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11. Tém tat cac két qua mai cua lun an:

Muc dich:

- Nghién ctru phat trién phuong phap sic ky 1ong dé dinh lugng cac nhom chét hoa
hoc chinh c6 mat trong nudc cam

- Xay dung cac thuat toan hoc may dé phan biét, phan loai cac san phém nudc cam
dua trén cac dir liéu dau vao nhu thanh phan hoéa hoc, dit liéu phd UV-Vis, dit liéu dién
hoa.

Poi twong nghién ciru:

Péi tugng nghién ctru 1a qua cam véi cac gidng khac nhau dugc trong & céc tinh cia
Vi¢t Nam va nudc cam dang dugce ban trén thi truong Ha Noi.

Cac phuong phap nghién cuu da su dung:

- Xay dung va xac nhan gia tri st dung cac phwong phap dinh lugng thanh phan hoa
hoc chinh trong nuwdc cam bao gom nhém acid hitu co, carotenoid va flavonoid bang sic
ky long hi€u nang cao

- Phéan biét, phan loai cac san phém nudc cam dua trén thanh phﬁn hoa hoc

- Phan biét, phan loai cac san phim nudc cam dya trén dit liéu phd

- Phéan biét, phan loai cac san phém nudc cam dua trén dir liéu dién hoa

Cdc két qua chinh:

- Pa phat trién phuong phap HPLC dinh luong dong thoi nam acid hitu co gém: acid
oxalic, acid malic, acid ascorbic, acid citric, acid fumaric véi RSD tir 1,3% - 3,5% va

d6 thu hoi ciia nam trong khoang 90% — 107%. Ba carotenoid gom: lutein, lycopen va



B-caroten véi RSD tir 0,3% - 2,4% va d6 thu hdi nam trong khoang 80 - 110%. Bén
flavonoid gém: naringin, hesperidin, neohesperidin va quercetin véi RSD tir 1,35% -
3,32% va do thu hoi nam trong khoang 80 -110%.

- Pi xay dung dugc phuong phap phan loai nudc cam theo gidng va theo ngudn
gbc dia 1y dua trén thanh phan hoéa hoc két hop may hoc. B¢ giam thiéu sy mat can
bang dir liéu, bo dir liéu ham luong duoc tién xir Iy vai SMOOTE. Véi tiéu chi phan
loai theo gidng, thuat todn MLP cho kha ning phén loai dat 93,1%. V&i tiéu chi phan
loai theo vung dia li, cac thuat toan SVC va RF dat d chinh xdc phan loai tuyét doi.

- Pi xay dung duoc phuong phap xac thuc ngudn goc dia 1y ctua nude cam dya
trén dir liéu phdé UV - Vis két hop may hoc. Bo dir liéu phd duoc tién xir 1y bang
chuan hoéa standard normal variate (SNV) két hop lam tron Savitzky-Golay (SG).
Khi str dung dai phd hep 250 nm - 400 nm, LDA cho kha ning phan loai 100%, khi
sir dung toan pho (250 - 1000 nm) ca 3 thuat toan LDA, RF, ANN cho khé nang phan
loai 91,3 - 95,6%. Tién xtr Iy bang SNV + SG két hop thém dao ham bac nhit, ANN
dat 100% trén ca tap huin luyén va tap kiém tra.

- Pa x4y dung dugc phuong phap phan biét nudc cam ty nhién véi nude cam hoa
hoc dua trén diu van tay dién hoa két hop may hoc. Cac dir liéu dién hoa duoc tién
xtr Iy bang SVN két hop véi SG, sau d6 duoc giam chiéu bang iPLS. Thuat toan RF
cho kha ndng phan loai nudc cam ty nhién bi pha trdn dat 95%, tuy nhién kha nang
phan ni¢t han ché khi mutc d6 pha trén & muc ti 1€ ngang nhau cd 45 - 50% pha trdn.

Cdc dong gop moi:

Hién tai chua c6 nghién ctru nao xay dung bd dir licu vé thanh phr:in hoa hoc trong
Cam Viét Nam. Cho dén nay ciing chua c6 cong bd nao xac thuc va phéan loai nudc cam
Viét Nam dya trén cac thanh phan hoa hoc hay cac tin hiéu phan tich. Luén an gép phan
giai quyét hai van dé trén.

- Pi xdy dyng va thim dinh dugc phuong phap dinh luong cac thanh phan hoa hoc
chinh c6 trong nudc cam (acid hitu co, carotenoid, flavonoid). Day la nghién ctru toan
dién, dong gop nang cao chat lwong cong tac kiém nghiém an toan thyc pham.

- Ung dung hoc may xay dung dugc cac mo hinh phéan loai cam theo gidng va theo
ngudn gdc dia 1y, phan biét duoc nude cam tu nhién va nudc cam pha ché dya trén thanh
phan hoa hoc va céc tin hig¢u phan tich (UV, Volt-ampere).

Y nghia khoa hoc va thuc tién:

Luan 4n di xdy dung dugc cac phuong phéap dinh lugng 3 nhém hop chét chinh co
mit trong nudc cam bao gom: acid hiru co, carotenoid, flavonoid, cac phuong phap nay
dang duoc trién khai thuong quy tai Vién Kiém nghiém an toan vé sinh thyc pham Quéc
gia. Trong do6 c6 02 phép thur (acid, carotenoid) da dugc cong nhan phu hop theo ti€u
chuan ISO 17025:2017. S6 hiéu phong thir nghiém VILAS 203.



Két qua luan 4n mé ra co hoi ing dung cho cac co s kiém nghiém trong viéc xay
dung dugc bd dir liéu nhan dang, phan biét cac san phém nudc cam trén thi truong nham
danh gia tinh x4c thuc cac cong bd cta nha san xuat. Pong thoi, viée truy xuat ngudn
gbc clia cac san phdm cam twoi c6 thé trién khai theo nhiéu cach tuy thudc diéu kién
phong thi nghiém. Hon nita c6 thé mé rong ung dung cho nhiéu loai thuc phém, duoc
lidu, duoc pham..., gbp phan giai quyét cac van dé thyc té hién nay tai Viét Nam.

Két qua cua ludn an c6 thé ap dung trén thyuc té kiém nghiém & nhiéu don vi, do dé
tai tién hanh thtr nghiém trén nhiéu loai thiét bi nhu UV, HPLC hay cuc phd. Cac co s&
c6 thé lya chon phuong phap phu hgp véi diéu kién thuc té tai don vi minh. Hon nita,
céc thuat toan duoc xdy dung trén phan mém mo Python nén khong bi gidi han béi ban
quyén, kinh phi va d& dang thay d6i thuat toan cho ngudi sir dung.

12. Cac hudng nghién ctru tiép theo:

Xay dung bd dir 1i¢u thanh phén hoa hoc va hinh anh, tir 46 xay dung dugc cac mo
hinh phan loai cam theo chat luong (dd ngot, d tuoi...) dua trén hinh anh ma khong can
pha huy méu. Tir 6 img dung vao cic day chuyén trong so ché cam trude khi dua ra thi
truong.

Xay dung bg dit li€u hinh anh ctia cam duogc tréng ¢ cac vung khac nhau, xay dung
cac thuat toan, két hop IoT dé co thé nhanh chéng truy xuit ngudn gbc dia 1y cua qua
cam b@ing thiét bi dién thoai thong minh.
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11. Summary of the new findings of the thesis

Purpose:

- To research and develop liquid chromatography methods for the quantification of
major chemical groups present in orange juice.

- To construct machine learning algorithms to authenticate and classify orange juice
based on input data such as chemical composition, UV-Vis spectral data, and
electrochemical data.

Objectives

The research subjects are various orange cultivars grown in different provinces of
Vietnam and orange juice products currently being sold in the Hanoi market.

Research methods:

- Establishing and validating analytical procedures for the quantification of primary
chemical constituents in orange juice, including organic acid, carotenoids, and
flavonoids, using high-performance liquid chromatography.

- Authenticating and classifying orange juice based on chemical composition.

- Authenticating and classifying orange juice based on spectral data.

- Authenticating and classifying orange juice based on electrochemical data.

The major results:

- Development of HPLC methods for quantifying five organic acids: oxalic, malic,
ascorbic, citric, and fumaric acids with RSD: 1.3% - 3.5% and recovery: 90% - 107%.

Three carotenoids: lutein, lycopene, and beta-carotene with RSD: 0.3% - 2.4% and



recovery: 80% - 110%. Four flavonoids: naringin, hesperidin, neohesperidin, and
quercetin with RSD: 1.35% - 3.32% and recovery: 80% - 110%.

- Authentication of orange juice by cultivar and geographical origin using chemical
composition combined with machine learning, pre-processed data with SMOTE. MLP
achieved 93.1% accuracy for cultivar classification; SVC and RF reached absolute
accuracy for geographical origin.

- Authentication of geographical origin using UV-Vis spectroscopy combined with
machine learning, pre-processe data with SNV and Savitzky-Golay (SG) smoothing.
LDA gave 100% accuracy in 250 - 400 nm range. Full spectrum (250 - 1000 nm) with
SNV+SG and first-order derivative via ANN reached 100% accuracy.

- Differentiation between natural and chemically adulterated orange juice using
electrochemical fingerprints combined with machine learning. Pre-processed data by
SNV+SG; dimensionality reduced using iPLS. RF algorithm achieved 95% accuracy.

Novel contributions:

To date, there has been a lack of comprehensive databases regarding the chemical
composition of Vietnamese oranges. Furthermore, no published studies have addressed
the authentication and classification of Vietnamese orange juice based on either
chemical constituents or analytical profiles. This dissertation directly addresses these
two critical gaps:

- Robust analytical methods were successfully developed and validated for the
quantification of the primary chemical classes in orange juice, namely organic acids,
carotenoids, and flavonoids. This comprehensive study provides a significant
advancement in enhancing the efficacy of food safety control and quality assurance.

- Advanced machine learning algorithms were deployed to construct predictive
models for classifying oranges based on cultivar and geographical origin. Additionally,
these models successfully differentiated authentic (natural) orange juice from
formulated products utilizing chemical compositions and analytical data (UV-Vis and
voltammetry).

Scientific and practical significance:

This research successfully established quantitative methods for three major
compound classes in orange juice (organic acids, carotenoids, and flavonoids). These
methods are currently implemented for routine analysis at the Vietnam national institute
for food control. Notably, two of these analytical assays (organic acids and carotenoids)
have been formally accredited under the ISO/IEC 17025:2017 standard (laboratory
code: VILAS 203).

The findings of this dissertation offer substantial opportunities for testing laboratories

to build reference databases for identification and differentiation. This enables the



verification of commercial orange juice products against manufacturer claims.
Concurrently, accurate geographical traceability of fresh oranges can be tailored and
deployed via multiple analytical workflows depending on individual laboratory
infrastructure. Furthermore, this methodological framework can be scaled and extended
to various other matrices, including agricultural foods, medicinal herbs, and
pharmaceuticals, thereby addressing urgent, real-world quality control challenges in
Vietnam.

These outcomes are transferable to diverse testing facilities, as the experimental
workflows were validated across multiple instrumental platforms, including UV-Vis,
HPLC, and polarography. Laboratories can thus select the most compatible approach
aligned with their existing instrumentation. Moreover, for classification and
discrimination tasks, the chemometric and machine learning algorithms were developed
using the open-source Python environment. This eliminates licensing costs, lowers
financial barriers, and ensures flexible algorithmic customization for end-users.

12. Futher research directions

Non-destructive quality assessment: to construct an integrated database combining
chemical profiles and digital imagery, subsequently training classification models to
evaluate orange quality attributes (e.g., sweetness, freshness) via a non-destructive
imaging approach. This will facilitate automated sorting in post-harvest processing lines
prior to market distribution.

Smart traceability systems: to compile a comprehensive image database of oranges
cultivated across diverse geographical regions. By integrating computer vision
algorithms with IoT frameworks, this will enable rapid, smartphone-based geographical
traceability of orange fruits directly in the field or marketplace.
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