoc phi tuyén

Cay quyét dinh (DT - Decision Tree) 1a thuat toan sir dung cau triic mé hinh cay
phan cép dung dé phan loai cac 16p clia ddi tugng véi bién dau vao 1a cac gia tri dic
trung cta dbi twong do. Ciy quyét dinh sé& tao ra cac diéu kién pht hop dé phan loai
duoc cac dbi tuong trong tap train, va tir do sau khi c6 duoc cac quyét dinh s€ st dung
chung dé du doan cac ddi twong trong tap test. Cay quyét dinh co thé dugc tng dung
trong ca bai toan hdi quy va bai toan phan loai, phii hop cho khao sat ban dau. Tuy
nhién, DT don 1¢ d& bi qua khép khi dit liéu phirc tap [25]. Cau tric cua cay quyét
dinh dugc biéu dién nhu hinh 1.10.

Nt gbe
/\
Nt trung Nt trung
N
Nut Nut Nut trung Nt trung
<«—: Canh
Nut Nut Nut Nut

Hinh 1.10. M6 hinh thudt todn cdy quyét dinh

Rirng ngu nhién (RF - Random Forest) 14 thuat toAn may hoc c6 giam sat, dugc
xay dung dya trén nhiéu cay quyét dinh. Y tuéng cta thuat toan nay 14 két hop nhiéu
ciy quyét dinh doc lap 1am co so dé dua ra du doan thay vi chi sir dung mot cay quyét
dinh. Mdi cay quyét dinh trong rimg ngau nhién duoc xay dung dya trén cac thudc
tinh ngau nhién, cac yéu t6 khac nhau. Mdi nut trung gian ctiia mdi cay quyét dinh c6
mot tiéu chi phan loai khac nhau. Sy ngiu nhién nay lam giam hién tuong qua khép
(overfitting) va lam giam mirc d6 twong quan giita cac cdy quyét dinh. Dbi véi bai
toan phéan loai, RF sir dung phuong phap "bo phiéu" dé xac dinh két qua cudi cling.

Nhin du doan ctia mé hinh 1a nhin duogc da sd cac cay quyét dinh lya chon. Véi bai
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toan hdi quy, mé hinh tinh trung binh gia tri du doan tir tit ca cac cay dé dua ra két
qua. Cac tap dit liéu con ding dé hudn luyén duoc chon ngiu nhién bing phuong
phap bootstrap sampling (Idy mau c6 hoan lai) tir tap dit liéu téng thé. RF xir 1y t6t
dir liéu nhiéu chiéu, ddng thoi cung cap thong tin vé tim quan trong cia bién, hd trg
xac dinh céc chi thi héa hoc. Nhuoc diém chinh 13 khé dién giai tryc quan so vdi cac
mo hinh tuyén tinh [27].

XGBoost (Extreme Gradient Boosting) 1a mot thu vién may hoc duoc thiét ké
dic biét dé cai thién hiéu suét va téc do ctia cic md hinh dua trén thuét toan gradient
boosting. XGBoost xdy dung mot tap hop cac cdy quyét dinh mot cach tuan tu. Trong
bai toan hdi quy, moi cay quyét dinh méi duoc tao ra nham giam thiéu 13i du doan tir
céc cay trude do béng cach dua trén muc do sai 1éch cua du doén, thé hién bﬁng ham
16i. Ban d4u, md hinh s& huan luyén cdy quyét dinh dau tién dé tinh toan 15i sai, sau
d6 tiép tuc dao tao cdy quyét dinh thir hai sir dung cung dit liéu dau vao nhu cay dau
tién nhung khac dau ra dé tiép tuc tinh toan 13i sai ciia du doan so voi 16i sai cia du
doén trudc do. Quy trinh nay dugc 1ap di 1ap lai cho dén khi 13i sai cta hai 1an du
doan khong ddi hodc s6 lugng cay dat dugc gia tri diéu chinh. XGBoost dic biét hiéu
qua trong cac bai toan dir liéu phi tuyén va sd bién 16n. M6 hinh nay thuong cho hiéu
nang phan loai cao, song yéu cau tinh chinh tham sé can trong va kha niang dién giai
tryc tiép con han ché [30]. Trong nghién ctiru nude cam, XGBoost dugc sir dung dé
phan loai gidng va truy xuat ngudn gdc dia 1y dya trén dit liéu thanh phan héa hoc va
dir liéu phd c6 tinh phi tuyén cao. Thuat toan nay cho phép khai thac hiéu qua moi
quan hé phtic tap giita cac bién, déng thoi cung cap thong tin vé mirc d6 dong gop
clia timng bién thong qua chi s6 tim quan trong dic trung.

1.3.2.5. May vecto hé tro (SVM - Support Vector Machine)

SVM 1a phuwong phap phan loai manh dya trén viéc tdi uu hoéa bién phan cach
gifta cac 16p trong khong gian dic trung. V6i cac ham nhan phi tuyén, SVM xir 1y
hiéu qua dit liéu pho co tinh chdng 14n cao. Nhuoc diém cua phuong phap 1a chi phi
tinh toan 16n khi s6 mau tang va kho dién giai ¥ nghia hoa hoc cia mé hinh [31]. Cac

cach phan chia dif liéu trong khong gian duoc biéu thi trén hinh 1.11.
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Hinh 1.11. M6 hinh thudt toan SVM
1.3.2.6. Mang no-ron lan truyén da l6p (MLP/ANN - MultiLayer Perceptron)
MLP cho phép mé hinh héa cac mbi quan hé phi tuyén phuc tap gitta dit liéu dau
vao va két qua phan loai. Trong nghién ctru nudc cam, MLP thudong dat d6 chinh xac
cao khi c6 du dir 1iéu huan luyén. Tuy nhién, mé hinh c6 nguy co qua khép néu khong

duogc kiém soat chit ché [25].

@ Lop asdu vao LSp &n @ Lop diura

Hinh 1.12. M6 hinh thudt toan MLP

M6 hinh MLP duoc thé hién trén hinh 1.12, g6m mot 16p d4u vao, mot hodc nhiéu
16p 4n va mot 16p dau ra. Dit lidu dau vao (cac bién hoa hoc hodc dic trung phd sau
tién xir Iy) duoc lan truyén theo mot chiéu qua cac 16p an thong qua cac ham kich
hoat phi tuyén, cho phép mé hinh héa cac mbi quan hé phirc tap giita thanh phan héa
hoc va tiéu chi phan loai. Lép ddu ra cung cp xac sudt hodc nhin phén loai twong
mg véi gibng hodc ngudn gbe nude cam.

1.3.2.7. Binh phuwong toi thiéu tirng phan theo khodng (iPLS - Interval Partial

Least Squares)

iPLS duoc st dung nham xac dinh cac bién dong gop manh nhit cho mé hinh
phan loai, dic biét hiru ich v6i dit liéu phd. Phuong phap nay gitip giam chiéu dit liéu,
cai thién hiéu nang va ting kha ning dién giai hoa hoc, song phu thudc vao cach chia
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khoang va ti€u chi lya chon [107]. iPLS lgya chon bién dua trén mé hinh hdi quy binh
phuong t6i thiéu timg phan, trong d6 mién bién ban dau (dic biét 1a dir liéu pho) dugc
chia thanh nhiéu khoang (intervals) lién tiép. Vi mdi khoang, mot mo hinh PLS riéng
biét dugc xay dung va danh gia hiéu ning du doan. Cac khoang bién thé hién kha
ning du doan t6t nhit s& duoc Iya chon dé xay dung mé hinh cudi cung. Trong nghién
ctru nude cam, iPLS dugc sir dung nham xéc dinh cac ving pho hodc nhém bién hoa
hoc dong gdp quan trong nhat cho viéc phan biét gidng va truy xuat ngudn goc dia
ly, tir d6 giam chiéu dir lidu, ting d6 6n dinh ciia mo hinh may hoc va nang cao kha
ning dién giai y nghia héa hoc.

1.3.2.8. Thudt toan cdn bcfng dir liéu

Mot vin dé thudng gip trong cac bai toan phan loai d6 1a mit can bang dir liéu,
khi mot 16p dir liéu c6 sd lwong mau 16n hon rat nhiéu so vé6i cac 16p dir lidu. Diéu
nay gay ra viéc cac mo hinh phan loai s€ c6 xu hudng thién vi hon cho 16p dit li¢u co
nhiéu mau hon, khién cho cac mé hinh trd nén khong khach quan trong viéc phan
loai. Cac hudng giai quyét pho théng nhét thudng s& ¢ 1am cho dir liéu & cac 16p trd
nén déng déu hon, st dung céc thuat toan can bﬁng dir liéu.

Downsampling 13 k¥ thuat khién cho céc 16p dit liéu c6 sé miu déng déu nhau
bang cach cat giam s6 mau & cac 16p ¢ s6 mau 16n hon mot cach ngiu nhién. Mo

hinh hoéa thuat toan downsampling dir liéu dugc thé hién trén hinh 1.13.

L] n 1
-Dowsamplulg - -
[ ] I
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L

Hinh 1.13. M6 hinh thudt toan downsampling

t—‘

opl

Viéc cat giam dir liéu & cac 16p ¢ s6 mau 16n hon khién cho dir liéu dong déu
hon, nhung ddng thoi cling ¢6 thé lam vo tinh mét di cic maiu quan trong, nén viéc
su dung thuat toan downsampling thuong dugc &p dung khi toan bg tap dir li¢u cod sb

mau kha 1én.
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Upsampling tao ra cac diém dir liéu méi bang cac phuong phap ndi suy dua trén
dir liéu da c6. Mot trong cac thuat toan phé bién nhét cta ki thuat nay la SMOTE -
Synthetic Minority Over-sampling Technique. SMOTE tao cac mau 16p thiéu s6 méi
bang cach thuc hién cac budce nho tir mot trong cac mau 16p thiéu sé dén mot trong k
hang x6m gan nhét cta nd trong khong gian dic trung. Thuat toan tao ra mot mau
m&i bang cach chon ngiu nhién mot trong k hang x6m gan nhat va sau d6 thém mot
nhiéu loan nhé vao vecto dic trung giita mau ban dau va hang x6m duogc chon. biéu
nay tao ra dir liéu tong hop méi twong ty nhu cac mau 16p thiéu sé trong khong gian
dic trung nhung khong phai 13 ban sao chinh xac cta bat ky mau hién c6 nao. Cach

tao ra dit liéu méi duoc hién thi & hinh 1.14.
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Hinh 1.14. M6 hinh thudt toan SMOTE
1.3.3. Phuwong phap danh gia do chinh xdac mé hinh
1.3.3.1 Cdc phép do hoi quy

n R0 2
- Gi4 tri RMSE: RMSE = W (1.1)

Trong do: y.: gia tri mau tht i thuc thé
y:giatr mau thtr i dugce du doan
n: s6 mau
RMSE tinh todn trung binh sai khac ctua gia tri dy doan va gia tri thuc té, tuy
nhién do da khir dugc bac hai nén sai s tinh toan khong bi phong dai, diéu do gitip

cho thuat toan RMSE dang tin cay hon khi biéu thi sai sd.
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- Hé s6 xac dinh R% R*=1 .
Zti]:l(yi'yi)

(1.2)

Trong d6: y: gié tri trung binh cua bién muc tiéu

Hé s xac dinh R2 cho biét ti 1& phuong sai cua bién muc tiéu dugc giai thich boi
cac bién doc 1ap trong mé hinh hdi quy tuyén tinh. Gia tri ctia hé sé xac dinh nim
trong khoang tir 0 dén 1. Néu gia tri ctia hé sé xac dinh cang gan 1, mé hinh hdi quy
giai thich cang nhiéu sy bién thién cta bién muc tiéu.

- Phén trim sai sb: %Error = |¥| 100% (1.3)

Gia tri phan tram sai s6 thé hién sai sé twong dbi giita gid tri du doan va gia tri
thuc thé, khong nhu RMSE gia tri phan trdm sai s6 duoc tinh trén ting gia tri thay vi
liy trung binh cong. Phan trim sai s cang gan 0 thi sai sé cang thip chung to do
chinh xac ciia moé hinh cang cao.

1.3.3.2 Cdc phép do phdn logi

S6 miu doan dang

Do chinh xac: PO chinh xac= (1.4)

Téng s6 miu dy doan

Ma tran nham 1an (confusion matrix): 1d mot bang dung dé danh gia hiéu suét cta
mo hinh phan loai, cho biét murc d6 chinh xac cta cac du doan. Béang nay so sanh
gitta cac du doan cuia moé hinh va két qua thyc té, gitp xac dinh sb 1an mo hinh du
doan ding hay sai cho ting loai cu thé. Truc hoanh cua ma trin dai dién cho cac gia
tri thuc té, trong khi truc tung cua ma tran dai dién cho cac gia tri dy doan. Vi du vé

ma trAn nham 1an dugc biéu thi ¢ hinh 1.15.
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Hinh 1.15. Ma trdn nham lan cia phép phan loai ba I6p
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Céc gia tri nam trén dudng chéo chinh cta ma tran nhdm 14n chinh 13 s6 mau dy
doan dung cua cac 16p phan loai, trong khi d6 tat ca cac gia tri nam léch khoi dudng
chéo déu 13 s6 mau dy doan sai.

1.4. Mot s6 nghién ctru phan biét, phan loai cam

Nudc cam c¢6 thanh phan hoa hoc phuc tap, trong d6 nhiéu hop chit cing dong
gop vao tin hiéu phén tich. Pong thoi, sy bién thién ty nhién theo giéng, theo ving
dia Iy cling nhu c6ng nghé ché bién tao ra mirc chong lan dang ké giita cac mau, khién
viéc phan biét va xac thuc béng céc chi tiéu hoa hoc don bién gap nhiéu han ché. Dé
dap ng nhu cau phan biét, phan loai cac san phim nudc cam can thuc hién bang cac
phuong phap phan tich dit liéu da bién két hop may hoc nham khai thac dong thoi
thong tin tir nhiéu bién dau vao, tir 46 nang cao kha ning xéac thyuc va truy xuat ngudn
gbc cac san pham nude cam. Mot s6 nghién ctru vé phan loai va xac thuc nudc cam
duogc trinh bay trong Bang 1.4.

Bang 1.5. Mot 56 nghién ciru phan biét va xdc thwc nwdc cam

, Ky thudt .
TT | Muc tiéu | Doi twong Thudt toan Két qua chinh TLTK
phdn tich
Phan biét | Nugc cam | HS- PCA, Cac hop chat bay
1 | NFC/FC | NFC vaFC | SPME- PLS-DA hoi cho phép phan | [134]
GC-MS biét NFC/FC.
Phan biét | NFC/FC | UPLC- | PCA, Phén tich cac chat
, NFC/FC |mé phong | QTOF- | OPLS-DA | chuyén héa khong 1351
va thuong | MS muc ti€u cho phép
mai phan loai NFC/FC.
Bién d6i | Nuéc cam | GC-MS, |PLS Sau 21 ngdy, hon
trong bao | xir 1y bang | LC-MS 60% cac  chét
. quan ap suét cao chuyén héa bién [133]
doi
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Ky thuat

TT | Muc tiéu | Péi twong Thudt todn |  Két qud chinh | TLTK
phén tich
Phat hién | Nudc cam | HS-SPME | PCA, Cac chat bay hoi
A pha tron|va  nudec | -GC-MS | LDA cho phép phat hién [151]
quyt quyt pha trén nudc quyt
vao nudc cam
Phan biét | Nuéc cam | HPLC- MANOVA, | Két hop cac thanh
gidng tuoi nhiéu | DAD LDA phan hoa hoc cho
. gidng GC-MS phép phan biét 4]
giong cam.
Truy xuit | Nu6c cam | 'TH-NMR | PCA, NMR dinh lugng
6 | ngudn O cac vung PLS-DA cho phép phan biét | [85]
gbe ngudn goc dia 1y.
Phat hién | MAu nuéc | NIR cam | SIMCA, NIR + SIMCA phu
nhanh sy | cam tay PLS-DA hop cho sang loc
7 |pha tron | thwong mai xac thuc nhanh | [129]
chat hoa hién truong.
hoc
Phat hién | Nudc cam | Raman PLS-DA Raman két hop
pha tron |va  nudc | cam tay PLS-DA phat hién
8 | budi budi dugc sy pha tron | [143]
nudc budi  vao
nudc cam.
Xac thuc | Nudc cam | Pién hoéa | PCA, Dau van tay dién
nudc cam | va  nudc PLS-DA hoa két hop PLS
9 [104]
budi cho kha nang phat

hién su pha tron.
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TT | Muc tiéu | Péi twong Ky thugt Thudt todn |  Két qud chinh | TLTK
phén tich
Phin biét | Nuéc qua | HS-GC- | LDA, Céc chat dé bay hoi
cac loai | ho Citrus MS-IMS | SVM, két hop thuat toan
10 | nuéc ¢ép KNN c6 thé phan biét| [28]
ho Cam cac loai nudc ho
quyt Cam.
Phan biét | Nuéc cam, | 'H-NMR, |PCA, Két hop dit liéu
nudc hoa | chanh, HPLC- PLS NMR va HPLC
11 | qua chanh leo, | DAD cho kha nang phan | [71]
budi biét cac loai nudc
ép.

* Nhéan xét phin tong quan

Thong qua tong quan cac cong bd trong va ngoai nudc cho thdy viée xac thuc,
phan loai va truy xuat ngudn gdc nudc cam 1a mot hudng nghién ctru ¢é ¥ nghia khoa
hoc va la nhu cau thuc té cua thi truong nude hoa qua noi chung va nudce cam nodi riéng.
Nhiéu nghién ctru dd khang dinh thanh phan héa hoc ciia nuéc cam, bao gdm dudng,
acid hiru co, flavonoid, carotenoid va cac hop chét bay hoi, chiu anh hudng déng thoi
ctia gidng, ngudn gdc dia 1y va diéu kién canh tac, tir d6 c6 thé dugc khai thac nhu cac
dau van tay dé phan biét va truy xut ngudn gdc. Xu hudng nghién ciru chuyén manh
tir viéc str dung cac thanh phan hoa hoc don 1¢ sang khai thac dit liéu tong thé da bién
hay cac dau van tay hoa hoc, két hop véi cac phuong phap mdy hoc. Cac thuat toan
may hoc nhu PCA, LDA, SVM, RF, XGBoost ... da dugc cac nghién ctru chi ra rﬁng
¢6 thé dugc sir dung dé phan loai nude cam theo loai san pham, gidng hodc ngudn gbc
dia ly. Tuy nhién, cac nghién ctru ndy dugc thuc hién trén bo mau thu thap tai cac quéc
gia véi gidng va didu kién sinh thai khac biét dang ké so voi Viét Nam.

Ciing qua tong quan tai liéu, nhan thdy c6 mot sé phuong phap phan tich da
duogc ap dung dé dinh luong cac cac thanh phan hoa hoc chinh trong nudc cam trong

d6 HPLC 1a k¥ thuat dang duoc str dung phd bién nhat. Tuy nhién, khi so sanh cac
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cong bd trén thé gidi, cac diéu kién phan tich ciing nhu diéu kién xtr Iy mau khac nhau
10 rét.

Viét Nam c6 su da dang dang ké vé giéng cam va nhiéu ving trong cam dic san
v6i sy da dang vé khi hau, thd nhudng ciing nhu kinh nghiém trong va chiam soc. Cling
mot gidng cam nhung duge trong & nhimg ving khac nhau c6 thé cho chat lwong rat
khac nhau. Tuy nhién, hién tai chua c6 nghién ctru nghién ctru mang tinh hé théng vé
xdy dung va ap dung phuong phap phan tich thanh phan hoa hoc cho nuéc cam dira
trén bo mau 13 cic gidng cam va ving trong cam tai Viét Nam. Nhiéu nghién ctru tap
trung vao bai toan phat hién gian 14n hodc phan biét NFC/FC trong bdi canh kiém soat
thuong mai, trong khi chua cé bao céo nao vé viée xéc 1ap co sé khoa hoc cho phan
biét giéng va nguén géc phuc vu bao ho chi dan dia ly dbi v6i cam Viét Nam.

Xuat phat tir cdc khoang tréng nghién ctru néu trén, luan 4n lya chon huéng
nghién ctru xdy dung va ap dung phuong phap phan tich thanh phan hoa hoc, cac tin
hiéu do két hop véi may hoc nham phan biét giéng, truy xuat ngudn gdc va phat hién
pha tron nudc cam Viét Nam. Huong tiép can nay khong chi cho phép thu nhéan b dir
liéu phan tich c6 dd tin cdy cao, pht hop véi diéu kién trong nude, ma con tao nén tang
dé danh gia mot cach co6 hé théng hi€u qua cua cac thudt todn may hoc trong bdi canh
thyc tién san xut va kiém soat chat luong tai Viét Nam. Két qua nghién ctru ky vong
g6p phan bo sung co s¢ khoa hoc cho cong tac kiém soét chat luong, bao vé chi dan

dia ly va phat trién bén vitng cac san pham nudc cam tai Viét Nam.
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Chuong 2. THUC NGHIEM
2.1. Hoa chit, dung cu va thiét bi

2.1.1. Héa chit

- Céc chét chuan acid gdm: ascorbic (47863), oxalic (41706), malic ( 94916),
citric (46933), fumaric (1286708), do tinh khiét >99% ciia Merck (Puc). Dung dich
chuan gbc ting acid ndng d6 20 g/L duoc pha bang cach can chinh xac khoang 200
mg chit chuin (cé tinh dén do tinh khiét) trén can phan tich c6 d¢ chinh xac 0,1 mg,
hoa tan vao nude cit va dinh mire dén thé tich 10,00 mL béng nudc cat. Dung dich
hdn hop chuan trung gian c6 ndng dé 3000 mg/L dugc pha lodng tir dung dich chudn
gbc bang nudc cat. Cac dung dich hdn hop chuin 1am viéc nong do tir 5 dén 3000
mg/L mdi chat dugc pha lodng tir dung dich hdn hop chuén trung gian bang nudc ct.

- Cac chat chuan carotenoid gdm: lutein (07168), lycopen (SMB00706), B-
caroten (22040), do tinh khiét >96% ctia Sigma Aldrich (M¥). Dung dich chudn gbc
ting chat nong d6 100 mg/L duoc pha bang cach can chinh xac khoang 1 mg chét
chuin (c6 tinh dén do tinh khiét) trén can phan tich c6 do chinh xac 0,1 mg, hoa tan
va dinh muc dén thé tich 10,00 mL bang dung moéi dichloromethan. Cac dung dich
hdn hop chuan lam viéc dugc pha lodng tir dung dich hdn hop chuan gdc bang dung
méi dichloromethan dé thu dugc day cac dung dich chuan 1am viéc ¢6 néng do tu
0,01 dén 50 mg/L.

- Cac chéat chuan flavonoid goém: naringin (71162), hesperidin (50162),
neohesperidin (44247), quercetin (47959), do tinh khiét >95% ctia Merck (Dric).
Dung dich chuan gdc timg chit ndong do 1000 ppm dugc chuan bi bang cach can chinh
xac khoang 25 mg chét chuan (co tinh dén do tinh khiét) trén can phan tich co do
chinh x4c 0,1 mg, hoa tan va dinh mirc dén thé tich 25,00 mL bang methanol. Dung
dich hdn hop chuan trung gian c6 néng d6 100 ppm duoc pha lodng tir dung dich
chuén gdc v6i dung moi methanol. Cac dung dich hdn hop chudn lam viéc ndng do
tir 0,1 dén 100 ppm mdi chat dugc pha loang tir dung dich hdn hop chuéan trung gian

bang dung médi methanol.
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- Cac hoa chét, dung méi khac: mudi kali dihidrophosphat, acid phosphoric dic,
ACN, n-hexan, ethyl acetate, dichloromethan, MeOH, EtOH, acid hydrochloric (HCI,
37%), tit ca déu thudc loai tinh khiét HPLC c6 ngudn gdc tir Merck (D).

- Nuée cit hai 1an dwoc chuin bj bang hé thong Milli-Q tai phong thi nghiém
Vién kiém nghiém an toan v¢ sinh thuc phém Qubc gia.

2.1.2. Thiét bi va dung cu

- Hé thdng séic ky 1ong hiéu ning cao HPLC (Alliance - Waters €2695) trang bi
detector 2998 PDA - Waters, Singapore. Cot va tién cot tuong Ung; thé tich tiém mau
10 pL. Thiét bi dugc dit tai Vién kiém nghiém an toan v¢ sinh thuc phém Quéc gia.

- Hé théng sic ky 1ong hiéu ning cao HPLC (Shimadzu GC2014) trang bi
detector UV, Nhat Ban. Cot sac ky va tién cot twong ung, thé tich tiém mau 10 pL.
Thiét bi dugc dat tai Hoc vién Y duge hoc ¢d tmyén Viét Nam.

- Thiét bi cuc phé 797 VA Computrace (Metrohm), Thuy Si, véi hé dién cuc:
AE: Pt, WE: Au, RE: Ag/AgCl (KCl 3M). Thiét bi duoc dat tai Vién Khoa hoc va
cong nghé Quan su.

- Hé théng do hong ngoai FTIR Cary 630 cta hing Agilent Technologies (M¥).
Thiét bi dugc dat tai Hoc vién Y duge hoc ¢d tmyén Viét Nam.

- Hé théng thiét bi UV-Vis UV 2400PC cua hing Shimadzu (Nhat Ban). Thiét bi
duoc dat tai Hoc vién Quan Y.

- Céc dung cu co ban khéc: can, may lac, may ly tam, mdy voltex, micropipet,

may siéu am, bo loc hut chan khéng, may do pH, may vit cam bang tay Lock&Lock

2.1.3. Phan mém xir Iy sé li¢u

- Cac gia tri phan tich dugc xtr Iy bang phan mém tuong tng di kém thiét bi.

- Cac phép thong ké duogc xur 1y bang Microsoft Excel

- Céac mo hinh may hoc dugc xay dung bang phan mém Visual Studio Code véi

ngon ngir Python phién ban 3.12, sir dung thu vién Tkinter dé tao cira so giao dién.
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2.2. Poi twong nghién ciru
2.1.1. Poi tuwong nghién ciru

- Nudc ép qua cam twoi tir cac loai cam trong & cic ving ciia Viét Nam va cac
mau nudc cam thuong mai dang duoc ban trén thi truong Ha Noi.

- Nam acid hiru co gém: ascorbic, oxalic, malic, citric, fumaric, ba carotenoid
gom: lutein, lycopen, p-caroten, bdén flavonoid gbém: naringin, hesperidin,
neohesperidin, quercetin.

2.1.2. Phwong phdp ldy méu

- Véi qua cam: Cam duogc 1dy mau thudc cac gidng & cac tinh khac nhau. Cac
mau duoc ghi ddy du thong tin vé giéng cam, dia diém trong cam, mdi dia diém duoc
léy & nhiéu vu khac nhau. Cac mau dugc thu thap tir thang 11/2022 dén thang 1/2025,
theo TCVN 9994 : 2013. Mau duogc bao quan & nhiét do tir 2-8°C trong vong 7 ngay.
Cac mau duoc ma hoa v6i tén mau, thoi gian va dia diém thu hai duoc trinh bay trong
phu lyc 3. Ly miu phai dam bao nhu sau:

Nguyén ven, lanh 1an, khong bi dap nat hodc hu hong;

Sach, hau nhu khong c6 bét ky tap chat la nao nhin thiy bang mat thuong;

Héu nhu khong chira con tring anh huong dén hinh thirc bén ngoai ciia san pham;

Khong co bat ky mui va/hoac vi la nao;

Hau nhu khong c¢6 vét thim va/hodc nhiéu vét cat da lanh.

- Véi mau nude cam thirong mai: Thu thap cidc miu nude cam dong chai, lo, lon
cua cac thuong hiéu khic nhau dang dugc bay ban tai cac si€u thi trén dia ban Ha
Noi, Viét Nam. Cac mau dugc ghi d?ly du thong tin vé s6 16, han dung cua san phém.
Cac mau dua vao thi nghiém 13 cac mau con han str dung va duoc bao quéan theo ding
diéu kién cua nha san xuat.

S6 luong mau, thoi gian 1dy mau, xtr Iy mau va bao quan mau duoc trinh bay cu

thé ¢ timg ndi dung tuong Ung.
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2.3. Phwong phap nghién ciru

2.3.1. Xay dwng va xdc nhdn gia tri s dung cdc quy trinh dinh lwong thanh
phén héa hoc chinh trong nwde cam bang phwong phip HPLC

2.3.1.1. Binh lwong cdc acid hitu co

a. Khao sat diéu kién HPLC

Tién hanh khao sat diéu kién HPLC duogc tién hanh dy kién nhu sau [76, 108,
123]:

- Khao sat pha dong: Pha dong dugc lua chon la dung dich KH2PO4 véi néng do
10mM, tién hanh khao sat véi dung dich ¢6 pH khéac nhau: 2; 2,2; 2.5; 3; 4 béng cach
ding dung dich acid H;PO4 10% dé diéu chinh dén cac gia tri pH mong mudn.

- Khao sét toc do dong: Tién hanh véi 3 tde do dong: 0,6 ml/phut, 0,7 ml/phit va
0,8 ml/phut.

- Khao sat pha tinh: Tién hanh véi 2 loai cot: Cot C18, cdt C610H Supelcogel

b. Phwrong phdp xir Iy mau

M3u nuée cam ép tir qua cam tuoi, tién hanh quy trinh xt Iy mau theo so d6 duéi

day:

Lay 10 - 15 mL nudc cam twoi vao dng ly tim

l Ly tam 6000 vong/phut x 5 phut

Dich mau

l Loc qua mang loc 0,22 pm

Dich loc

Pha loang v&i dung moéi pha dong
ty 1€ 1:9 (v/v)

Mau phan tich

Hinh 2.1. Sor d6 xir Iy mdu dinh lwong acid hitu co
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2.3.1.2. Binh lwong cdc carotenoid

V& mit hoa hoc, cac hop chit carotenoid da s6 khong tan trong nuédc do céu trac
mach carbon dai. Hon nira, ham lugng cac chat trong nude cam ciing khong phai qua
16n, do véy can lua chon dung méi chiét va pha dong c6 d6 phan cuc phu hop dé ting
hiéu sudt thu hoi cua phuong phap. Pé t6i wu hoéa phwong phap dinh lwong 3
carotenoid gom lutein, lycopen, p-caroten, tién hanh khao sat cac diéu kién sau:

a. Khao sat diéu kién HPLC

- Khao sat bude song phat hién: Quét phd UV-Vis cta 3 carotenoid trong khoang
190 - 800 nm, chon cuc dai hép thu cho mdi chét.

- Khéao sat pha tinh: Tién hanh khao sat véi 4 loai cot khac nhau:

+ (a) Symmetry ® C18 (3,0 x 150 mm, 3,6 pm);

+ (B) SunFire® C18 (4,6 x 250 mm, 5 pm);

+ (¢) Symmetry® C18 (6,0 x 250 mm, 5 pm);

+ (d) XBridge® C18 (4,6 x 250 mm, 5 pm).

- Khao sat pha dong: Lua chon khdo sat thanh phﬁn pha dong v&i chuong trinh
dang dong, cac dung moi pha dong gom:

+ MeOH;

+ HE dung mdi 1: ACN: MeOH: CH2CL, = 70: 27: 3 (v/v/v);

+ H¢ dung mé6i 2: ACN: MeOH: H,O: CH3COOC:Hs = 70: 9,6: 0,4: 20 (v/v/v/v).

- Khéo sat toc do dong: Tién hanh véi 3 toe do dong 0,8 mL/phut; 1,0 mL/phut
va 1,2 mL/phaut.

b. Phwong phdp xir Iy mau

Mau nude cam ép tir qua cam tuoi, tién hanh quy trinh xir Iy mau dy kién theo so

dd duéi day:
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Lay 20 mL nudc cam tuoi vao dng ly tim
+ 15 mL dung moi chiét
Lic ngang 10 phut
Ly tam 6000 vong/phut x 5 phut
Dich chiét

C6 quay chan khong
Pinh mtrc bang 5 mL dung modi hoa

Dich c6 quay

l Loc qua mang loc 0,22 pm

Mau phan tich

Hinh 2.2. Dy kién so dé xir ly mau dinh lwong carotenoid

Céc thong s6 khao sat cu thé nhu sau:

- Po tryc tiép (khong chiét);

- Khao sat dung moi chiét: dichloromethan, n-hexan, ethyl actet;

- Khéo sat dung moi hoa cin: MeOH hoic dung méi pha dong (ACN: MeOH:
nudc: ethyl acetat = 70: 9,6: 0,4: 20 (v/v/v/v));

- Khao sat sb 1an chiét: 1 1an, 2 1an va 3 lan.

2.3.1.3. Binh luong cdc flavonoid

Vé mit hoa hoc, céc hop chét flavonoid c¢6 d6 hoa tan tuong doi phtc tap, co6 thé
tan tot nhung cling c6 nhitng chat rat kém tan. Hon nita, ham luong cac chit trong
nudce cam ciing khong phai qué 16n, do vay can lira chon dung méi chiét va pha dong
c6 d6 phan cuc phu hop dé ting hiéu suit thu hdi ciua phuwong phap. Dé t6i uu hoa
phuong phép dinh luong 4 flavonoid gdm naringin, hesperidin, neohesperidin;
quercetin, tién hanh khao sat cac diéu kién sau:

a. Khao sdt diéu kién HPLC

- Khao sat budc song phat hién: quét phd UV-Vis cta 4 flavonoid trong khoang
200 - 800 nm, chon cyc dai hap thu cho mdi chat.

- Khdo sat pha tinh: Tién hanh khao st v6i 3 loai c6t:

+ Waters Bridge Cis (4,6 mm x 150 mm; 5 pm);
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+ Cot Sunfire TM C18 (4,6 mm x 150 mm; 5 pum);

+ Cot Symmetry ® C18 (4,6 mm x 150 mm; 5 pm).

- Khao sat pha dong: hé¢ dung méi gdm Kénh A 14 acid phosphoric 0,1% va Kénh
B 1a ACN véi 3 chuong trinh dang dong: (a) 100% B; (b) A/B = 70/30; (c) A/B =
50/50 va v6i 2 chuong trinh gradient nhu Bang 2.1

Bang 2.1. Chwong trinh gradient pha dong dinh lwong flavonoid

Chwong trinh Gradient 1
Thoi gian Téc dj dong
(phiit) (mL/phiit) Kénh A (v:v) Kénh B (%, v : v)
0,00 1,00 %0 5
7,00 1,00 30 50
16,00 1,00 30 50
18,00 1,00 0 100
22,00 1,00 0 100
22,10 1,00 %0 o
26,00 1,00 90 0
Chuong trinh Gradient 2
Thoi gian Téc dp dong
(phuit) (mL/phiit) Kénh A(%, v :v) | Kénh B (%, v :v)
0,00 1,00 90 0
7,00 1,00 30 50
16,00 1,00 65 35
18,00 1,00 0 100
Thoi gian Téc dp dong
(phiit) imLphig | KerrAChviv) | Kénh B (%%, v:y)
22,00 1,00 0 100
22,10 1,00 90 0
26,00 1,00 90 T

50




- Khao sat toc do dong: Tién hanh véi 3 tée d6 dong: 0,8 mL/phut; 1,0 mL/phut
va 1,2 mL/phut.

b. Khao sat diéu kién xit 1y mdu

MAu nudc cam ép tlr qua cam tuoi, tién hanh quy trinh xir Iy mau duy kién theo so

dd dudi day:

Lay 5 mL nudc cam
Dinh muc 25 mL bang dung moi chiét

l Léc/siéu am

Ly tam 6000 vong/phut x 5 phut

Dich chiét

l Loc qua mang loc 0,22 um

Mau phan tich

Hinh 2.3. Dy kién so do xir 1) mdu dinh leong flavonoid

Céc thong s6 khao sat cu thé nhu sau:

- Do truc tiép (khong chiét);

- Khao sat dung moi chiét: MeOHL, ethyl acetat, ACN;

- Khao sat k¥ thuat hoa tan mau: lic tay, lac ngang, lac vortex, rung siéu am;

- Khao sat thoi gian hoa tan mau: 5, 10, 15 phut.

2.3.1.4. Xac nhdn gia tri s dung cua phwong phap phan tich

Phuong phép dinh luong sau khi xay dung dugc xac nhan gia tri st dung thong
qua viéc danh gia cac théng s sau [10, 20]:

- P6 6n dinh cua hé théng sic ky: dugc danh gia qua do léch chudn twong d6i
(RSD) cua thoi gian luu va dién tich peak véi 6 1an tiém 1dp dung dich chuan c¢6 nong
d6 mdi chat 20 mg/L vao hé théng, yéu cdu RSD khong qua 2%.

- B¢ dac hi€u cua phuong phéap: dugc danh gid dya trén thoi gian luu khi phan
tich mau tring (dung mdi pha dong; dung méi chiét mau), dung dich chuan, mau thuc

va mau thuc thém chuan.
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- Gi61 han phat hi¢n (MDL) va gidi han dinh lugng (MQL) ctia phuong phap:
dugc xac dinh qua phan tich Iap lai 10 1An miu thyc c6 ndng do thap (trong khoang
5-7 1an MDL u6c lugng), tinh gia tri trung binh va do 1éch chuéin (SD) cua néng do
xéc dinh duoc. MDL va MQL tuong tng bang 3SD va 10SD, hé sé R = X/MDL phai
trong khoang tur 4 - 10.

- Do chinh xac cua phuong phép: dugc danh gia qua do lap lai (phan tich lap 6
lan miu nuéc cam) véi yéu cau RSD khong vuot qua 11 % va do thu hoi duoc xac
dinh béng cach thém 1 luong chét chuén xac dinh ¢ 3 mirc 50 %, 100 %, 200 % so
v6i1 ham luong chét ¢6 trong mau nudc cam, thuc hién lap lai 12 1an vao mau thuc
v6i v6i yéu cau do thu hoi tai mic ham lwong 100 pg/L - 10 mg/L phai dat tir 80 -
110 %.

2.3.2. Phan biét cdc san pham nuwéc cam dwa trén thanh phéin héa hoc

2.3.2.1. Ldy mdu va chudn bi mau

Téng cong 82 mau dugce thu thap tir 10 tinh thudc 3 ving mién Bic, Trung va
Nam Viét Nam. Cam duoc thu thap tir 4 gidng gdm: cam Vinh (Bic Giang: 6 mau;
Hung Yén: 16 mau; Quang Ninh: 4 mau; Tuyén Quang: 10 mau), cam Cao Phong
(Hoa Binh: 6 mau), cam Xa Poai (Ha Giang: 5 mau; Nghé An: 10 mau), cam Sanh
(Tay Ninh: 9 mau; Tuyén Quang: 2 mau; Tra Vinh: 4 mau; Vinh Long: 10 mau). Cac
mau cam dugc thu hai tir thang 11 nam 2022 dén thang 01 nam 2025 tai giai doan
chin thuwong pham, dua trén kinh nghiém cta ngudi trong. Sau khi dwa vé phong thi
nghiém, cam duoc rira sach, got vo va ép can than bang may ép dé thu nude cam tuoi.
Ba tép va hat dugc loai bo bﬁng ray/loc. Nudc cam tuoi duge ly tdim & 3.000
vong/phut (rpm) trong 10 phut va loc qua mang polytetrafluoroethylene (PTFE) 0,45
pm dé thu dich ndi (supernatant). Mdi mau dich ndi duoc thu va chuén bi lap lai 3
1an. Dich ndi sau d6 dugc bao quan & 2 - 8°C. Cac dich ndi nay duoc ding lam nguyén
liéu dau vao phan tich cac thanh phan héa hoc chinh theo cac quy trinh twong tmg.

2.3.2.2. Phan tich cdc thanh phan héa hoc chinh

Tién hanh phan tich ham lugng acid, flavonoid, carotenoid theo cac quy trinh tir

két qua nghién ctru phat trién phuong phap.
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Ham luong duong dugc phan tich theo quy trinh ciia Vién Kiém nghiém an toan
vé€ sinh thuc phém Quéc gia: mau nudc cam twoi va nudc cam thuong mai déu duoc
ly tdim & 6000 vong/phut trong 5 phut, sau d6 loc qua mang loc 0,22 um. Dich lgc
dugc pha lodng voi pha dong theo ty 18 1:10 (v/v) trude khi tién hanh phan tich sic
ky. H¢ théng HPLC dugc trang bi detector khuc xa RID, ¢t HILIC pak va SZ, thoi
gian phén tich 1an luot 1a 20 phut va 30 phut. Pha dong gdm ACN : nudc = 8: 2, ché
d6 dang dong. Toc do dong 0,8 mL/phit, nhiét do cot 60°C, thé tich bom mau 10 pL.

Céc két qua phén tich dugc nhap vao Microsoft Excel dé xir 1y thong ké.

2.3.2.3. Xu ly dir liéu

Ma tran dit liéu ddu vao c6 kich thudc 82 mau x 10 chi tiéu ham lugng chét
(fructose, glucose, sucrose, lutein, B-caroten, acid citric, acid ascorbic, acid fumaric,
quercetin, hesperidin) dugc chia thanh tap sb liéu dung dé huan luyén, kiém tra va
xac thyc véi ty 1€ lan luot 1a 70 : 20 : 10 (%).

Céc thuat toan dugc su dung bao gé)m: May vecto hd trg (Support Vector
Machine - SVM), Céy quyét dinh (Decision Tree - DT), Rirng ngiu nhién (Random
Forest), XGBoost, Mang no-ron lan truyén da 16p (Multi-Layer Perceptron - MLP).
Lua chon thudt toan t6i wu dua trén do chinh xac cua ting thuat toan.

2.3.3. Phan biét cdc san phiam nuwéc cam dwa trén dit ligu phé UV - Vis

2.3.3.1. Ldy mdu va chudn bi mdu

Téng cong 111 mau cam cung gidng cam Vinh (Citrus sinensis) duge thu hoach
tai ba tinh ¢ Viét Nam trong khoang thdi gian tir thang 11/2023 dén thang 11/2024:
Hoa Binh (n = 54), Quang Ninh (n = 24) va Tuyén Quang (n = 33). Cam dugc thu hai
tir nhiéu cdy cam chin trong cting mét tinh, v6i nhiéu dot thu hoach trong niam, cam
thu hoach & mdi vuon 1a mot mau. Ban dau, s6 luong mau dugc thu thap twong duong
gilra cac tinh, tuy nhién, nhiéu mau khong dat yéu cAu bi loai bo dan t6i sy mat can
dbi s6 miu gitta cac tinh.

Sau khi dua vé phong thi nghiém, cam duoc rira sach, got vo va ép can than bang
may ép dé thu nuéc cam tuoi. B tép va hat duogc loai bo béng ray/loc. Nudc cam

tuoi dugc ly tdm & 6000 vong/phut trong 5 phut va loc qua mang
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polytetrafluoroethylene (PTFE) 0,45 pm dé thu dich n6i (supernatant). Mdi mau dich
ndi duge thu va chuan bi lap lai 3 lan. Dich nbi sau d6 duoc bao quan & 2 - 8°C cho

dén khi phan tich bang phd hip thy phan tir UV-Vis.

2.3.3.2. Quét phé UV - Vis

Dich nbi duoc pha lodng ty 18 1:20 bang hdn hop dung moéi CH2Cl:EtOH = 2:3
(v/v). Hé dung moéi chiét CH,CL:EtOH (2:3, v/v) dugc Iyra chon nham tao dung dich
6n dinh, do duc thap, dong thoi thu nhan cac chromophore c6 dai phan cuc rong trong
nén mau cam phc tap.

Mau sau xir Iy duoc do UV- Vis bang cuvet thach anh v6i bé day 10 mm & nhiét
d6 phong. Phép do thuc hién & ché do quét don (single-scan) trong ving budc song
250 nm dén 1,00 pm, voi khoang quét 5 nm. Do rong khe pho (spectral bandwidth/slit
width) dugc cai dit 1,0 nm, téc do quét & muc trung binh. Thiét bi sir dung dén deuteri
(D:) cho ving tir ngoai va dén tungsten—halogen (W) cho ving kha kién, véi co ché
ty dong chuyén ngudn sang tai 360 nm. Phd hép thy thu duogc duogc xuat sang

Microsoft Excel dé xir Iy théng ké.

2.3.3.3. Xu ly dir liéu

% Tien xir Iy di liéu

Dé ting d6 phan giai phd va tdi wu do chinh xac dy doan ctia cac md hinh hoc ¢6
giam sat, nghién ciru 4p dung cic phuong phap tién xir Iy gdm: chuan hoa standard
normal variate (SNV), loc Savitzky-Golay (SG) va bién ddi dao ham bac nhat (FD,
Deriv = 1) nham loai bo bién thién ¢ hé théng ciia dudng nén.

% Phan tich thanh phan chinh (PCA)

Tap dit liéu ban dau dang 111 miu x 161 budc séng duoc tién xir 1y cho ting
mau riéng 1¢ va phd trung binh cua 3 1an lap. Tap dit liéu sau d6 duoc phan tich tham
do béng PCA nham xéc dinh cac dic trung dir liéu chinh trude khi ap dung cdc mo

hinh nhan dang c6 giam sat.
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% Thudt toan hoc co giam sat va danh gia hiéu nang mo hinh

Céc m6 hinh dugc khao sat gdm PCA-LDA, PCA-RF va PCA-ANN; dé don gian,
cac mo hinh nay vé sau duge ky hi¢u lan luot 1a LDA, RF va ANN. Ngoai ra, cdic mo
hinh duoc tdi vu siéu tham s bang GridSearch két hop xac thuc chéo 5-fold nham
giam qua khop va danh gia minh bach hi¢u nang mo hinh.

Dé danh gia hiéu qua phuong phéap, cac ma tran nhim lan (confusion matrix)
duoc xay dung va hi¢u nang md hinh dugc xac dinh thong qua cac chi sb: do chinh
xac (A) hoac ty 1€ phan loai dung (CCR, %), ty 1¢ sai (E), d0 chinh x4c duong tinh
(precision, P), d§ nhay/thu hdi (recall/sensitivity, R), d§ dac hi€u (specificity, S) va
diém F1 (F1) [79, 80]. Nhin chung, mdt mé hinh phan loai tdt duoc dic trung bdi A,
P, R, S, F1 cao va E thép, va nguoc lai [64]. Céc ti€u chi nay dugc tinh theo cac

phuong trinh:
TP+ TN TP + TN

" Total 100(% 2.1

Toal 10~ TprrprEN TN (000 (2.1)
FP + FN FP + FN

= Towml 100= 1100 =100 - A (° 2.2
Toml 0= TprmprENsTN (0 T 100-AC0) (22)

b= - 100 = 100(% 23
Predicted positive TP + FP (%) (2.3)

R= = 100 = 100 (% 2.4
~ Actual positive " TP +FN (Vo) (2.4)

57 100 =555 1000 2.5
Actual negative TN + FP (%) (2.5)

PR

F1=2——-100 (%) (2.6)

P+R
Trong do TP, TN, FP va FN lan luot 14 s lugng duong tinh dung, am tinh dung,
duong tinh gia va am tinh gia thu dugc tir ma tran nham lan. Cu thé, A biéu thi ty 1€
tong s6 mau dugc dy doan dung (TP + TN) trén tong sé mau (Phuong trinh 2.1).
Nguoc lai, E duogc tinh 13 ty 16 mau bi phan loai sai (FP + FN) trén tong s6 miu
(Phuong trinh 2.2). P phan anh ty 1& mau dugc gan ding vao 16p thuc (TP) trén tong
s6 mau duoc du doan thudc 16p d6 (TP + FP) (Phuong trinh 2.3). R 1a ty 1& TP, cho
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biét phan tram TP trén tong s6 mau thudc 16p duong tinh thuc (TP + FN) (Phuong
trinh 2.4). S hay ty 18 TN thé hién phan trim mau dugc xac dinh dung 13 khong thudc
16p twong tmg (TN) trén tong sé mau thudc 16p am tinh thuc (TN + FP) (Phwong trinh
2.5). Cudi cung, F1 (Phuong trinh 2.6) 13 trung binh diéu hoa giira P va R, hiru ich
khi danh gia hiéu qua phan loai trong trudng hop tap dit liéu bi mat can bng.

2.3.4. Xdc dinh sw pha trén trong nwéc cam bang phén tich Volt-Ampere va mdy

hoc

2.3.4.1. Ldy mdu va chudn bi mdu
TAt ca cac miu cam trong nghién ctru thudc loai Citrus sinensis va dugc thu thap
trong nam 2024. Téng cong 80 mau cam duoc lay tir 8 tinh gdm: Hoa Binh, Ha Giang,
Bén Tre, Vinh Long, Nghé An, Bic Giang, Hung Yén va Quang Ninh. Sau khi dua
vé phong thi nghiém, cam duogc rira sach, got vo va ép can than biang may ép dé thu
nudc cam tuoi. Ba tép va hat duoc loai bo béng ray/loc.

Téng 50 mau nudc cam thuong mai duoc thu thap tir cac siéu thi tai Ha Noi,
Viét Nam, bao gdm cac san pham déng chai/dong lon ctia mot s6 nhan hang nhu
Mirinda, Fanta, TH, Splash.

Trong nghién ciru pha tron (adulteration), nuéc cam ty nhién nguyén chét duogc
phéi tron v6i nude cam thwong mai theo 9 mirc pha tron khac nhau tuong tng véi ty
1¢ nu6c cam ty nhién: 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% va 90% (tong
cong 54 mau phéi tron doc 1ap). Moi muc pha tron duoc chuén bj lap lai 3 lan.

Cac mau nudc cam duoc ly tam 10 phut & 13.500 vong/phit. Sau d6, mau
duoc pha lodng theo ty 1¢ 1:4 bang dung dich HC1 0,1 M dé diéu chinh pH xap xi 1,2.

MJbi mau duoc chuan bj lap lai 3 1an.

2.3.4.2. Do Volt-ampere
Mau duoc do bﬁng A, dién cuc so sanh Ag/AgCl va dién cuc phuy trg béng platin.
Véi mdi mau, thé tich sir dung 1a 100 pL (dang giot). K¥ thuat do xung vi phan

(Differential Pulse Voltammetry - DPV) dugc ap dung dé ghi voltammogram véi cac
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diéu kién thyc nghiém nhu sau: khoang quét: —0,2 V dén +1,2 V (so v6i Ag/AgCl),
bién d6 xung: 50 mV, budc thé: 5 mV, toc do quét: 10 mV/s.

2.3.4.3. Xu ly dir liéu

Dé phan tich tham do, nghién ciru sir dung phan tich cum (Cluster Analysis -
CA). Dt li¢u tho cua tat ca cac mau duoc st dung, trong do6 gia tri trung binh cua 3
lan 1ap cho mdi mau dugc tinh toan va dua vao phan tich. Cac thuat toan duoc sir
dung bao gdm: do twong ddng cosin (Cosine similarity), chuan hoa SNV (Standard
Normal Variate): Dit liéu duoc chuan hoa theo phwong phap SNV nhim loai bo bién
thién do hi¢u ung tan xa va hi¢u chinh dich chuyén duong nén. Sau chuén hoéa, dit
liéu tiép tuc duoc xu ly béng bd loc Savitzky - Golay véi do dai cua s6 15, bac da
thtrc 3 va tinh dao ham bac hai. Budc nay gitp 1am tron dit liéu, giam nhiéu va lam
ndi bat cac dic trung phé quan trong phuc vu cho phan tich tiép theo béng iPLS, RF.

Dé danh gia hiéu qua phuwong phap, ma tran nham Ian (confusion matrix) duoc
xay dung va cac chi sb hiéu nang nhu do chinh x4c (accuracy) dugc xac dinh. B9
chinh xac duogc tinh béng ty 1¢ s6 mau dugc phan loai dung trén téng s6 mau, qua dé

phan anh tryc quan hiéu qud phan loai cua mé hinh.
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Chuong 3. KET QUA VA THAO LUAN
3.1. Nghién ciru xAy dung va tham dinh phwong phap dinh lweng cic thanh phan
hoa hoc chinh cé trong nwdc cam
3.1.1. Xdy dung va tham dinh phwong phdp dinh lwong cdc acid trong nwéc cam

3.1.1.1. Khdo sat diéu kién tot wu ciia phwong phdp phdn tich

a. Khao sdt pha dong

Dé xac dinh hé dung moi phil hop nhét cho qua trinh phan tich cac acid, tién hanh
khao sat cac pha dong c6 pH khéac nhau, sic ky d6 dugc thé hién ¢ hinh 3.1.
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Hinh 3.1. Scc ky do 5 acid véi dung méi pha déng c¢é pH khdc nhau
Két qua cho thay pH anh huong nhiéu dén viéce tach 5 acid nghién ciru. O pH 2,5;
3,0 va 4,0 kha nang phan tach cac chat kém, peak phan tich ciia acid fumaric di bi
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chdng 14n véi peak phan tich acid citric. D41 voi pH 3 va 4 cho thiy khong co d6 ddi
xtng cua peak cua cac chat phan tich. O diéu kién pH 2 va 2.2 cho thiy kha ning tach
céc chét hiéu qua nhat. Két qua nay ciing phi hop vé mat 1y thuyét, cac acid oxalic,
malic, ascorbic, citric, fumaric co héng ) phan ly acid pKal lan luot 1a 1,27; 3,40;
4,17; 3,13 va 3,03; pH cua pha dong béng 2,0 hoac 2,2 (thép hon pKa cua dai da sb
céc acid hitu co nay) gitp cac phan tir acid ton tai chil yéu & dang khong phén ly.
Diéu nay 1am ting ai lyc va twong tac luu giir cua chung voi pha tinh C18, gitp kéo
dai thoi gian luu trén cdt, lam tdng hi€u qua phan tach va han ché hién tuong peak bi
kéo duoi (tailing).

Tuy nhién, & diéu kién pH 2,0; c6t khong bén néu chay trong thoi gian dai. Nhu
vay, diéu kién pH 2,2 1a ti wu nhit cho nghién ciru nay.

b. Khao sat pha tinh

Két qua sic ky dd khi tach cac acid trén 2 loai cot khao sat duoc thé hién & hinh
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Cot C18 Cot C610H Supelcogel
Hinh 3.2. Sdc ky do 5 acid trén 2 cét khdo sat
Trén cot C18 cac acid tach nhau tot déu co d6 phan giai R(Resolution) 16n hon
1,5, cac peak nhon, ddi xtng va khong dinh nhau. Trong khi d6 acid malic va acid
ascorbic khi phan tich trén cot C610H Supelcogel lai c6 do phan gidi R nho hon 1,5,
peak acid malic va acid ascorbic dinh nhau, diéu nay cho thiy 2 acid nay khong tach

t6t trén cot C610H Supelcogel. Do vay, cot C18 1a phu hop cho phan tich 5 acid.
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c. Khao sdt toc do dong

Tbc do dong pha dong quyét dinh dén qua trinh rira giai cac chét trong cot sac

ky vi n6 anh huong dén kha nang thiét 1ap can bang cua chat tan giita pha tinh va

pha dong. Téc d6 pha dong qua nho lam ting do rong chan peak, thoi gian luu kéo

dai lam ting chi phi va thoi gian phan tich, toc d6 pha dong qua 16n 1am giam kha

ning tach cac chit din téi cic peak khong tach nhau hoan toan. Tién hanh khao

sat voi 3 toc do dong, két qua dugc thé hién trén hinh 3.3 va bang 3.1.
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Hinh 3.3. Sdc ky do 5 acid véi cdc toc do dong khdo sat

Bang 3.1. Cdc théng s khao sat pha dong

mw
PO 0]
b

AAIB221/19832

Acetic/9.020/36673

MAITA8TI6T2T1

728

ANT.978/86838

4

Téc dé dong 0,7 ml/phiit

Hé sb doi

D0 rong chan

Téc d6 dong Chi tiéu S/N
xung peak
Acid oxalic | 510,5512 1,1422 0,092
Acid malic | 573,1321 1,1131 0,096
0,6 Acid ascorbic | 560,1132 1,1012 0,095
Acid citric | 410,0214 1,1435 0,091
Acid fumaric | 408,7452 1,1080 1,019
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Téc do dong Chi tiéu S/N He so doi D¢ rong chan
xing peak
Acid oxalic 498,2139 1,1630 0,110
Acid malic 473,9076 1,2010 0,098
0,7 Acid ascorbic | 502,4412 1,2109 0,091
Acid citric 420,7802 1,19812 0,103
Acid fumaric | 406,4216 1,12091 1,145
Acid oxalic 502,0981 1,1422 0,210
Acid malic 473,9156 1,2131 0,096
0,8 Acid ascorbic | 460,3981 1,2012 0,095
Acid citric 310,1209 1,1835 1,191
Acid fumaric 308,6791 1,1980 1,221

Két qua cho thay, vé6i toc do dong 0,6ml/phut cac chat phan tach kha tot, & toc do
dong 0,7ml/phut va 0,8 ml/phit peak cta 2 acid citric va fumaric khong can di va
dinh peak. Tai tb do dong 0,6 mL/phit ty sé S/N 16n, hé s6 dbi xtng gan 1 va chan
peak hep. Do do, tde do dong 0,6ml/phut dugc lya chon 1a tbe do dong tbi ru.

Nhue vdy, diéu kién t6i wu dé dinh heong 5 acid trong nwée cam bang phirong
phap HPLC la:

- Cot séc ky: cot Reliant™ C18 5um (4,6 x 250 mm)

- Pha dong gém hdn hop KH2PO4 ndng do 10 mM va H3PO4 10% c6 pH 2,2

- Tbe @6 dong 0,6 mL/phut

- Detector DAD

- Bu6c séng phat hién 254 nm ddi véi acid ascorbic va 214 nm véi cac acid con
lai.

d. Khodng tuyén tinh va dwong chudn

Sau khi d3 t6i wu hoa cac diéu kién phén tich, phuong trinh duong chuan va hé

s6 twong quan cua cac acid dugc trinh bay trong bang 3.2. va hinh 3.4.
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Bang 3.2. Khodng tuyén tinh va dwong chudn cia cac chdt phan tich

Chit phan tich Khoang tuyén tinh Puwong chuin R?
Acid oxalic 5-3000 ppm y =3085x - 1399,3 1
Acid malic 5-3000 ppm y="714,38x + 828,12 0,9999

Acid ascorbic 5-3000 ppm y=2167,1x — 2246 0,9999
Acid citric 5-3000 ppm y =1065,6x — 3,3589 0,9999
Acid fumaric 5 - 1000ppm y =10558x - 11333 0,9997
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Két qua cho thiy khoang tuyén tinh cta 4 acid: acid oxalic, acid malic, acid
ascorbic, acid citric trong khoang nong do tir 5 - 3000 ppm va acid fumaric c6 khoang
tuyén tinh 5 - 1000ppm, cic phuong trinh tuyén tinh déu c6 hé s twong quan R2 >
0,99, dat yéu cau cia AOAC.

3.1.1.2. Tham dinh quy trinh phén tich

a. B on dinh ciia hé théng

Do on dinh hé théng duoc xac dinh bang cach thyc hién tiém lap lai 6 1an dung
dich mau chuan c6 néng d6 20 pg/mL.

Bang 3.3. Két qua tham dinh dé 6n dinh hé théng

Chit phan tich RSD (%) RSDspeak (%0)
Acid oxalic 0,11 0,87
Acid malic 0,64 1,03

Acid ascorbic 0,09 0,75
Acid citric 0,87 0,09
Acid fumaric 1,02 0,83

Két qua tham dinh d6 6n dinh cta hé théng sdc ky dugc thé hién tai Bang 3.3. B0
léch chuan tuong ddi ctia thoi gian luu va dién tich peak ddi v6i 5 chat déu nho hon
2%, dap tng theo yéu cau cia AOAC. Nhu vay, hé thong sic ky dap ing yéu ciu vé
do 6n dinh.

b. B¢ ddac hiéu

Tién hanh phan tich mau tring, miu chuan va miu thir thém chuan.Cac sac ky do

dugc thé hién trén hinh 3.5.
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CAI18.649/872314
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0A/5.859/89117

A121.498/6770

Mau thir thém chudn
Hinh 3.5. Scc ky do khao sat @6 ddc hiéu

Trén sic ky d6 mau trang, khong xuat hién cac peak c6 cung thoi gian luu véi
cac peak clia cac chat phan tich trong mau chuén va thir. Trén sic ky dd mau thtr thém
chuén c6 céc peak c6 cung thoi gian luu twong ty nhu trén sic ky dd ctia miu chuan.
Nhu vay, phuong phap c6 do dic hiéu tot véi 5 acid nghién ciru.

c. MDL va MQL

Céc két qua xac dinh MDL va MQL cia cac acid duoc trinh bay & phu luc 2.1.
Két qua tong hop duogc trinh bay ¢ bang 3.4.

Badng 3.4. Két qua tham dinh MDL, MOL cua 5 acid

i Acid Acid Acid Acid Acid
Chat phan tich
oxalic malic ascorbic citric fumaric
MDL (mg /L) 0,60 0,9 39 14,4 0,15
MQL (mg /L) 2,0 3,0 13,0 48,0 0,5
R 43 8,2 42 43 8,7

Gia tri R cua ca 5 acid déu nam trong khoang 4 < R < 10, nhu vay cac gia tri R
déu nam trong khoang cho phép, nhu vay, két qua MDL va MQL cua cac chat phan
tich 1a phii hop véi tiéu chuan AOAC.

d. D6 Idp lai va do thu hoi

Céc két qua xac dinh do lap lai va do thu hoi cua cac acid dugc trinh bay ¢ phu

luc 2.1. Két qua téng hop dugc trinh bay & bang 3.5 va 3.6.
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Bang 3.5. Két qua dé ldp lai ciia 5 acid

Chit phan tich Acid Acid Acid Acid Acid
oxalic malic | ascorbic | citric fumaric
Ham luong trung binh (mg/L) 123,5 712,8 1361,6 16054 31,9
RSD 3,0 1,7 3,5 3,5 1,3

Két qua cho thiy, khi phan tich ham luong céc acid trong nudc cam déu co gia

tri RSD<5,3%, dap tmg dung yéu cau cia AOAC. Nhu vay, phuong phap c¢6 do lap

lai dat yéu cAu.

Bdng 3.6. Két qua dg thu hoi ciia 5 acid

, Acid Acid Acid Acid Acid
Chat phan tich . . . L. .
oxalic malic ascorbic citric fumaric
, ) , 97,4 + 101,4 = |101,8 = 101,2 + 98,4 +
Thém chuan | Hiéu suat (%)
. P 102,4 102,6 104,0 103,6 100,1
muc thap
RSD (%) 2,3 0,6 1,0 1,1 0,8
Thém chuan | 973+ | 979+9 | 102,5+ | 1034+ | 978 +
) Hiéu suat (%)
muc trung 99,1 9,6 104,1 104,0 102,8
binh RSD (%) 0,9 0,8 0,7 0,3 2,2
, i P 97,8 + 97,3 + 99,5 + 97,3 + 97,7 +
Thém chuan | Hi€u suat (%)
] 102,3 99,1 104,0 103,8 99,7
muc cao
RSD (%) 2,1 0,8 2,1 2,9 0,9

Hudng dan cia AOAC vé do thu hoi chap nhian & mirc nong d6 100 ppm 1a 90 -

107 %. Két qua thu dugc cho thay do thu hoi va RSD déu ndm trong khoang cho

phép, tir d6 cho thdy phuong phap c6 do thu hoi phi hop.

3.1.2. Xdy dung va thdm dinh phwong phdp dinh lwong cdc carotenoid trong

nwoc cam

3.1.2.1. Khdo sat diéu kién t6i wu ciia phwong phdp phén tich

a. Lwa chon budc song phat hién

Dé lia chon budc song thich hop ghi sic ky do khi phan tich dong thoi lutein,

lycopen va B-caroten bang detector PDA, quét phd UV-Vis trong khoang 190 - 800

nm, chon cuc dai hép thu cho mdi chét. Két qua dugc thé hién trén hinh 3.6.
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Hinh 3.6. Phé UV-Vis cia lutein (a), lycopen (b), f-caroten (c)

Phé hip thu phan tir UV-Vis ctia 3 chit phan tich cho thay lutein, lycopen va p-
caroten co cuc dai hép thu chinh ¢ cac budc song tuong ung 1a 447,8; 474,5 va 453,9
nm. Dé giam anh hudéng cua dung moi va tap chét nhung van dam bao dugc do nhay
ctia phuong phap khi phan tich dong thoi 3 carotenoid budce song 455 nm duoc chon.

b. Khao sat pha tinh

Pha tinh anh hudng rat 16n dén kha ning tach cua cac chit, tién hanh thi nghiém

v&i 4 loai cot sic ky C18 khéc nhau, két qua thu dugc nhu Hinh 3.7.
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Hinh 3.7. Séc ky do 3 carotenoid véi 4 cét pha tinh

Trén céc sac ky d0 thdy rang khi sir dung cot Symmetry ® C18 150 thoi gian luu

cua cac carotenoid ra qua som, cdt SunFire® C18 thoi gian luu dai so véi cot

Symmetry® C18 250 va cdt XBridge® C18. Cot Symmetry® C18 250 va cdt

XBridge® C18 thoi gian Iuu twrong duong nhau, tuy nhién, peak lutein khi dung cot

Symmetry® C18 250 chua tach hoan toan, khi dung cdt XBridge® C18 cac peak

hoan toan tach ra khoi nhau.

Do d6, cot XBridge® C18, (4,6 x 250 mm, 5 pm) dugc lya chon str dung trong

nghién ctru nay.

c. Khdo sat diéu kién pha déng

Vi 3 hé dung méi pha dong nghién ctru, khi sir dung ché do pha dong dang dong

da tach hoan toan duoc 3 chat phan tich ra khoi nhau (Hinh 3.8) va ra khoi cac thanh

phan nén mau khac, duong nén 6n dinh va thoi gian luu phu hop.
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Hinh 3.8. Scic ky do 3 carotenoid vdi cac hé pha dong

Véi dung méi methanol peak thu duoc 6 tin hiéu thap, chan peak dodng, hé dung

moi 1 cho thdi gian luu qua ngan. V6i hé dung méi 2 thoi gian luu vira phai, peak

nhon, tin hiéu tot hon nhiéu so v&i methanol va hé dung méi 1. Do vay, hé dung moéi

2 ¢6 thanh phan ACN: MeOH: H.0: CH3COOC:Hs = 70: 9,6: 0,4: 20 (v/v/v/v) dugc

lya chon cho nghién clru nay.

d. Lwa chon téc dé dong pha dong

Tbc d6 dong quyét dinh dén thoi gian luu cta cac chit ciing nhu tudi tho cua cot,

vi vay nghién ctru thuc hién khao sat voi céac tdc do dong 0,8; 1,0 va 1,2 mL/phut.

Bdng 3.7. Cdc théng s6 khdo sdt tach 3 carotenoid véi cdc toc dé dong

Toc dp dong | Chdt phdn | Thei gian . H¢ 56 doi | Dé réng
(mL/phut) tich lwu (phut) xung chadn peak

Lutein 4,356 | 389,309 | 1,336 0,136

0,8 Lycopen 9,014 144,351 | 1,497 0,297
B-caroten 14,389 | 177,661 | 1,212 0,261

Lutein 3,704 | 463,320 | 1,275 0,086

1,0 Lycopen 8,279 170,80 | 1,289 0,266
B-caroten 13,060 | 205,80 1,049 0,183

Lutein 3,062 | 377,700 | 1,280 0,088

1,2 Lycopen 6,816 140,327 | 1,337 0,229
B-caroten 10,759 | 132,100 | 1,063 0,185
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Téc d6 dong 1,2 mL/phut dién tich peak cta 3 carotenoid thap, 1am giam d6 nhay

ctia phuong phap. Toc d6 0,8 mL/phut va 1,0 mL/phut cho thoi gian luu vira phai,

dién tich peak 16n. Tuy nhién, téc d6 dong 1,0 mL/phut ti 1& S/N 16n hon, hé sé ddi

xtng gan 1 hon va do rong chan peak nho hon cua ca 3 chit so voi toc d6 dong 0,8

mL/pht.

Do d6, dé thu duoc sic ky dd véi cac peak thon gon, khong dinh tap, thoi gian

phan tich vira phai, tde d6 1,0 mL/phut dugc lya chon.

Nhu vay, sau khi tién hanh khéo sat diéu kién phan tich dé‘ng thoi [-caroten,

lycopen va lutein trong mede cam bang HPLC cu thé nhw sau:

- Cot sac ky: Cot XBridge® C18 (4,6 x 250 mm, 5 pm) va tién cot twong tng.
- Pha dong: ACN: MeOH: H>0O: CH3COOC:Hs = 70: 9,6: 0,4: 20 (v/V/V/v).
- Tdc @6 dong: 1,0 mL/phut.
- Thoi gian phan tich: 20 phut.

- Thé tich tiém mau: 10 pL.

- Detector PDA.

- Budc song phat hién: 455 nm.

e. Xay dung dwong chudn

Tién hanh do dung dich chuan c6 ndng d6 thay d6i tir 0,025 pg/mL dén 20 pg/mL

v6i ca 3 chit. Xay dung mbi twong quan giita ndng d6 chat phan tich va dién tich

peak twong tng thu duoc trén sic ky do bang phuong phap hdi quy tuyén tinh. Két

qua duoc thé hién & bang 3.8 va hinh 3.9.

Bdng 3.8. Khodng tuyén tinh va dwong chudn cia 3 carotenoid

Chit phan tich Khoang tuyén tinh Puong chuin R?

Lutein 0,025 - 20 pg/mL y = 140541x - 2036,8 1,0

Lycopen 0,025 - 20 pg/mL y =104597x - 1205,9 1,0
-caroten 0,025 - 20 pg/mL y =85195x - 797,64 0,9999
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Hinh 3.9. Puong chudn ciia 3 carotenoid
Két qua cho thay dudng chuan cia ca 3 chat déu c6 hé sé twong quan R? > 0,9997,
dat yéu ciu cia AOAC.
3.1.2.2. Xay dung quy trinh xir [y mau
a. Khao sat lya chon dung moi chiét
Nghién ctru tién hanh do truc tiép va chiét mau véi 3 dung mai ethylacetat, n-

hexan va dichloromethan. Két qua thé hién trén hinh 3.10 va hinh 3.11.
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Hinh 3.10. Két qua khdo st anh hudng ciia dung méi chiét mau
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Hinh 3.11. Sdc ky do khdo sdt dung méi chiét

Két qua khao sat cho thiy trong nudc cam khong phat hién duoc lycopen, hai
chat con lai tach tot ra khoi nhau. Tuy nhién, ham luong cia lutein va B-caroten thu
duoc khi st dung dung moi chiét n-hexan 16n nhét, khi do truc tiép ham lugng lutein
va B-caroten thu duoc rat thip so voi cac dung méi khéac (chi dat khoang 30 - 70% so
v6i ham lugng chiét bang dung moi n-hexan).

Do d6, dung moi1 n-hexan dugc lya chon dé thuc hién céac khao sat tiép theo.

b. Khdo sdt lya chon dung méi hoa cdn

Viéc lya chon dung méi hoa cén rat quan trong vi n6 anh hudng t6i kha nang hoa
tan cta chat phan tich vao dung méi d6. Tién hanh khao sat véi hai hé dung méi 1a

methanol va dung moéi pha dong.
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Hinh 3.13. Sdc ky d6 dung méi hoa cdn

Véi ca hai loai dung moi lutein va p-caroten déu tach t6t ra khoi nhau, peak dep.
Tuy nhién, ham lugng lutein va B-caroten thu dugc khi sir dung dung méi pha dong
dé hoa cin déu cao hon khi sir dung methanol. Vi vy, hé dung méi pha déng gém
acetonitril: methanol: nudc: ethyl acetat = 70: 9,6: 0,4: 20 (v/v/v/v)) dugc sir dung
lam dung méi hoa can.

c. Khdo sdt s6 lan chiét

Chiét 13p lai 1a mot cach dé dam bao chat phan tich dugc chiét tdi da ra khoi nén

mau. Nghién ctru ndy di tién hanh khao sat chiét 1, 2, 3 lan.
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Hinh 3.14. Két qua khdo sat sé lan chiét lap lai

Khi sb 1an chiét tang 1én, ham lugng ca 2 chét ¢c6 mat trong mau nudc cam tu
nhién Ia lutein va B-caroten déu cao hon hon chiét 1 1an. Ham lugong chét chiét duoc
sau khi chiét 2 1an va 3 1an khac biét khong dang ké. Vi vay, dé két qua chiét mau
dam bao dong thoi tiét kiém thoi gian va dung méi, nghién ciru Iya chon chiét 2 1an.

Sau khi khdo sdt cdc diéu kién toi wu ciia quy trinh xit [y mdu, quy trinh chiét dé
phdn tich ham lwong carotenoid trong nudc cam nhuw sau:

Lay 20,00 mL mau nudc cam da dong nhat vao 6ng ly tim 50 mL, thém 15 mL
dung méi chiét n-hexan, lic ngang trong 10 phut. Ly tdm mdu 5 phit ¢ téc d6 6000
vong/phut. Gan dich chiét, ¢ quay chan khong sau d6 dinh mirc bang 5 mL dung
moi pha dong (acetonitril: methanol: nudc: ethyl acetat = 70: 9,6: 0,4: 20 (v/v/v/v);
loc qua mang loc 0,22 pm rdi bom vao hé théng sac ky HPLC - PDA. Thyc hién chiét
13p 2 lan.
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Lay 20,00 mL nudc cam tuoi vao 6ng ly tim
+ 15 mL n-hexan

Ly tam 6000 vong/phut x 5 phut

l Lic ngang 10 phut

Dich chiét

Dinh murc bang 5 mL pha dong

l C6 quay chéan khong

Dich c6 quay

l Loc qua mang loc 0,22 um

Mau phan tich

Hinh 3.15. Quy trinh xit [y madu

3.1.2.3. Tham dinh quy trinh phan tich

a. B on dinh ciia hé théng

D6 6n dinh hé théng duoc xac dinh bang cach thyc hién tiém lap lai 6 1an dung

dich miu chuan c6 néng d6 20 pg/mL.

Bang 3.9. Két qua tham dinh dé 6n dinh hé théng

Chét phan tich RSDk (%) RSDspeak (%)
Lutein 0,06 0,76
Lycopen 0,05 1,53
[-caroten 0,55 0,58

Do léch chuan tuong do6i ctia thoi gian luu va dién tich peak ddi véi 3 chat déu

nho hon 2%, dap ung theo yéu cau cia AOAC. Nhu viy, hé théng sic ky dap tmg

yéu cau vé dg on dinh.

b. Do dac hiéu

Do dic hiéu ciia phuong phap dugc danh gia thong qua viéc phan tich mau tring,

mau chuan, mau thuc va mau thuc thém chuan.
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Hinh 3.16. Sdc ky do khao sdat dé ddic hiéu
Mau trang khong cho tin hi¢u ciia chat phan tich, miu chuan, mau thyc va mau
thuc thém chuan cho tin hidu chat phan tich tai cing thoi gian luu véi sai 1éch nho
hon 3%. Nhu vay phuong phap c¢6 d6 dac hiéu tét.
d. Gioi han phat hién (MDL) va gioi han dinh lwong (MQL)
Céac két qua xac dinh MDL va MQL cua céac carotenoid dugc trinh bay ¢ phu luc
2.2. Két qua tong hop duoc trinh bay & bang 3.10.
Bang 3.10. Két qua tham dinh MDL, MOL cua 3 carotenoid

Chit phan tich MDL (mg/L) MQL (mg/L) R
Lutein 0,002 0,006 8,59
Lycopen 0,003 0,010 4,11
[-caroten 0,006 0,019 4,17

Gia tri R cta 3 carotenoid déu nam trong khoang 4<R<10, nhu vay cic gia tri R
déu niam trong khoang cho phép, tir d6 danh gia két qua MDL va MQL phu hop theo
tiéu chuan AOAC.
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e. D6 Idp lai va do thu hoi

Khi phan tich lap lai 6 1an mau nudc cam Vinh phat hién dugc lutein va B-caroten

nhung khong phat hién dugc lycopen. Vi vay nghién ctru thém mot luong chuén (0,5

ng/mL) cua lycopen vao mau thyc dé danh gia do thu hdi ¢ mic lap lai cua lycopen.

Bdng 3.11. Két qua dg Idp lai ciia 3 carotenoid

Chit phan tich Lutein Lycopen p-caroten
Ham luong trung binh
0,047 0,025 0,147
(ng/mL)
RSD (%) 1,3 0,3

Phuong phap c6 d6 lap lai véi RSD nam trong khoang 0,3 - 2,4% (n = 6) nho hon

11%, dap tmg yéu cau ciia AOAC khi phan tich dong thoi B-caroten, lutein va lycopen

trén nén mau nudc cam.

Do thu hoi duge thuc hién béng cach thém 1 luong chuan x4c dinh & 3 muc néng

do thép, trung binh va cao (néng do tuy thudc tung chit va duogc trinh bay cu thé &

phu luc 2.2), mdi murc thyc hién thém chuén 3 lan.

Bdng 3.12. Két qua do thu hoi ciia 3 carotenoid

Chét phan tich Lutein Lycopen p-caroten

Thém chuan | Hiéusuit (%) | 90,8 =936 | 81,0 +87,1 | 954 =968
mirc thap RSD (%) 0,35 0,73 0,18

Thém chuan | Hiéusuat (%) | 80,4+ 81,6 | 87,9+90,5 | 95,7+ 97,1
muc trung binh RSD (%) 0,33 0,78 0,36

Thém chudn | HiGusudt (%) | 103 =106 | 99,9+ 105 | 83,7 =~ 86,9
mirc cao RSD (%) 1,12 1,62 1,20

Theo AOAC, yéu cau do thu hoi tai mirc ham luong 100 ppb - 10 ppm phai dat

tir 80 - 110 % va d6 léch chuan twong ddi khong vuot qua 2%. Két qua tham dinh ciia

ca 3 chat déu co hiéu suat thu hdi va RSD ndm trong gi6i han cho phép. Diéu nay

ching minh phuong phap dép tng duoc yéu cau theo tiéu chuin cia AOAC vé do

thu hdi.
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3.1.3. Xay dung va tham dinh phwong phdp dinh lwong cdc flavonoid trong
nwdc cam

3.1.3.1. Khao sat diéu kién t6i wu ciia phirong phdp phan tich

a. Lwa chon buoc song phat hién

Dé lya chon bude song thich hop ghi sic ky db khi phan tich dong thoi naringin,
hesperidin, neohesperidin va quercetin trén detector PDA, tién hanh quét phd UV-
Vis trong khoang tir 200 - 800nm, xac dinh cuc dai hép thu cua mdi chat. Két qua thé
hién trén hinh 3.17.

— (a) narigin

— (b) hesperidin
d) — (c) neohesperidin
254

—(d) quercetin

Hinh 3.17. Phé hdp thu UV-Vis ciia cdc flavonoid

Naringin, hesperidin, neohesperidin c6 cuc dai hép thu lan luot & 283,0 nm; 284,2
nm; 284,2 nm va quercetin c6 2 cyc dai tai 254,4 nm va 364,2 nm. bé giam anh huong
ciia dung mdi va tap chét nhitng van dam bao duoc do nhay cua phuong phap khi
phan tich ddng thdi bon chit trong nudc cam nghién ctru da lira chon budc song phat
hién tai 284 nm dbi véi naringin, hesperidin, neohesperidin; budc song phat hi¢n tai
254 nm d6i v6i quercetin.

b. Lwa chon cot pha tinh

Tinh chat cta pha tinh va thanh phan pha dong c6 méi lién quan chit ché véi
nhau, ¢6 anh hudng rat nhiéu dén qua trinh tach sic ky do d6 phan cuc twong ddi cia

pha tinh va pha dong. Két qua khao sat vai 3 loai ¢ot duoc thé hién trén Hinh 3.18.
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Hinh 3.18. Sdc ky d6 hon hop chudn cia 3 cot khdo sdt
Két qua cho thiy, cot Cot Symmetry ® C18 va cot Sunfire TM C18 cho do tach
cac chit khong tdt, peak sic ky khong ddi xtmg, chan peak bi gidn, cot Sunfire TM
C18 con gip tinh trang ché peak. Cot Waters XBridge® peak sic ky cua cac chat
dugc tach nhau hoan toan, peak gon, ddi xtmg. Tu két qua trén, cdt Waters XBridge®
C18 (4,6 mm x 150 mm; S5pm) dugc lya chon cho nghién ctru nay.
c. Lua chon pha dong
Hiéu qua tach sic ky phu thudc phan 16n vao pha dong. Pha dong cé thé anh
huong dén: d6 chon loc ciia hé pha, thoi gian luu gift cua chat phan tich, do rdng chan

peak sic ky... Két qua khao sat dang dong dugc thé hién trén sic ky dé Hinh 3.19.
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Hinh 3.19. Sdc ky do khdo sdt pha déng

Két qua cho thay chuong trinh gradient tach tot hon nhiéu so v6i chuong trinh
dang dong. Chuong trinh déng dong cho kha ning tich cac peak phan tich rat kém,
thoi gian lwu ngén tir 1,8 - 3,8 phut khé tach khoi cac tap chit khi phan tich mau thuc,
hinh dang peak XAu. Chuong trinh gradient thu dugc cac peak can déi, nhon, tin hiéu
duong nén thap, cac chit tach t6t ra khoi nhau.

Hai chuong trinh gradient déu cho kha ning tach tot cac chat, chuong trinh
gradient 2 cho d0 rong chin peak nho hon va thoi gian lwu ngdn hon so véi chuong
trinh gradient 1 giup tiét kiém thoi gian va chi phi. Vi vay, pha dong gom 2 thanh
phan acid phosphoric 0,1% va ACN véi chuong trinh gradient 2 dugc lya chon dé
phan tich dong thoi naringin, hesperidin, neohesperidin va quercetin.

d. Lwa chon téc dé dong pha dong

Tién hanh khao sat 3 téc d6 dong 0,8 mL/phut; 1,0 mL/phat va 1,2 mL/phut voi

cac diéu kién pha dong va pha tinh da t8i wu. Két qua duoc thé hién trén Hinh 3.20.
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Hinh 3.20. Sdc ky do khao sat toc dé dong tach 4 flavonoid
Bang 3.13. Cdc théng sé khdo sdt tach 4 falvonoid véi cdc téc dp dong
Téc dp dong . Thoi gian Hé 56 doi | Pé réng
(mL/phut) Chat phan tich lwu (phut) N xung chadn peak

Naringin 11,4 490,6451 1,1688 0,098
Hesperidin 12,0 453,2829 1,1714 0,097
08 Neohesperidin 12,6 730,9057 1,1732 0,094
Quercetin 15,3 390,2619 1,2609 0,117
Naringin 10,2 1215,8197 0,8988 0,1141
Hesperidin 10,8 910,2566 0,9324 0,1110
1o Neohesperidin 11,3 1661,3051 0,9485 0,1047
Quercetin 13,8 1079,9414 | 11,1571 0,1138
Naringin 9,5 122,4529 1,0791 0,0879
Hesperidin 10,0 111,6097 1,0992 0,0876
1.2 Neohesperidin 10,6 180,0869 1,0883 0,0847
Quercetin 12,9 99,9388 1,1951 0,1009
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Két qua cho thay, voi toc do dong 1,0 mL/phit ti 16 tin hiéu nhiéu trén nén (S/N)
c6 gia tri 16n nhat, hé sb ddi xing gan 1 nhat (d6i v6i hesperidin, neohesperidin va
quercetin). V&i tde do dong 1,2 mL/phut do rong chan peak nho nhét nhung ty 1€
nhiéu trén nén rat nho, thuc té dién tich peak ciing nho nhét lam giam d¢ nhay cua
phuong phap. Do vay, dé thu duoc sic ky d6 véi cac peak gon, tach tot, thoi gian
phan tich vira phai nghién ctru da lya chon toc d6 dong 1,0 mL/phut trong phuong
phap xac dinh déng thoi naringin, hesperidin, neohesperidin va quercetin trong nudc
cam.

Nhue vy, sau khi tién hanh khdo sat diéu kién phan tich dong thoi naringin,
hesperidin, neohesperidin va quercetin trong niwdc cam bang HPLC cu thé nhw sau:

- Cot sac ky: Cot XBridge® Water C18 (4,6mm x 150mm; 5um).

- Pha ddng: acid phosphoric 0,1% va ACN véi chuong trinh gradient 2 & Bang

2.1.

- Téc @6 dong 1,0 mL/phut.

- Thé tich tiém mau: 10 pL.

- Detector PDA

- Budc song phat hién tai 284 nm ddi véi naringin, hesperidin, neohesperidin; tai
254 nm d6i v6i quercetin.

e. Xay dwng dwong chudn

Xay dung duong chuan bang cach phan tich cic mau chuan hdn hop véi nong do
thay d6i tir 0,1 pg/mL - 200 pg/mL véi ca 4 chét theo quy trinh da xay dung. Xac
dinh sy twong quan giita ndng d chat phan tich va dién tich peak tuong mg thu dugc
trén sac ky dd bang phuong phap hdi quy tuyén tinh

Bang 3.14. Puong chudn cia cdc chat phan tich

Chit phan tich | Khoang tuyén tinh Puwong chuin R?
Naringin 0,1 =200 pg/mL y =16581x - 266,93 0,9999

Hesperidin 0,1 —200 pg/mL y=12741x + 1318,9 1,0
Neohesperidin 0,1 —200 pg/mL y =21239x — 622,24 0,9998
Quercetin 0,1 =200 pg/mL y=16311x-902,92 0,9998
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Hinh 3.21. Puong chudn cua 4 flavonoid trong nwéc cam

Két qua cho thay khoang tuyén tinh ctia 4 flavonoid trong khoang noéng do tir 0,1
— 200 pg/mL, cac phuong trinh tuyén tinh déu c6 hé sb twong quan R2> 0,99, dat yéu
cau ctia AOAC.

3.1.3.2. Xay dung quy trinh xir [y mau

a. Khao sat lva chon dung méi hoa tan

Cé 4 chéat déu kho tan trong nudc, tan tot trong dung méi hiru co. Vi vay, tién
hanh khao sat 3 dung méi hoa tan: methanol, ethyl acetat, ACN trén nén mau cam

Vinh.
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Hinh 3.22. Két qua khdo sat dung méi hoa tan
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Hinh 3.23. Sdc ky d6 mau nwée cam dwoc hoa tan trong 3 dung méi

Két qua sac ky do cho thay, trén mau thuc chi phat hién thay hesperidin, khi hoa
tan béng ethyl acetat khong loai bo duogc hét tap chit nén peak 1an rat nhiéu tap, ham
luong hesperidin thdp hon rat nhiéu so véi 2 dung méi con lai. Véi dung méi methanol
cho peak sic ky dbi xtmg va d6 rong chin peak nhé hon, ham lugng hesperidin cao
hon so vd1 ACN.

Vi vay, nghién ctru da lva chon methanol 1a dung moi hoa tan cho cac mau nuéc

cam.
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b. Khao sat lya chon ky thudt hoa tan mau
K§ thuat hoa tan mau anh hudng nhiéu d&én kha nang phén tan va tach hoat chat
can phan tich ra khéi nén mau. Dya vao diéu kién phong thi nghiém, tién hanh khéao

sat 4 cach hoa tan: lac tay, lac ngang, lac vortex va rung si€u am.

’g 400
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Hinh 3.24. Két qua khao sdt ky thudt hoa tan
Véi ca 4 ki thuat, hiéu sudt thu duoc khac nhau khéng dang ké. Tuy nhién, lic
tay cho nang suat lam viéc kém, vortex mdi lan chi duoc t6i da 2 mau. Do vay, dé
thuan ti€n va phu hop véi diéu kién phong thi nghiém nghién ctru lya chon k¥ thuat
lac ngang dé t6i wu kha nang xtr Iy mau, ting nang suit lam viéc, hiéu qua kinh té tot.
c. Khao sat lywa chon thoi gian hoa tan mau
Trén cing mot nén mau nudc cam Vinh, tién hanh lic ngang bang methanol &

cac muec thoi gian khac nhau: 5 phut, 10 phut, 20 phut.
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Hinh 3.25. Két qua khao sat thoi gian hoa tan
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Hiéu suét khi lac 5 phit thap hon nhiéu so véi 2 muc con lai. O muc thoi gian
10 phat va 20 phat hiéu suat tuong dwong nhau. Vi vay dé tiét kiém thoi gian xur 1y
mau, nghién ctru da Iya chon thoi gian lac 14 10 phut.

Duya trén cac khao sat, quy trinh xir Iy mau duoc trinh bay trong so d6 Hinh

3.26.

Lay 5,00 mL nudc cam
Dinh murc 25 mL bang MeOH

Lic ngang 10 phut
Ly tam 6000 vong/phut x 5 phut

Dich chiét

l Loc qua mang loc 0,22 um

Mau phan tich

Hinh 3.26. Quy trinh xit [y mdu
3.1.3.3. Tham dinh phwong phdp
a. B on dinh hé tho”'ng
Thuce hién tiém 13p lai 6 14n vao nén mau hdn hop chuin c6 ndng dd 200 ppm.
Két qua thu duoc nhu Bang 3.15.
Bang 3.15. Két qua d¢ on dinh hé thong

Chét phan tich RSDr (%) RSDspeak (%0)
Naringin 0,09 0,49
Hesperidin 0,09 0,94
Neohesperidin 0,07 0,44
Quercetin 0,07 0,53

Gia tri RSD theo thoi gian luu va theo dién tich pic cta ca 4 chit chat déu nho
hon 2%, dap ting theo yéu cau cia AOAC.

b. Do dac hiéu

Do dic hiéu ciia phuong phap duoc danh gia thong qua phan tich mau tring, miu

dung dich hon hop chuan va mau thuc thém chuan theo phuong phap di xay dung.
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Mau thir thém chuan
Hinh 3.27. Sdc ky do khao st dé ddc hiéu phan tich flavonoid

Trén sic ky dd ctia miu chuén xuat hién peak tai thoi diém 10,2 phut cia naringin,
10,7 phut ctua hesperidin, 11,3 phut ciia neohesperidin va 13,8 phut cua quercetin.
Mau thém chuan cho tin hiéu chat phan tich tai ciing thoi gian luu ciia mau chuan va
sai léch thoi gian luu khong qua 1%. MAu tring khong cho tin hiéu cua chit phan
tich. Nhu vay, phuong phap da xay dung c6 d6 dac hiéu cao.

d. Gioi han phat hién (MDL), gioi han dinh lwong (MQL) cua phwong phap

Cac két qua xac dinh MDL va MQL cua cac flavonoid duoc trinh bay ¢ phy luc
2.3. Két qua téng hop duoc trinh bay & bang 3.16.

Bdng 3.16. Két qua tham dinh MDL, MOL cua 4 flavonoid

Chit phan tich MDL (mg/L) MQL (mg/L) R
Naringin 0,12 0,40 8,07
Hesperidin 0,17 0,57 6,87
Neohesperidin 0,13 0,44 6,48
Quercetin 0,18 0,61 4,18
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Céc gié trj ciia hé s6 R déu nam trong gidi han yéu cdu 4 < R < 10 cia AOAC,
do do gia tri MDL, MQL thu dugc 1a dang tin cdy.

e. Do lap lai va do thu hoi

Do lap lai duge thuc hién trén mau cam Vinh va tién hanh lam thi nghiém 6 lan
l3p lai. Do naringin, neohesperidin va quercetin khong cé trong mau thuc, vi viy
nghién ctru thém mét lugng chuan (0,6 ppm) cua narigin, neohesperidin, quercetin
vao mau thuc dé danh gia d6 thu hoi & mite 13p lai cua ba chit. P9 13p lai ctia phuong
phap duoc danh gia thong qua do 1éch chuan (SD) va d6 1éch chuan twong dbi (RSD
(%))

Bang 3.17. Két qua do lap lai cua 4 flavonoid

Chit phan tich Naringin Hesperidin | Neohesperidin | Quercetin
Ham luong trung binh
3,20 376,26 3,32 3,07
(ng/mL)
SD 0,07 7,61 0,08 0,05
RSD (%) 2,07 2,02 2,48 1,35

Két qua cho thay phuong phap c6 do lap lai nam trong khoang gidi han cho phép
v6i RSD dat tir 1,35 - 2,48% (n = 6) nho hon 11%, dap tng yéu cau cia AOAC khi
phan tich ddng thoi naringin, hesperidin, neohesperidin va quercetin trén nén mau
nudc cam.

Do thu hdi dugce thuc hién bé’mg cach thém 1 luong chuan x4c dinh & 3 muc né)ng
d6 thap, trung binh va cao (phu luc 2.3), mdi muc thyc hién thém chuan 3 lan.

Bdng 3.18. Két qua dg thu héi cia 4 flavonoid

Chit phan tich Naringin Hesperidin | Neohesperidin | Quercetin

Hiéu
Thém sudt | 105,0+110,5| 97,0 =99,0 | 102,0 = 107,0 | 100,0 +101,4
chuan (%)

mic thap | RSD
(%)

2,17 0,34 2,42 0,70
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Chit phan tich Naringin Hesperidin | Neohesperidin | Quercetin
Hiéu
Thém ]
, suat | 98,9 +99,6 | 104,1 +104,3 95,7 + 96,8 85,3 + 90,0
chuan
(7o)
mtuc trung
RSD
binh 0,37 0,09 0,60 3,01
(o)
Hiéu
, 101,2
Thém suat 1015 92,5 +93,0 92,2 +92,5 85,5 + 87,9
chudn | (%) B
muc cao | RSD
0,14 0,20 0,17 1,58
(o)

Theo AOAC d6 thu hoi phai dat tir 80 - 110% tai muc néng do tr 0,1 - 10 ppm;
tir 90 - 107% tai muc ndong d6 100ppm va RSD khong vuot qua 11%. Két qua thim
dinh cua ca 4 chat déu co hiéu suit thu hoi va RSD nam trong giéi han cho phép.
Diéu nay chimg minh phuong phéap dap ing duoc yéu cau theo tiéu chuan cia AOAC
vé do thu hoi.

3.2. Phin loai cic san pham nuéc cam dua trén thanh phan héa hoc

3.2.1. Phén tich thong ké

Tién hanh dinh lugng cac thanh phan hoa hoc chinh theo cac quy trinh da xay
dung 82 miu cam thudc 4 gidng, tir 10 tinh cta Viét Nam (cu thé da trinh bay ¢ muc
2.3.2.1). Bang két qua phan tich cac thanh phan hoa hoc chinh ciia cac mau nudc cam

tu nhién dugc trinh bay trong Bang 3.19.
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Bang 3.19. Ham lwong cdc hop chdt chinh trong nwée cam twoi ¢ cdc giong va

dwoc trong & cdc tinh khdc nhau

Duong (g/100mL) Carotenoid Acid (g/L) Flavonoid (mg/L)

Giéng | Tinh (mg/L) ;
fructose | glucose | sucrose | lutein | | citric | ascorbic | fumaric | hesperidin | quercetin
Vinh BG | 2,367 | 2,148 | 2,720 | 0,107 | 0,067 | 187,002 | 1,457 | 0,147 281,831 39,737
+0,238 | £0,091 | £0,179 | +£0,030 | £0,017 | +6,987 | £0,533 | +0,018 | +£128,859 | +3,894
Vinh HY | 2,509 | 2,226 | 4,184 | 0,052 | 0,049 | 205,120 | 1,951 | 0,058 385,315 21,040
+0,423 | £0,390 | £0,837 | £0,011 | £0,007 | £38,511 | £0,474 | £0,027 | +£152,662 | +4,621
Vinh | QN | 3,185 | 3,458 | 3,888 | 0,074 | 0,056 | 264,383 | 3,786 | 0,163 | 425,561 | 92,040
+0,566 | £0,286 | £0,840 | +£0,009 | 0,005 | +9,171 | £0,094 | £0,003 | £206,081 | +0,198
Vinh TQ | 2,198 1,966 | 3,042 | 0,136 | 0,059 | 317,082 | 14,224 | 0,755 363,231 71,207
+0,446 | £0,414 | £0,655 | 0,022 | 0,011 | £16,412 | £8,366 | £0,781 | 168,668 | £23.816
Xa HG | 2,480 | 2,385 | 2,445 | 0,033 | 0,041 | 192,286 | 2,773 | 0,066 624,549 20,615
Dboai +0,541 | £0,589 | £0,545 | £0,008 | £0,009 | +6,149 | £0,173 | £0,003 | £113,299 | +0,876
Xa NA | 2,081 1,878 | 3,744 | 0,070 | 0,052 | 188,552 | 3,560 | 0,071 288,836 23,523
Dboai +0,185 | £0,232 | 0,431 | £0,012 | £0,005 | £66,515 | +4,378 | £0,023 | £79,365 +8,130
Sanh | TN | 1,424 | 1,427 | 3,662 | 0,197 | 0,157 | 176,225 | 1,837 | 0,245 259,500 69,624
40,236 | £0,273 | £0,663 | 0,010 | £0,008 | £10,347 | £1,582 | £0,084 | £142,291 | 33,347
Sanh | TQ | 1,770 | 1,345 | 3,085 | 0,242 | 0,537 | 238,320 | 0,612 | 0,026 360,126 85,685
+0,269 | £0,163 | 0,573 | 0,011 | £0,074 | £11,355 | 0,004 | £0,006 | £152,941 | =4.831
Sanh | TV | 1,705 | 1,663 | 3,408 | 0,143 | 0,202 | 149,529 | 1,455 | 0,160 | 350,763 | 40,418
+0,941 | £0,985 | £0,540 | £0,015 | 0,010 | £32,019 | 0,411 | £0,063 | +£206,175 | 2,850
Sanh | VL | 2,062 | 1,939 | 4,236 | 0,074 | 0,362 | 205,128 | 0,440 | 0,210+ | 197,343 26,380
+0,470 | £0,468 | £0,792 | £0,022 | £0,093 | +46,589 | +£0,152 | 0,176 +60,182 | +£17,340
Cao | HB | 3,038 | 2,647 | 4,327 | 0,125 | 0,068 | 184,309 | 1,737 | 0,118 514,923 44,040
Phong +1,021 | £0,982 | £1,501 | £0,020 | £0,004 | +1,937 | £0,022 | £0,020 | +£155,664 | +2,151

Ghi chii: BG: Bic Giang, HY: Hung Yén, ON: Quang Ninh, TQ: Tuyén Quang,

HG: Ha Giang, NA: Nghé An, TN: Tdy Ninh, TV: Tra Vinh, VL: Vinh Long, HB:

Hoa Binh, gia tri ham lwong = ham lwong trung binh £ SD.
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Két qua phan tich ham luong cac hop chit chinh cho thiy néng do cac chat nay
bién thién déng ké theo giéng cam va ving dia 1y trong, véi su khac biét c¢6 ¥ nghia
thong ké.

Dbi véi nhom carotenoid, gidng cam sanh thé hién ham luong p-caroten va lutein
cao hon rd rét so v6i cac gidng con lai trong nghién ctru. Ham luong lutein dao dong
tr 0,033 = 0,008 dén 0,242 + 0,011 mg/L, trong d6 gia tri cao nhat duogc ghi nhan &
cam trong tai Tuyén Quang. Ham luong B-carotene nam trong khoang 0,041 + 0,009
dén 0,537 £ 0,074 mg/L, dong thoi cling dat gia tri cuc dai & cam Sanh trong tai
Tuyén Quang.

b-caroten theo Giéng va Dja phuong Lutein theo Giong va Dia phuong
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Hinh 3.28. Sw phdn bé ham heong carotenoid trong mede cam

Dbéi voi nhém duong, ham lugng fructose dao dong tur 1,424 + 0,236 dén 3,185
+ 0,566 g/100mL, véi gia tri cao nhat quan sat dugc & cam Vinh trong tai Quang
Ninh. Tuong tu, glucose c6 ham luong trong khoang 1,427 + 0,273 dén 3,458 0,286
g/100mL, cling dat cuc dai & cam Vinh ctia Quang Ninh. Bang cht y, sucrose ¢ ham
luong cao hon dang ké so véi hai loai duong con lai, dao dong tir 2,445 + 0,545 dén
4,327 = 1,501 mg/L, voi gia tri 16n nhét duoc ghi nhan & cam Cao Phong tréng tai
Hoa Binh.
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Fructose theo Gidng va Bia phuong

Glucose theo Gidng va Pia phuong
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Sucrose theo Gidng va Dia phuong
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Hinh 3.29. Su phdn bé ham lwong dwong trong nuée cam

Dbi v6i nhom acid hitu co, ham lugng acid citric bién thién trong khoang 149,529

+32,019 dén 317,082 + 167,412 g/L, véi gia tri cao nhit & cam Vinh trong tai Tuyén
Quang. Ham lugng acid ascorbic dao dong tir 0,440 + 0,152 dén 14,224 + 8,366 g/L,
trong khi acid fumaric nam trong khoang 0,026 + 0,006 dén 0,755 + 0,781 g/L; ca hai

acid nay déu dat gia tri cao nhat & cam Vinh cua Tuyén Quang.

acid citric theo Gifng va Bia phuong
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ascorbic acid theo Gidng va Dja phuong
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fumaric acid theo Giéng va Dia phuang

Ham lugng
=1
&

Hinh 3.30. Sw phdn bé ham hrong acid trong nude cam
Déi voi nhom flavonoid, ham luong quercetin dao dong tir 20,615 + 0,876 dén
92,040 £ 0,198 mg/L, véi gia tri cao nhét dugc ghi nhan ¢ cam Vinh tréng tai Quang
Ninh. Ham luong hesperidin ndm trong khoang 197,343 + 60,182 dén 624,549 +
113,299 mg/L, trong d6 cam Xa Doai trong tai Ha Giang cho gia trj cao nht.

quercetin theo Gidng va Dija phuang Hesperidin theo Gidng va Dja phuong
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Hinh 3.31. Sw phdn bé ham lwong flavonoid trong nuwde cam

Nhitng két qua nay pht hop véi cac bao cdo trude day trén thé gisi [36, 44, 50,
53, 75, 83], trong do chi ra rang thanh phan va ham luong cac hop chit hoa hoc trong
nudc cam phu thuoc manh vao giéng va diéu kién tréng trot. Pang luu y, ddi véi mot
s6 hop chat nhu B-carotene, acid citric va quercetin, mot s mau thé hién gia tri dic
biét cao so voi phﬁn 16n cac mau con lai. Céac diém dit liéu nay dugc xem la ngoai lai
(outliers) va can duogc loai bé trude khi 4p dung cac mé hinh may hoc, nhim tranh
anh hudng tiéu cuc dén qué trinh huin luyén mo hinh va dat dugc do chinh xac du

doan to1 vu.

92



3.2.2. Sw khdc biét vé thanh phan héa hoc trong nwéc cam
Phén tich phuwong sai mot chiéu (one-way ANOVA) duoc sir dung dé kiém dinh
su khac biét vé ham lugng cac hop chit hoa hoc chinh gitta cac giéng cam va cac dia
phuong Viét Nam véi muc ¥ nghia thong ké o = 0,05. Bang két qua ANOVA mot
chiéu duoc thé hién & bang 3.20
Bdng 3.20. Két qua ANOVA thanh phan héa hoc

Hop chit Theo gif')n,g Theo dia phu’,(mg
p Y nghia P Y nghia
Lutein 5,654.10°7 oo 4329102 o
Quercetin 1,860.107°2 * 1,208.10° ok
B-caroten 5,645.10°'8 ok 6,942.10"1 oo
Acid ascorbic | 9,249.10% ok 5.460.10%% *
Glucose 8,825.10°% sk o 8,838.107 Sk
Fructose 3,722.10°77 kK 1,073.10-% o
Sucrose 1,211.10° ns 4,240.10 ok
Hesperidin 1,492.10% ok 7.566.107%5 o
Acid citric 3,283.10% * 9.975.10% o
Acid fumaric 2,296.10°! ns 4374.100 o

Ghi chu: ns (khong y nghia), * (p < 0,05), ** (p < 0,01), *** (p < 0,001).

Két qua ANOVA mot chiéu cho thay cac thanh phan hoa hoc chinh ctia nuéc cam
Viét Nam bién thién theo ca hai tiéu chi phan loai 1a giéng va dia phuong trong.

Xét theo gidng, da s6 hop chit co su khac biét co ¥ nghia théng ké (p < 0,05),
dic biét nhom carotenoid gom lutein (p = 5,654.1077) va B-caroten (p = 5,645.10°'%)
thé hién mirc khac biét 16n gitta cac gidng, goi ¥ su khac biét di truyén trong con
duong sinh tong hop carotenoid. Nhom dudng ciing tao sy phan tach manh, fructose
(p = 3,722.10°7) v glucose (p = 8,825.10°%) thay d6i dang ké theo giéng. Nguoc lai,
sucrose (p =0,1211) va acid fumaric (p = 0,2296) sy khac bi¢t khong c6 y nghia gilra
cac gidng. Diéu ndy goi ¥ rang hai chi tiéu ndy it chiju chi phdi béi yéu té di truyén

theo gidng.
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Xét theo dia phuong trong, tat ca hop chat khao sat déu c6 su khac biét co ¥ nghia
thdng ké (p < 0,05), trong d6 lutein (p = 4,329.1022), quercetin (p = 1,208.107'%) va
B-caroten (p = 6,942.10°'") cho kha ning phéan tach manh do c¢6 gié tri p rat nho. Két
qua nay cho théy vai tro cua diéu kién sinh thai (nhiét d9, lugong mura, thd nhudng,
dinh dudng ...) dbi véi tich liy chat chuyén héa thir cAp (carotenoid va flavonoid).

Vavoura va cong sy ciing dd ching minh rang viéc két hop chi tiéu hoéa 1y -
flavonoid - hop chat bay hoi voi chemometric c¢6 thé phan biét nuéc cam theo giéng
v6i do chinh xé4c cao; trong d6 flavonoid 14 nhom bién dong gép quan trong [145].
Dasenaki va Thomaidis két luan rang du van tay hoa hoc cta nuéc qua thudng thé
hién khéc biét theo ngudn gdc dia 1y, dic biét ddi voi nhom chat chuyén hoa thir cap
(polyphenol/flavonoid) va mét s6 acid hitu co [87].

Nhu vay, hop chit ¢6 p-value rat nho theo ca gidng va dia phuong trong (lutein,
B-caroten, quercetin, hesperidin, glucose/fructose) 1a cac ‘marker’ tiém ning. Céc
bién it dic trung theo giéng (sucrose, fumaric acid) van co gia tri cho phan loai theo
dia phuong. Két qua nay cho thay, voi cac thanh phan hoa hoc trong nudc cam Viét
Nam kha ning phan loai theo ngudn gbc dia Iy c6 nhiéu dau van tay manh hon so voi
phan loai theo gidng.

3.2.3. Phén logi bang mdy hoc dwa trén thanh phan héa hoc

3.2.3.1. Phdn loai cam theo giong

Phan tich thanh phan chinh (PCA) dugc thuc hién nhim khao sat mdi quan hé
giita thanh phan hoa hoc ciia cac mau nude cam va cac gidng cam tuong tmg. Két
qua trén Hinh 3.32 chi ra rang hai thanh phan chinh dau tién, PC1 va PC2, lan luot
giai thich 27,6% va 20,5% tong phuong sai ctia b dif liéu, tuong tmg véi 48,1% tong
bién thién. Mic du ty 1¢ phuong sai giai thich & mirc trung binh, biéu do PCA biplot
van cho thiy sy phan tach twong dbi rd rang gitra bon gidng cam gdm Vinh, Cao
Phong, Xd Poai va Sanh, phan 4anh su khac biét dang ké vé hd so chuyén hoa giira

cac giong.
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Hinh 3.32. Két qua biéu do PCA biplot diwea trén tiéu chi phan loai theo giong

Cu thé, gibng cam Sanh phan b6 chu yéu vé phia 4m cua PC1, gin lién v6i ham
luong cao ciia B-carotene, lutein, quercetin va acid fumaric. Piéu ndy cho thdy cam
Sanh ¢6 xu huéng giau hop chat chéng oxy hoa va sac td, phan anh dic trung sinh
hoa noi bat ciia gidng nay. Nguoc lai, cic giong Xa Poai va Cao Phong nam vé phia
duong ctia PC1, dac trung béi ham lugng cao cua hesperidin, glucose va sucrose, qua
d6 phan anh do ngot cao hon va ham luong flavonoid dang ké. Trong khi d6, giéng
cam Vinh chu yéu phan bd doc theo truc duong ctia PC2, twong tmg v6i ham lugng
cao cua acid ascorbic va acid citric. Cac hop chat nay dong vai tro quan trong trong
viéc tao do chua cling nhu ting cudng tiém ning chéng oxy hoa, cho thiy cam Vinh
c6 dic trung sinh hoa khac biét so véi cac gidng con lai.

Ngoai ra, huéng vector ciia glucose, sucrose va hesperidin gan nhu dong nht,
cho thiy méi tuong quan duong chit ché giita cac hop chat nay. Nguoc lai, vector
clia B-carotene c6 xu hudéng ddi nghich véi acid ascorbic, goi ¥ mbi twong quan
nghich giita hai nhém hop chét nay trong cac mau cam khao sat.

Téng thé, cac két qua PCA cho thay phuwong phép nay c6 kha ning phéan biét higu

qua cac giéng cam dya trén diu van tay thanh phén hoa hoc, déng thoi 1am ndi bat
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nhirng chi thi sinh hoa chii chét dong vai tro quyét dinh trong sy khac biét giita cac
gidng. Pay 14 co sé quan trong cho viéc lua chon bién dau vao va phat trién cac mo

hinh héa hoc da bién va mdy hoc nham phan loai giong cam ¢ cac budc nghién cuu

tiép theo.
Bdng 3.21. Két qua phdn loai theo giong cam.
SvVC DT RF MLP XGBoost
Khong SMOTE 0,64 0,588 0,765 0,706 0,706
SMOTE 0,896 0,897 0,897 0,931 0,897

Céc két qua phan loai thé hién trén Bang 3.21 thé hién mot hién tuong thuong
thdy trong may hoc khi phan bd dit liéu huin luyén bi mit can bang nghiém trong
giita cac 10p. Trong trudng hop nay, cac mo hinh c6 xu hudng téi thiéu hoa ham mat
mat chil yéu theo 16p chiém wu thé, ddn dén do chinh xac tong thé cao nhung d6 thu
hoi (recall) thap d6i vai 16p thiéu sd. Viéc ap dung SMOTE (Synthetic Minority Over-
sampling Technique) da giam thiéu mot phan han ché nay thong qua co ché noi suy
trong khong gian dic trung, tao ra cic mau tong hop nam trong lan can cia cac diém
dir liéu thudc 16p thiéu sd. Nho @6, phan bd dir lidu tré nén dang huéng hon trong
khong gian hoc, gop phan hinh thanh ranh gidi quyét dinh 6n dinh va cong bang hon
gitra céac 1op.

Su cai thién nhat quan vé hiéu nang cua cac md hinh SVC, Decision Tree,
Random Forest va XGBoost tir khoang 0,6 - 0,7 1én gan 0,9 cho thdy SMOTE khong
chi 1am giam thién 1éch ma con 1am tron ranh gi6i quyét dinh, dic biét co loi dbi véi
cac mo hinh dya trén phan hoach nhu DT va RF. biéu nay Xuét phat tir viéc dir li¢u
dugc bd sung co ciu trac gitp cac thudt toan phan chia khong gian ddc trung hiéu
qua hon, tranh thién léch vé 16p chiém uu thé.

Tuy nhién, SMOTE dua trén ndi suy tuyén tinh; do d6, néu khong gian dic trung
c6 cau tric da tap phi tuyén manh, cic mau tong hop sinh ra c6 thé khong nam trén
da tap dir li€u thuc, tir do6 tiém an nguy co qua khop nhe. Tuy nhién, m6 hinh MLP
dat hi€u nang cao nhét (0,931), phan anh kha nang hoc cac anh xa phi tuyén téng quat
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vuot troi so voi cdc mod hinh dya trén phan loai ro1 rac hodc kernel ¢ dinh. Két qua
nay cho thay khi phan b6 dir liéu da duoc cin bang, cac bo xap xi phi tuyén toan cuc
nhu MLP c¢6 thé khai thac hiéu qua toan bg dir li¢u theo céach lién tuc, tir do tao ra
ranh gi6i quyét dinh muot ma va on dinh hon.

3.2.3.2. Phdn logi cam theo nguon goc dia Iy

Biéu do PCA biplot (Hinh 3.33) véi PC1 giai thich 27,6% va PC2 giai thich
20,5% tong phuong sai cho thdy sy phan hoa hoa hoc 13 rét giita cdc mau cam thu
thap tir cac ving dia 1y khac nhau. Cac mau tir Bac Giang, Tuyén Quang va Quang
Ninh c6 xu huéng phin cum tach biét, phan anh hd so chuyén hoa dic trung theo
vung, nhiéu kha ning chiu anh hudng cia diéu kién dia 1y va méi truong sinh thai.
Cac vector dai di¢én cho acid ascorbic, acid citric va hesperidin dinh huéng gé‘m nhau,
cho thdy mdi twong quan dwong manh giita cac acid hiru co va nhém hop chit lién
quan dén vi ngot. Nguoc lai, B-carotene, lutein va quercetin hinh thanh mot nhoém

vector riéng biét, dai di¢n cho su bién thién cua cac hop chat sac to va flavonoid.

PCA Biplot (Region)
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Hinh 3.33. Két qua biéu d6 PCA biplot dya trén tiéu chi phan logi theo nguon goc
dia ly
Mic di PC1 va PC2 chi giai thich khoang 48% tong phuong sai, hién trgng phan
cum theo ving dia 1y quan sat dugc van 1am ndi bat da dang sinh héa tiém an giita

cac khu vuc trong cam. Két qua nay khang dinh PCA c¢6 kha ning ndm bt ciu trac
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chinh cta su bién thién chuyén héa, qua d6 hd trg hiéu qua cho viéc phan loai ving
dia 1y dua trén ddu van tay thanh phan héa hoc ctia cam.

Bdng 3.22. Két qua phdn loai cam theo nguon goc dia 1y

SVC DT RF MLP XGBoost
Khong SMOTE 0,823 0,529 0,882 0,765 0,647
SMOTE 1,0 0,906 1,0 0,875 0,969

Trong trudong hop chua ap dung SMOTE, RF (0,882) va SVC (0,823) thé hién
hi€u nang vuot trdi so voi cac phuong phap may hoc khac, trong khi MLP (0,765)
dat do chinh xac tuong ddi nhung th?ip hon mot chuat, do d¢ nhay cao véi sb lugng
mau han ché ¢ mdi 16p.

Cac mo hinh cho théy su cai thién dang ké vé do chinh x4c khi ap dung SMOTE,
diéu nay khang dinh tac dung cua viéc can bang 16p dbi v6i cac bo dit liéu chat chuyén
hoa c6 mirc do mat can bang trung binh. Sau khi 4p dung SMOTE, tit ca cdc mé hinh
déu dugce cai thién rd rét, trong d6 SVC va RF dat do chinh xac tuyét ddi (1,0), con
XGBoost dat 0,969. Két qua nay cho thiy qua trinh 14y mau ting cuong da nang cao
kha niang biéu dién dic trung, ddng thoi giam thién 1éch vé cac 16p chiém vu thé, gitp
cac md hinh hoc dugce ranh gi6i phan 16p cong bang va on dinh hon. Nhitng két qua
trén cung cb vai trd cia SMOTE nhu mot bude tién xir Iy quan trong trong cac bai
toan phan loai dya trén dit liéu thanh phan hoa hoc, dic biét khi myc tiéu 1a tbi uvu
hoa hiéu nang mé hinh va dam bao tinh cng bang giita cac 16p trong trudng hop dir
liéu khong can bang.

Két qua ciia nghién ctru nay cho thy viéc phan loai giéng cam va xac dinh ngudn
géc dia ly c6 thé dugc thuc hién hiéu qua dua trén thanh phé‘ln hoa hoc cuia nudc cam
khi két hop voi cac thut toan may hoc. Trong sé cac md hinh dugce danh gia, mang
no-ron nhiéu 16p (Multi-Layer Perceptron — MLP) dat d6 chinh xac dy doan cao nhat
trong nhan dién giéng cam (93,1%), trong khi thuét toan SVC va RF cho kha ning
phan loai ngudn gdc dia 1y tuyét ddi (100%). Nhiing két qua nay khang dinh tiém
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ning manh mé cia cac phuwong phap phan tich duya trén dit lidu trong viéc hd trg truy
xudt ngudn gdc va xac thyuc tinh xac thuc ciia san pham ndng nghiép.

Nghién ctru nay ciing cung cip bd dir liéu toan dién dau tién vé thanh phan hoa
hoc cua bbn giéng cam duoc tréng tai mudi tinh khac nhau trén 1anh thd Viét Nam,
qua d6 tao nén tang khoa hoc quan trong cho viéc xay dung chi dan dia 1y va ching
nhan xuit x& cho cam Viét Nam. Day 1a mot dong gop c6 ¥ nghia khong chi vé mat
hoc thuat ma con vé mat quan ly va phat trién thuong hi¢u ndng san. Bén canh gia tri
khoa hoc, cac két qua thu duoc con mang ¥ nghia thyc tién 13 rét ddi voi nganh cong
nghiép ché bién nudc cam trong nude, giup cac nha san xudt xac nhan tinh xac thuc
ctia ngudn nguyén liéu dau vao.

3.3. Phan loai ngudn goc dia 1y cam dwa trén dir liéu phd UV - Vis
3.3.1. Pho UV-Vis ciia nudc cam va tién xir Iy dit ligu pho

Cac phé hép thu ctia 111 mau cam thu thap tir ba tinh cta Viét Nam, trai dai
tir ving UV dén NIR, dugc trinh bay trong Hinh 3.34 (a: Hoa Binh, b: Quang Ninh,
c: Tuyén Quang). Viéc mo rong mién khao sat, bao gdbm UV-Vis (250 - 780 nm) va
NIR (780 - 1000 nm), cho phép danh gia cac dinh hap thu twong tmg voi hdn hop da
dang cac hop chét hoat tinh sinh hoc (flavonoid, carotenoid...) ¢6 trong nudc cam.

Tir Hinh 3.34, ¢6 thé nhan thay cac dai hap thu ddc trung tap trung chu yéu tai
hai budc séng 280 nm va 330 nm. Dai hp thy thir nhat trong ving tir ngoai duoc quy
cho cac chuyén mirc dién tir m—n* ctia cac hé vong thom kiéu benzoyl va cac hop
chat phenolic [105]. Dinh nay lién quan dén sy hién dién cua cac flavonoid nhu
quercetin, hesperidin va naringin [116]. Ngoai ra, vitamin C (acid ascorbic) cling tung
duogc gan cho dai hap thu 260 - 280 nm do hé enediol v6i cac nhém hydroxyl lién hop
[88]. Tuy nhién, viéc khong quan sat thiy dinh nay trong Hinh 3.34b, cho thdy kha
nang tin hiéu tai viing nay chu yéu bit ngudn tir cac hop chét phenolic. Trong khi do,
mot dinh hép thu UV dac trung khac tai 330 nm duogc quy cho cac chuyén miurc cuc
b clia cac hé vong cinnamoyl, chang han nhu quercetin [14, 105]. Hé vong thom nay
bao gébm mot vong benzen lién két véi nhom carbonyl o,B-khong no ba carbon (—

CH=CH—CO-), v6i cac chuyén muc n—n* cua vong benzen va n—n* ciia nhom
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carbonyl (C=0). Tuy nhién, phan 16n cac phé UV-Vis cta mau cam tir tinh Quang
Ninh (Hinh 3.34b) khong cho thiy su xuat hién cua dai hip thu thdp hon, cho thiy
rang dinh hap thy xap xi 330 nm c6 thé lién quan dén cac nhom cinnamoyl trong
nhitng hop chét tuong ty nhu cac lacton lién hop (coumarin) [88]. Nhin chung, nudc
cam tu nhién chi chra mét luong rat nho coumarin (auraptene) [73, 126]. Bén canh
d6, mot s6 ddu hiéu yéu cua dai hép thu tai 450 nm dugc ghi nhan trong cic mau cam
Tuyén Quang (Hinh 3.34c). Hién tugng nay duoc cho la do sy hién dién cua
carotenoid (vi du: p-carotene), 1a cac sic t6 t nhién c6 chudi « lién hop dai [88]. Cac
hop chit nay hép thy trong ving kha kién thong qua cac chuyén mic n—n* va la
nguyén nhan co ban tao nén mau cam dac trung cta qua. Gebishu va cong su [88]
cling nhu Zeb va cong su [15] da bao cdo cac dinh h?ip thu trdi tai khodng 390 nm va
680 nm, 1an luot lién quan dén vitamin A va chlorophyll trong nudc cam tuoi; tuy
nhién, cac dai hap thu ddc trung nay khong dwoc phat hién trong cac mau cia nghién
ctru hién tai.

Nhin chung, dit liéu UV-Vis clia cdc mau cam tir ba tinh khic nhau, dic biét
12 Hoa Binh va Tuyén Quang, cho thay kiéu pho twong tu nhau, nhung chi khac biét
vé gia tri 46 hip thy tai ting budc séng. Quan sat ndy cho thay sy twong dong vé
thanh phan hoa hoc chinh cta cam & cac ving dia 1y khac nhau. Cy thé, cac pho thu
duoc phan anh thong tin phic tap vé thanh phan héa hoc cua cam théng qua nhiéu
dai he‘ip thu dac trung cta céc chat chéng oxy hoa. Trong do, su he‘ip thu manh trong
ving UV (< 400 nm) bt ngudn tir cac chuyén mirc t—n* va n—m* ctia cac hop chét
phenolic, flavonoid, vitamin va coumarin, trong khi cac h¢ 1ién hop nhu carotenoid
(tién chat cta vitamin A) hép thy trong ving kha kién khoang 400—500 nm do céc
chuyén mirc T—7*.

Mot s6 nghién ciru dd cong bd trude ddy [117] ciing ghi nhan cac dinh hép thu
tuong tu trong phd cta cc san pham tir cam, tuy nhién chwa c6 sy gan cu thé cho cac
dai hip thu UV nay. Do d6, nghién ctru hién tai c6 thé dong vai tro nhu mot ngudn
tham chiéu nham xac dinh cac dinh hip thu dic trung ctia cam cho cac nghién ctru

tiép theo. Pé ciing cb va kiém ching cac két luan trén, phan tich dinh luong bang
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HPLC da duoc thyc hién. Ngoai ra, phan tich UV - Vis cho thay tin hiéu ph6 hau nhu
khong bi anh hudng trong ving budc song trén 400 nm. Do do, viéc s dung toan b
dai budc soéng hay chi méot phﬁn phé 6 thuc sy can thiét cho muc dich nhan dién
thanh phan hoa hoc va xac dinh ngudn gbc dia Iy cia cam hay khong s& dugce danh
gi4 thong qua céc chi s6 6 chinh xac ctia mé hinh nghién ctru.

Mic du tOn tai su khéc biét trong cac phé UV-Vis thu duogc - lién quan dén su
khac nhau vé ham lugng cac hop chét hoat tinh sinh hoc - giita cac quan thé cam cing
gidng nhung c6 ngudn goc dia 1y khac nhau, khong thé phan biét truc quan ngudn
gbc dia 1y chi dwa trén cac phd UV - Vis tho trong Hinh 3.34. Nhu d3 dé cap trude
d6, anh huéng cua tinh phi tuyén, tinh da cong tuyén va nhiéu 1a khéng dang ké do
su khac biét phé gitta cac mau 1a rat nho khi st dung dir liéu UV-Vis. Vi vay, cac
phuong phap xir 1y dit liéu va danh gia dya trén dit liéu duoc dé xuit nhu nhitng céng

cu bo trg thiét yéu nham trich xuat va lam rd su phan biét gitra cac 16p mau.
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Hinh 3.34. Phé UV-Vis cia cdc mau cam & 3 tinh Viét Nam
Do d6, mot budc tién xir 1y dir lidu sir dung t6 hop SNV + SG + FD da dugc
ap dung nham chuan hoa cuong d6 phd va nang cao do tin cdy cua phan tich pho. Két
qué hiéu chinh phd bang cac k¥ thuat tién xtr Iy nay (Hinh 3.35) di lam ndi bat dang

“dau van tay” ctia cac nhom cinnamoyl véi dinh dic trung tai ving khoang 330 nm.
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Hinh 3.35. Phé UV - Vis ciia cdc mau nghién civu sau khi xir 1y bang
SNV+SG+FD.
3.3.2. Phén tich thim do dit ligu bang PCA

Dé hiéu rd hon céu tric va dic diém cta bo dir lidu, phan tich thanh phan chinh

(PCA) di dugc ap dung cho ca dit 1iéu phd tho va dit liéu sau tién xt 1y (SNV + SG
va SNV + SG + FD), nhu minh hoa trong Hinh 3.36. Bén canh muc dich truc quan

hoa dir li¢u va giam chi€u, viéc st dung PCA trong nghién ctru ndy con nham danh

gia kha nang cai thién xu hudng phan cum ctia cac mau sau tién xtr ly so voi dir ligu

ban dau.
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(¢) phd sau xir Iy SNV + SG + FD.
Hinh 3.36. Biéu do PCA cia pho UV - Vis cdc mau nuée cam véi 2 PC dau tién

Trude hét, phan tich d6 thi diém s6 PCA hai chiéu d6i véi dit liéu phd chua duoc
lam tron (Hinh 3.36a) cho thiy hai thanh phan chinh dau tién (PC1 va PC2) giai thich
85,4% tong phuong sai tich lily cta bo dir li¢u. Tuy nhién, trong phan tich khong
gidm st nay, khong thé phan tach rd rang ba nhém mau (Hoa Binh, Quang Ninh va
Tuyén Quang), va khong c6 thanh phan chinh riéng 1é nao du kha niang phan biét cac
quﬁn thé cam theo nguén géc dia ly. Mac du ton tai xu hudng hinh thanh cum trong
ting nhom mau, sy phan bd van chong lap va phan tan manh, dan dén do 16 rang truc
quan thap. Hién tuong chong 1ap va phan tan niy co thé bat ngudn tir nhidu nén va su
khac biét pho khong dang ké, 1am han ché kha ning phan biét nguén gdc dia 1y ciia
nudc cam chi dua trén dir liéu phé tho.

Nham cai thién mirc do phan tan cua céc diém dix liéu va xu huéng phan cum,
PCA tiép tuc dugc thuc hién trén cac tap dir liéu da qua tién xtr 1y (Hinh 3.36b va
3.36¢). Bdi vai dir licu xtr Iy bang SNV + SG, hai thanh phan chinh dau tién giai thich
93,5% tong phuong sai, trong khi t6 hop SNV + SG + FD cho gia tri phuong sai tich
lity dat 88,4%. Mic du cac chién lugc tién xtr Iy ndy gitp 1am ting ty 1& phuong sai
duogc giai thich va cai thién phﬁn nao ciu trac dit liéu, kha nang phan tdch hoan toan
ba ving dia 1y van con han ché, cho thdy PCA khong du manh dé phan loai 15 rang

nguon goc cam trong di¢u kién khong giam sat.
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Tuy nhién, can luu ¥ ring cic mau cam tir nhimg ving dia 1y khic nhau van thé
hién mot s dac diém phéan cum nhét dinh trén cac d6 thi diém s6 PCA. Cu thé, trong
Hinh 3.36b, cac mau cam Hoa Binh chu yéu phan bd & gia tri dwong cia PC1, trong
khi cdc mau cam Quang Ninh tip trung chil yéu & ving gia tri 4m ctia PC1. Nguoc
lai, cac mau cam Tuyén Quang c6 xu hudng phén tan trén nhidu phan tu khac nhau
ctia khong gian PCA, cho thay su twong dong nhat dinh vé thanh phan héa hoc véi ca
hai nhém Hoa Binh va Quéang Ninh.

Hién tuong nay co6 thé dwoc giai thich dua trén yéu t6 dia ly, khi tinh Tuyén
Quang 13 khu vyc mién nui phia Bic, nam giita hai tinh Hoa Binh va Quang Ninh.
Do d6, su twong ddng vé diéu kién sinh thai va khi hau c6 thé din dén su khac biét
hoa hoc ¢ mirc d6 nho, dic biét thé hién qua mot s6 dai hap thy nhat dinh (chang han
ving 450 nm) trong phd UV-Vis ctia cac mau cam Tuyén Quang.

Toém lai, phan tich PCA cho théy dir liéu phé UV-Vis ctia cac mau cam c6 xu
hudng phan cum theo ngudn gbc dia 1y, tuy nhién mirc d6 phan tach con han ché khi
st dung phuwong phap khong giam sat. Két qua nay khing dinh su can thiét phai ap
dung cac mo hinh hoc giam sat dé khai thac hiéu qua hon thong tin tiém an trong dir
liéu pho.

3.3.3. Phén logi nguén géc dia ly ciia cam bang cdc kj thudt hoc gidm sdt

3.3.3.1. Anh hwong cua viéc lya chon dai budc song dén kha nang nhdn dang

cua cac mo hinh phan loai

bé phan biét nguén géc dia ly cua cam, b dir licu gém 111 mAu cam sau khi tién
xtr Iy da duoc chia ngdu nhién thanh hai tdp con: tdp huin luyén (chiém 80% sé miu,
n = 88) dung d¢ xay dyng va huan luyén mo hinh, va tap kiém tra (chiém 20% sd
mAau, n = 23) ding dé danh gia hiéu ning cia cidc mo hinh di huan luyén. Nhin 16p
cua dit liéu duoc ma hoa thanh ba nhom tuong tng véi ngudn goc dia Iy: Hoa Binh,
Quang Ninh va Tuyén Quang.

Mic du céc phan tich PCA trén dir liéu da tién xtr Iy dd duoc thyc hién nhim lam
16 kha ning phan tach theo ngudn gbc dia 1y, khong co két qua PCA nao cho thiy sy

cai thién dang ké trong phan loai dia ly. Do d6, cAn nhan manh vai tro cia cac k§
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thuat hoc giam sat, bao gdm cac phwong phap phan biét nhu LDA, cac thudt toan may
hoc nhu Random Forest (RF) va cac phuong phap hoc sau nhu Mang no-ron nhan
tao (ANN), trong viéc phan biét nguén géc dia ly cua cam. Xuit phat tir thuc té réng
céc phan tich phan loai khéng 6n dinh va sai s6 16n khi khong ap dung tién xu 1y dix
liéu, nghién ctru nay chi trién khai cac ky thudt hoc gidm sat trén dir li¢u da duoc tién
xu ly.

Bén canh d6, nham danh gia anh hudng cua cac mién phé dén hiéu nang mo hinh,
phan tich khong chi gidi han trong dai UV-Vis truyén thdng ma con mo rong sang
vung NIR. Cu thé, hiéu ning cta cic md hinh dugc danh gia trong dai hep 250 - 400
nm nham kiém ching tinh can thiét cua viéc st dung toan bo dai budc song 250 -
1000 nm ddi véi hiéu qua phan loai. Két qua tong hop va so sanh hiéu ning cua cac
thuat toan phan loai duoc trinh bay trong Bang 3.23 (trong d6 Aaining VA Arest 1an lurot
l1a d6 chinh xac phan loai cua tap huin luyén va tap kiém tra; cc chi sd con lai dugc
tinh trén tap kiém tra, trir khi co ghi chu khéc). Dya trén céc gia tri chi s6 A so sanh
giita dai UV hep (250 - 400 nm) va toan bd dai phd (250 - 1000 nm), c¢6 thé nhan thay
rang viéc str dung dir liéu phd toan dai mang lai do chinh xac cao hon trong nhin
dang ngudn gdc cam. Cu thé, ty 18 nhan dang tong thé ctia cic mo hinh hoc giam sat
trén tap du doan khi sir dung ma tran phé toan dai déu khong thép hon 90% véi tién
xtr Iy SNV + SG, va xap xi 95% khi ap dung quy trinh SNV + SG + FD.

Bdng 3.23. Hiéu sudt phan logi ciia cdc mé hinh (%) LDA, RF, ANN

Buéc . Hiéu Mo hinh phan loai
. Tién xir ly .
séng (nm) suat (%) | | pA RF ANN
250-400 SNV +SG Atest 100 86,9 86,9
(Ol‘der = 0) Atraining 98,8 100 95,4
SNV + SG + FD Atest 100 91,3 95,6
(order=1) Atraining 98,8 100 97,7
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Buéec . Hi¢u Mo hinh phan loai
Tién xir ly ,
song (nm) suat (%) LDA RF ANN
250-1000 SNV +SG Atest 95,6 91,3 91,3
(order = 0) Atraining 96,5 100 98,8
E 4,40 8,70 8,70
P 96,5 90,9 90,9
R 97,7 90,9 90,9
S 98,8 90,9 95,6
Fl 96,5 90,9 90,9
SNV + SG + FD Atest 95,6 95,6 100
(order = 1) Atraining 96,5 100 100
E 4,40 4,40 0
P 96,5 94,4 100
R 97,7 97,7 100
S 98,8 98,8 100
Fl 96,5 95,6 100

Nguoc lai, hiéu nang phan loai thép hon khi chi st dung tap con cac dai pho
cha yéu xuat phat tir cac mé hinh may hoc nhu RF va ANN. Hién tuong ndy c6 thé
duoc giai thich dya trén dac diém cua dix liéu phé va hanh vi cia cadc moé hinh trong
bai toan nhan dang. Nhin chung, RF va ANN la cac b phan loai phi tuyén phtc tap,
doi hoi kich thudc tap dit lidu du 16n va qua trinh tinh chinh siéu tham s can than (vi
du: s6 cay, do sau cay ddi véi RF; toe do hoc, sb 16p no-ron 4n, ham kich hoat d6i

véi ANN) [31]. Do d6, khi duogc trién khai trén cac ma tran dir liéu c6 kich thuée [m
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mau x n bude séng] twong d6i nho hodc trung binh, RF dé gap hién tugng quéa khop,
trong khi ANN nhay cam hon véi vi¢c lya chon siéu tham sb, dan dén suy giam hi¢u

nang phan loai.

3.3.3.2. So sanh hiéu nang giita cac thudt toan phan loai co giam sat

Dua trén hi¢u nang du doén trén tap kiém tra (Bang 3.23), thuat toan phan tich
biét thirc tuyén tinh (LDA) dat do chinh x4c phan loai cao nhét, 1én téi 100%, d6i véi
ca hai phuong phép tién xtr Iy khi dir liéu chi dugc lya chon trong dai UV hep (250 -
400 nm). Sd lugng thanh phﬁn chinh (PCs) dugc lua chon dé xay dung mo hinh LDA
nham t8i thiéu hoa sai s6 phéan loai 1a 10 PC. So véi LDA, hi¢u nang cua hai thuat
toan may hoc RF va ANN thdp hon khoang 13,1% khi dir liéu chi dwoc tién xur 1y
bang chuan hoa SNV két hop 1am tron Savitzky-Golay (SNV + SG). Tuy nhién, do
chinh x4c ctia hai mé hinh nay dugc cai thién dang ké khi dir liéu tiép tuc duge xir Iy
bang dao ham bac nhat (FD), véi gia tri dat 91,3% d6i véi RF va 95,6% dbi véi ANN.

Hi¢u ndng vuot trd1 cia LDA so voi cdc md hinh may hoc trong truong hop
dir liéu c6 kich thudc nho c6 thé duge 1y giai bai vie két hop PCA voi LDA gitip
tang cuong kha ning phan biét trong khong gian c6 chiéu thap, dong thoi giam thiéu
hién tuong qua khop (overfitting) [81, 84]. Piéu nay cho thdy LDA dic biét phu hop
Vo1 cac tap dir ligu co s6 luong mau han ché nhung sb bién 16n, nhu dir liéu phé UV-
Vis.

Xuét phat tir hiéu ning dy doan thoa dang ctia cac md hinh hoc giam sat khi
su dung toan b dai UV-Vis, cac chi sb danh gia khac bao gém ty 18 16i (E), 6 chinh
xac du doan (P), do nhay (R), d6 dic hiéu (S) va diém F1 da duoc xic dinh trong
Bang 3.23, dua trén cac ma tran nham 13n twong Gng (Hinh 3.37). Khi sir dung dix
lidu tién xir Iy bang SNV + SG, két qua phén loai cho thay ca ba thuat todan LDA, RF
va ANN déu dat d6 chinh xac, d6 dic hiéu va diém F1 16n hon 90%. Trén tap kiém
tra (n =23), LDA tiép tuc thé hién hiéu nang tdt nhat véi do chinh xac 95,6%, trong
khi RF va ANN dat d6 chinh xac thap hon, 1an luot 14 91,3%.

Cu thé, m6 hinh LDA dy doan sai mdt mau cam Hoa Binh thanh nguén géc

Tuyén Quang; trong khi d6, ca RF va ANN déu nham 1an chéo mdt miu cam giita
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hai tinh Hoa Binh va Quang Ninh (Hinh 3.37a - 3.37¢). Két qua nay cho thiy cdc mau
cam tir ba tinh Hoa Binh, Quang Ninh va Tuyén Quang c6 thanh phan hoa hoc twong
dbi twong ddng, dan dén viée c6 nhiéu dic trung phé UV-Vis chung. Dong thoi, didu
nay ciing phan anh anh huéng cua kich thudc tap dir liéu dén hiéu ning du doan:
thut todan LDA véi sé lwong tham sb thap to ra hiéu qua hon trong khéng gian dir
liéu c6 nhiéu chiéu ma s mau khong 16n [84]. Nguoc lai, d§ phuc tap cua cac md
hinh RF va ANN c¢6 thé dan dén viéc xay dung bién quyét dinh qua phuec tap, tir do

lam giam hiéu ning so véi bd phan loai tuyén tinh nhu LDA [23].

LDA RF ANN
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(d)-SNV+SG+FD+LDA  (e)-SNV+SG+FD+RF  (f)- SNV +SG+FD+ ANN
Hinh 3.37. Ma trén nham lan ciia cdc mé hinh
Khi xét trén tap huin luyén (n = 88), m6 hinh RF phan loai chinh xac 100% céc
mau cam, trong khi ANN va LDA lan luot du doan sai 1,20% va 3,50% sd mau. Didu

nay cho théy cac moO hinh méy hoc vuot trdi hon LDA trén tap huin luyén, thé hién
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xu huéng nguoc lai so véi tap kiém tra. Su déo chiéu nay c6 thé 1a do kich thudc ma
tran dir liéu 16n hon trong tdp huan luyén, von phit hop hon v6i nguyén 1y hoat dong
cua cac mo hinh phire tap nhu RF va ANN.

Pé tiép tuc danh gia anh hudng cia tién xtr Iy dao ham, FD d3 dugc 4p dung sau
budc lam muot va chuan héa nham kiém chimg vu thé ciia phuong phéap nay dbi véi
kha nang truy xuat ngudn gbc. Cac ma trdn nham lan thu dugc tir LDA, RF va ANN
trén tap kiém tra cua dix liéu phé toan dai sau tién xir 1y SNV + SG + FD dugc trinh
bay trong Hinh 3.37d - 3.37f. Két qua cho thiy kha ning nhan dang ctia LDA hiu
nhu khong thay dbi trén ca tap huin luyén va tap kiém tra khi ap dung FD (Bang
3.23). Nguoc lai, hi€u nang dyg doan ctia cdc mo hinh may hoc dugc cai thién ro rét,
dic biét ddi voi ANN. Cu thé, RF dat d6 chinh xac 95,6% trén tap kiém tra, trong khi
ANN phan loai hoan toan chinh x4c toan bo 11 mau Hoa Binh, 5 mau Quang Ninh
va 7 mau Tuyén Quang. Trén tdp hudn luyén, ANN ciing dat ty 1¢ 15i bang 0 trong
viéc phan biét cac mau cam tir ba tinh. Viéc dat 100% do chinh xac, do dic hiéu va
diém F1 ctia md hinh ANN cho théy khong c6 mau cam Viét Nam nao bi nhan dang
sai, qua d6 khang dinh hiéu ning phan biét vuot tréi cia ANN va RF khi két hop véi
tién xir Iy SNV + SG + FD, so véi bo phan loai tuyén tinh LDA, ngay ca khi kich
thude tap dir liéu khong thay doi. Su cai thién nay co thé duogc giai thich do tac dong
ctia phép bién doi dao ham trong tién xir Iy dir liéu. Khi ap dung FD, dit liéu phé duoc
chuyén sang dang biéu dién giau thong tin hon va lam ndi bat cac cdu trac phi tuyén,
tao diéu kién cho cdc mo hinh phi tuyén nhu RF va ANN khai thac hiéu qua hon cac
bién phan 16p phire tap [21, 124]. Trong khi d6, LDA dura trén gia dinh vé tinh phan
tach tuyén tinh toi wu, nén khong tan dung dugc day du loi thé cia dir liéu da dugc
bién d6i dao ham. So sanh giita hai mé hinh may hoc, ANN thé hién vu thé nhe so
v6i RF trong viée xtr Iy tinh phi tuyén nho kha ning diéu chinh linh hoat va hoc cac
mau lién tuc trong dir liéu [13, 63].

Nhu vay, méc du thuat toan LDA du kha ndng du doan va nhan dang nguén géc
dia Iy ctia cam trong trudng hop dit liéu c6 lugng mau han ché, viéc tién xur 1y dir licu

bang su két hop SNV + SG + FD di ning cao dang ké hiéu ning phén loai cta hai
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mo hinh may hoc RF va ANN. Két qua thuc nghién cho thiy dit liéu phé UV-Vis
chtra dung du thong tin hoa hoc dé phat trién cac mé hinh hoc giam sat phuc vu phan
biét nguén géc dia ly cua cam Viét Nam. Mac du cdc mo6 hinh may hoc chi dat do
chinh xéc trén 80% khi sir dung dai pho hep, céc gid tri nay van dap ing ngudng chép
nhén trong phan loai [141]. Cac mo6 hinh c6 A, E, P, R, Sva F1 déu 16n hon 90% khi
phan tich trén toan dai phd dugc xem 13 mé hinh hiéu ning cao. So vé6i cac nghién
clru da cong bd trude day [49, 109, 140, 147, 148], phuong phap trong nghién ctru
nay cho thay két qua phan loai ngudn gc cam twong dwong hodc vuot trdi, dong thoi
phuong phap nay c6 uu diém hon do chi phi thap, d& thuc hién va tbc do phan tich
nhanh khi két hop quang phd UV-Vis véi hoc giam sat.

Tuy nhién, bén canh nhiing vu diém ro rét, nghién clru nay van ton tai mot sb han
ché. Cu thé, kich thudc tap dir liéu con han ché va chi tap trung vao mot gidng cam
duy nhat (cam Vinh) c6 thé anh huéng dén kha niang khai quat hoa cia mé hinh. Do
d6, trong cac nghién ciru tiép theo, can mé rong sb lugng miu voi nhiéu gidng cam
khac nhau, ciing nhu xem xét cac yéu t méi trudng va canh tic trong qué trinh ldy
mAau nham danh gia toan dién hon d6 bén viing va tinh 6n dinh ctia cac mo hinh phan
loai.

Tom lai, nghién ctru di dé xuét két hop giita quang phoé UV-Vis va cac mé hinh
hoc gidm sat nhu mot giai phap t6t va co tinh thyc tién cao trong phan loai nguén gbc
dia 1y cua cam Viét Nam. Nhitng két qua thu dugc cho thiy phwong phap nay hoan
toan c6 thé tng dung trong thuc tién san xuit va cong nghiép, gop phan nang cao
cong tac dam bao chat luong, kiém soat chat lugng trong linh vyc thyc pham.

3.4. Phan biét nwéc cam bang dir liéu Volt-Ampere
3.4.1. Pdc trung dién héa (diu van tay volt-ampere) ciia cdc mau nwéc cam

Két qua do volt-ampere ciia 198 mau nudc cam duogc trinh bay trong Hinh 3.38.
Céac tin hiéu dién héa thé hién rd trong khoang thé 0,8 - 1,2 V (so vo6i dién cuc
Ag/AgCl), voi dong cuc dai dao dong trong khoang 0,04 - 0,60 mA. DBéi v6i mot sb
mau nudc cam pha tron gitta nuéc cam ty nhién va nudc cam nhan tao, cuong do

dong cuc dai th?ip hon déng ké, chi nam trong khoang 0,02 - 0,04 mA.
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Tuy nhién, phan 16n céc tin hiéu volt-ampere chi thé hién sy khac biét nho
giita cac mau theo nguon gdc dia 1y, dong thoi cé hinh dang dinh kha tuong dong véi
cac mau nudc cam ty nhién va thuong mai. Do sy twong déng vé hinh dang dinh ciing
v6i bién thién nho vé chiéu cao dinh nén khong thé phan loai bang truc quan. Hon
nita, ngay ca trong cing mot nhom mau (tu nhién hoic nhan tao), gia tri dong cuc dai
van dao dong dang ké, cho thay murc d6 bién thién ndi nhém cao. Su bién thién nay
c6 thé gy ra nhidu dang ké trong qua trinh xdy dung mé hinh phan loai, 1am giam
kha nidng nhéan dang dua trén tin hi¢u thd. Do do, viéc tién xir 1y tin hi¢u dién hoa la
budc bat bude trude khi tién hanh cac phan tich phan biét va phan loai bing cac
phuong phap théng ké va may hoc, nhim chuén héa dit liéu, giam nhiéu va 1am nbi
bat cac dac trung thong tin c6 ¥ nghia phuc vu cho qua trinh nhan di¢n va phat hién

pha tron nudc cam.
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a- nudc cam ty nhién (b)- nudc cam thuong mai  (¢)- nude cam pha tron
Hinh 3.38. Volt-ampere do ciia nuwée cam

Thudt toan Standard Normal Variate (SNV) duoc sir dung dé chudn héa dir
lidu, sau d6 tin hiéu duoc 1y dao ham bac hai va lam tron bang thuat toan Savitzky—
Golay. Cac duong volt-ampere dd sau tién xir 1y duoc trinh bay trong Hinh 3.39. Sau
khi sir dung céc thudt toan tién xir Iy nay dd giam dang ké nhiéu nén, bao gdm nhiéu
xuit phat tir ban than mu, ciing nhu nhidu do thiét bi va diéu kién méi trudng thi
nghiém gay ra. Dong thoi, dao ham bac hai gitip 1am noi bat sy khac biét tin hi¢u gitra
cac mau, qua d6 tang cuong kha nang phan biét. Nhitng cai thién nay gép phan nang
cao tinh 6n dinh va tinh khach quan cua cac mo hinh phan loai, tir d6 cai thién hiéu

ning phan loai téng thé. Sau khi tién xir Iy, toan b tap dit liéu volt-ampere dugc chia
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ngau nhién thanh 158 miu (80%) cho tap huan luyén va 40 mau (20%) cho tap kiém
tra, phuc vu viéc xay dung va danh gia cdc m6 hinh may hoc.

Cu thé hon, di lidu ban dau duoc tién xir Iy bang SNV nham hiéu chinh cac
hi¢u img tan xa va sy bién thién do do day mau. Tiép theo, cac phé sau khi hiéu chinh
bing SNV duoc 1am tron va liy dao ham bang bo loc Savitzky-Golay véi cira s6 15
diém, da thirc bac ba va tinh dao ham bac hai, nham tang cuong cac dac trung tin hi¢u
quan trong trong khi van giam thiéu nhidu. Quy trinh tién xtr Iy nay tao ra bo dit liéu
c6 chat lugng cao hon, 1am co sé dang tin cdy cho viéc huan luyén va danh gia cac

mo hinh may hoc.
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Hinh 3.39. Volt-ampere do ciia nuwdc cam sau khi chudn héa bang SNV, dao ham
bdc hai va lam muot voi Savitzky-Golay
3.4.2. Nhdn dién va xdc thwe nwdéc cam
Hinh 3.40 trinh bay két qua phan tich phan cum thr bac (Hierarchical Clustering
Analysis - HCA) dugc thyc hién trén toan bo tap dir li¢u sau tién xur ly br?mg chuan
hoa SNV, sir dung do trong dong cosine lam thudc do khoang cach. P twong dong
cosine dugc lua chon cho phan cum thir bac do dac tinh nhan manh sy tuong déng vé
hinh dang tin hiéu hon 14 gié tri cwong do tuyét dbi. Trong dit liéu volt-ampere, cudng

d6 dong dién co thé thay d6i do qua trinh chuan bi mau, mirc d6 pha loang hoic nhiéu
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tir thiét bi, trong khi hinh dang tong thé ctia volt-ampere d6 van mang tinh dic trung
cho tirng loai mau.

Két qua dendrogram cho thiy, ngay ca khi 4p dung phuong phap khong giam
sat, van co thé phan biét dugc ba cum dir li¢u chinh, tuong tng véi nude cam ty
nhién, nudc cam thwong mai va nudc cam pha tron (Bang 3.24). Diéu nay ching to
rang ddu vén tay volt-ampe, sau khi duoc tién xir Iy thich hop, da chira dung dii thong
tin ddc trung dé phuc vu cho viéc nhéan dién va xac thuc nudc cam. Déng thoi, két
qua phan cum nay ciing tao tién dé thuan loi cho viéc trién khai cac mé hinh hoc gidm
sat nham ning cao hon nita d6 chinh xac va do tin ciy trong phan loai va phat hién

pha tron.

% tuong déng cosin

Hinh. 3.40. Phdn cum phdn cdp sir dung twong dong cosin

Két qua phan tich cho thiy 80% cac mau nudc cam pha tron dugc phan vao
cum tht nhét, trong khi 62% cac mau nudc cam tu nhién tap trung ¢ cum tha hai.
Tuy nhién, tai cum tha ba, sy phan bd cua cac mau thudc ba nhom khong thé hién su
phan biét rd rang. Do do6, cac thuat toan khong giam sat chi cho thiy su khac biét
turong d6i rd gitta nhom nude cam pha trén va nude cam ti nhién, nhung chua da kha
nang phan tach hoan toan tat ca cac nhém mau. Nhu vay, dit liéu volt-ampere, du da
dugc tién xir 1y, van ton tai su chong 1ap dang ké giita cac nhom khi s dung cac
phuong phap khong gidm sat. Tuy vy, viéc quan sat duge su khac biét ban dau gitra

cac nhom mau ciing tao co s¢ quan trong cho viéc trién khai cdc mo6 hinh may hoc c6
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giam sat, nham khai thac hi€u qua hon céc dac trung ti€ém an trong dir li¢u va nang
cao do chinh xéc trong bai toan phan loai va phat hién pha tron nudc cam.

Bdng 3.24. Phan tram méi logi mau trong nhém phan logi

Cum Pha trén Thwong mai Tuw nhién
1 80% 16% 4%
2 16% 22% 62%
3 33% 27% 40%

3.4.3. Ung dung hoc gidm sdt trong phdt hién pha trén nwéc cam

Sau khi &p dung dao ham bac hai, bo dir li¢u thu dugc co sb lugng dac trung
tuong ddi 16n (tong cong 284 dic trung), dit ra yéu cau can giam chiéu di liéu trude
khi xay dyng cdc mo6 hinh may hoc. Do do, thuat toan iPLS da dugc ap dung trén tap
huin luyén nham lya chon tap hop dac trung t6i wu cho qua trinh xay dung moé hinh
phan loai. Thuat toan iPLS cho phép lwa chon cac ving phd c6 kha ning phan biét
cao nhit, dong thoi loai bd cac ving phd nhiéu hodc chua it thong tin, qua do gitip
giam nguy co qua khép (overfitting) va nang cao do chinh xac ctia mo hinh. Két qua
Iira chon dic trung bang iPLS dugc trinh bay trong Hinh 3.41. Trong s6 284 dic trung
ban dau, 205 dic trung c6 tiém nang phan loai thip (dugc td mau hong trong hinh)
da bi loai bo, chi giit lai 79 dac trung co6 gia tri phan biét tdt nhat. Tap 79 dac trung
dugc chon loc nay tiép tuc dugc st dung cho ca tap huén luyén va tap kiém tra, nham
dam bao tinh nhét quan trong qua trinh danh gia do chinh xac va hiéu ning cua cic
mod hinh hoc giam sét trong cc phan tich tiép theo. Viéc giam dang ké sb chiéu dir
liéu khong chi giup don gian hoéa mo hinh, ma con gép phan ting tinh on dinh va kha
nang khai quat hda cua cac thudt todn phan loai trong bai todn phat hién pha trén nude

cam.
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Trong qua trinh lya chon md hinh, cac ti€u chi nhu tinh tuyén tinh, d§ chinh
xac, kha nang phan biét nhan (dadc biét gitta nwdc cam tu nhién va nude cam thuong
mai), cling nhu hi€éu nang ddi vai tap dir li¢u kich thude nhé da duge xem xét. Thong
thuong, cdc mo hinh PLS-DA, RF, SVM va ANN duogc uu tién cho cac bai toan phan
loai. Tuy nhién, trong nghién ctru nay, ANN va SVM chi dat do chinh xac du doan
khoang 75%, do d6 khong dap (mg yéu cau vé hiéu ning. Bén canh do, kich thudc
tap dir liéu han ché 1am suy giam kha niang hoc ctia ANN, trong khi SVM thé hién su
nham 1an d4ang ké giita cac mau nudc cam tu nhién va nudc cam thuong mai, lam
giam tinh Ung dung cua mo hinh. Vi vay, nghién clru nay chi tap trung vao hai mo

hinh phu hop hon véi tap dir liéu, bao gom iPLS-LDA va RF.

3.4.3.1. M6 hinh iPLS-LDA
Thuét toan iPLS dugc ap dung dé giam chiéu dir liéu trén tap huén luyén kich
thudc 158 x 79, bao gém 158 mau duoc phan loai thanh ba nhém (nudc cam tu nhién,
nudc cam thuong mai va nudc cam pha tron), véi 79 dac trung dugc trich xuét tir dit
liéu tho. Trén co s¢ dd, mo hinh LDA dugc xay dung nham phan loai cic nhém mau
nay.
Két qua cho thidy mot sé mau nudc cam pha tron bi phan loai nham sang nhoém

nudc cam ty nhién hodc nudc cam thuong mai. Sy phan tach tuyén tinh hoan toan
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khong dat duoc do sy chong 1ap giita cdc nhom ty nhién va pha tron. Dé danh gia sau
hon hi¢n tugng nay, ty 1¢ phﬁn trdm nudc cam ty nhién trong cic mau duoc biéu dién
chi tiét trong Hinh 3.42, trong d6 mau sic mau chuyén dan tir sang sang dam tuwong
g véi ty 16 nudc cam ty nhién ting dan. Cac ky hiéu hinh tam giac biéu thi cic mau
thudc tap huin luyén, hinh tron dai dién cho cac mau thudc tap kiém tra. Cac két qua
cho thdy mé hinh LDA gip khé khin trong viéc phan biét giita nude cam tu nhién va
nudc cam pha tron. Didu nay cho thay cac hop chat c6 mit trong nudc cam ty nhién
c6 thé che lép hodc 1am suy yéu cac tin hiéu dac trung, tr do lam tang do phic tap
ctia bai toan phan loai khi st dung b phén loai tuyén tinh. Nhan dinh nay ciing giai
thich vi sao LDA, di ¢6 uu thé vé tinh don gian va 6n dinh véi tap dit liéu nho, van

bi han ché trong trudng hop dit liéu c6 ranh gidi 16p phi tuyén.
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Hinh 3.42. Biéu do LDA cia tdp hudn luyén va tdp kiém tra dwoc chiéu lén LDA
Dua trén Hinh 3.42a, c6 thé nhan thay rang khi tap huan luyén va tap kiém tra
dugce chiéu vao khong gian LDA theo cac nhan phan loai tuong tng, xuét hién su
chdng lap dang ké giita cac cum mang nhin “Pha tron (Mixed)” va “Thuong mai
(Commercial)”. Hién tuong nay giai thich vi sao mot s6 mau bj phan loai nham vao
nhom “Pha tron”. Sy chong l4p phan anh mirc d6 twong dong dic trung gitra cic mau
nudc cam thuong mai va nude cam pha tron, dac bi€t trong truong hop ty 1¢ nudc

cam ty nhién trong san phém bién thién, khién mé hinh gap kho khan trong vi¢c phan
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biét rach roi giita cac nhém. Hinh 3.42b cung cip thém thong tin khi cdc mau dugc
chiéu vao khong gian LDA theo ty 1é phan trim nudc cam tu nhién. Két qua cho thay
céc mau ¢ ty 16 nude cam ty nhién nam gan ngudng chuyén tiép giita cac nhom “Pha
tron” - “Tu nhién” hodc “Pha trdn” - “Thuong mai” c6 xu hudng bi phan loai sai cao
hon. Piéu nay cho thdy ranh gi6i phan 16p trong khong gian LDA chua du manh,
khong phan anh diy du su khéac biét lién tuc vé ham lugng nudce cam tu nhién giira
cac nhém mau.

Nhin chung, cic két qua trén chi ra rang gia dinh phan tach tuyén tinh cua
LDA bi han ché trong trudng hop dir liéu c¢6 ranh gi6i 16p mo va phi tuyén, dic biét
khi cic mau pha tron tao thanh dai chuyén tiép vé thanh phan. Day ciing 13 co s& quan
trong dé xem xét va wu tién cdc mo hinh may hoc phi tuyén trong cic phan tich tiép

theo nham nang cao hiéu nang phat hién va phan loai pha tron nude cam.

3.4.3.2. M6 hinh iPLS—RF

Khi sir dung tap dir lieu kiém tra, m6 hinh iPLS-RF dat d6 chinh xac phan loai
95%, cho théy sy cai thién ro rét so voi thuat toan LDA (d6 chinh xac 67,5%) nhu
minh hoa trong Hinh 3.43. Dya trén két qua ciia mo hinh iPLS-RF, chi ¢c6 mot mau
nudc cam ty nhién bj phin loai nhim sang nhom nude cam pha tron, va mot mau
nudc cam pha tron bi du doan nham 1a nude cam ty nhién. Pang chu y, khong xay ra
hién twong nham I4n giira hai nhém nudc cam pha tron va nude cam thuong mai, cho
théy kha ndng phan bi¢t vuot trdi cia moé hinh.

Két qua nay lam ndi bat tiém nang uvu vi¢t cia thuat toan RF, cling nhu céac
phuong phap hoc tap t6 hop (ensemble learning) néi chung, trong viéc phan loai d6i
tuong dua trén céac dac trung phé da duoc chon lgc. Kha nang xur 1y tinh phi tuyén,
tuong tac phirc tap giita cac bién, ciing véi co ché tong hop quyét dinh tir nhiéu ciy
phan loai, gitp RF khéc phuc hiéu qua cac han ché ciia md hinh tuyén tinh nhu LDA.
Do d6, iPLS—RF 1a mdt giai phap tdt, dang tin c@y cho bai toan phat hién va phan loai

pha tron nudc cam dua trén dir li€u pho dién hoa.
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Hinh 3.43. Ma trén nham lan mé hinh iPLS

Maic du dat hiéu ning phan loai cao, mo6 hinh RF van gip kho khin trong viéc
phan biét chinh xac gitra hai nhém nudc cam ty nhién (natural) va nudc cam pha tron
(mixed), dac biét ddi voi cac miu co ty 1¢ nudc cam ty nhién trung binh, khoang 45
- 50%. Hién tugng nay co thé bat nguén tor viéc cac dac trung dir licu hién c6 chua
du kha ning tach biét hiéu qua hai nhom nay trong khong gian dic trung. Cu thé, cac
mAau c6 ham luong nude cam ty nhién ndm trong ving trung gian tao thanh dai chuyén
tiép lién tuc vé thanh phan hoa hoc va dic trung phd, dan dén ranh giéi phan 16p
khong rd rang. Didu ndy cho thdy ring, ngay ca ddi v6i cac mé hinh phi tuyén manh
nhu RF, chit luong cua dic trung dau vao van dong vai tro quyét dinh trong viéc
nang cao kha ning phat hién pha tron. Nhan dinh nay ciing goi ¥ rang viéc bd sung
thém dic trung héa hoc dic hiéu hodc két hop da ki thuat phan tich c6 thé gitp cai

thién hon nita hiéu ning phan loai trong cac nghién ciru tiép theo.
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Hinh 3.44. Moi twong quan giita tin hiéu dao ham bdc hai va cdc ddc trung cia
mau trong mé hinh iPLS-LDA (d6: mdu phén logi sai; xanh: mau phan loai ding)
Dé 1am rd nguyén nhan khién mé hinh iPLS-DA cho d6 chinh x4c du doan thap,
cac tin hiéu dao ham bac hai ctia cdc mau bi phan loai sai (dudng mau do) da dugc
so sanh voi cac mau dugc phan loai ding (duong mau xanh), nhu trinh bay trong
Hinh 3.44. Két qua cho théy hinh dang cua dir liéu dao ham bac hai theo céac dac trung
c6 su khac biét ro rét gitta hai nhom mau. Cu thé, cac mau bi phan loai sai thuong
xudt hién nhitng bat thuong nhu thiéu dinh dic trung, tin hiéu bi lam phang hoic
khong c6 su bién thién dang ké. Nhitng bt thuong ndy dong thoi lién quan dén cac
diém ngoai lai tai cac vi tri dinh hodc vai dinh trén dudng volt-ampere do. Diéu nay
cho thiy riang cic mau c6 hinh dang tin hiéu bat thudng so véi tong thé dit liéu trong
cung mgt nhom can duoc nhan dién va loai bo trude khi tién hanh cac bude xur ly va
xay dung mo hinh. Viéc kiém soat chat luong dir licu dau vao nhu vay la can thiét
nham nang cao do on dinh va do tin cdy cua cac mo hinh phan loai dya trén dir li€u
volt-ampere.
Toém lai, sir dung dir li€u volt-ampere két hop v6i cac md hinh may hoc la
phuong phéap sang loc hiéu qua dé xac dinh tinh xac thuc ctia nudc cam. Phan tich
phan cum cho théy su khac biét ro rét gitra nudc cam tuy nhién, nude cam cod nguén

goc hda hoc va cac mau pha tron gitra nudc cam ty nhién va nude cam nhan tao. Trén
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co s d6, cac mo hinh hoc giam sat, bao gom iPLS-LDA va RF, di duoc xay dung
dé phuc vu muyc tiéu phan loai, trong d6 mé hinh RF thé hién két qua tdt vé kha nang
phan loai va du doan. Cac két qua thu dugc cling nhan manh tinh hitu ich cta phuong
phép volt-ampere st dung di¢n cuc vang trong viéc danh gia tinh xac thyc cua nudc
cam. Nhiing han ché ciia phuong phap nhan dang mau di dugc xem xét théng qua
viéc mo rong kich thude tap dir liéu, qua d6 gop phan xay dung cac md hinh manh
va bén vitng hon. Bén canh d6, phuong phap dién hoa cho thiy nhiéu wu diém nhu
thoi gian phan tich nhanh, chi phi thap va kha ning trién khai tai hién truong, phu

hop cho céc ung dung kiém tra nhanh.
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KET LUAN

Luan an da xdy dung thanh coéng cic quy trinh dinh lwong cic nhém chit
carotenoid, flavonoid va acid c6 mat trong nudc cam, cac quy trinh dinh lugng da
duogc ap dyung thanh quy trinh thudng quy tai co s¢ kiém nghiém. Pay ciing 13 cong
trinh dau tién phan bi¢t, phan loai Cam Viét Nam dua trén cac dir liéu hoa hoc. Cac
két qua chinh luan an dat dugc nhu sau:

1. D3 phat trién phuong phap HPLC dinh lugng dong thoi 5 acid hitu co, 3
carotenoid va 4 flavonoid trong nudc cam:

Nam acid hitu co gém: acid oxalic, acid malic, acid ascorbic, acid citric, acid
fumaric duogc phan tich v6i cac diéu kién HPLC: pha dong gdm hdn hop KH>PO4
noéng d6 10mM va HsPO4 10%, pH 2,2; tc d6 dong 0,6ml/phiit; cot sic ky ReliantTM
C18 5um (4,6 x 250mm); detector DAD. Phuong phap da dugc xac nhan gia tri st
dung v&i RSD tir 1,3% - 3,5% va d6 thu hdi clia nam trong khoang 90% - 107%.

Ba carotenoid gdm: lutein, lycopen va B-caroten dugc phan tich véi cac diéu kién
HPLC: pha dong gébm hdn hop dung moéi ACN: MeOH: H,0: CH;COOC,Hs = 70:
9,6: 0,4: 20 (v/v/v/v); toe @6 dong 1,0 mL/phut; cot sic ky: XBridge® C18 (4,6 x 250
mm, 5 um); detector PDA. Phuong phap da dugc xdc nhan gid tri st dung véi RSD
tr 0,3% - 2,4% va d6 thu hdi ndm trong khoang 80 - 110%.

Bén flavonoid gdm: naringin, hesperidin, neohesperidin va quercetin dugc phan
tich véi cac diéu kién HPLC : pha dong gém acid phosphoric 0,1% va ACN su dung
chuong trinh gradient, téc do dong 1,0 mL/phut; cot sic ky: Waters Bridge C18
(4,6mm x 150mm; Sum); detector PDA. Phuong phap da dugc xac nhéan gia tri su
dung voi RSD tir 1,35% - 3,32% va d6 thu hdi nam trong khoang 80 -110%.

2. Pi xay dung duoc phuong phap phan loai nudc cam theo giéng va theo
nguodn gbc dia 1y dya trén thanh phan héa hoc két hgp may hoc. Ap dung céc quy
trinh dinh lugng dugc phat trién (acid, carotenoid, flavonoid) va quy trinh ndi bd
ctia Vién Kiém nghiém an toan vé sinh thuc pham Qudc gia (duong) dé dinh lugng
ham lwgng dudng, acid hitu co, carotenoid va flavonoid trong 82 mau nudc cam

dai dién cho bbn giéng cam dugc thu thdp tir muoi tinh cua Viét Nam. Phan tich
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théng ké mé ta cho thiy c6 su khac biét c6 ¥ nghia vé ham lugng cac chit giira
cac gidng va giita cac ving dia Iy, tuy nhién ham lugng sucrose va acid fumaric su
khac biét khong c6 ¥ nghia giita cac gidng. Dé giam thiéu su mét can bang dir liéu,
b dir liéu ham luong dugc tién xu Iy v61i SMOOTE. Vi tiéu chi phan loai theo
giéng, thuat toan MLP cho kha nang phan loai dat 93,1%. Vi ti€u chi phan loai
theo vung dia li, cac thudt toan SVC va RF dat do chinh xac phan loai tuyét doi.

3. Pi xay dung dugc phuwong phap xac thuc ngudn gbc dia Iy cua nudc
cam dua trén di li€u phé UV - Vis két hop may hoc. Pa xay dung dugc b dir
liéu phd Uv — Vis cho giéng Cam Vinh dugc thu thap tir ba ving trong tai mién
Béc Viét Nam gém Hoa Binh, Quang Ninh va Tuyén Quang. B¢ dir li¢u phé) duoc
tién xu ly bang chuin hoa standard normal variate (SNV) két hop lam tron
Savitzky-Golay (SG). Khi str dung dai phd hep 250 nm - 400 nm, LDA cho kha
nang phan loai 100%, khi stir dung toan phé (250 - 1000 nm) ca 3 thuat toan LDA,
RF, ANN cho kha niang phan loai 91,3 - 95,6%. Khi b dir liéu toan phd dugc tién
xu ly béng SNV + SG két hop thém dao ham béac nhat, hiéu qua phan loai tdng 1én
dang ké, ANN dat 100% trén ca tap huan luyén va tap kiém tra.

4. Da xay dung dugc phuong phap phan biét nudc cam ty nhién voi nude
cam hoéa hoc dya trén dau van tay dién hoa két hop may hoc. 198 mau nuéc cam
da duogc xay dung bd diu van tay dién hoa. Cac dir liéu di¢n hoa dugce tién xur ly
béng SVN két hop voi SG, sau d6 dugc giam chiéu béng iPLS. Thuat toan RF cho
kha nang phan loai nuéc cam tu nhién bi pha tron dat 95%, tuy nhién kha nang
phan niét han ché khi mirc do pha tron & mirc ti 16 ngang nhau c¢& 45 - 50% pha
tron.

Céc két qua cta luan 4n da gop phan vao viéc phat trién cac phuong phap xac
dinh ddng thoi cac chat trong nén méau thuc pham. Két qua cia 03 quy trinh dinh
luong acid hitu co, carotenoid va flavonoid trong nudc cam déu da duoc xdy dung
thanh quy trinh thudng quy tai Vién Kiém nghiém an toan vé sinh thuc pham Qudc
gia, trong d6 c6 02 phuong phip duoc cong nhan phu hop tiéu chuan ISO
17025:2017. Pay la nghién ctru dau tién tai Viét Nam tng dung tri tué nhan tao trong
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phan loai, phan biét cac san pham cam Viét Nam. Dic biét, véi bo dir lidu dau vao da
dang, co thé phu hop véi nhiéu muc dich, nhiéu co s& kiém nghiém myén co 80, cO
thé st dung nhitng thiét bj don gian nhu UV ma hau nhu co s¢ nao ciing dugc trang
bi. Cac két qua nay co thé trién khai dugc trong thuc t& va mang lai nhitng loi ich
thiét thuc cho nha san xuat va nguoi tiéu ding.

* Kién nghi:

Trén co s& céc két qua nghién ctru da dat dugc cua luan an, nham phat huy tbi da
gi4 tri khoa hoc va kha ning ng dung thuc tién ciia dé tai trong cong tac quan Iy chat
lugng va bao v€ thuong hi¢u cam Viét Nam, tac gia xin dé xuét mot s kién nghi cu
thé nhu sau:

Xay dung bd dit li¢u thanh phén hoa hoc va hinh dnh, xay dung dugc cac mo hinh
phan loai cam theo chét luong (do ngot, do tuoi...) duya trén hinh anh ma khong can
pha hay mau. Tir d6 tng dung vao cac diy chuyén trong so ché cam trude khi dua ra
thi truong.

Xay dung bo dit liéu hinh anh cta cam duoc trdng ¢ cac ving khac nhau, xay
dung céc thuat toan, két hop IoT dé c6 thé nhanh chong truy xuat nguén goc dia 1y

ctia qua cam bang thiét bi dién thoai thong minh.
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PHU LUC
Phu luc 1
VAN BAN XAC NHAN UNG DUNG QUY TRINH PHAN TiCH

BO Y TE CONG HOA XA HQI CHU NGHIA VIET NAM
VIEN KIEM NGHIEM Péc lip - Tu do - Hanh phic
AN TOAN VE SINH
THUC PHAM QUOC GIA

Ha Ngi, ngay 30 thdang J2—ndm 2025

VAN BAN XAC NHAN

Ciin cir chirc ning, nhiém vy cia Vién Kiém nghi¢m an toan vé sinh thuc phdm Qudc gia
vi hé théng quan 1y chét lugng phong thit nghiém theo tidu chuin ISO/IEC 17025:2017 dang
dp dung tai Vién, ching t6i xdc nhén:

NCS Nguyén Birc Thanh, 1a ngudi tham gia nghién ciru xdy dung, cip nhdt quy trinh:

1. Xdc dinh ham luong acid hiru co va dang mudi tuong ing trong thuc phim (bao gdm
nude cam) bang phuong phap HPLC, ma hiéu phuong phap thir NIFC.02.M.32.

2. Xéc dinh ham lugng carotenoid trong thuc phdm (bao gbm nudc cam) bfmg phuong
phdp UV-Vis, ma hiéu phuong phap thir NIFC.02.M.57. .

3. Xac dinh ham lugng flavonoid trong thuc phém (bao gf‘)m nude cam), ma hiéu phuong
phdp thir NIFC.05.M.139.

Hién nay, cic quy trinh néu trén dang dugc trién khai thudng quy tai phong thir nghiém
cia Khoa Dinh dudng va phu gia thye phém, Khoa Nghién ctru va pht trién. Ngoai ra,
phuong phap NIFC.02.M.32 va NIFC.02.M.57 di dugc cong nhén phi hop theo tiéu chuén
ISO/IEC 17025:2017 trén nén thuc phim theo Quyét dinh sé 2269/QD-VPCNCL ngay
14/12/2023 va Quyét dinh sb 3452/QD-VPCNCL ngay 31/12/2024 cia Vin phong Cong
nhén cht lugng quéc gia, con higu lyc tai thai diém xac nhan, S6 hiéu phong thi nghi¢m:
VILAS 203.

Vin ban nay dugc lap nhim xéc nhan viéc img dung két qua nghién ciru ciia NCS Nguyén
Pirc Thanh tai Vién Kiém nghiém an toan vé sinh thue phim Quéc gia, phuc vy cho viée
hoan thién hd so va bio vé ludn 4n tién si ciia NCS Nguyén Pirc Thanh.

Trin trong.

d




Phu luc 2
KET QUA THAM PINH CAC PHUONG PHAP PINH LUQONG

Phu luc 2.1. Két qua thim dinh phwong phap dinh hrong cic acid trong nuwéc

cam
Két qua tham dinh MDL, MQL cua acid oxalic
. Dién tich
Lan Ham lwgng | Trung LOD LOQ
peak SD R
PT ng/g binh ng/g ng/g
(mAU.s)
1 5829 2,34
2 6932 2,7
3 6316 2,5
4 6419 2,53
5 5988 2,39
2,6 0,2 0,60 2,0 4,3
6 7023 2,73
7 7074 2,75
8 6923 2,7
9 6820 2,66
10 7375 2,84
Két qua tham dinh MDL, MOL ciia acid malic
.| Dién tich
Lan Ham lwgng | Trung LOD LOQ
peak SD R
PT ng/g binh ng/g ng/g
(mAU.s)
1 6249 7,59
2 6403 7,8
7,4 0,3 0,9 3,0 8,2
3 6237 7,57
4 5985 7,22




Dién tich

Lan Ham hrong | Trung LOD | LOQ
peak SD R
PT ng/g binh ng/g ng/g
(mAU.s)
5 5806 6,97
6 6279 7,63
7 5993 7,23
8 5674 6,78
9 6122 7,41
10 5742 6,88
Két qua tham dinh MDL, MOL ciia acid ascorbic
.| Dién tich
Lan Ham lwgng | Trung LOD LOQ
peak SD R
PT ng/g binh ng/g | npglg
(mAU.s)
1 33427 16,46
2 34167 16,8
3 32206 15,9
4 32558 16,06
5 30125 14,94
16,2 1,3 3,9 13,0 4,2
6 35355 17,35
7 35738 17,53
8 26656 13,34
9 35052 17,21
10 33179 16,35




Két qua tham dinh MDL, MOL ciia acid citric

.| Dién tich
Lan Ham lwgng | Trung LOD LOQ
peak SD R
PT ng/g binh ng/g ng/g
(mAU.s)
1 67540 63,38
2 66356 62,27
3 64487 60,52
4 67237 63,1
5 62016 58,2
61,5 4,8 14,4 48,0 4,3
6 70111 65,8
7 67888 63,71
8 52966 49,71
9 66499 62,41
10 70747 66,39
Két qua tham dinh MDL, MOL ciia acid fumaric
. | Dién tich
Lan Ham lwgng | Trung LOD LOQ
peak SD R
PT ng/'g binh ng/g ng/g
(mAU.s)
1 2183 1,28
2 3343 1,39
3 3412 1,4
4 2652 1,32 1,3 0,05 0,15 0,5 8,7
5 3232 1,38
6 2699 1,33
7 2796 1,34




.| Dién tich
Lan Ham lwgng | Trung LOD LOQ
peak SD R
PT ng/g binh ng/g ng/g
(mAU.s)
8 2614 1,32
9 3620 1,42
10 2420 1,3
Két qua do lap lai cua 5 acid
STT | Ham lwong | Ham lwgng | Ham lugng Ham lwgng | Ham lugng
acid oxalic | acid malic | acid ascorbic acid citric acid fumaric
(ng/g) (ng/g) (ng/g) (ng/g) (ng/g)
1 122,9 698.8 1400,3 15905,0 31,9
2 128,6 709,0 1373,2 16065,1 32,2
3 121,7 736,7 1348,4 16048,9 31,7
4 126,1 719,6 1359,1 16091,6 32,6
5 129,1 698.,4 1365,1 16413,2 31,7
6 116,6 726,0 1236,7 14602,6 31,6
7 123,0 7149 1385,7 16605,0 32,3
8 121,5 708.,4 1358,7 16165,9 31,5
9 121,7 714,7 1391,2 165229 31,7
10 123,4 701,8 1398,0 16114,4 31,6
TB 123,5 712,8 1361,6 16054 31,9
RSD 3,0 1,7 3,5 3,5 1,3




Két qua dg thu héi ciia acid oxalic

Ham Luwong , Trung
STT . Ham luwgng Hi¢u suat
. | lwgng ban | chuan thém . binh RSD
mau | thu hoi (ng/g) (%) )
dau (ng/g) (ng/g) hi¢u suat
1 172,3 97,6
2 174,7 102,4
50 99,1 2,3
3 173,0 99,0
4 172,2 97,4
5 222,6 99,1
6 220,8 97.3
123,5 100 98,2 0,9
7 221,0 97,5
8 2224 98,9
9 319.,5 98,0
10 328,0 102,3
200 99,2 2,1
11 320,5 98,5
12 319,0 97,8
Két qua dé thu hoi ciia acid malic
Ham Lwong , Trung
STT . Ham luwgng Hi¢u suat
N lwgng ban | chuan thém . binh RSD
mau | thu hoi (ug/g) (%) .
dau (ng/g) (ng/g) hi¢u suat
1 1017,4 101,5
2 1017,5 101,6
300 101,8 0,6
3 1016,9 101,4
4 712,8 1020,5 102,6
5 1310,4 99,6
6 600 1300,2 97,9 98,8 0,8
7 1302,6 98,3




Ham Lwgng , Trung
STT . Ham lwgng Hi¢u suat
. | lwgng ban | chuan thém . binh RSD
mau | thu hoi (ug/g) (%) ,
dau (ng/g) (ng/g) hi¢u suat
8 1308,8 99,3
9 1880,5 97,3
10 1901,5 99,1
1200 98,0 0,8
11 1883,0 97,5
12 1888,5 98,0
Két qua dé thu hoi ciia acid ascorbic
Ham Lwong , Trung
STT . Ham luwgng Hi¢u suat
. | lwgng ban | chuan thém . binh RSD
mau | thu hoi (ng/g) (%) .
dau (ng/g) (ng/g) hi¢u suat
1 1931,1 103,6
2 1921,5 101,8
550 103,2 1,0
3 1933,6 104,0
4 1930,7 103,5
5 2490,4 102,6
6 2492.6 102,8
1361,6 1100 103,0 0,7
7 2506,4 104,1
8 2489.,0 102,5
9 3549,5 99,5
10 3594,0 101,5
2200 102,2 2,1
11 3649,5 104,0
12 3644,5 103,8




Két qua dp thu hoi ciia acid citric

Ham Lwong , Trung
STT . Ham lwgng thu | Hi¢u suat
. | lwgng ban | chuan thém . binh RSD
mau | hoi (ng/g) (%) .
dau (ng/g) (ng/g) hi¢u suat
1 22632,8 101,2
2 22732,6 102,8
6500 102,1 1,1
3 22788,4 103,6
4 22751,5 103,1
5 29495,6 103,4
6 29572,6 104,0
16054 13000 103,6 0,3
7 29484.,4 103,3
8 29505,0 103,5
9 43030,5 103,8
10 42527,5 101,8
26000 101,4 2,9
11 41357,0 97,3
12 42784,5 102,8
Két qua dg thu héi cia acid fumaric
Ham Lwong , Trung
STT . Ham lwgng | Hiéu suat
N lwgng ban | chuan thém . binh RSD
mau | thu hoi (ng/g) (%) ,
dau (ng/g) (ng/g) hi¢u suat
1 98,4 98,4
2 100,1 100,1
100 99.4 0,8
3 99,3 99,3
4 0 99,9 99.9
5 205,6 102,8
6 200 199,1 99,6 99,6 2,2
7 196,6 98,3




Ham Lwgng , Trung

STT . Ham lwgng | Hiéu suat

. | lwgng ban | chuan thém . binh RSD
mau | thu hoi (ng/g) (%) ,

dau (ng/g) (ng/g) hi¢u suat

8 195,5 97,8

9 393,7 98,4

10 398.,9 99,7

400 98,5 0,9
11 390,6 97,7
12 391,8 98,0

Phu luc 2.2. Két qua thim dinh phwong phép dinh lwong céc carotenoid trong

nuwéc cam
Két qua tham dinh MDL, MOL ciia lutein
Lan | Dién tich Ham Trung
MDL MOQL
phan peak lwgng binh SD R
(mg/L) | (mg/L)
tich (mAU.:s) | (ng/mL) | (ug/mL)
1 6981 0,016
2 6717 0,016
3 6511 0,015
4 7439 0,017
5 6678 0,016
0,016 0,0006 | 0,002 0,006 8,59
6 6586 0,015
7 6532 0,015
8 7197 0,016
9 7173 0,016
10 7297 0,017




Két qua tham dinh MDL, MOL ciia lycopen

Lan | Dién tich Ham Trung
LOD LOQ
phan peak lwgng binh SD R
(mg/L) | (mg/L)
tich (mAUs) | (ug/mL) | (ng/mL)
1 3333 0,012
2 3028 0,011
3 2697 0,010
4 3179 0,012
5 3408 0,013
0,012 0,0010 | 0,003 0,010 4,11
6 3116 0,011
7 3260 0,012
8 3620 0,013
9 3346 0,012
10 3510 0,013
Két qua tham dinh MDL, MOL ciia -caroten
Lan | Dién tich Ham Trung
LOD LOQ
phan peak lwgng binh SD R
(mg/L) | (mg/L)
tich (mAU.:s) | (ng/mL) | (ug/mL)
1 5298 0,027
2 5081 0,026
3 4550 0,024
4 4506 0,023
5 4246 0,022
0,024 0,002 0,006 0,019 4,17
6 4827 0,025
7 4765 0,025
8 4262 0,022
9 4168 0,022
10 4762 0,025




Két qua do lap lai cua lutein

Lan | Thé tich | Thé tich Hé s6 | Dién tich | Nong @9 | Ham luong
phan miu hoa cian pha peak (ng/mL) | trong miu
tich (mL) (mL) loang (mAU.s) (ng/mL)
1 20 5 1 25048 0,193 0,048
2 20 5 1 24823 0,191 0,048
3 20 5 1 24663 0,190 0,047
4 20 5 1 23369 0,181 0,045
5 20 5 1 23923 0,185 0,046
6 20 5 1 24605 0,190 0,047
Ham luong trung binh (ug/mL) 0,047
SD 0,001
RSD (%) 2,4
Két qua dg Idp lai ciia lycopen
Lan | Thé | Thé |Héso | Lwong | Dién | Nongdd | Hiéu | Ham lwong
phan | tich | tich | pha thém tich (ng/mL) | suit thu | trong miu
tich | miu | hoa |lodng | chuin | peak héi (%) (ng/mL)
(mL) | cin (ng) | (mAU.s)
(mL)
1 20 5 1 0,5 9034 0,098 97,9 0,024
2 20 5 1 0,5 9313 0,101 100,6 0,025
3 20 5 1 0,5 9231 0,100 99,8 0,025
4 20 5 1 0,5 9057 0,098 98,1 0,025
5 20 5 1 0,5 9389 0,101 101,3 0,025
6 20 5 1 0,5 9216 0,100 99,6 0,025
Ham luong trung binh (ug/mL) 0,025
SD 0,00033
RSD (%) 1,3




Két qua dg Idp lai ciia B-caroten

Lan Thé Thé tich Hé¢ s6 | Dién tich | Nong d6 | Ham lwong
phan tich hoa cin pha peak (ng/mL) | trong miu
tich mau (mL) loang (mAU.s) (ng/mL)
(mL)
1 20 5 1 49504 0,590 0,148
2 20 5 1 49330 0,588 0,147
3 20 5 1 49258 0,588 0,147
4 20 5 1 49145 0,586 0,147
5 20 5 1 49073 0,585 0,146
6 20 5 1 49081 0,585 0,146
Ham lugng trung binh (pg/mL) 0,147
SD 0,00049
RSD (%) 0,3
P thu hoéi cua lutein
T~hé tich Luwong , Ham lwgng | Hi¢u ?ufit RSD
STT mau (mL) | thém chuan tim lai thu hoi R SD %)
(ug/mL) (ng/mL) (%)
1 0,454 90,8
2 0,50 0,468 93,6 0,0004 0,35
3 0,458 91,6
4 0,804 80,4
5 5,00 1,00 0,807 80,7 0,0003 0,33
6 0,815 81,5
7 2,056 102,8
8 2,00 2,116 105,8 0,0017 1,12
9 2,110 105,5




D6 thu hoéi cia lycopen

Thé tich

Lwong Ham lwong | Hiéu suat
STT | mAu(mL) |thémchudn | G Iai thu hoi SD RSD
(ng/mL) (ng/mL) R (%) 0
1 0,202 81,0
2 0,25 0,212 84,8 0,0004 | 0,73
3 0,218 87,1
4 0,047 88,0
5 5,00 0,50 0,048 90,5 0,0004 | 0,78
6 0,047 87,9
7 0,075 99,9
8 1,00 0,076 102,9 0,0012 | 1,62
9 0,077 104,8
D6 thu héi ciia f-caroten
Thé tich Lwong Ham lwong | Hiéu suat
STT | mau (mL) | thgmchudn | timlai | thuhdiR | SD ROSD
(ng/mL) (ng/mL) (%) )
1 1,452 96,8
2 1,5 1,438 95,9 0,0005 | 0,18
3 1,431 95,4
4 2,871 95,7
5 5,00 3,00 2,883 96,1 0,0010 | 0,36
6 2,913 97,1
7 5,022 83,7
8 6,00 5,130 85,5 0,0048 | 1,20
9 5,214 86,9




Phu luc 2.3. Két qua thim dinh phwong phap dinh lwgng cac falvonoid trong

nwéc cam
Két qua tham dinh MDL, MOL ciia narigin
Ham Trung
. LOD LOQ
Lan PT | Tin hiéu | lwgng binh SD R
(mg/L) | (mg/L)
(mg/L) | (mg/L)
1 2869 0,95
2 2964 0,97
3 3082 1,01
4 3121 1,02
5 2855 0,94
0,97 0,04 0,12 0,40 8,07
6 3005 0,99
7 2692 0,89
8 2832 0,93
9 3051 1,00
10 3001 0,99
Két qua tham dinh MDL, MOL ciia hesperidin
Ham Trung
. LOD LOQ
Lan PT | Tin hi¢u | luwgng binh SD R
(mg/L) | (mg/L)
(mg/L) | (mg/L)
1 4264 1,16
2 4165 1,12
3 4116 1,10
1,17 0,06 0,17 0,57 6,87
4 4240 1,15
5 4356 1,19
6 4463 1,23




Ham Trung
5 LOD LOQ
Lan PT | Tin hi¢u | luwgng binh SD R
(mg/L) (mg/L)

(ng/L) | (mg/L)
7 4567 1,27
8 4240 1,15
9 4249 1.15
10 4465 1.23

Két qua tham dinh MDL, MOL ciia neohesperidin
Ham Trung
. LOD LOQ
Lan PT | Tin hi¢u | luwgng binh SD R
(mg/L) | (mg/L)

(mg/L) | (mg/L)
1 3398 0,82
2 3605 0,90
3 3499 0,86
4 3560 0,88
5 3400 0,82

0,85 0,04 0,13 0,44 6,48

6 3584 0,89
7 3677 0,93
3364 0,80
9 3484 0,85
10 3356 0,80




Két qua tham dinh MDL, MOL ciia neohesperidin

Ham Trung
s LOD LOQ
Lan PT | Tin hi¢u | lwgng binh SD R
(mg/L) | (mg/L)
(mg/L) | (mg/L)

1 3212 0,74

2 3347 0,80

3 3034 0,67

4 3312 0,78

5 3097 0,70

0,77 0,06 0,18 0,61 4,18

6 3127 0,71

7 3293 0,77

8 3394 0,81

9 3494 0,85

10 3463 0,84

Do lap lai cua hesperidin
Lin | Thétich | Thé tich dung | Héso | Dién tich A
_ Nong djp | Ham luwong
phin madu moi hoa tan pha peak
, i} (ppm) | (ug/ml)
tich (mL) (mlL) loang (mAU.s)
1 5,00 25 1 929515 72,85 364,25
2 5,00 25 1 966615 75,76 378,81
3 5,00 25 1 976454 76,53 382,67
4 5,00 25 1 976358 76,53 382,63
5 5,00 25 1 942925 73,90 369,51
6 5,00 25 1 968784 75,93 379,66
Ham lugng trung binh (pug/mL) 376,26
SD 7,61
RSD (%) 2,02




Do lap lai cua naringin

Lin | Thé tich Thé tich Héso | Diéntich A
~ Noéng do | Ham luong
phin mau dung moi pha Peak
, X i (rpm) (ug/mL)
tich (mlL) hoa tan (mL) | lodng (mAU.s)
1 5,00 25 1 10317 0,64 3,19
2 5,00 25 1 10538 0,65 3,26
3 5,00 25 1 10112 0,63 3,13
4 5,00 25 1 10576 0,65 3,27
5 5,00 25 1 10474 0,65 3,24
6 5,00 25 1 10065 0,62 3,12
Ham lugng trung binh (ug/mL) 3,20
SD 0,07
RSD (%) 2,07
Do lap lai cua neohesperidin
Lan | Thétich Thé tich H¢sé | Dign tich A
~ Noéng do | Ham lugng
phin mau dung mai pha Peak
, X . (ppm) (ng/mlL)
tich (mlL) hoa tan (mL) lodng (mAU.s)
1 5,00 25 1 12952 0,64 3,20
2 5,00 25 1 13286 0,65 3,27
3 5,00 25 1 12469 0,62 3,08
4 5,00 25 1 13244 0,65 3,26
5 5,00 25 1 13420 0,66 3,31
6 5,00 25 1 13130 0,65 3,24
Ham luong trung binh (ug/mL) 3,32
SD 0,08
RSD (%) 2,48




Do lap lai cua quercetin

‘ ) ) , Dién
Lan | Thé tich Thé tich H¢ so . 3
. tich Nong | Ham luwong
phén mdu dung moi pha
Peak | do (ppm) | (ug/mL)
tich (mlL) hoa tan (mL) | lodng
(mAU.s)
| 5,00 25 | 12952 0,63 3,14
2 5,00 25 | 13286 0,61 3,07
3 5,00 25 | 12469 0,61 3,05
4 5,00 25 1 13244 0,60 3,02
5 5,00 25 1 13420 0,62 3,09
6 5,00 25 1 13130 0,60 3,02
Ham luong trung binh (ug/mL) 3,07
SD 0,05
RSD (%) 1,35
Pé thu hoi ciia naringin
Nong dp Lwong thé | Nong dp chudn .
. ~ D¢ thu hoi RSD
chudn thém tich mau tim lai dwoc
X (%) (%)
vao (ug/mlL) (mlL) (ug/mlL)
0,63 105,0
0,60
0,66 110,5 2,71
0,64 106,3
5,95 99,1
6,00
5,00 5,98 99,6 0,37
5,94 98,9
60,90 101,5
60,00
60,74 101,2 0,14
60,75 101,3




D6 thu hoi ciia hesperidin

Nong dé Luwong thé | Nong dé chudn .
. ~ Dy thu hoi RSD
chudn thém tich mau tim lai duwgc
(%) (%)
vao (ug/mlL) (mlL) (ug/mlL)
109,89 99,0
35,00 109,20 97,0 0,34
109,80 98,7
220,95 104,1
140,00 5,00 221,09 104,2 0,09
221,33 104,3
335,55 93,0
280,00 334,26 92,5 0,20
334,62 92,6
D6 thu héi ciia neohesperidin
Néng dp Luwong thé | Nong d¢ chudn .
. . Do thu hoi RSD
chudn thém tich mau tim lgi dwgc
(%) (%)
vao (ug/mlL) (mlL) (ug/mlL)
0,61 102,0
0,60 0,62 103,9 2,42
0,64 107,0
5,79 96,6
6,00 5,00 5,81 96,8 0,60
5,74 95,7
55,49 92,5
60,00 55,43 92,4 0,17
55,30 92,2




Do thu hoi cua quercetin

Nong dé Luwong thé | Nong dé chudn .
. ~ Dy thu hoi RSD
chudn thém tich mau tim lai duwgc
(%) (%)
vao (ug/mlL) (mlL) (ug/mlL)
0,60 100,5
0,60 0,60 100,0 0,07
0,61 101,4
5,40 90,0
6,00 5,00 5,14 85,6 3,01
5,12 85,3
52,66 87,8
60,00 52,77 87,9 1,58
51,29 85,5




Phu luc 3
THONG TIN CAC MAU CAM

Phu luc 3.1. Cac miu cam xic dinh thanh phin héa hoc

STT K lfieu Pia diém Giong Thm gian
mau lay mau
1 BG.V.01 Bic giang Vinh 2022
2 BG.V.02 Bic giang Vinh 2022
3 BG.V.03 Bic giang Vinh 2023
4 BG.V.04 Bic giang Vinh 2023
5 BG.V.05 Bic giang Vinh 2023
6 BG.V.06 Bic giang Vinh 2023
7 HB.CP.01 Hoa binh Cao Phong 2022
8 HB.CP.02 Hoa binh Cao Phong 2022
9 HB.CP.03 Hoa binh Cao Phong 2023
10 HB.CP.04 Hoa binh Cao Phong 2023
11 HB.CP.05 Hoa binh Cao Phong 2023
12 HB.CP.06 Hoa binh Cao Phong 2023
13 HG.XD.01 Ha giang Xa doai 2022
14 | HG.XD.02 Ha giang Xa doai 2022
15 | HG.XD.03 Ha giang Xa doai 2023
16 | HG.XD.04 Ha giang Xa doai 2023
17 | HG.XD.05 Ha giang Xa doai 2023
18 HY.V.01 Hung yén Vinh 2022
19 HY.V.02 Hung yén Vinh 2022
20 HY.V.03 Hung yén Vinh 2022
21 HY.V.04 Hung yén Vinh 2023
22 HY.V.05 Hung yén Vinh 2023




STT K lfiéu Dia diém Giong Thm gian
mau lay mau
23 HY.V.06 Hung yén Vinh 2023
24 HY.V.07 Hung yén Vinh 2023
25 HY.V.08 Hung yén Vinh 2024
26 HY.V.09 Hung yén Vinh 2024
27 HY.V.10 Hung yén Vinh 2024
28 HY.V.11 Hung yén Vinh 2024
29 HY.V.12 Hung yén Vinh 2024
30 HY.V.13 Hung yén Vinh 2024
31 HY.V.14 Hung yén Vinh 2024
32 HY.V.15 Hung yén Vinh 2024
33 HY.V.16 Hung yén Vinh 2024
34 | NA.XD.01 Nghé an Xa doai 2023
35 | NA.XD.02 Ngh¢ an Xa doai 2023
36 | NA.XD.03 Ngh¢ an Xa doai 2023
37 | NA.XD.04 Ngh¢ an Xa doai 2024
38 | NA.XD.05 Ngh¢ an Xa doai 2024
39 | NA.XD.06 Ngh¢ an Xa doai 2024
40 | NA.XD.07 Ngh¢ an Xa doai 2024
41 | NA.XD.08 Nghé an Xa doai 2024
42 | NA.XD.09 Ngh¢ an Xa doai 2024
43 | NA.XD.10 Ngh¢ an Xa doai 2024
44 QN.V.01 Quang ninh Vinh 2022
45 QN.V.02 Quang ninh Vinh 2022
46 QN.V.03 Quang ninh Vinh 2023




STT K lfiéu Dia diém Giong Thm gian
mau lay mau
47 QN.V.04 Quéng ninh Vinh 2023
48 TN.S.01 Tay ninh Sanh 2022
49 TN.S.02 Tay ninh Sanh 2022
50 TN.S.03 Tay ninh Sanh 2022
51 TN.S.04 Tay ninh Sanh 2023
52 TN.S.05 Tay ninh Sanh 2023
53 TN.S.06 Tay ninh Sanh 2024
54 TN.S.07 Tay ninh Sanh 2024
55 TN.S.08 Tay ninh Sanh 2024
56 TN.S.09 Tay ninh Sanh 2024
57 TQ.S.01 Tuyén quang Sanh 2023
58 TQ.S.02 Tuyén quang Sanh 2023
59 TQ.V.01 Tuyén quang Vinh 2022
60 TQ.V.02 Tuyén quang Vinh 2022
61 TQ.V.03 Tuyén quang Vinh 2022
62 TQ.V.04 Tuyén quang Vinh 2023
63 TQ.V.05 Tuyén quang Vinh 2023
64 TQ.V.06 Tuyén quang Vinh 2023
65 TQ.V.07 Tuyén quang Vinh 2023
66 TQ.V.08 Tuyén quang Vinh 2024
67 TQ.V.09 Tuyén quang Vinh 2024
68 TQ.V.10 Tuyén quang Vinh 2024
69 TV.S.01 Tra vinh Sanh 2023
70 TV.S.02 Tra vinh Sanh 2023




STT K lfiéu Dia diém Giong Thm gian
mau lay mau
71 TV.S.03 Tra vinh Sanh 2024
72 TV.S.04 Tra vinh Sanh 2024
73 VL.S.01 Vinh long Sanh 2022
74 VL.S.02 Vinh long Sanh 2022
75 VL.S.03 Vinh long Sanh 2023
76 VL.S.04 Vinh long Sanh 2023
77 VL.S.05 Vinh long Sanh 2023
78 VL.S.06 Vinh long Sanh 2023
79 VL.S.07 Vinh long Sanh 2024
80 VL.S.08 Vinh long Sanh 2024
81 VL.S.09 Vinh long Sanh 2024
82 VL.S.10 Vinh long Sanh 2024
Phu luc 3.2. Cic miu cam quét phd UV - Vis
STT Ki hiéu miu Dia diém Giong Thm gian
lay mau
1 QN.V.23.01 Quang ninh Vinh 2023
2 QN.V.23.02 Quang ninh Vinh 2023
3 QN.V.23.03 Quang ninh Vinh 2023
4 QN.V.23.04 Quang ninh Vinh 2023
5 QN.V.23.05 Quang ninh Vinh 2023
6 QN.V.23.06 Quang ninh Vinh 2023
7 QN.V.23.07 Quang ninh Vinh 2023
8 QN.V.23.08 Quang ninh Vinh 2023
9 QN.V.23.09 Quang ninh Vinh 2023




10 QN.V.23.10 Quang ninh Vinh 2023
11 QN.V.23.11 Quang ninh Vinh 2023
12 QN.V.23.12 Quang ninh Vinh 2023
13 QN.V.23.13 Quang ninh Vinh 2023
14 QN.V.23.14 Quang ninh Vinh 2023
15 QN.V.24.01 Quang ninh Vinh 2024
16 QN.V.24.02 Quang ninh Vinh 2024
17 QN.V.24.03 Quang ninh Vinh 2024
18 QN.V.24.04 Quang ninh Vinh 2024
19 QN.V.24.05 Quang ninh Vinh 2024
20 QN.V.24.06 Quang ninh Vinh 2024
21 QN.V.24.07 Quang ninh Vinh 2024
22 QN.V.24.08 Quang ninh Vinh 2024
23 QN.V.24.09 Quang ninh Vinh 2024
24 QN.V.24.10 Quang ninh Vinh 2024
25 HB.V.23.01 Hoa Binh Vinh 2023
26 HB.V.23.02 Hoa Binh Vinh 2023
27 HB.V.23.03 Hoa Binh Vinh 2023
28 HB.V.23.04 Hoa Binh Vinh 2023
29 HB.V.23.05 Hoa Binh Vinh 2023
30 HB.V.23.06 Hoa Binh Vinh 2023
31 HB.V.23.07 Hoa Binh Vinh 2023
32 HB.V.23.08 Hoa Binh Vinh 2023
33 HB.V.23.09 Hoa Binh Vinh 2023
34 HB.V.23.10 Hoa Binh Vinh 2023
35 HB.V.23.11 Hoa Binh Vinh 2023




36 HB.V.23.12 Hoa Binh Vinh 2023
37 HB.V.23.13 Hoa Binh Vinh 2023
38 HB.V.23.14 Hoa Binh Vinh 2023
39 HB.V.23.15 Hoa Binh Vinh 2023
40 | HB.V.23.16 Hoa Binh Vinh 2023
41 | HB.V.23.17 Hoa Binh Vinh 2023
42 | HB.V.23.18 Hoa Binh Vinh 2023
43 | HB.V.23.19 Hoa Binh Vinh 2023
44 | HB.V.23.20 Hoa Binh Vinh 2023
45 | HB.V.23.21 Hoa Binh Vinh 2023
46 | HB.V.23.22 Hoa Binh Vinh 2023
47 | HB.V.23.23 Hoa Binh Vinh 2023
48 | HB.V.23.24 Hoa Binh Vinh 2023
49 | HB.V.23.25 Hoa Binh Vinh 2023
50 | HB.V.24.01 Hoa Binh Vinh 2024
51 | HB.V.24.02 Hoa Binh Vinh 2024
52 | HB.V.24.03 Hoa Binh Vinh 2024
53 | HB.V.24.04 Hoa Binh Vinh 2024
54 | HB.V.24.05 Hoa Binh Vinh 2024
55 | HB.V.24.06 Hoa Binh Vinh 2024
56 | HB.V.24.07 Hoa Binh Vinh 2024
57 | HB.V.24.08 Hoa Binh Vinh 2024
58 | HB.V.24.09 Hoa Binh Vinh 2024
59 | HB.V.24.10 Hoa Binh Vinh 2024
60 | HB.V.24.11 Hoa Binh Vinh 2024
61 | HB.V.24.12 Hoa Binh Vinh 2024




62 | HB.V.24.13 Hoa Binh Vinh 2024
63 | HB.V.24.14 Hoa Binh Vinh 2024
64 | HB.V.24.15 Hoa Binh Vinh 2024
65 | HB.V.24.16 Hoa Binh Vinh 2024
66 | HB.V.24.17 Hoa Binh Vinh 2024
67 | HB.V.24.18 Hoa Binh Vinh 2024
68 | HB.V.24.19 Hoa Binh Vinh 2024
69 | HB.V.24.20 Hoa Binh Vinh 2024
70 | HB.V.24.21 Hoa Binh Vinh 2024
71 | HB.V.24.22 Hoa Binh Vinh 2024
72 | HB.V.24.23 Hoa Binh Vinh 2024
73 | HB.V.24.24 Hoa Binh Vinh 2024
74 | HB.V.24.25 Hoa Binh Vinh 2024
75 | HB.V.24.26 Hoa Binh Vinh 2024
76 | HB.V.24.27 Hoa Binh Vinh 2024
77 | HB.V.24.28 Hoa Binh Vinh 2024
78 | HB.V.24.29 Hoa Binh Vinh 2024
79 TQ.V.23.01 Tuyén Quang Vinh 2023
80 TQ.V.23.02 Tuyén Quang Vinh 2023
81 TQ.V.23.03 Tuyén Quang Vinh 2023
82 TQ.V.23.04 Tuyén Quang Vinh 2023
83 TQ.V.23.05 Tuyén Quang Vinh 2023
84 TQ.V.23.06 Tuyén Quang Vinh 2023
85 TQ.V.23.07 Tuyén Quang Vinh 2023
86 TQ.V.23.08 Tuyén Quang Vinh 2023
87 TQ.V.23.09 Tuyén Quang Vinh 2023




88 TQ.V.23.10 Tuyén Quang Vinh 2023
89 TQ.V.23.11 Tuyén Quang Vinh 2023
90 TQ.V.23.12 Tuyén Quang Vinh 2023
91 TQ.V.23.13 Tuyén Quang Vinh 2023
92 TQ.V.23.14 Tuyén Quang Vinh 2023
93 TQ.V.23.15 Tuyén Quang Vinh 2023
94 TQ.V.24.01 Tuyén Quang Vinh 2024
95 TQ.V.24.02 Tuyén Quang Vinh 2024
96 TQ.V.24.03 Tuyén Quang Vinh 2024
97 TQ.V.24.04 Tuyén Quang Vinh 2024
98 TQ.V.24.05 Tuyén Quang Vinh 2024
99 TQ.V.24.06 Tuyén Quang Vinh 2024
100 TQ.V.24.07 Tuyén Quang Vinh 2024
101 TQ.V.24.08 Tuyén Quang Vinh 2024
102 TQ.V.24.09 Tuyén Quang Vinh 2024
103 TQ.V.24.10 Tuyén Quang Vinh 2024
104 TQ.V.24.11 Tuyén Quang Vinh 2024
105 TQ.V.24.12 Tuyén Quang Vinh 2024
106 TQ.V.24.13 Tuyén Quang Vinh 2024
107 TQ.V.24.14 Tuyén Quang Vinh 2024
108 TQ.V.24.15 Tuyén Quang Vinh 2024
109 TQ.V.24.16 Tuyén Quang Vinh 2024
110 TQ.V.24.17 Tuyén Quang Vinh 2024
111 TQ.V.24.18 Tuyén Quang Vinh 2024




Phu luc 3.3. Ma ho6a cam do dién hoa

Cam tw nhién: Tén tinh.ndm.sb tho tu
Cam Cao phong: CP.24.01 — CP.24.02........ -CP.24.14
Cam Ha Giang: HG.24.01 — HG.24.02........ - HG.24.07
Cam Bén tre: BT.24.01 — BT.24.02........- BT.24.07
Cam Vinh long: VL.24.01 — VL.24.02........ -VL.24.13
Cam Ngh¢ an: NA.24.01 — NA.24.02........ -NA.24.10
Cam Bic Giang: BG.24.01 — BG.24.02........ -BG.24.10
Cam Hung Yén: HY.24.01 —HY.24.02........ -HY.24.10
Cam Quing Ninh: QN.24.01 — QN.24.02........ - QN.24.10

Mau nwéc cam dong chai: TM.Tén thuong hiéu.nam.sd thi tu

Mirinda: TM.M.24.01 - .... - TM.M.24.10
Fanta: TM.F.24.01 - ..... —TM.M.24.10
Twister: TM.T.24.01 - .... - TM.T.24.10

Teppy: TM.Te.24.01 - ... — TM.Te.24.10
Nutri: TM.N.24.01 -...-TM.N.24.05
TH: TM.TH.24.01 - ... - TM.TH.24.05
Cic méu pha trén: PHA .Tén thuong hiéu viét tit. S6 thir tu
S6 thir tu dénh tir 01-09 tuong tGng tir 10% TM dén 90% TM

Vi du: PHA.F.01: mau nudc cam ty nhién pha 10% nudc cam Fanta.



Phu luc 4

KET QUA HAM LUQNG CAC CHAT HOA HQC CHINH TRONG NUGC CAM

Puwong Carotenoid Acid Flavonoid
Dia Gibng (g/100 mL) (mg/L) (g/L) (mg/L)
phuong Fructose | Glucose | Sucrose | Lutein b Acid Acid Acid Hesperidin | Quercetin
caroten citric | ascorbic | fumaric
Bic giang Vinh 2.37 2.24 2.44 0.12 0.062 | 175.136 2.09 0.135 201.992 34.169
Bic giang Vinh 2.17 2.06 2.94 0.121 | 0.091 | 187.115 | 0.998 0.175 212.426 36.941
Bic giang Vinh 2.22 2.05 2.83 0.124 | 0.066 192.99 1.018 0.149 198.592 40.711
Bic giang Vinh 2.83 2.09 2.65 0.047 0.04 191.557 | 0.942 0.132 242.291 41.678
Bic giang Vinh 2.33 2.23 2.82 0.116 | 0.075 192.4 1.691 0.16 303.079 45.415
Bic giang Vinh 2.28 2.22 2.64 0.113 0.07 182.812 | 2.002 0.131 532.606 39.508
Hoa Binh Cao Phong 3.85 2.18 4.51 0.126 | 0.066 | 183.375 | 1.734 0.115 391.381 46.953
Hoa Binh Cao Phong 1.21 1.16 1.88 0.126 | 0.065 | 185.272 | 1.748 0.082 575.88 44.849
Hoa Binh Cao Phong 3.09 3.02 4.47 0.125 | 0.069 187.22 1.775 0.127 688.231 43.206
Hoa Binh Cao Phong 2.6 2.24 5.05 0.092 | 0.063 | 183.086 | 1.726 0.139 271.17 42.79
Hoa Binh Cao Phong 3.87 3.88 6.39 0.154 | 0.073 | 181.788 | 1.723 0.132 625.471 40.942
Hoa Binh Cao Phong 3.61 3.4 3.66 0.126 | 0.069 185.11 1.715 0.11 537.404 45.499




Puwong Carotenoid Acid Flavonoid
DPia Gibng (g/100 mL) (mg/L) (g/L) (mg/L)
phirong Fructose | Glucose | Sucrose | Lutein b Acid Acid Acid Hesperidin | Quercetin
caroten | citric | ascorbic | fumaric
Ha giang Xa doai 1.71 1.49 2.85 0.043 | 0.052 | 197.808 | 3.045 0.067 556.772 21.042
Ha giang Xa doai 3.19 3.12 2.24 0.029 | 0.037 | 195.77 | 2.714 0.066 622.528 20.356
Ha giang Xa doai 2.23 2.09 2.13 0.029 | 0.035 | 186.458 | 2.843 0.07 727.207 21.062
Ha giang Xa doai 2.36 2.27 3.33 0.028 | 0.037 | 187.213 | 2.606 0.065 447.611 19.372
Ha giang Xa doai 2.14 2.06 2.08 0.045 | 0.053 | 199.703 | 2.928 0.061 700.849 21.669
Hung yén Vinh 2.46 2.29 4.81 0.053 0.05 | 169.372 | 1.845 0.13 726.778 23.761
Hung yén Vinh 2.67 2.39 3.84 0.055 | 0.054 | 256.035 | 2.635 0.02 335.668 17.88
Hung yén Vinh 3.00 2.79 5.93 0.041 | 0.051 | 195.011 | 2.325 0.025 401.683 16.022
Hung yén Vinh 3.23 2.88 6.01 0.04 | 0.049 | 253.428 | 2.208 0.039 366.087 29.37
Hung yén Vinh 2.46 2.2 3.27 0.055 | 0.055 | 254.177 | 1.838 0.072 397.715 30.165
Hung yén Vinh 2.96 2.69 4.95 0.048 | 0.048 | 221.595 | 2.485 0.028 347.585 21.098
Hung yén Vinh 2.00 1.73 3.47 0.058 | 0.056 | 225.986 | 1.284 0.079 229.003 19.87
Hung yén Vinh 1.77 1.54 4.32 0.053 | 0.039 | 228.841 1.36 0.063 568.36 23.565
Hung yén Vinh 2.61 2.37 4.00 0.036 | 0.038 | 225.271 | 1.318 0.078 513.552 23.216




Puwong Carotenoid Acid Flavonoid
Dia . (g/100 mL) (mg/L) (g/L) (mg/L)
phuong Giong B- Acid Acid Acid
Fructose | Glucose | Sucrose | Lutein caroten | citric | ascorbic | fumaric Hesperidin | Quercetin

Hung yén Vinh 1.85 1.8 4.09 0.074 | 0.053 | 225.729 | 1.334 0.07 498.255 24.572
Hung yén Vinh 2.61 2.3 3.43 0.037 | 0.036 | 229.843 | 1.354 0.079 481.296 22.664
Hung yén Vinh 2.78 2.16 3.48 0.041 | 0.047 | 148912 | 2.221 0.038 139.548 17.205
Hung yén Vinh 2.02 1.7 3.65 0.058 | 0.059 | 172.992 | 2.35 0.056 193.134 19.442
Hung yén Vinh 2.5 2.32 3.97 0.073 0.05 162.46 | 2.142 0.054 235.113 16.471
Hung yén Vinh 24 2.03 3.77 0.049 | 0.048 | 158.533 | 2.246 0.047 440.753 16.589
Hung yén Vinh 2.83 2.43 3.96 0.056 | 0.058 | 153.739 | 2.268 0.056 290.513 14.757
Ngh¢ an Xa doai 241 2.23 4.3 0.073 | 0.051 | 146.316 | 1.464 0.058 366.937 21.3

Ngh¢ an Xa doai 2.17 2.04 3.92 0.075 0.05 | 349.555 | 11.614 | 0.105 221.439 41.262
Ngh¢ an Xa doai 2.1 1.98 3.58 0.089 | 0.062 | 155913 | 1.619 0.054 243.038 22.302
Ngh¢ an Xa doai 1.8 1.6 3.23 0.09 | 0.061 | 180.528 | 1.439 0.063 209.067 16.58
Ngh¢ an Xa doai 1.94 1.59 3.47 0.061 | 0.044 | 155.795 | 1.453 0.104 341.51 15.161
Ngh¢ an Xa doai 2.23 2.11 4.31 0.062 | 0.053 | 164.607 | 1.637 0.06 459.486 29.787
Ngh¢ an Xa doai 2.03 1.93 3.48 0.063 | 0.051 | 164.517 | 1.224 0.099 240.246 21.166




Puwong Carotenoid Acid Flavonoid
DPia Gibng (g/100 mL) (mg/L) (g/L) (mg/L)
phirong Fructose | Glucose | Sucrose | Lutein b Acid Acid Acid Hesperidin | Quercetin
caroten | citric | ascorbic | fumaric

Ngh¢ an Xa doai 2.23 1.98 4.27 0.055 | 0.049 | 150.523 | 1.421 0.044 236.939 17.312
Ngh¢ an Xa doai 2.02 1.63 3.68 0.073 | 0.051 | 265.828 | 1.618 0.065 302.23 30.959
Ngh¢ an Xa doai 1.88 1.69 3.2 0.059 | 0.052 | 151.939 | 12.108 | 0.056 267.471 19.396
Quang ninh Vinh 4.05 3.85 5.2 0.067 0.05 249.3 3.728 0.165 529.582 92.059
Quang ninh Vinh 2.71 3.61 2.9 0.07 0.055 | 264.718 | 3.887 0.165 557.125 92.356
Quéng ninh Vinh 2.65 3.22 3.91 0.09 | 0.063 | 271.555 | 3.662 0.157 546.513 91.863
Quang ninh Vinh 3.33 3.15 3.54 0.07 0.056 | 271.957 | 3.865 0.164 69.023 91.88

Tay ninh Sanh 1.53 1.38 3.96 0.212 | 0.162 | 182.109 | 4.985 0.432 80.374 31.718
Tay ninh Sanh 1.63 1.6 4.91 0.204 | 0.152 | 168.759 | 0.817 0.241 108.536 26.732
Tay ninh Sanh 1.34 1.46 4.07 0.196 | 0.155 | 184.677 | 2.917 0.273 332.563 109.229
Tay ninh Sanh 1.79 1.94 2.58 0.198 | 0.168 | 159.519 | 2.595 0.282 243.898 47.038
Tay ninh Sanh 1.11 1.05 34 0.183 | 0.156 | 177.188 | 1.208 0.236 208.519 76.815
Tay ninh Sanh 1.64 1.62 3.99 0.198 | 0.154 | 168.325 | 0.454 0.208 109.363 62.611

Tay ninh Sanh 1.35 1.26 3.44 0.185 | 0.141 | 170.215 | 0.454 0.182 398.991 55.276




Puwong Carotenoid Acid Flavonoid
DPia Gibng (g/100 mL) (mg/L) (g/L) (mg/L)
phirong Fructose | Glucose | Sucrose | Lutein b Acid Acid Acid Hesperidin | Quercetin
caroten | citric | ascorbic | fumaric

Tay ninh Sanh 1.13 1.12 3.47 0.192 | 0.162 | 182.304 | 2.767 0.219 449.599 118.497
Tay ninh Sanh 1.3 1.41 3.14 0.209 | 0.166 | 192.933 0.34 0.128 403.655 98.704
Tuyén quang Sanh 1.58 1.46 3.49 0.25 0.485 | 246.349 | 0.614 0.03 251.98 82.269
Tuyén quang Sanh 1.96 1.23 2.68 0.234 | 0.589 | 230.291 | 0.609 0.022 468.271 89.101
Tuyén quang Vinh 3.18 2.89 4.16 0.119 | 0.054 | 245428 | 13.063 | 0.646 468.798 35.967
Tuyén quang Vinh 2.39 2.06 2.73 0.118 | 0.056 | 365.543 | 21.774 | 0.272 311.673 66.379
Tuyén quang Vinh 2.16 1.84 3.78 0.134 | 0.065 | 102.145 | 2.715 1.864 323.524 103.049
Tuyén quang Vinh 2.21 2.11 3.09 0.118 | 0.059 | 372.364 | 22.978 | 0.331 813.699 64.804
Tuyén quang Vinh 2.58 2.23 3.7 0.164 | 0.087 | 385.302 | 20.138 | 0.222 305.211 64.815
Tuyén quang Vinh 1.78 1.53 2.32 0.156 | 0.048 | 102.571 | 2.708 1.864 296.226 102.829
Tuyén quang Vinh 2.07 1.9 3.15 0.155 | 0.051 | 102.801 | 2.718 1.861 289.627 102.274
Tuyén quang Vinh 1.64 1.43 2.76 0.138 | 0.056 | 513.812 | 18.84 0.31 288.536 54.935
Tuyén quang Vinh 1.83 1.66 2.43 0.156 | 0.054 | 482.672 | 19.654 | 0.045 284.258 68.303
Tuyén quang Vinh 2.14 2.01 2.3 0.099 | 0.064 | 498.179 | 17.648 0.13 250.76 48.718




Puwong Carotenoid Acid Flavonoid
Dia . (g/100 mL) (mg/L) (g/L) (mg/L)
phuong Giong B- Acid Acid Acid
Fructose | Glucose | Sucrose | Lutein caroten | citric | ascorbic | fumaric Hesperidin | Quercetin
Tra vinh Sanh 0.9 2.57 3.59 0.133 | 0.212 | 153.038 | 2.043 0.068 262.381 37.656
Tra vinh Sanh 2.33 0.8 2.97 0.141 | 0.207 | 126.513 | 1.175 0.197 204.658 39.968
Tra vinh Sanh 2.69 2.46 4.09 0.133 | 0.191 | 125.051 | 1.169 0.203 279.76 39.638
Tra vinh Sanh 0.9 0.82 2.98 0.164 | 0.196 | 193.512 | 1.434 0.172 656.254 44.408
Vinh long Sanh 1.94 1.89 4.61 0.055 | 0.249 | 213.462 | 0.646 0.087 218.499 15.034
Vinh long Sanh 2.17 1.96 5.66 0.111 | 0476 | 153.536 | 0.162 0.484 227.449 46.154
Vinh long Sanh 242 2.25 3.55 0.066 | 0.473 | 248.462 | 0.376 0.03 272.247 11.721
Vinh long Sanh 1.15 1.09 3.89 0.057 | 0331 | 247.296 | 0.625 0.075 132.057 12.146
Vinh long Sanh 2.29 2.03 5.01 0.049 | 0.258 | 261.698 | 0.555 0.067 168.96 13.451
Vinh long Sanh 2.46 2.49 4.12 0.09 | 0.505 | 160.867 | 0.42 0.481 132.325 52.791
Vinh long Sanh 1.46 1.29 4.24 0.105 | 0.289 | 241.662 | 0.33 0.112 304.812 15.036
Vinh long Sanh 2.55 2.37 3.89 0.072 | 0.342 159.6 0.304 0.313 146.804 41.99
Vinh long Sanh 1.78 1.68 2.81 0.083 | 0.378 | 140.258 | 0.488 0.331 154.035 43.988
Vinh long Sanh 24 2.34 4.58 0.056 | 0.317 | 224.437 | 0.496 0.118 216.246 11.491




Phu luc S
MOT SO CAU LENH MAY HQC
SMOOTE

SMOTE (k_neighbors=1)

{, ¥ = sm.fit_resample(X.astype(str), y.astype(str))

e = LabelEncoder()
y = le.fit _transform(y)

X_train, X test, y_train, y test = train_test_split(X, y, test size-0.2, stratify=y, random_state=42)
X_train.shape, X test.shape, y train.shape, y test.shape

(128, 10), (32, 10), (128,), (32,))

scaler = StandardScaler()
X_train = scaler.fit_transform(X_train)
X_test = scaler.transform(X_test)

PCA-SVC
PCA SVC

pca = PCA()
svc = SvC()
pipeline = Pipeline(steps=[('pca’, pca), ('svc', svc)])
param_grid = {
*svc__kernel': ['rbf', 'poly’, 'sigmoid', ‘linear'],
}
grid = Gridsearchcv(pipeline, param_grid, refit = True, verbose = 3)
grid.fit(X train, y train)
print("\n\n")
ic(grid.best params )
model = grid.best estimator_
model.fit(X train, y train)
print(“Accuracy score:",accuracy_score(y_test, model.predict(X test)))




PCA-DT

pca = PCA()

dt = DecisionTreeClassifier()

pipeline = Pipeline(steps=[('pca’', pca), ('dt', dt)])
param_grid = {

}

grid = GridSearchcv(pipeline, param grid, refit = True, verbose = 3)
grid. fit(X train, y train)

print("\n\n")

ic(grid.best params )

model = grid.best estimator

model.fit(X train, y train)

print(“Accuracy score:",accuracy score(y_test, model.predict(X test)))

PCA-RF
<. Generate + Code + Markdown

pca = PCA()

rf = RandomForestClassifier()

pipeline = Pipeline(steps=

param_grid = {

}

grid = Gridsearchcv(pipeline, param grid, refit = True, verbose = 3)
grid.fit(X train, y train)

print(“\n\n")

ic(grid.best params )

model = grid.best estimator_

model.fit(X train, y train)

print("Accuracy score:",accuracy score(y test, model.predict(X test)))

PCA - ANN

PCA-ANN
% Generate  + Code -+ Markdown

pca = ¥
mlp = MLF ifier()
pipeline eline(steps=[('pca’, pca), ('mlp’', mlp)])
param_grid
‘mlp -
"‘mlp__hidd (2,2), (3,3), (4,8) 5), (656),(7,7),(8,8),(9,9),(10, 10), (12,12),(20, 20)],

‘'mlp__

}

grid = Gr pipeline, param grid, refit = verbose = 3)
grid.fit(x_train, y train)

print("\n\n")

ic(grid.best_params_)

model = prid.best estimator_




XGBoost

XGBoost

from xgboost import XGBClassifier

pca = PCA()
xgb = XGBClassifier()
pipeline = Pipeline(steps=[('pca’, pca), ('xgb', xgb)])
param_grid = {
'xgb n estimators': [5@, 100, 150, 200],

}

grid = GridSearchcv(pipeline, param grid, refit = True, verbose = 3)
grid.fit(X_train, y train)

print("\n\n")

ic(grid.best params )

model = grid.best estimator_

model.fit(X train, y train)

print("Accuracy score:",accuracy score(y test, model.predict(X test)))

SNV

def snv(input_data):
# Define a new array and populate it with the corrected data
output_data = np.zeros_like(input_data)
for i in range(input_data.shape[@]):

# Apply correction
output data[i,:] = (input data[i,:] - np.mean(input_data[i,:])) / np.std(input_data[i,:])

return output_data

snv(X)
savgol filter(X, window length=15, polyorder=3, deriv=2)

.plot(wl, X.T, linewidth = 8.7)
xlabel ("E(V)")

.ylabel ("I(mA)")

show()




self.n_features_to
self.pls =

emain_vectors

(remain_ wavelength[max length vector
gth map, max length vector id

s which sample belongs to which cluster
luster table
cluster_table = pd.DataFrame({
"Sample”: sample_names, # Replace "data["Type"]"' with your sample 1
luster”: clusters

# Sort the table by Cluster for clarity
uster_table = cluster table.sort values("Cluster™)

Print the cluster tal
counts = cluster table.groupby(["Cluster”, “"Sample”]).size().unstack(fill value=8)

: Plot the stacked bar chart
counts.plot(kind="bar", stacked=True, colo skyblue™, "lightcoral”,

range”], figsize=(8,

# Step 3 e plot
# plt.title("Count of ' and
plt.xlabel("Cluster")
plt.ylabel ("Count™)
plt.legend(title="Sample Type"”, labels=["TN
plt.xticks(rotation=e)
plt.show()
print{counts)
proba table = counts
for i in range(len(proba_table)):

proba_table.iloc[i, :] = proba_table.iloc[i, :] / proba_table.iloc[i,
print(proba_table)

in Each Clust




Phu luc 6
CAC TINH THEO PIA DANH HANH CHiNH MOI

(T 1/7/2025)

STT Tén tinh cii Tén tinh méi
1 Bic giang Bic ninh
2 Hoa binh Ph1 tho
3 Ha giang Tuyén quang
4 Hung yén Hung yén
5 Ngh¢ an Ngh¢ an
6 Quang ninh Quang ninh
7 Tay ninh Tay ninh
8 Tuyén quang Tuyén quang
9 Tra vinh Vinh long
10 Vinh long Vinh long




