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ABSTRACT

Objective: To develop a machine learning model integrated with Raman spectroscopy for the rapid
quantification of potassium acetate in preservation solutions.

Methods: The study was conducted using a LabRam Soleil Raman spectrometer (532 nm) and a
dataset comprising 240 Raman spectra obtained from potassium acetate/glycerol samples. The
data were divided into training, validation, and test sets. Five-fold cross-validation and Grid Search
were applied for hyperparameter optimization. Four models (MLR, PCR, PLS, and ANN) were
developed and evaluated using R?, RMSE, and MAPE. Model performance was further compared
with potentiometric titration using 10 real-world samples.

Results: The PLS modelwith six latentvariables achieved the best overall performance (R2= 0.9991,
RMSE = 0.52%, and MAPE = 1.24%), with a training time of 2.5 seconds and high interpretability.
The automated workflow reduced analysis time by 85% and enabled the processing of 96 samples
per day. A strong correlation was observed between the PLS-Raman method and potentiometric
titration (r = 0.985, p <0.001), demonstrating high specificity for potassium acetate determination.

Conclusion: The Raman-PLS system provides a rapid, accurate, and reliable analytical tool with
strong potential for quality control of biological sample preservation solutions.

Keywords: Raman spectroscopy; machine learning; partial least squares regression; potassium
acetate; preservation solution.
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TOM TAT
Muc tiéu: Xay dung mo hinh hoc may két hgp phdé Raman dé dinh lugng nhanh kali acetat trong
dung dich bdo quan.
Phwong phap: Nghién cifu dugc thuc hién trén hé théng Raman LabRam Soleil (532 nm) vdi 240
phd Raman clia cdc mau kali acetat/glycerin. D¥ liéu dugc chia thanh tap huén luyén, xac nhan va
kiém tra; ap dung kiém dinh chéo 5 [an va t6i wu siéu tham sé béng Grid Search. B6n mé hinh (MLR,
PCR, PLS va ANN) duoc xay dung, danh gia bang R?, RMSE va MAPE, dong thoi so sanh vdi phuong
phap chuén doé dién thé trén 10 mau thuyc té.
K&t qua: Md hinh PLS véi 6 thanh phan chinh cho két qua t6i vu (R*=0,9991; RMSE = 0,52%; MAPE
=1,24%), thoi gian huén luyén 2,5 gidy va kha nang giai thich cao. Hé thong tu dong hda gilp giam
85% thdi gian phan tich va x(r ly 96 mau/ngay. Két qua tuong quan chat ché véi phuong phéap chuén
do dién thé (r = 0,985; p < 0,001) va cho thay do dac hiéu cao déi vdi kali acetat.

K&t luédn: Hé théng Raman-PLS a céng cu phan tich nhanh, chinh xac va tin cay, c6 tiém nang ng

dung trong kiém soat chat lugng dung dich bao quan mau sinh hoc.

Tar khéa: Quang phd Raman, hoc may, PLS, kali acetat, dung dich bdo quan.

1. DAT VAN DE

Quang phé Raman la ky thuat phan tich phan tir khong
pha hly, dugc &ng dung rdng rai trong kiém soat chat
luvong dugc pham, thuc phdm va y sinh [1]. Tuy nhién,
viéc dinh lugng tir phd Raman gap khé khan do céc tin
hiéu phé phirc tap va chéng chéo, doi hdi chuyén mén
cao trong x¢ ly dir liéu [2]. Trong xu hudng chuyén ddi
s6 nganh Y té, tu dong hda phong xét nghiém la yéu cau
cap thiét nhdm nang cao hiéu qua va gidm sai s6t [3]. Dai
vGi kiém soat chat luong dung dich bdo quan mau sinh
hoc, kali acetat la thanh phan quan trong can dudc giam
s4t thudng xuyén. Phuong phap chudn doé dién thé hién
nay cé dé chinh xac cao nhung mat nhiéu thoi gian, hoa
chét va nhan luc. Su két hop gitra quang phd Raman va
céc thuat toan hoc may, dac biét la Binh phuong téi thi€u
tirng phan (PLS), da cho thay kha n&ng dinh lugng nhanh
va chinh xac [4,5]. Tuy nhién, tai Viét Nam chua cé nghién
cltu danh gia toan dién viéc tich hgp phd Raman, hoc may
va ty dong hda trong kiém soét chat luong dung dich bao
quan. Nghién ctu nay nham xay dung mé hinh hoc méay
dinh lugng kali acetat tir phé Raman, phat trién quy trinh
phan tich tw déng va danh gia hiéu qua trén mau thuc té
s0 vdi phuong phap chuén do dién thé.

2. DOI TUQONG VA PHUONG PHAP NGHIEN CU'U
2.1. Thiét k& nghién ctru

Day & mot nghién cltu phat trién va xac nhan phuong
phép phén tich, gom 4 giai doan: (1) Xay dung co s& di

*Tac gia lién hé

liéu phé Raman; (2) Phat trién va t8i uu cac mé hinh hoc
may; (3) Xay dung quy trinh ty dong hda; (4) Xac nhan
phuong phap va danh gia trén mau thuc té.

2.2. DGi twgng nghién ctru va cau tric dir liéu

MAu chuén: Dung dich kali acetat (PA, 299%, Merck) &
saunoéngdo: 10, 15, 20, 25, 30, 35 va 40% (m/m). M&i ndng do
dugc pha lap lai 6 [an (6 [an pha déc lap), tao thanh 6 x 6 =36
ma&u chudn cho mdi ndng dd x 6 ndng dd = 180 mau chuan.
M3u hén hop: 60 mau chira kali acetat va glycerin véi cac ty
(& khac nhau, ndng dd cao nhat 40%. Mau thuc nghiém: 10
mAau dung dich bao quan tir cac 16 str dung tai Vién 69.

C6& mau va phan bé di liéu:

Téng s& mau: 240 mau (180 chuén + 60 hén hop).

S8 phd dau vao mé hinh: Méi mau dugc do lap 3 lan
trén may Raman va 4y phd trung binh dé giam nhiéu ngau
nhién. Nhu vay, t8ng s8 phd dua vao md hinh hoc may
& 240 ph8, khdong phai 720 phd. Ba lan do chi la ky thuat
lap k¥ thuat (technical replicates), khong dugc coi la cac
mau déc lap.

Phén b6 tap ditliéu (chia theo mau déc lap, khéng chia
theo phé):

Tap huan luyén (70%): 126 mau chuan + 42 mau hén hop
=168 mau.

Tap xac nhan (15%): 27 mau chuén + 9 mau hdn hgp =
36 mau.

Email: dr.minhviet@gmail.com Dién thoai: (+84) 988663688 DOI: 10.52163/yhc.v67iCD14.6491

214



T. M. Viet et al. / Vietnam Journal of Community Medicine, Vol. 67, Special Issue 14, 213-217

Tap kiém tra (15%): 27 mau chudn + 9 mau hén hgp =
36 mau.

Mau thuc t&: 10 mau doc lap, khéng tham gia vao qua
trinh huén luyén.

Viéc chia tap dir liéu dugc thuc hién theo tirng mau
doc lap (split by sample/batch), khéng phai ngau nhién
theo tirng phd do. Diéu ndy dam bao cac mau pha lap
tlr cung mot nong dé danh nghia khong bi tach ra vao
cac tap khac nhau, tranh hién tugng ro ri nhém - mot
(6i nghiém trong c6 thé lam danh gia qua cao hiéu sujt
mo hinh.

Giai thich vé c& mau: V&i dir liéu phd Raman c6 1345
bi&n s8 s6 séng, c& mau 240 dugc coi la phu hgp cho céc
md hinh hoi quy da bién c6 giam chiéu (PCA/PLS) hodc cé
ca ché& chon loc bién. Ty (& mau/bién s6 14 khoang 1:5,6,
nam trong pham vi chdp nhan dugc d&i véi cdc mé hinh
chemometrics khi s6 chiéu hiéu dung dugc giam xuéng
con 6-10 thanh phan chinh.

2.3. Thiét bi va héa chat

Thiét bi: May Raman LabRam Soleil (Horiba), laser 532
nm; may chuén dé dién thé T7 (Mettler Toledo); mdy tinh
c&u hinh cao (CPU Intel Core i9, RAM 64GB, GPU RTX 4080).

Hdéa chat: Kali acetat (PA, 299%, Merck), Glycerin (PA,
=299%, Merck), nudc cat khirion.

2.4. Phuong phéap thu thap va xir ly sé liéu
2.4.1. Quy trinh do phé Raman:

Hut 2 mL mAu vao cuvet thuy tinh. Do phd véi théng sé
toi vu: cong suét laser 63%, thoi gian tich phan 15 giay, 3
lan do, dai séng 400-4000 cm™". Phd trung binh ctia 3 1an
do duoc strdung cho phan tich.

2.4.2. Tién x& ly dit liéu:

D& liéu phd dugc tién xir ly qua pipeline: (1) Hiéu
chinh nén bang thuat toan airPLS [6]; (2) Chudn héa bang
Standard Normal Variate (SNV); (3) C4t dai phé gilr viing
400-1800 cm™" (vling “ddu van tay”); (4) Lam mugt bang
b loc Savitzky-Golay (bac 2, clira s6 9 diém).

2.4.3. Cac mo6 hinh hoc may va quy trinh xay dung theo
bén thuét toan:

H6i quy tuyén tinh da bién(MLR). H6i quy thanh phan
chinh (PCA). Binh phuong téi thiéu tirng phan (PLS).
Mang no-ron nhan tao vdi 3 ldp &n (256-128-64 neuron),
ham kich hoat ReLU, thuét toan t6i wvu Adam, téc dd hoc
0,001 (ANN).

Quy trinh huan luyén va t8i uu: Chia dir liéu: Ngau
nhién theo tirng mau déc lap, dam bao dai dién cho céc
khoang néng do. Kiém dinh chéo (Cross-Validation): Su
dung k-fold véi k=5 trén tap huén luyén dé danh gia dé én
dinh va lwa chon siéu tham s8. Téi vu siéu tham sé: Sur
dung Grid Search két hgp vdi 5-fold CV dé chon s8 thanh
phan chinh (2-15) cho PLS/PCR va s6 neuron, toc dé hoc
cho ANN.

Danh gia cudi cung: M6 hinh dugc danh gia mot lan
duy nhat trén tap kiém tra chua tirng dugc st dung trong
toan bo qua trinh huén luyén va téi wu.

2.4.4. Danh gid hiéu sudt mé hinh:

Céc chi s6: R?, RMSE, MAPE. Céc chi s6 dugc bdo céo
kém dé léch chuén (SD) tir két qua ctia 5-fold CV.
2.4.5. Xay dung hé théng tv déng héa:

Hé théng duogc xay dung bang Python (Scikit-learn,
TensorFlow, Streamlit) véi cac mé-dun: Thu nhan (API),
Tién xtr ly (pipeline ty déng), Du doan (PLS), va Bao céo
(tw dong xuat PDF/Excel).

2.5. Phuong phap ddi chirng va xac nhan phwong phap
theo ICH Q2(R2)

Phuaong phap ddi ching: Phuong phéap chuén do dién
thé trén may 17

Xac nhan phuong phap theo ICH Q2(R2): Thuc hién
dénh gia cac thong sé sau:

D6 dung: Danh gia qua ty & thu hdi (%) trén cac mau
chuén da biét nong do (n=10, trai dai t&r 10-40%) va trén
cac mau thuc té dugc thém chuén & ba mirc ndng dé.

D6 chum: Danh gia doé lap lai théng qua dd léch chuén
tuong déi (RSD%) clia 6 lan phén tich [3p trén cung mot
mAau & ba mirc ndng doé (10%, 25%, 40%).

Po6 dac hiéu/bBo6 chon loc: Bugec ching minh théng
qua phéan tich hé s6 hdi quy (Regression Coefficients)
va chi s6 VIP (Variable Importance in Projection) clia mo
hinh PLS. Céac vung s6 song c6 hé s6 dong gop l&n nhat
sé& dugc d6i chiu vdi cac pic déac trung cla kali acetat
dé khéng dinh md hinh dang «bat» ding tin hiéu ctia chat
phan tich, khéng bi nhiéu bdi glycerin hoac nén.

2.6. Xt ly théng ké

Sé liéu dugc xir ly bAng Python va SPSS 27. Phan phéi
chuéndugc kiémtra bang phép thir Shapiro-Wilk. Swkhac
biét gitta cadc md hinh dugc danh gid bang ANOVA métyéu
t6 va kiém dinh hau kiém Tukey HSD. M@&i tuong quan gilra
hai phuong phap dugc xac dinh bang hé s Pearson (r),
trong khi d6 phu hop dugc danh giad bang phan tich Bland-
Altman (bias va gigi han dong thuédn 95%). Mlrc y nghia
théng ké dugc chon la a=0,05.

3. KET QUA NGHIEN cU'U
3.1. Pac diém dir liéu phé Raman

Ph6 Raman cua kali acetat cho thay céc pic dac trung
tai 930 cm™' (C-C), 1415¢cm™" (COO~) va 1345cm’™ (CH,).
Sw chéng chéo vdi glycerin chl yéu xay ra & ving 900-1100
cm’, giai thich cho nhu cau str dung md hinh da bién.
3.2. Hiéu qua ctia cac md hinh hoc may

Bang 1. Hiéu suat ciia cac mo6 hinh trén tap kiém tra
(sau 5-fold cross-validation)

Mb R RMSE (%) | MAPE (%) Thf:g:‘a“ Lh::jii;‘:
hinh (trung binh + SD)| (TB+SD) | (TB=SD) | | "0 | © 0
MLR|0,9847 +0,0065|1,210,13|3,45+0,40| 0,5 0,1
PCR|0,9918 +0,0042(0,88 0,09(2,31+0,27| 1,2 0,2
PLS |0,9991 +0,0002|0,52 0,06 (1,24+0,15| 2,5 0,3
ANN|0,9995 + 0,0001|0,38 +0,04|0,89+0,10| 185 08
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Phan tich ANOVA mot yéu t6 cho thady chi s6 MAPE
khac biét cé y nghia thong ké gitta b6n mo hinh (F(3,16)
=98,47; p < 0,001). Kiém dinh hau kiém Tukey HSD cho
thdy PLS c6 MAPE thap hon dang ké so véi MLR (p < 0,001)
va PCR (p < 0,01), trong khi ANN dat MAPE thap hon PLS
(p <0,05).

M&c du ANN cho két qua t6t nhat trén tap kiém tra
(R2 = 0,9995), PLS dugc lua chon lam mé hinh t8i uu
cho &ng dung thuc té&. VSi bo dir liéu gdm 240 mau, ANN
c6 nguy cd qua khdp cao haon do s6 lugng tham so Lén,
trong khi PLS 8n dinh va phu hop hon véi tap dir liéu kich
thudc vira phai. B&n canh dé, PLS c6 uu thé vé kha nang
giai thich nh& céc hé s6 hoi quy va chi s6 VIP, cho phép
xac dinh cac vung phd Raman lién quan truc ti€p dén
kali acetat, gop phan nang cao do tin cay khoa hoc cua
mo hinh. Ngoai ra, PLS c6 thdi gian huén luyén va céap
nhat mé hinh ngén hon, thuan loi cho trién khai va duy
tri trong moi trwdng phong xét nghiém thudng xuyén can
hiéu chinh theo dr liéu méi.

3.3. Lva chon sé thanh phéan chinh cho PLS
Bang 2. Téi wu s6 thanh phan chinh cho PLS (qua 5-fold CV)

$6 thanh phan| RMSEC (%) (TB = SD) | RMSEP (%) (TB * SD)
4 0,85 + 0,06 1,04 + 0,08
6 0,48 + 0,05 0,52 + 0,06
8 0,35+ 0,04 0,76 0,10
10 0,22 +0,03 1,12+0,15

S8 thanh phan t6i uvu la 6, tai d6 RMSEP dat cuc tiéu.
Khi tang l&n 8 va 10, RMSEC ti&p tuc gidm (md hinh khép
qua t6t vai di lieu huén luyén) nhung RMSEP lai tang, (a
d&u hiéu rd rang cua hién tugng qua khdp.

3.4. Vai tro cta tién x¥ ly

Tien x{r ly day da (airPLS + SNV + cat + lam mugt) da
cai thién dang ké hiéu suadt moé hinh PLS: MAPE gidm tir
4,56% (khong xtr ly) xuéng 1,24%.

3.5. Panh gia do dac hiéu ctia mo hinh PLS

Phan tich hé s6 hoi quy ctia mé hinh PLS cho thay cac
dinh dong gép duang cao nhat xuét hién tai cac s6 song:
930 cm™", 1345 cm™ va 1415 cm’". Pay la cac pic dao
dbéngdac trung cia nhom chirc trong kali acetat (dao déng
C-Cva CO0"). Ngugc lai, cac vung s6 song dac trung clia
glycerin (850, 1060, 1115 cm™") cé hé s6 hdi quy gan nhu
bang 0 hodc déng gép am, cho thady mé hinh da hoc cach
phan biét tin hiéu cla kali acetat vGi nén glycerin. Diéu
nay chirng minh do dac hiéu (specificity) t6t ctia mo hinh
PLS theo y&u cau ctia huéng dan ICH Q2(R2).

3.6. Hiéu suat hé théng tuw dong héa va quan ly phong
xét nghiém

Hé théng ty ddng hda xtr ly trung binh 96 mau/ngay (12
mau/gid), gap 6 lan phuong phap thu céng (16 mau/ngay),
tuwong duong giam 85% thai gian phéan tich.
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3.7.Danh gia trén mau thuc t& va xac nhan phuong phap
Bang 3. So sanh phuong phap PLS-Raman va chuan do
trén 10 mau thuc té&

Tén mau PLS-Raman | Chuan dé (%, | Sai sé tuyét doi
(%, X+SD, n=3) | X+SD, n=3) (%)
TNO1 30,68 + 0,35 30,58 + 0,23 0,1
TNO2 31,02 +0,28 30,98 +0,13 0,04
TNO3 31,21 +0,22 31,17 +0,12 0,04
TNO4 30,18 0,41 29,81 +0,10 0,37
TNO5 30,15+ 0,30 30,10+ 0,17 0,05
TNOG6 30,19 +0,25 29,31+0,24 0,88
TNO7 30,68 + 0,32 30,24 +0,23 0,44
TNO8 30,51 +0,28 30,26 +0,16 0,25
TNOS 30,75+ 0,55 29,11 +0,18 1,64
TN10 30,08 + 0,48 29,25+ 0,11 0,83

Cac mau dung dich bdo quan tai Vién 69 dudc san
xuét theo quy trinh chuén véi néng dé kali acetat muc tiéu
la 30% = 2%. DAy la quy dinh ky thuat ctia san pham, do
dé6 tat ca cdc mau thuc té déu tap trung trong khoang 29-
31%, giai thich cho su phan bé hep ctia dir liéu.

K&t qua phan tich: H& s6 tuwang quan Pearson: r =
0,985 (p < 0,001). Phan tich Bland-Altman: Sy khac biét
trung binh (bias) la 0,46%, véi gidi han dong thuan 95% tir
-0,57% dén 1,49%. Ngudng sai sd chdp nhan dugc: Dai
véi dung dich bdo quan mau sinh hoc, yéu ciu vé nong
do kali acetat thudng dugc chdp nhan trong khoang 5%
so Vvdi gia tri danh dinh (twong duong +1,5% déi véi néng
d06 30%). Sai s6 trung binh 0,46% va sai s6 l&n nhat 1,64%
(mau TN09) nam trong ngudng chap nhan nay. Tuy nhién,
dadi véi cac ing dung doi hoi dod chinh xac cao hon, can luu
y dén cac mau cé sai sé l&n va cé thé can kiém tra lai hoac
loai bd néu vugt ngudng quy dinh.

Danh gia do dung (theo ICH Q2(R2)): Trén mau chuan
(n=10, trai dai 10-40%): Ty L& thu hoi trung binh dat 99,8%
(dao déng 98,5-101,2%). Trén mau thuc t& dugc thém
chuén & ba muc (thém 5%, 10%, 15%): Ty L& thu hdi trung
binh an lugta 98,7%, 99,2% va 100,1%, cho thdy phuong
phép c6 do dung t6t trén nén mau thuc té.

Danh gid d6 chum (theo ICH Q2(R2)): RSD% cua 6 lan
do lap trén cuing mét mau & ba miic ndng dé 10%, 25%, va
40% lan luot a 1,8%, 1,2%, va 0,9%, tat ca déu dudi 2%,
cho thay dé lap lai tét.

4. BAN LUAN

Nghién cfu da ching minh tinh kha thi cia viéc két
hop phd Raman va hoc may (PLS) dé xay dung hé thdng
phan tich tw déng dung dich bao quan mau sinh hoc.
M6 hinh PLS véi 6 thanh phan chinh dat hiéu suét cao
(R2 > 0,999; MAPE = 1,24%), dong thdi bao dam kha
nang giai thich hoa hoc va téc do xr ly pht hop cho trng
dung thuc té. Mac du ANN cho dé chinh xac nhinh hon,
PLS dugc vu tién do nguy co quéa khdp thdp hon va kha
nang giai thich t8t hon trén bd di¥ liéu 240 mau.

Phan tich hé s6 hoi quy cho thdy md hinh tap trung
vao céc pic Raman dac trung cla kali acetat (930, 1345
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va 1415 cm'1), khang dinh tinh dac hiéu va han ché& anh
hudng clia cac thanh phan nén nhu glycerin. Hé théng
gilip rat ngén thoi gian phan tich tir 20-30 phut xuéng dudi
1 phit mdi mau, gop phan nang cao nang suat va giam sai
so6t trong kiém soét chét lugng thudng quy.

K&t qua xac nhan theo ICH Q2(R2) cung hé sé tuong
quan cao vdi phuong phap chudn do dién thé (r = 0,985)
va phan tich Bland-Altman cho thay phuong phap PLS-
Raman c6 do tin cdy cao va tiém nang thay thé phuong
phép truyén théng. Tuy nhién, nghién ctu con han ché
vé s8 luong mau thuyc t&, pham vi thanh phan nén va
kha nang chuyén giao giira cac thiét bi Raman khac
nhau; day la nhitng hudéng cén ti€p tuc nghién cliu
trong tuong lai [7].

5. KET LUAN

Nghién cliru da xay dung thanh cong hé théng phén tich
tu déng dua trén phé Raman két hop mé hinh PLS dé dinh
luong kali acetat trong dung dich bao quan. M6 hinh PLS véi
6 thanh phan chinh dat do chinh xac cao (R2 =0,9991; MAPE
=1,24%), cé kha nang giai thich hda hoc va dap iing cac yéu
CAu cd ban vé do dung, do chum va dé déc hiéu theo ICH
Q2(R2). Quy trinh tu déng héa gitp rat ngén thdi gian phan
tich khoang 85%, nang cao nang suét phong xét nghiém va
gidm sai s6t thao tac. K&t qua trén mau thuc té cho thay
s tuong déng cao vdéi phuong phap chudn do dién thé (r =
0,985), v&i sai s6 ndm trong gidi han chap nhan déi véi kim
soat chéat lugng dung dich bao quan. Nghién cltu cung céap
¢d sd khoa hoc cho viéc ing dung phé Raman két hop hoc
may trong kiém so&t chat lugng, gop phan thuc day chuyén
déi s6 tai cac co sd'y té& va luu tri mau sinh hoc.

LO1 CAM ON

Coéng trinh ¢6 su hd tro kinh phi ctia Nhiém vu KHCN
cép ca sd “dinh lugng glycerin va kali acetat trong dung
dich uép bdo quan bang phuong phap quang phé raman”.
Ma s8 nhiém vu: NVCS.25_03; thuc hién nam 2025-2026.
Thuéc B6 Tw Lénh Lang Chu tich H6 Chi Minh.
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